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(7) ABSTRACT

A display device includes: a substrate; a first organic light-
emitting diode including a first electrode provided above the
substrate for each of pixels, a second electrode, and a first
light-emitting layer provided between the first electrode and
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HOIL 27/32 (2006.01) plying heat to the first light-emitting layer.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2017-171108 filed on Sep. 6, 2017, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a display device.
2. Description of Related Art
[0003] A flat panel display such as an organic electrolu-

minescent (EL) display device includes a display panel in
which a thin film transistor (TFT), an organic light-emitting
diode (OLED), and the like are formed on a substrate.
[0004] TP 2013-116975 A discloses that a thermally active
fluorescence-delaying material, that is, a thermally activated
delayed fluorescent (TADF) material is used for a light-
emitting layer of the organic EL display device.

SUMMARY OF THE INVENTION

[0005] In the conventional configuration, however, a fur-
ther improvement in fluorescence emission efficiency in the
light-emitting layer becomes a challenge. That is, a further
improvement in the efficiency of reverse intersystem cross-
ing of a light-emitting material, such as the thermally
activated delayed fluorescent material, used for the light-
emitting layer to the excited singlet state after transition to
the excited triplet state becomes a challenge.

[0006] The invention has been made in view of the above
problem, and it is an object of the invention to achieve a
further improvement in fluorescence emission efficiency in
a light-emitting layer.

[0007] One of the aspects of the present invention may be
a display device including: a substrate; a first organic
light-emitting diode including a first electrode provided
above the substrate for each of pixels, a second electrode,
and a first light-emitting layer provided between the first
electrode and the second electrode; and a heat-generating
member supplying heat to the first light-emitting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic view showing a schematic
configuration of a display device according to an embodi-
ment.

[0009] FIG. 2 is a schematic view showing an example of
an outline of a pixel matrix circuit of the display device
according to the embodiment.

[0010] FIG. 3 is a schematic view showing an example of
a circuit configuration of the sub-light-emitting pixel shown
in FIG. 2.

[0011] FIG. 4 is a schematic view showing another
example of a circuit configuration of the sub-light-emitting
pixel shown in FIG. 2.

[0012] FIG. 5 is a schematic view showing another
example of an outline of a pixel matrix circuit of the display
device according to the embodiment.
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[0013] FIG. 6 is a schematic plan view of a display panel
in the display device according to the embodiment.

[0014] FIG. 7 is an example of a schematic vertical
sectional view of the display panel at a position along line
VII-VII shown in FIG. 6.

[0015] FIG. 8 is another example of a schematic vertical
sectional view of the display panel at the position along line
VII-VII shown in FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0016] Hereinafter, an embodiment of the invention will
be described based on the drawings.

[0017] The disclosure is illustrative only. Appropriate
modifications that will readily occur to those skilled in the
art and fall within the spirit of the invention are of course
included in the scope of the invention. In the drawings, for
more clarity of description, the width, thickness, shape, and
the like of each part may be schematically represented,
compared to those in practicing aspects of the invention.
However, they are illustrative only, and do not limit the
interpretation of the invention. Moreover, in the specifica-
tion and the drawings, elements similar to those described in
relation to a previous drawing are denoted by the same
reference numerals and signs, and a detailed description may
be appropriately omitted.

[0018] Further, in the detailed description of the invention,
the terms “on”, “above”, “under”, and “below” as used in
defining the positional relationship between one component
and another component include, not only the case where one
component is located directly on or directly below another
component, but also the case where still another component
intervenes between the components unless otherwise noted.
[0019] A display device 2 according to the embodiment is,
for example, an organic electroluminescent display device,
and may be mounted in a television set, a personal computer,
a portable terminal, a mobile phone, or the like. FIG. 1 is a
schematic view showing a schematic configuration of the
display device 2 according to the embodiment. The display
device 2 includes a pixel array section 4 that displays an
image, and a drive section that drives the pixel array section
4. The display device 2 may include a base material made of
glass or the like. The display device 2 may be a flexible
display having flexibility. In this case, the display device 2
may include a base material composed of a resin film or the
like having flexibility. The display device 2 includes a
wiring layer including a wiring provided inside or above the
base material.

[0020] In the pixel array section 4, organic light-emitting
diodes 6 and pixel circuits 8 are disposed in a matrix
corresponding to pixels. The pixel circuit 8 includes a
lighting thin film transistor (TFT) 10, a drive TFT 12, and a
capacitor 14.

[0021] The drive section includes a scanning line drive
circuit 20, a video line drive circuit 22, a drive power supply
circuit 24, and a controller 26. The drive section drives the
pixel circuit 8 and controls emission of the organic light-
emitting diode 6.

[0022] The scanning line drive circuit 20 is connected to
a scanning signal line 28 provided for each array of pixels
in the horizontal direction (a pixel row). The scanning line
drive circuit 20 sequentially selects the scanning signal line
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28 in response to a timing signal input from the controller
26, and applies a voltage for turning on the lighting TFT 10
to the selected scanning signal line 28.

