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(54) ELECTROLUMINESCENT DISPLAY DEVICE

(57) Disclosed is an electroluminescent display de-
vice. The electroluminescent display device includes a
substrate including a first sub pixel, a second sub pixel,
and a third sub pixel, a first electrode in each of the first
to third sub pixels on the substrate, an emission layer on
the first electrode, a second electrode on the emission
layer, an encapsulation layer including a first encapsu-

lation layer provided on the second electrode, and a sec-
ond encapsulation layer provided on the first encapsula-
tion layer, and a first semi-transmissive layer provided
between the first encapsulation layer and the second en-
capsulation layer and overlapped with the first electrode
of the first sub pixel.
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Description

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2018-0156567 filed on De-
cember 07, 2018.

BACKGROUND

Field

[0002] The present disclosure relates to an electrolu-
minescent display device.

Discussion of Related Art

[0003] An electroluminescent display device is provid-
ed in such a way that an emission layer is provided be-
tween an anode electrode and a cathode electrode, and
the emission layer emits light by an electric field gener-
ated between the above two electrodes, to thereby dis-
play an image.
[0004] The emission layer may be formed of an organic
material which emits light when exciton is produced by
a bond of electron and hole, and the exciton falls to a
ground state from an excited state, or may be formed of
an inorganic material such as quantum dot.
[0005] In case of the related art, the anode electrode
is formed of a reflective electrode, and the cathode elec-
trode is formed of a semi-transmissive electrode, where-
by a micro-cavity effect is obtained by repetitive reflection
and re-reflection of the light between the anode electrode
and the cathode electrode.
[0006] However, in order to obtain the micro-cavity ef-
fect, a distance between the anode electrode and the
cathode electrode, that is, a thickness of the emission
layer has to be optimized. In this case, it has limitations
on providing an organic emitting layer for emitting pre-
determined colored light at a position enabling to optimize
a charge balance in the emission layer.
[0007] That is, in case of the related art, it is difficult to
optimize both of the micro-cavity effect and the charge
balance.

SUMMARY

[0008] Accordingly, the present disclosure is directed
to providing an electroluminescent display device that
substantially obviates one or more problems due to lim-
itations and disadvantages of the related art.
[0009] An aspect of the present disclosure is directed
to providing an electroluminescent display device which
is capable of optimizing both of a micro-cavity effect and
a charge balance.
[0010] Additional advantages and features of the dis-
closure 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 disclosure. The

objectives and other advantages of the disclosure may
be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.
[0011] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as em-
bodied and broadly described herein, there is provided
an electroluminescent display device comprising a sub-
strate including a first sub pixel, a second sub pixel, and
a third sub pixel, a first electrode in each of the first to
third sub pixels on the substrate, an emission layer on
the first electrode, a second electrode on the emission
layer, an encapsulation layer including a first encapsu-
lation layer provided on the second electrode, and a sec-
ond encapsulation layer provided on the first encapsula-
tion layer, and a first semi-transmissive layer provided
between the first encapsulation layer and the second en-
capsulation layer and overlapped with the first electrode
of the first sub pixel.
[0012] In another aspect of the present disclosure,
there is provided an electroluminescent display device
comprising a substrate including a first sub pixel, a sec-
ond sub pixel, and a third sub pixel, a first reflective elec-
trode provided in the first sub pixel on the substrate, a
second reflective electrode provided in the second sub
pixel on the substrate, a third reflective electrode provid-
ed in the third sub pixel on the substrate, an emission
layer provided on the first reflective electrode, the second
reflective electrode, and the third reflective electrode, a
transparent electrode provided on the emission layer, a
plurality of encapsulation layers provided on the trans-
parent electrode, a first semi-transmissive layer provided
between any two among the plurality of encapsulation
layers, and overlapped with the first reflective electrode,
a second semi-transmissive layer provided between any
two among the plurality of encapsulation layers, and
overlapped with the second reflective electrode, and a
third semi-transmissive layer provided between any two
among the plurality of encapsulation layers, and over-
lapped with the third reflective electrode.
[0013] According to one embodiment of the present
disclosure, the micro-cavity effect may be obtained by
repetitive reflection and re-reflection between the reflec-
tive electrode of the first electrode and the semi-trans-
missive layer on the second electrode, whereby it is pos-
sible to obtain the micro-cavity effect by appropriately
adjusting a thickness of the emission layer provided be-
tween the first electrode and the second electrode, a
thickness of the second electrode, and a thickness of the
encapsulation layer provided between the second elec-
trode and the semi-transmissive layer. The micro-cavity
effect may be obtained by adjusting the thickness of the
second electrode and the thickness of the encapsulation
layer in addition to the thickness of the emission layer.
Thus, it facilitates providing the organic emitting layer
configured to emit predetermined colored light at an op-
timal position enabling to optimize the charge balance in
the emission layer.
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[0014] It is to be understood that both the foregoing
general description and the following detailed description
of the present disclosure are exemplary and explanatory
and are intended to provide further explanation of the
disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiments of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG. 1 is a schematic cross sectional view illustrating
an electroluminescent display device according to
one embodiment of the present disclosure;
FIG. 2 is a schematic cross sectional view illustrating
an electroluminescent display device according to
another embodiment of the present disclosure;
FIG. 3 is a schematic cross sectional view illustrating
an electroluminescent display device according to
another embodiment of the present disclosure;
FIG. 4 is a schematic cross sectional view illustrating
an electroluminescent display device according to
another embodiment of the present disclosure;
FIG. 5 is a schematic cross sectional view illustrating
an electroluminescent display device according to
another embodiment of the present disclosure;
FIG. 6 is a schematic cross sectional view illustrating
an electroluminescent display device according to
another embodiment of the present disclosure; and
FIGs. 7A to 7C illustrate an electroluminescent dis-
play device according to another embodiment of the
present disclosure, which relate to a head mounted
display (HMD) device.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0016] Reference will now be made in detail to the ex-
emplary embodiments of the present disclosure, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts.
[0017] Advantages and features of the present disclo-
sure, and implementation methods thereof will be clari-
fied through following embodiments described with ref-
erence to the accompanying drawings. The present dis-
closure may, however, be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present dis-
closure to those skilled in the art. Further, the present
disclosure is only defined by scopes of claims.
[0018] A shape, a size, a ratio, an angle, and a number

disclosed in the drawings for describing embodiments of
the present disclosure are merely an example, and thus,
the present disclosure is not limited to the illustrated de-
tails. Like reference numerals refer to like elements
throughout. In the following description, when the de-
tailed description of the relevant known function or con-
figuration is determined to unnecessarily obscure the im-
portant point of the present disclosure, the detailed de-
scription will be omitted.
[0019] In construing an element, the element is con-
strued as including an error range although there is no
explicit description.
[0020] In describing a position relationship, for exam-
ple, when a position relation between two parts is de-
scribed as ’on∼’, ’over∼’, ’under∼’, and ’next∼’, one or
more other parts may be disposed between the two parts
unless ’just’ or ’direct’ is used.
[0021] In describing a time relationship, for example,
when the temporal order is described as ’after∼’, ’subse-
quent∼’, ’next∼’, and ’before∼’, a case which is not con-
tinuous may be included unless ’just’ or ’direct’ is used.
[0022] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a sec-
ond element could be termed a first element, without de-
parting from the scope of the present disclosure.
[0023] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-oper-
ated with each other and driven technically as those
skilled in the art can sufficiently understand. The embod-
iments of the present disclosure may be carried out in-
dependently from each other, or may be carried out to-
gether in co-dependent relationship.
[0024] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.
[0025] FIG. 1 is a schematic cross-sectional view illus-
trating an electroluminescent display device according
to one embodiment of the present disclosure.
[0026] As shown in FIG. 1, the electroluminescent dis-
play device according to one embodiment of the present
disclosure includes a substrate 100, a circuit device layer
200, a first electrode 310, 320 and 330, a bank 400, an
emission layer 500, a second electrode 600, an encap-
sulation layer 710 and 720, a semi-transmissive layer
810, 820 and 830, and a color filter layer 910, 920 and
930.
[0027] The substrate 100 may be formed of glass or
plastic, but not limited to these materials. The substrate
100 may be formed of a semiconductor material such as
a silicon wafer. The substrate 100 may be formed of a
transparent material or an opaque material. On the sub-
strate 100, there are a first sub pixel (P1), a second sub
pixel (P2), and a third sub pixel (P3). The first sub pixel
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(P1) emits red (R) colored light, the second sub pixel (P2)
emits green (G) colored light, and the third sub pixel (P3)
emits blue (B) colored light, but not limited to this struc-
ture. For example, an arrangement order of the respec-
tive sub pixels (P1, P2, P3) may be changed in various
ways.
[0028] The electroluminescent display device accord-
ing to one embodiment of the present disclosure may be
formed in a top emission type where emitted light ad-
vances upwardly, but not limited to this type. If the elec-
troluminescent display device is formed in the top emis-
sion type, the first substrate 100 may be formed of an
opaque material as well as a transparent material.
[0029] The circuit device layer 200 is provided on the
substrate 100.
[0030] In the circuit device layer 200, a circuit device
comprising various signal lines, thin film transistors and
a capacitor is provided by each sub pixel (P1, P2, P3).
The signal lines may include a gate line, a data line, a
power line and a reference line, and the thin film transis-
tors may include a switching thin film transistor, a driving
thin film transistor and a sensing thin film transistor.
[0031] The switching thin film transistor is switched by
a gate signal supplied to the gate line, and the switching
thin film transistor supplies a data voltage, which is sup-
plied from the data line, to the driving thin film transistor.
[0032] The driving thin film transistor is switched by the
data voltage supplied from the switching thin film tran-
sistor, and the driving thin film transistor generates a data
current from power source supplied from the power line,
and supplies the data current to the first electrode 310,
320 and 330.
[0033] The sensing thin film transistor senses a devi-
ation of threshold voltage in the driving thin film transistor,
which causes a deterioration of picture quality. The sens-
ing thin film transistor supplies a current of the driving
thin film transistor to the reference line in response to a
sensing control signal supplied from the gate line or an
additional sensing line.
[0034] The capacitor maintains the data voltage sup-
plied to the driving thin film transistor for one frame period,
and the capacitor is connected with each of gate and
source terminals of the driving thin film transistor.
[0035] The first electrode 310, 320 and 330 is connect-
ed with the driving thin film transistor provided in the cir-
cuit device layer 200. In detail, the first electrode 310,
320 and 330 is connected with the source terminal or
drain terminal of the driving thin film transistor through a
contact hole provided in the circuit device layer 200.
[0036] The first electrode 310, 320 and 330 may be
patterned by each sub pixel (P1, P2, P3) on the circuit
device layer 200. One of the first electrode 310 is formed
in the first sub pixel (P1), another first electrode 320 is
formed in the second sub pixel (P2), and another first
electrode 330 is formed in the third sub pixel (P3).
[0037] The first electrode 310 of the first sub pixel (P1)
includes a first reflective electrode 311 and a first trans-
parent electrode 312. The first transparent electrode 312

is provided on an upper surface of the first reflective elec-
trode 311, whereby the first reflective electrode 311 and
the first transparent electrode 312 are electrically con-
nected with each other. The first reflective electrode 311
upwardly reflects light emitted from the emission layer
500 of the first sub pixel (P1), and the first transparent
electrode 312 may function as an anode for generating
a hole in the first sub pixel (P1).
[0038] The first electrode 320 of the second sub pixel
(P2) includes a second reflective electrode 321 and a
second transparent electrode 322. The second transpar-
ent electrode 322 is provided on an upper surface of the
second reflective electrode 321, whereby the second re-
flective electrode 321 and the second transparent elec-
trode 322 are electrically connected with each other. The
second reflective electrode 321 upwardly reflects light
emitted from the emission layer 500 of the second sub
pixel (P2), and the second transparent electrode 322 may
function as an anode for generating a hole in the second
sub pixel (P2).
[0039] The first electrode 330 of the third sub pixel (P3)
includes a third reflective electrode 331 and a third trans-
parent electrode 332. The third transparent electrode 332
is provided on an upper surface of the third reflective
electrode 331, whereby the third reflective electrode 331
and the third transparent electrode 332 are electrically
connected with each other. The third reflective electrode
331 upwardly reflects light emitted from the emission lay-
er 500 of the third sub pixel (P3), and the third transparent
electrode 332 may function as an anode for generating
a hole in the third sub pixel (P3).
[0040] The bank 400 is configured to cover the end of
the first electrode 310, 320 and 330 on the circuit device
layer 200. Accordingly, it is possible to prevent a current
from being concentrated into the end of the first electrode
310, 320 and 330, to thereby prevent a deterioration of
an emission efficiency.
[0041] The bank 400 is formed as a matrix configura-
tion in the boundary between each of the plurality of sub
pixels (P1, P2, P3), and is configured to define an emis-
sion area in each individual sub pixel (P1, P2, P3). That
is, an exposed area of the first electrode 310, 320 and
330, which is exposed without being covered by the bank
400 in each sub pixel (P1, P2, P3), becomes the emission
area.
[0042] The bank 400 includes a lateral surface 410 be-
ing in contact with each sub pixel (P1, P2, P3), and an
upper surface 420 extending from the lateral surface 410.
In this case, the bank 400 is provided in such a way that
the lateral surface 410 is inclined at a predetermined an-
gle (θ) with respect to an upper surface of the substrate
100 and the light emitted from the emission layer 500 of
each sub pixel (P1, P2, P3) is refracted on the lateral
surface 410, whereby it is possible to prevent the light
emitted from the emission layer 500 of each sub pixel
(P1, P2, P3) from being mixed together between the
neighboring sub pixels (P1, P2, P3).
[0043] In this case, a refractive index of the bank 400
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is smaller than a refractive index of the emission layer
500 in order to make the light emitted from the emission
layer 500 of each sub pixel (P1, P2, P3) be easily refract-
ed on the lateral surface 410 of the bank 400, preferably.
Also, an angle (θ) between the lateral surface 410 of the
bank 400 and the upper surface of the substrate 100 is
within a range from 30° to 80°, preferably.
[0044] Also, as shown in an expanded view of an arrow,
a reflective layer 450 may be additionally provided in the
lateral surface 410 of the bank 400. In this case, the light
emitted from the emission layer 500 of each sub pixel
(P1, P2, P3) is refracted on the reflective layer 450, and
is prevented from being mixed with light of the neighbor-
ing sub pixel between the neighboring sub pixels (P1,
P2, P3), thereby improving a luminance of the electrolu-
minescent display device. Although not shown, the re-
flective layer 450 may extend to the upper surface 420
of the bank 400.
[0045] The emission layer 500 is formed on the first
electrode 310, 320 and 330. The emission layer 500 may
be formed on the bank 400. That is, the emission layer
500 may be formed in each sub pixel (P1, P2, P3) and
the boundary area between the sub pixels (P1, P2, P3).
[0046] The emission layer 500 may be configured to
emit white (W) colored light. To this end, the emission
layer 500 may include a plurality of stacks configured to
emit different colored light.
[0047] For example, the emission layer 500 includes
a first stack (1st stack) configured to emit first colored
light, a second stack (2nd stack) configured to emit sec-
ond colored light, and a charge generating layer (CGL)
disposed between the first stack and the second stack.
The first stack (1st stack) may be formed in a deposition
structure obtained by sequentially depositing a hole in-
jecting layer, a hole transporting layer, a blue organic
emitting layer, and an electron transporting layer, which
are sequentially provided on the first electrode 310, 320
and 330, but not limited to this structure. The second
stack (2nd stack)may be formed in a deposition structure
obtained by sequentially depositing a hole transporting
layer, a yellow green organic emitting layer, an electron
transporting layer, and an electron injecting layer, which
are sequentially provided on the charge generating layer
(CGL), but not limited to this structure.
[0048] If needed, the emission layer 500 may include
a first stack (1st stack) configured to emit blue colored
light, a second stack (2nd stack) configured to emit green
colored light, a third stack (3rd stack) configured to emit
red colored light, a first charge generating layer disposed
between the first stack and the second stack, and a sec-
ond charge generating layer disposed between the sec-
ond stack and the third stack.
[0049] The second electrode 600 is formed on the
emission layer 500. The second electrode 600 may func-
tion as a cathode of the electroluminescent display de-
vice. In the same manner as the emission layer 500, the
second electrode 600 may be formed in each sub pixel
(P1, P2, P3), and the boundary area between the sub

pixels (P1, P2, P3). That is, the second electrode 600
may be formed above the bank 400.
[0050] As the electroluminescent display device ac-
cording to one embodiment of the present disclosure may
be formed in the top emission type, the second electrode
600 may be formed of the transparent electrode which
is capable of upwardly transmitting the light emitted from
the emission layer 500.
[0051] The encapsulation layer 710 and 720 is formed
on the second electrode 600, to thereby prevent external
moisture from being permeated into the emission layer
500.
[0052] The encapsulation layer 710 and 720 includes
a first encapsulation layer 710 formed on an upper sur-
face of the second electrode 600, and a second encap-
sulation layer 720 formed on an upper surface of the first
encapsulation layer 710. Each of the first encapsulation
layer 710 and the second encapsulation layer 720 may
be formed of an inorganic insulating material, but not nec-
essarily. Each of the first encapsulation layer 710 and
the second encapsulation layer 720 may be formed of
an organic insulating material
[0053] The semi-transmissive layer 810, 820 and 830
is disposed between the first encapsulation layer 710 and
the second encapsulation layer 720. In the area which is
overlapped with the semi-transmissive layer 810, 820
and 830, an upper surface of the first encapsulation layer
710 is in contact with a lower surface of the semi-trans-
missive layer 810, 820 and 830, and a lower surface of
the second encapsulation layer 720 is in contact with an
upper surface of the semi-transmissive layer 810, 820
and 830. Also, in the area which is not overlapped with
the semi-transmissive layer 810, 820 and 830, an upper
surface of the first encapsulation layer 710 is in contact
with a lower surface of the second encapsulation layer
720.
[0054] The semi-transmissive layer 810, 820 and 830
includes a first semi-transmissive layer 810 patterned in
the first sub pixel (P1), a second semi-transmissive layer
820 patterned in the second sub pixel (P2), and a third
semi-transmissive layer 830 patterned in the third sub
pixel (P3). The first semi-transmissive layer 810 is over-
lapped with the first electrode 310 of the first sub pixel
(P1), the second semi-transmissive layer 820 is over-
lapped with the first electrode 320 of the second sub pixel
(P2), and the third semi-transmissive layer 830 is over-
lapped with the first electrode 330 of the third sub pixel
(P3).
[0055] The semi-transmissive layer 810, 820 and 830
may be formed of a material capable of partially trans-
mitting some of the incident light, and reflecting the re-
maining incident light (ignoring any small but negligible
absorption of the incident light by the semi-transmissive
layer). It may be understood that the semi-transmissive
layer 810, 820 and 830 may be arranged to partially re-
flect light and partially transmit light, preferably in a wave-
length range which includes the peak emission wave-
length of the emission layer 500. Preferably, semi-trans-
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missive layer 810, 820 and 830 may be arranged to par-
tially reflect and partially transmit light in a wavelength
range which includes the whole emission wavelength
range of the emission layer 500.
[0056] The proportion of incident light transmitted by
the semi-transmissive layer 810, 820 and 830 at the peak
emission wavelength of the emission layer 500 may be
20-80%. The proportion of incident light reflected by the
semi-transmissive layer 810, 820 and 830 at the peak
emission wavelength of the emission layer 500 may be
20-80%. These transmittance and reflectance ranges
may be correct for light incident normal to the interface
between the semi-transmissive layer itself and the en-
capsulation layer beneath the semi-transmissive layer.
The transmittance and reflectance of the semi-transmis-
sive layer may be controlled by an appropriate combina-
tion of materials selected for the semi-transmissive layer
and the encapsulation layer directly beneath the semi-
transmissive layer.
[0057] The semi-transmissive layer 810, 820 and 830
may realize a micro-cavity effect by each individual sub
pixel (P1, P2, P3). That is, the micro-cavity effect may
be obtained by repetitive reflection and re-reflection of
the light between the semi-transmissive layer 810, 820
and 830 and the reflective electrode 311, 321 and 331
of the first electrode 310, 320 and 330. In detail, the re-
flection and re-reflection of the light is repeated between
the first semi-transmissive layer 810 and the first reflec-
tive electrode 311 in the first sub pixel (P1), the reflection
and re-reflection of the light is repeated between the sec-
ond semi-transmissive layer 820 and the second reflec-
tive electrode 321 in the second sub pixel (P2), and the
reflection and re-reflection of the light is repeated be-
tween the third semi-transmissive layer 830 and the third
reflective electrode 331 in the third sub pixel (P3).
[0058] Generally, in case of the related art, the second
electrode 600 is formed of a semi-transmissive material,
whereby the micro-cavity effect may be obtained by re-
petitive reflection and re-reflection of the light between
the reflective electrode 311, 321 and 331 of the first elec-
trode 310, 320 and 330 and the second electrode 600.
[0059] In this case, in order to obtain the micro-cavity
effect, an interval between the second electrode 600 and
the reflective electrode 311, 321 and 331 of the first elec-
trode 310, 320 and 330 has to be adjusted appropriately.
To this end, an entire thickness of the emission layer 500
has to be set appropriately. However, if the entire thick-
ness of the emission layer 500 is set in consideration of
only the micro-cavity effect, it has limitation on optimal
position of the blue colored or yellow colored organic
emitting layer in the emission layer 500 so as to optimize
a charge balance for improvement of exciton formation
efficiency.
[0060] Meanwhile, according to one embodiment of
the present disclosure, the micro-cavity effect is obtained
by repetitive reflection and re-reflection of the light be-
tween the semi-transmissive layer 810, 820 and 830 and
the reflective electrode 311, 321 and 331 of the first elec-

trode 310, 320 and 330. Thus, the micro-cavity effect
may be obtained by appropriately setting a thickness of
the first encapsulation layer 710 and a thickness of the
second electrode 600 in addition to the entire thickness
of the emission layer 500.
[0061] Thus, according to one embodiment of the
present disclosure, the entire thickness of the emission
layer 500 may be set to provide the blue colored or yellow
green colored organic emitting layer in the emission layer
500 at the position capable of optimizing the charge bal-
ance and furthermore improving the exciton formation
efficiency, and the thickness of the second electrode 600
and the thickness of the first encapsulation layer 710 may
be optimally set for realizing the micro-cavity effect in
consideration of the preset entire thickness of the emis-
sion layer 500.
[0062] As a result, in case of the related art, it is difficult
to improve both the micro-cavity effect and the exit on
formation efficiency. Meanwhile, according to one em-
bodiment of the present disclosure, the semi-transmis-
sive layer 810, 820 and 830 is additionally provided so
that it is possible to improve both the micro-cavity effect
and the exit on formation efficiency.
[0063] Meanwhile, the first semi-transmissive layer
810, the second semi-transmissive layer 820, and the
third semi-transmissive layer 830 are provided at fixed
intervals. Especially, the first semi-transmissive layer
810, the second semi-transmissive layer 820, and the
third semi-transmissive layer 830 are apart from each
other in the boundary area between the sub pixels (P1,
P2, P3) being overlapped with the bank 400. That is, the
first semi-transmissive layer 810, the second semi-trans-
missive layer 820, and the third semi-transmissive layer
830 are not formed in the boundary area between the
sub pixels (P1, P2, P3).
[0064] Accordingly, the first semi-transmissive layer
810, the second semi-transmissive layer 820, and the
third semi-transmissive layer 830 are apart from each
other in the boundary area between the sub pixels (P1,
P2, P3) so that it is possible to prevent the light emitted
from the emission layer 500 of each sub pixel (P1, P2,
P3) from being reflected on the boundary area between
the sub pixels (P1, P2, P3) and being advanced to the
neighboring sub pixel (P1, P2, P3), to thereby reduce a
problem related with the mixture of colored light between
the sub pixels (P1, P2, P3).
[0065] In order to prevent mixture of color between the
sub pixels (P1, P2, P3), preferably, the first semi-trans-
missive layer 810, the second semi-transmissive layer
820, and the third semi-transmissive layer 830 are not
overlapped with the upper surface 420 of the bank 400,
but not necessarily. If the first semi-transmissive layer
810, the second semi-transmissive layer 820, and the
third semi-transmissive layer 830 are not overlapped with
the upper surface 420 of the bank 400, the upper surface
of the first encapsulation layer 710 is in contact with the
lower surface of the second encapsulation layer 720 in
the area overlapped with the upper surface 420 of the
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bank 400.
[0066] The semi-transmissive layer 810, 820 and 830
is provided to realize the micro-cavity effect, and the
semi-transmissive layer 810, 820 and 830 does not func-
tion as an electrode for a light emission of the emission
layer 500. Thus, the semi-transmissive layer 810, 820
and 830 may be formed of a nonconductive material, but
not necessarily. The semi-transmissive layer 810, 820
and 830 may be formed of a conductive material.
[0067] The color filter layer 910, 920 and 930 is formed
on the encapsulation layer 710 and 720. Especially, the
color filter layer 910, 920 and 930 is formed on an upper
surface of the second encapsulation layer 720. The color
filter layer 910, 920 and 930 may include a first color filter
layer910 provided in the first sub pixel (P1), a second
color filter layer920 provided in the second sub pixel (P2),
and a third color filter layer 930 provided in the third sub
pixel (P3).
[0068] The first color filter layer 910 is overlapped with
the first semi-transmissive layer 810, the second color
filter layer 920 is overlapped with the second semi-trans-
missive layer 820, and the third color filter layer 930 is
overlapped with the third semi-transmissive layer 830.
The first color filter layer 910 is formed of a red (R) color
filter layer, the second color filter layer 920 is formed of
a green (G) color filter layer, and the third color filter layer
930 is formed of a blue (B) color filter layer.
[0069] FIG. 2 is a schematic cross sectional view illus-
trating an electroluminescent display device according
to another embodiment of the present disclosure. Except
a structure of a semi-transmissive layer 810, 820 and
830 and an encapsulation layer 710, 720, 730 and 740,
the electroluminescent display device of FIG. 2 is iden-
tical to the electroluminescent display device of FIG. 1.
Accordingly, the same reference numbers will be used
throughout the drawings to refer to the same or like parts,
and only the different structures will be described as fol-
lows.
[0070] As shown in FIG. 2, the encapsulation layer 710,
720, 730 and 740 includes a first encapsulation layer 710
formed on a second electrode 600, a second encapsu-
lation layer 720 formed on the first encapsulation layer
710, a third encapsulation layer 730 formed on the sec-
ond encapsulation layer 720, and a fourth encapsulation
layer 740 formed on the third encapsulation layer 730.
[0071] The semi-transmissive layer 810, 820 and 830
includes a first semi-transmissive layer 810 patterned in
a first sub pixel (P1), a second semi-transmissive layer
820 patterned in a second sub pixel (P2), and a third
semi-transmissive layer 830 patterned in a third sub pixel
(P3).
[0072] The first semi-transmissive layer 810 is formed
between the third encapsulation layer 730 and the fourth
encapsulation layer 740, the second semi-transmissive
layer 820 is formed between the second encapsulation
layer 720 and the third encapsulation layer 730, and the
third semi-transmissive layer 830 is formed between the
first encapsulation layer 710 and the second encapsula-

tion layer 720.
[0073] Accordingly, in the area overlapped with the first
semi-transmissive layer 810, an upper surface of the first
encapsulation layer 710 is in contact with a lower surface
of the second encapsulation layer 720, an upper surface
of the second encapsulation layer 720 is in contact with
a lower surface of the third encapsulation layer 730, an
upper surface of the third encapsulation layer 730 is in
contact with a lower surface of the first semi-transmissive
layer 810, and a lower surface of the fourth encapsulation
layer 740 is in contact with an upper surface of the first
semi-transmissive layer 810.
[0074] Also, in the area overlapped with the second
semi-transmissive layer 820, an upper surface of the first
encapsulation layer 710 is in contact with a lower surface
of the second encapsulation layer 720, an upper surface
of the second encapsulation layer 720 is in contact with
a lower surface of the first semi-transmissive layer 810,
a lower surface of the third encapsulation layer 730 is in
contact with an upper surface of the first semi-transmis-
sive layer 810, and an upper surface of the third encap-
sulation layer 730 is in contact with a lower surface of
the fourth encapsulation layer 740.
[0075] Also, in the area overlapped with the third semi-
transmissive layer 830, an upper surface of the first en-
capsulation layer 710 is in contact with a lower surface
of the first semi-transmissive layer 810, a lower surface
of the second encapsulation layer 720 is in contact with
an upper surface of the first semi-transmissive layer 810,
an upper surface of the second encapsulation layer 720
is in contact with a lower surface of the third encapsula-
tion layer 730, and an upper surface of the third encap-
sulation layer 730 is in contact with a lower surface of
the fourth encapsulation layer 740.
[0076] Also, in the area which is not overlapped with
the semi-transmissive layer 810, 820 and 830, an upper
surface of the first encapsulation layer 710 is in contact
with a lower surface of the second encapsulation layer
720, an upper surface of the second encapsulation layer
720 is in contact with a lower surface of the third encap-
sulation layer 730, and an upper surface of the third en-
capsulation layer 730 is in contact with a lower surface
of the fourth encapsulation layer 740.
[0077] Thus, according to another embodiment of the
present disclosure, the first semi-transmissive layer 810,
the second semi-transmissive layer 820, and the third
semi-transmissive layer 830 are formed in the different
layers, and thus, are positioned at the different heights,
whereby a first distance (D1) between the first semi-
transmissive layer 810 and the first reflective electrode
311, a second distance (D2) between the second semi-
transmissive layer 820 and the second reflective elec-
trode 321, and a third distance (D3) between the third
semi-transmissive layer 830 and the third reflective elec-
trode 331 are different from one another. Accordingly, it
is possible to realize the micro-cavity effect by each in-
dividual sub pixel (P1, P2, P3).
[0078] In detail, when the reflection and re-reflection

11 12 



EP 3 664 147 A1

8

5

10

15

20

25

30

35

40

45

50

55

of the light is repeated between the semi-transmissive
layer 810, 820 and 830 and the reflective electrode 311,
321 and 331, if a distance between the semi-transmissive
layer 810, 820 and 830 and the reflective electrode 311,
321 and 331 becomes an integer multiple of half-wave-
length (λ/2) of light with a predetermined wavelength, a
constructive interference occurs, to thereby improve an
external extraction efficiency of light. Thus, in order to
improve the external extraction efficiency of the light with
a predetermined wavelength, the distance between the
semi-transmissive layer 810, 820 and 830 and the reflec-
tive electrode 311, 321 and 331 has to be differently set
by each individual sub pixel (P1, P2, P3) so that the dis-
tance between the semi-transmissive layer 810, 820 and
830 and the reflective electrode 311, 321 and 331 be-
comes the integer multiple of half-wavelength (λ/2) of
light with a predetermined wavelength.
[0079] According to another embodiment of the
present disclosure, the first semi-transmissive layer 810,
the second semi-transmissive layer 820, and the third
semi-transmissive layer 830 are positioned at the differ-
ent heights, whereby the first distance (D1) between the
first semi-transmissive layer 810 and the first reflective
electrode 311, the second distance (D2) between the
second semi-transmissive layer 820 and the second re-
flective electrode 321, and the third distance (D3) be-
tween the third semi-transmissive layer 830 and the third
reflective electrode 331 are different from one another.
In this case, the thickness of the first encapsulation layer
710, the thickness of the second encapsulation layer 720,
and the thickness of the third encapsulation layer 730
are set appropriately so that the first distance (D1), the
second distance (D2), and the third distance (D3) are set
to be the integer multiple of half-wavelength (λ/2) of light
by each sub pixel (P1, P2, P3).
[0080] For example, the first distance (D1) between
the first semi-transmissive layer 810 and the first reflec-
tive electrode 311 is the largest in the first sub pixel (P1)
configured to emit red (R) colored light with a long wave-
length, and the third distance (D3) between the third
semi-transmissive layer 830 and the third reflective elec-
trode 331 is the smallest in the third sub pixel (P3) con-
figured to emit blue (B) colored light with a short wave-
length. However, because the integer multiple of half-
wavelength (λ/2) of light with a predetermined wave-
length may be changed to be once, double, or triple by
each sub pixel (P1, P2, P3), it is unnecessary to make
the first distance (D1) be the largest in the first sub pixel
(P1) for emitting the red (R) colored light with the long
wavelength.
[0081] FIG. 3 is a schematic cross sectional view illus-
trating an electroluminescent display device according
to another embodiment of the present disclosure. Except
a structure of a reflective electrode 311, 321 and 331,
the electroluminescent display device of FIG. 3 is iden-
tical to the electroluminescent display device of FIG. 1.
Accordingly, the same reference numbers will be used
throughout the drawings to refer to the same or like parts,

and only the different structures will be described as fol-
lows.
[0082] As shown in FIG. 3, a first reflective electrode
311 has a first thickness (t1), a second reflective elec-
trode 321 has a second thickness (t2), and a third reflec-
tive electrode 331 has a third thickness (t3). In this case,
the first thickness (t1), the second thickness (t2), and the
third thickness (t3) may be different from one another.
For example, the first thickness (t1) is the largest, the
second thickness (t2) is middle, and the third thickness
(t3) is the smallest.
[0083] Accordingly, a first distance (D1) between the
first reflective electrode 311 and a first semi-transmissive
layer 810, a second distance (D2) between the second
reflective electrode 321 and a second semi-transmissive
layer 820, and a third distance (D3) between the third
reflective electrode 331 and a third semi-transmissive
layer 830 may be different from one another, whereby it
is possible to obtain a micro-cavity effect by each indi-
vidual sub pixel (P1, P2, P3), as described in the above
FIG. 2.
[0084] Meanwhile, although not shown, a structure of
semi-transmissive layers 810, 820 and 830 and a struc-
ture of encapsulation layers 710 and 720 in the structure
of FIG. 3 may be changed to be the same as those of
the semi-transmissive layers 810, 820 and 830 and en-
capsulation layer 710, 720, 730 and 740 in the structure
of FIG. 2.
[0085] FIG. 4 is a schematic cross sectional view illus-
trating an electroluminescent display device according
to another embodiment of the present disclosure. Except
a structure of a reflective electrode 311, 321 and 331 and
a structure of a transparent electrode 312, 322 and 332,
the electroluminescent display device of FIG. 4 is iden-
tical to the electroluminescent display device of FIG. 1.
Accordingly, the same reference numbers will be used
throughout the drawings to refer to the same or like parts,
and only the different structures will be described as fol-
lows.
[0086] As shown in FIG. 4, in an area of a first sub pixel
(P1), a first reflective electrode 311 is formed on a circuit
device layer 200, a first insulating interlayer 351 is formed
on the first reflective electrode 311, a second insulating
interlayer 352 is formed on the first insulating interlayer
351, a third insulating interlayer 353 is formed on the
second insulating interlayer 352, and a first transparent
electrode 312 is formed on the third insulating interlayer
353. The first transparent electrode 312 may be electri-
cally connected with the first reflective electrode 311 via
a contact hole provided in the first insulating interlayer
351, the second insulating interlayer 352, and the third
insulating interlayer 353. However, the first transparent
electrode 312 may be directly connected with a source
terminal or drain terminal of a driving thin film transistor
provided in the circuit device layer 200 without being elec-
trically connected with the first reflective electrode 311.
[0087] In an area of a second sub pixel (P2), the first
insulating interlayer 351 is formed on the circuit device
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layer 200, a second reflective electrode 321 is formed on
the first insulating interlayer 351, the second insulating
interlayer 352 is formed on the second reflective elec-
trode 321, the third insulating interlayer 353 is formed on
the second insulating interlayer 352, and a second trans-
parent electrode 322 is formed on the third insulating
interlayer 353. The second transparent electrode 322
may be electrically connected with the second reflective
electrode 321 via a contact hole provided in the second
insulating interlayer 352 and the third insulating interlayer
353. However, the second transparent electrode 322
may be directly connected with the source terminal or
drain terminal of the driving thin film transistor provided
in the circuit device layer 200 without being electrically
connected with the second reflective electrode 321.
[0088] In an area of a third sub pixel (P3), the first in-
sulating interlayer 351 is formed on the circuit device lay-
er 200, the second insulating interlayer 352 is formed on
the first insulating interlayer 351, a third reflective elec-
trode 331 is formed on the second insulating interlayer
352, the third insulating interlayer 353 is formed on the
third reflective electrode 311, and a third transparent
electrode 332 is formed on the third insulating interlayer
353. The third transparent electrode 332 may be electri-
cally connected with the third reflective electrode 331 via
a contact hole provided in the third insulating interlayer
353. However, the third transparent electrode 332 may
be directly connected with the source terminal or drain
terminal of the driving thin film transistor provided in the
circuit device layer 200 without being electrically con-
nected with the third reflective electrode 331.
[0089] Thus, according to another embodiment of the
present disclosure, the first reflective electrode 311, the
second reflective electrode 321, and the third reflective
electrode 331 are formed in the different layers, and thus,
are positioned at the different heights so that a first dis-
tance (D1) between the first reflective electrode 311 and
a first semi-transmissive layer 810, a second distance
(D2) between the second reflective electrode 321 and a
second semi-transmissive layer 820, and a third distance
(D3) between the third reflective electrode 331 and a third
semi-transmissive layer 830 may be different from one
another, whereby it is possible to obtain a micro-cavity
effect by each individual sub pixel (P1, P2, P3).
[0090] Meanwhile, although not shown, a structure of
semi-transmissive layers 810, 820 and 830 and a struc-
ture of encapsulation layers 710 and 720 in the structure
of FIG. 4 may be changed to be the same as those of
the semi-transmissive layers 810, 820 and 830 and en-
capsulation layer 710, 720, 730 and 740 in the structure
of FIG. 2.
[0091] FIG. 5 is a schematic cross sectional view illus-
trating an electroluminescent display device according
to another embodiment of the present disclosure. Except
a structure of a reflective electrode 311, 321 and 331 and
a structure of a transparent electrode 312, 322 and 332,
the electroluminescent display device of FIG. 5 is iden-
tical to the electroluminescent display device of FIG. 1.

Accordingly, the same reference numbers will be used
throughout the drawings to refer to the same or like parts,
and only the different structures will be described as fol-
lows.
[0092] As shown in FIG. 5, in an area of a first sub pixel
(P1), a first reflective electrode 311 is formed on a circuit
device layer 200, a first insulating interlayer 351 is formed
on the first reflective electrode 311, a first connection
electrode 371 is formed on the first insulating interlayer
351, a second insulating interlayer 352 is formed on the
first connection electrode 371, a third insulating interlayer
353 is formed on the second insulating interlayer 352,
and a first transparent electrode 312 is formed on the
third insulating interlayer 353. The first connection elec-
trode 371 may be electrically connected with the first re-
flective electrode 311 via a contact hole provided in the
first insulating interlayer 351, and the first transparent
electrode 312 is connected with the first connection elec-
trode 371 via a contact hole provided in the second in-
sulating interlayer 352 and the third insulating interlayer
353. However, the first transparent electrode 312 may
be directly connected with a source terminal or drain ter-
minal of a driving thin film transistor provided in the circuit
device layer 200 without being electrically connected with
the first reflective electrode 311 through the first connec-
tion electrode 371. In this case, the first connection elec-
trode 371 is omitted.
[0093] In an area of a second sub pixel (P2), a second
reflective electrode 321 is formed on the circuit device
layer 200, the first insulating interlayer 351 is formed on
the second reflective electrode 321, a second connection
electrode 372 is formed on the first insulating interlayer
351, the second insulating interlayer 352 is formed on
the second connection electrode 372, and a second
transparent electrode 332 is formed on the second insu-
lating interlayer 352. The second connection electrode
372 is connected with the second reflective electrode 321
via a contact hole provided in the first insulating interlayer
351, and the second transparent electrode 322 is con-
nected with the second connection electrode 372 via a
contact hole provided in the second insulating interlayer
352. However, the second transparent electrode 322
may be directly connected with the source terminal or
drain terminal of the driving thin film transistor provided
in the circuit device layer 200 without being electrically
connected with the second reflective electrode 321
through the second connection electrode 372. In this
case, the second connection electrode 372 is omitted.
[0094] In an area of a third sub pixel (P3), a third re-
flective electrode 331 is formed on the circuit device layer
200, the first insulating interlayer 351 is formed on the
third reflective electrode 331, a third connection electrode
373 is formed on the first insulating interlayer 351, and
a third transparent electrode 332 is formed on the third
connection electrode 373. The third connection electrode
373 is connected with the third reflective electrode 331
via a contact hole provided in the first insulating interlayer
351, and the third transparent electrode 332 is directly
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formed on an upper surface of the third connection elec-
trode 373. However, the third transparent electrode 332
may be directly connected with the third reflective elec-
trode 331 via a contact hole provided in the first insulating
interlayer 351. In this case, the third connection electrode
373 may be omitted. Also, the third transparent electrode
332 may be directly connected with the source terminal
or drain terminal of the driving thin film transistor provided
in the circuit device layer 200 without being electrically
connected with the third reflective electrode 331. In this
case, the third connection electrode 373 is omitted.
[0095] The second insulating interlayer 352 provided
in the first sub pixel (P1) and the second insulating inter-
layer 352 provided in the second sub pixel (P2) are
spaced from each other, and a bank 400 may be provided
in the spaced space between the second insulating in-
terlayer 352 provided in the first sub pixel (P1) and the
second insulating interlayer 352 provided in the second
sub pixel (P2). The second insulating interlayer 352 may
be not provided in the third sub pixel (P3). Also, the third
insulating interlayer 353 may be not provided in the sec-
ond sub pixel (P2) and the third sub pixel (P3).
[0096] Thus, according to another embodiment of the
present disclosure, the first transparent electrode 312,
the second transparent electrode 322, and the third trans-
parent electrode 332 are formed in the different layers,
and thus, are positioned at the different heights so that
a first distance (D1) between the first reflective electrode
311 and a first semi-transmissive layer 810, a second
distance (D2) between the second reflective electrode
321 and a second semi-transmissive layer 820, and a
third distance (D3) between the third reflective electrode
331 and a third semi-transmissive layer 830 may be dif-
ferent from one another, whereby it is possible to obtain
a micro-cavity effect by each individual sub pixel (P1, P2,
P3) with easiness.
[0097] Meanwhile, although not shown, a structure of
semi-transmissive layers 810, 820 and 830 and a struc-
ture of encapsulation layers 710 and 720 in the structure
of FIG. 5 may be changed to be the same as those of
the semi-transmissive layers 810, 820 and 830 and en-
capsulation layer 710, 720, 730 and 740 in the structure
of FIG. 2.
[0098] FIG. 6 is a schematic cross sectional view illus-
trating an electroluminescent display device according
to another embodiment of the present disclosure. A
trench (T) is additionally provided in the boundary be-
tween sub pixels (P1, P2, P3) of the electroluminescent
display device shown in FIG. 6, whereby the electrolu-
minescent display device shown in FIG. 6 is different from
the electroluminescent display device shown in FIG. 1.
Accordingly, the same reference numbers will be used
throughout the drawings to refer to the same or like parts,
and only the different structures will be described as fol-
lows.
[0099] As shown in FIG. 6, a trench (T) is provided in
the boundary between sub pixels (P1, P2, P3). The trench
(T) may be provided in a bank 400 and a circuit device

layer 200. That is, the trench (T) may be provided in some
areas of an upper portion of the circuit device layer 200,
for example, a planarization layer while passing through
the bank 400. However, it is not limited to this structure.
The trench (T) may be provided in some areas of an
upper portion of the bank 400 without passing through
the bank 400.
[0100] According to another embodiment of the
present disclosure, the trench (T) is provided in the
boundary between sub pixels (P1, P2, P3), whereby an
emission layer 500 may be formed in the trench (T). Thus,
a long current path is formed between the neighboring
sub pixels (P1, P2, P3), to thereby reduce a leakage cur-
rent from being generated between the neighboring sub
pixels (P1, P2, P3). That is, on the assumption that an
interval between the sub pixels (P1, P2, P3) becomes
compact in order to realize a high resolution, if the emis-
sion layer 500 inside any one of the sub pixels (P1, P2,
P3) emits light, charges of the corresponding emission
layer 500 may be transferred to another emission layer
500 of neighboring another sub pixel (P1, P2, P3), where-
by there is a possibility of leakage current.
[0101] Thus, according to another embodiment of the
present disclosure, the trench (T) is formed in the bound-
ary between the sub pixels (P1, P2, P3), and the emission
layer 500 is formed in the trench (T) so that a resistance
is increased due to the long current path formed between
the neighboring sub pixels (P1, P2, P3), to thereby reduce
an occurrence of a leakage current.
[0102] Especially, the emission layer 500 may include
a first stack 510, a second stack 530, and a charge gen-
erating layer 520 disposed between the first stack 510
and the second stack 530.
[0103] The first stack 510 may be formed on an inner
lateral surface of the trench (T), and may be formed on
an inner lower surface of the trench (T). In this case,
some area of the first stack 510 formed on the inner lateral
surface of the trench (T) is disconnected from some area
of the first stack 510formed on the inner lower surface of
the trench (T). Thus, some area of the first stack formed
on one lateral surface inside the trench (T), and more
particularly, on the left lateral surface inside the trench
(T) is not connected with some area of the first stack
formed on the other lateral surface inside the trench (T),
and more particularly, on the right lateral surface inside
the trench (T). Accordingly, charges are not transferred
between the sub pixels (P1, P2, P3) arranged with the
trench (T) interposed in-between through the first stack
510.
[0104] Also, the charge generating layer520 may be
formed on the first stack 510 at the inner lateral surface
of trench (T). In this case, some area of the charge gen-
erating layer 520 formed on one inner lateral surface of
the trench (T), and more particularly, on the left lateral
surface inside the trench (T) is not connected with some
area of the charge generating layer 520 formed on the
other inner lateral surface of the trench (T), and more
particularly, on the right lateral surface inside the trench
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(T). Accordingly, charges are not transferred between
the sub pixels (P1, P2, P3) arranged with the trench (T)
interposed in-between through the charge generating
layer520.
[0105] Also, the second stack 530may be provided
connectedly between the neighboring sub pixels (P1, P2,
P3) with the trench (T) interposed in-between on the
charge generating layer 520. Thus, charges are trans-
ferred between the sub pixels (P1, P2, P3) with the trench
(T) interposed in-between through the second stack 530,
but not limited to this structure. The second stack 530may
be provided disconnectedly between the neighboring sub
pixels (P1, P2, P3) with the first trench (T1) interposed
in-between by appropriately adjusting a shape of the
trench (T) and a deposition process of the emission layer
500. Especially, some areas of a lower portion of the
second stack 530 being adjacent to the charge generat-
ing layer 520 may be disconnectedly provided in the
boundary area between the sub pixels (P1, P2, P3).
[0106] Conductivity of the charge generating layer 520
is higher than that of each of the first stack 510 and the
second stack 530. Especially, an N-type charge gener-
ating layer of the charge generating layer 520 may com-
prise a metal material, whereby conductivity of the charge
generating layer 520 is higher than that of each of the
first stack 510and the second stack 530. Thus, the charge
transfer between the sub pixels (P1, P2, P3) which are
adjacent to each other is generally made through the
charge generating layer 520, and the charge transfer
through the second stack 530 is insignificant.
[0107] Thus, according to another embodiment of the
present disclosure, when the emission layer 500 is
formed inside the trench (T), some of the emission layer
500 is disconnectedly provided, especially, the first stack
510 and the charge generating layer 520 are provided
disconnectedly so that it is possible to reduce the charge
transfer between the sub pixels (P1, P2, P3) which are
disposed while being adjacent to each other, to thereby
prevent a leakage current.
[0108] FIGs. 7A to 7C illustrate an electroluminescent
display device according to another embodiment of the
present disclosure, which relate with a head mounted
display (HMD) device. FIG. 7A is a schematic perspective
view, FIG. 7B is a schematic plane view of a virtual reality
(VR) structure, and FIG. 7C is a schematic cross sec-
tional view of an augmented reality (AR) structure.
[0109] As shown in FIG. 7A, the head mounted display
(HMD) device according to the present disclosure in-
cludes a receiving case 10 and a head mounted band 30.
[0110] A display device, a lens array and an ocular
eyepiece may be received in the inside of the receiving
case 10.
[0111] The head mounted band 30 is fixed to the re-
ceiving case 10. In the drawings, the head mounted band
30 is configured to surround an upper surface and both
lateral surfaces in a user’s head, but not limited to this
structure. For example, the head mounted band is pro-
vided to fix the head mounted display (HMD) device to a

user’s head, which may be substituted by an eyeglass-
frame shape or a helmet-shaped structure.
[0112] As shown in FIG. 7B, the head mounted display
(HMD) device of the virtual reality (VR) structure accord-
ing to the present disclosure includes a left-eye display
device 12, a right-eye display device 11, a lens array 13,
a left-eye ocular eyepiece 20a and a right-eye ocular eye-
piece 20b.
[0113] The left-eye display device 12, the right-eye dis-
play device 11, the lens array 13, and the left-eye ocular
eyepiece 20a and the right-eye ocular eyepiece 20b are
received in the aforementioned receiving case 10.
[0114] The same image may be displayed on the left-
eye display device 12 and the right-eye display device
11. In this case, a user can watch a two-dimensional (2D)
image. If an image for a left eye is displayed on the left-
eye display device 12, and an image for a right eye is
displayed on the right-eye display device 11, a user can
watch a three-dimensional (3D) image. Each of the left-
eye display device 12 and the right-eye display device
11 may be formed of the aforementioned display device
according to the embodiments of the present disclosure.
In this case, an upper portion corresponding to a surface
for displaying an image in the aforementioned display
device according to the embodiments of the present dis-
closure, for example, the color filter layer 910, 920 and
930 confronts the lens array 13.
[0115] The lens array 13 may be disposed between
the left-eye ocular eyepiece 20a and the left-eye display
device 12 while being apart from each of the left-eye oc-
ular eyepiece 20a and the left-eye display device 12. That
is, the lens array 13 may be positioned at the front of the
left-eye ocular eyepiece 20a and at the rear of the left-
eye display device 12. Also, the lens array 13 may be
disposed between the right-eye ocular eyepiece 20b and
the right-eye display device 11 while being apart from
each of the right-eye ocular eyepiece 20b and the right-
eye display device 11. That is, the lens array 13 may be
positioned at the front of the right-eye ocular eyepiece
20b and at the rear of the right-eye display device 11.
[0116] The lens array 13 may be a micro lens array.
The lens array 13 may be substituted by a pin hole array.
Owing to the lens array 13, an image displayed on the
left-eye display device 12 or the right-eye display device
11 may be expanded and perceived by a user.
[0117] A user’s left eye (LE) may be positioned at the
left-eye ocular eyepiece 20a, and a user’s right eye (RE)
may be positioned at the right-eye ocular eyepiece 20b.
[0118] As shown in FIG. 7C, the head mounted display
(HMD) device of the augmented reality (AR) structure
according to the present disclosure includes a left-eye
display device 12, a lens array 13, a left-eye ocular eye-
piece 20a, a transmissive reflecting portion 14 and a
transmission window 15. FIG. 7C shows only the left-eye
structure, for convenience of explanation. The right-eye
structure is identical in structure to the left-eye structure.
[0119] The left-eye display device 12, the lens array
13, the left-eye ocular eyepiece 20a, the transmissive
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reflecting portion 14 and the transmission window 15 are
received in the aforementioned receiving case 10.
[0120] The left-eye display device 12 may be disposed
at one side of the transmissive reflecting portion 14, for
example, an upper side of the transmissive reflecting por-
tion 14 without covering the transmission window 15. Ac-
cordingly, an image may be provided to the transmissive
reflecting portion 14 under the condition that an ambient
background seen through the transmission window 15 is
not covered by the left-eye display device 12.
[0121] The left-eye display device 12 may be formed
of the aforementioned various electroluminescent dis-
play devices according to the embodiments of the
present disclosure. In this case, an upper portion corre-
sponding to a surface for displaying an image in the afore-
mentioned various electroluminescent display devices
according to the embodiments of the present disclosure,
for example, the color filter layer 910, 920 and 930 con-
fronts the transmissive reflecting portion 14.
[0122] The lens array 13 may be provided between the
left-eye ocular eyepiece 20a and the transmissive reflect-
ing portion 14.
[0123] A user’s left eye is positioned at the left-eye oc-
ular eyepiece 20a.
[0124] The transmissive reflecting portion 14 is dis-
posed between the lens array 13 and the transmission
window 15. The transmissive reflecting portion 14 may
include a reflection surface 14a which partially transmits
some of light, and also reflects the remaining light. The
reflection surface 14a is configured to guide an image,
which is displayed on the left-eye display device 12, to-
ward the lens array 13. Thus, a user can watch an image
displayed on the left-eye display device 12 together with
the ambient background through the transmission win-
dow 15. That is, a user can watch one image obtained
by a virtual image overlaid with the ambient real back-
ground, to thereby realize an augmented reality (AR).
[0125] The transmission window 15 is disposed in front
of the transmissive reflecting portion 14.
[0126] In the above embodiments of the present dis-
closure, the emission layer 500 is configured to emit white
colored light, but not necessarily. The emission layer 500
may be configured to emit different colored light by each
sub pixel (P1, P2, P3).
[0127] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the scope of
the appended claims. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims.
[0128] Also disclosed herein are the following num-
bered clauses:

Clause 1. An electroluminescent display device
comprising:

a substrate including a first sub pixel, a second

sub pixel, and a third sub pixel;
a first electrode in each of the first to third sub
pixels on the substrate;
an emission layer on the first electrode;
a second electrode on the emission layer;
an encapsulation layer including a first encap-
sulation layer provided on the second electrode,
and a second encapsulation layer provided on
the first encapsulation layer; and
a first semi-transmissive layer provided between
the first encapsulation layer and the second en-
capsulation layer and overlapped with the first
electrode of the first sub pixel.

Clause 2. The electroluminescent display device ac-
cording to clause 1, wherein the first electrode of the
first sub pixel includes a first reflective electrode, and
a first transparent electrode provided on the first re-
flective electrode, and the second electrode includes
a transparent electrode.

Clause 3. The electroluminescent display device ac-
cording to clause 1 or 2, wherein the first encapsu-
lation layer and the second encapsulation layer are
in contact with each other in the boundary area be-
tween the first sub pixel and the second sub pixel.

Clause 4. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a bank provided in the boundary area between the
first sub pixel and the second sub pixel and config-
ured to cover the periphery of the first electrode,
wherein the first semi-transmissive layer is not pro-
vided in the area which is overlapped with an upper
surface of the bank.

Clause 5. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a bank provided in the boundary area between the
first sub pixel and the second sub pixel and config-
ured to cover the periphery of the first electrode,
wherein a lateral surface of the bank is inclined in
such a way that an angle between the lateral surface
of the bank and an upper surface of the substrate is
within a range of 30° to 80°.

Clause 6. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a bank provided in the boundary area between the
first sub pixel and the second sub pixel and config-
ured to cover the periphery of the first electrode,
wherein a reflective layer is additionally provided in
a lateral surface of the bank.

Clause 7. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a bank provided in the boundary area between each
of the first sub pixel, the second sub pixel, and the
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third sub pixel,
wherein a trench is provided inside the bank, and at
least some area of the emission layer is disconnect-
edly provided inside the trench.

Clause 8. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a lens array spaced apart from the substrate, and a
receiving case for receiving the substrate and the
lens array therein.

Clause 9. The electroluminescent display device ac-
cording to any preceding clause, further comprising
a second semi-transmissive layer overlapped with
the first electrode of the second sub pixel and pro-
vided on the second electrode, and a third semi-
transmissive layer overlapped with the first electrode
of the third sub pixel and provided on the second
electrode.

Clause 10. The electroluminescent display device
according to clause 9, wherein the second semi-
transmissive layer and the third semi-transmissive
layer are provided between the first encapsulation
layer and the second encapsulation layer.

Clause 11. The electroluminescent display device
according to clause 9 or 10, wherein the second
semi-transmissive layer and the third semi-transmis-
sive layer are provided at the different position from
that of the first semi-transmissive layer.

Clause 12. The electroluminescent display device
according to clause 9, 10 or 11,
wherein the first electrode of the first sub pixel in-
cludes a first reflective electrode, the first electrode
of the second sub pixel includes a second reflective
electrode, and the first electrode of the third sub pixel
includes a third reflective electrode, and
a first distance between the first reflective electrode
and the first semi-transmissive layer, a second dis-
tance between the second reflective electrode and
the second semi-transmissive layer, and a third dis-
tance between the third reflective electrode and the
third semi-transmissive layer are different from one
another.

Clause 13. The electroluminescent display device
according to clause 12,
wherein the encapsulation layer further includes a
third encapsulation layer provided on the second en-
capsulation layer, and a fourth encapsulation layer
provided on the third encapsulation layer,
the second semi-transmissive layer is provided be-
tween the second encapsulation layer and the third
encapsulation layer, and
the third semi-transmissive layer is provided be-
tween the third encapsulation layer and the fourth

encapsulation layer.

Clause 14. The electroluminescent display device
according to clause 12 or 13,
wherein the first electrode of the first sub pixel addi-
tionally includes a first transparent electrode provid-
ed on the first reflective electrode, the first electrode
of the second sub pixel additionally includes a sec-
ond transparent electrode provided on the second
reflective electrode, and the first electrode of the third
sub pixel additionally includes a third transparent
electrode provided on the third reflective electrode,
and
a thickness of the first transparent electrode, a thick-
ness of the second transparent electrode, and a
thickness of the third transparent electrode are dif-
ferent from one another.

Clause 15. The electroluminescent display device
according to clause 12, 13 or 14,
wherein the first reflective electrode, the second re-
flective electrode, and the third reflective electrode
are provided in the different layers.

Clause 16. The electroluminescent display device
according to any of clauses 12-15,
wherein the first electrode of the first sub pixel addi-
tionally includes a first transparent electrode provid-
ed on the first reflective electrode, the first electrode
of the second sub pixel additionally includes a sec-
ond transparent electrode provided on the second
reflective electrode, and the first electrode of the third
sub pixel additionally includes a third transparent
electrode provided on the third reflective electrode,
and
the first transparent electrode, the second transpar-
ent electrode, and the third transparent electrode are
provided in the different layers.

Clause 17. An electroluminescent display device
comprising:

a substrate including a first sub pixel, a second
sub pixel, and a third sub pixel;
a first reflective electrode provided in the first
sub pixel on the substrate;
a second reflective electrode provided in the
second sub pixel on the substrate;
a third reflective electrode provided in the third
sub pixel on the substrate;
an emission layer provided on the first reflective
electrode, the second reflective electrode, and
the third reflective electrode;
a transparent electrode provided on the emis-
sion layer;
a plurality of encapsulation layers provided on
the transparent electrode;
a first semi-transmissive layer provided between
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any two among the plurality of encapsulation lay-
ers, and overlapped with the first reflective elec-
trode;
a second semi-transmissive layer provided be-
tween any two among the plurality of encapsu-
lation layers, and overlapped with the second
reflective electrode; and
a third semi-transmissive layer provided be-
tween any two among the plurality of encapsu-
lation layers, and overlapped with the third re-
flective electrode.

Clause 18. The electroluminescent display device
according to clause 17, wherein the first reflective
electrode and the first semi-transmissive layer are
configured such that light emitted from the emission
layer is repetitively reflected and re-reflected be-
tween the first reflective electrode and the first semi-
transmissive layer.

Clause 19. The electroluminescent display device
according to clause 17 or 18, wherein the plurality
of encapsulation layers are in contact with each other
in the boundary area between each of the first sub
pixel, the second sub pixel, and the third sub pixel.

Clause 20. The electroluminescent display device
according to any of clauses 17-19, wherein the first
semi-transmissive layer, the second semi-transmis-
sive layer, and the third semi-transmissive layer are
spaced apart from one another.

Clause 21. The electroluminescent display device
according to any of clauses 17-20, wherein a first
distance between the first reflective electrode and
the first semi-transmissive layer, a second distance
between the second reflective electrode and the sec-
ond semi-transmissive layer, and a third distance be-
tween the third reflective electrode and the third
semi-transmissive layer are different from one an-
other.

Claims

1. An electroluminescent display device comprising:

a substrate including a first sub pixel, a second
sub pixel, and a third sub pixel disposed thereon;
a first electrode in each of the first to third sub
pixels on the substrate;
an emission layer on the first electrode;
a second electrode on the emission layer;
an encapsulation layer including a first encap-
sulation layer provided on the second electrode,
and a second encapsulation layer provided on
the first encapsulation layer; and
a first semi-transmissive layer provided between

the first encapsulation layer and the second en-
capsulation layer and overlapped with the first
electrode of the first sub pixel.

2. The electroluminescent display device according to
claim 1, wherein the first electrode of the first sub
pixel includes a first reflective electrode, and the sec-
ond electrode includes a transparent electrode, op-
tionally wherein the first electrode of the first subpixel
includes a first transparent electrode on the first re-
flective electrode.

3. The electroluminescent display device according to
claim 2, wherein the first reflective electrode and the
first semi-transmissive layer are configured such that
light emitted from the emission layer is repetitively
reflected and re-reflected between the first reflective
electrode and the first semi-transmissive layer.

4. The electroluminescent display device according to
claim 1, 2 and 3, wherein the first encapsulation layer
and the second encapsulation layer are in contact
with each other in the boundary area between the
first sub pixel and the second sub pixel.

5. The electroluminescent display device according to
any preceding claim, further comprising a bank pro-
vided in the boundary area between the first sub pixel
and the second sub pixel and configured to cover
the periphery of the first electrode,
wherein the first semi-transmissive layer is not pro-
vided in the area which is overlapped with an upper
surface of the bank.

6. The electroluminescent display device according to
any preceding claim, further comprising a bank pro-
vided in the boundary area between the first sub pixel
and the second sub pixel and configured to cover
the periphery of the first electrode,
wherein a lateral surface of the bank is inclined in
such a way that an angle between the lateral surface
of the bank and an upper surface of the substrate is
within a range of 30° to 80°.

7. The electroluminescent display device according to
any preceding claim, further comprising a bank pro-
vided in the boundary area between the first sub pixel
and the second sub pixel and configured to cover
the periphery of the first electrode,
wherein a reflective layer is additionally provided in
a lateral surface of the bank.

8. The electroluminescent display device according to
any preceding claim, further comprising a bank pro-
vided in the boundary area between each of the first
sub pixel, the second sub pixel, and the third sub
pixel,
wherein a trench is provided inside the bank, and at
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least some area of the emission layer is disconnect-
edly provided inside the trench.

9. The electroluminescent display device according to
any preceding claim, further comprising a lens array
spaced apart from the substrate, and a receiving
case for receiving the substrate and the lens array
therein.

10. The electroluminescent display device according to
any preceding claim, further comprising a second
semi-transmissive layer overlapped with the first
electrode of the second sub pixel and provided on
the second electrode, and a third semi-transmissive
layer overlapped with the first electrode of the third
sub pixel and provided on the second electrode.

11. The electroluminescent display device according to
claim 10, wherein the second semi-transmissive lay-
er and the third semi-transmissive layer are provided
between the first encapsulation layer and the second
encapsulation layer, or wherein the second semi-
transmissive layer and the third semi-transmissive
layer are each provided at a different position from
that of the first semi-transmissive layer.

12. The electroluminescent display device according to
any of claims 9 or 10,
wherein the first electrode of the first sub pixel in-
cludes a first reflective electrode, the first electrode
of the second sub pixel includes a second reflective
electrode, and the first electrode of the third sub pixel
includes a third reflective electrode, and
a first distance between the first reflective electrode
and the first semi-transmissive layer, a second dis-
tance between the second reflective electrode and
the second semi-transmissive layer, and a third dis-
tance between the third reflective electrode and the
third semi-transmissive layer are different from one
another,
optionally wherein the first reflective electrode, the
second reflective electrode, and the third reflective
electrode are provided in different layers from one
another.

13. The electroluminescent display device according to
claim 12,
wherein the first electrode of the first sub pixel addi-
tionally includes a first transparent electrode provid-
ed on the first reflective electrode, the first electrode
of the second sub pixel additionally includes a sec-
ond transparent electrode provided on the second
reflective electrode, and the first electrode of the third
sub pixel additionally includes a third transparent
electrode provided on the third reflective electrode,
and
a thickness of the first transparent electrode, a thick-
ness of the second transparent electrode, and a

thickness of the third transparent electrode are dif-
ferent from one another.

14. The electroluminescent display device according to
claim 12 or 13,
wherein the first electrode of the first sub pixel addi-
tionally includes a first transparent electrode provid-
ed on the first reflective electrode, the first electrode
of the second sub pixel additionally includes a sec-
ond transparent electrode provided on the second
reflective electrode, and the first electrode of the third
sub pixel additionally includes a third transparent
electrode provided on the third reflective electrode,
and
the first transparent electrode, the second transpar-
ent electrode, and the third transparent electrode are
provided in different layers from one another.

15. The electroluminescent display device according to
any of claims 9-14,
wherein the encapsulation layer further includes a
third encapsulation layer provided on the second en-
capsulation layer, and a fourth encapsulation layer
provided on the third encapsulation layer,
the second semi-transmissive layer is provided be-
tween the second encapsulation layer and the third
encapsulation layer, and
the third semi-transmissive layer is provided be-
tween the third encapsulation layer and the fourth
encapsulation layer.

27 28 



EP 3 664 147 A1

16



EP 3 664 147 A1

17



EP 3 664 147 A1

18



EP 3 664 147 A1

19



EP 3 664 147 A1

20



EP 3 664 147 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 3 664 147 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 3 664 147 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• KR 1020180156567 [0001]



专利名称(译) 发光显示

公开(公告)号 EP3664147A1 公开(公告)日 2020-06-10

申请号 EP2019213960 申请日 2019-12-05

[标]申请(专利权)人(译) 乐金显示有限公司

申请(专利权)人(译) LG DISPLAY CO.，LTD.

当前申请(专利权)人(译) LG DISPLAY CO.，LTD.

[标]发明人 LIM HYEONGJUN
YOUN WOORAM
KIM MINKI

发明人 LIM, HYEONGJUN
YOUN, WOORAM
KIM, MINKI

IPC分类号 H01L27/32 H01L51/52 H05B33/22

CPC分类号 H01L27/3211 H01L27/3246 H01L51/5209 H01L51/5262 H01L51/5265 H01L51/5271 H01L27/3206 
H01L27/322 H01L51/5218 H01L51/5234 H01L51/5253

审查员(译) TENA ZAERA，RAMON

优先权 1020180156567 2018-12-07 KR

外部链接 Espacenet

摘要(译)

公开了一种电致发光显示装置。 该电致发光显示装置包括：基板，其包
括第一子像素，第二子像素和第三子像素；在基板上的第一至第三子像
素的每一个中的第一电极；在第一电极上的发射层；第二电极。 发射层
上的电极，包括设置在第二电极上的第一封装层，设置在第一封装层上
的第二封装层以及设置在第一封装层和第二封装层之间的第一半透射层
的封装层 并与第一子像素的第一电极重叠。

https://share-analytics.zhihuiya.com/view/53aa0d2d-e5cc-4c41-bbbe-9794a33c327f
https://worldwide.espacenet.com/patent/search/family/068808067/publication/EP3664147A1?q=EP3664147A1