[0023] The video line drive circuit 22 is connected to a
video signal line 30 provided for each array of pixels in the
vertical direction (a pixel column). The video line drive
circuit 22 receives a video signal from the controller 26, and
outputs, in synchronization with the selection of the scan-
ning signal line 28 by the scanning line drive circuit 20, a
voltage in response to the video signal of the selected pixel
row to each of the video signal lines 30. The voltage is
written to the capacitor 14 via the lighting TFT 10 in the
selected pixel row. The drive TFT 12 supplies a current in
response to the written voltage to the organic light-emitting
diode 6, and thus the organic light-emitting diode 6 of the
pixel corresponding to the selected scanning signal line 28
emits light.

[0024] The drive power supply circuit 24 is connected to
a drive power supply line 32 provided for each pixel column,
and supplies a current to the organic light-emitting diode 6
via the drive power supply line 32 and the drive TFT 12 in
the selected pixel row.

[0025] Here, a lower electrode of the organic light-emit-
ting diode 6 is connected to the drive TFT 12. An upper
electrode of the organic light-emitting diodes 6 is composed
of an electrode common to the organic light-emitting diodes
6 of all pixels. When the lower electrode is configured as an
anode, a high potential is input thereto and a low potential
is input to the upper electrode that serves as a cathode. When
the lower electrode is configured as a cathode, a low
potential is input thereto and a high potential is input to the
upper electrode that serves as an anode.

[0026] FIG. 2 is a schematic view showing an outline of
a pixel matrix circuit of the display device 2 according to the
embodiment. In the example shown in FIG. 2, for simpli-
fying the drawing, the pixel circuit 8 shown in FIG. 1 is
illustrated using a sub-light-emitting pixel 36R emitting red
light, a sub-light-emitting pixel 36G emitting green light,
and a sub-light-emitting pixel 36B emitting blue light.
Moreover, the controller 26 and the drive power supply
circuit 24, which are shown in FIG. 1, are omitted.

[0027] In the example shown in FIG. 2, the video line
drive circuit 22 includes a first heat-source power supply
line control circuit, and the video line drive circuit 22 is
connected not only to the video signal lines 30 but also to
first heat-source power supply lines 34. That is, the video
line drive circuit 22 including the first heat-source power
supply line control circuit controls a voltage to be applied to
the first heat-source power supply line 34. In this example,
the first heat-source power supply lines 34 are respectively
connected to the sub-light-emitting pixel 36R emitting red
light, the sub-light-emitting pixel 36G emitting green light,
and the sub-light-emitting pixel 36B emitting blue light, and
have the roll of supplying heat to the sub-light-emitting
pixels.

[0028] FIG. 3 is a schematic view showing a circuit
configuration of the sub-light-emitting pixel shown in FIG.
2. As described above with reference to FIG. 1, the scanning
line drive circuit 20 is connected to the scanning signal lines
28, sequentially selects the scanning signal line 28 in
response to the timing signal input from the controller 26,
and applies the voltage for turning on the lighting TFT 10 to
the selected scanning signal line 28. Moreover, the video
line drive circuit 22 is connected to the video signal lines 30,
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receives the video signal from the controller 26, and outputs,
in synchronization with the selection of the scanning signal
line 28 by the scanning line drive circuit 20, the voltage to
each of the video signal lines 30 in response to the video
signal of the selected pixel row. The voltage is written to the
capacitor 14 via the lighting TFT 10. The drive TFT 12
supplies the current to the organic light-emitting diode 6 in
response to the written voltage, and the organic light-
emitting diode 6 of the pixel corresponding to the selected
scanning signal line 28 emits light.

[0029] Further, in the embodiment, the first heat-source
power supply line 34 connected to the video line drive
circuit is provided for each array of pixels in the vertical
direction (a pixel column). The first heat-source power
supply line 34 is not directly connected with the organic
light-emitting diode 6, the lighting TFT 10, the drive TFT
12, and the capacitor 14, but is connected to one end of a
heat source resistor 16 as a heat-generating member in the
embodiment. The heat source resistor 16 is disposed in the
vicinity of the organic light-emitting diode 6. The other end
of the heat source resistor 16 is fixed at the ground potential,
or may be configured to be connected to the cathode of the
organic light-emitting diode 6. In the embodiment, an exem-
plary configuration will be described in which the other end
of the heat source resistor 16 is connected to the cathode of
the organic light-emitting diode 6.

[0030] The heat source resistor 16 may be configured
using a polysilicon film, an organic material doped with an
impurity so that the resistance value of the heat source
resistor 16 is lower than that of the organic light-emitting
diode 6, a conductive polymer material, or the like.

[0031] A voltage different from that of the cathode of the
organic light-emitting diode 6 is applied from the first
heat-source power supply line control circuit included in the
video line drive circuit 22 to the first heat-source power
supply line 34, and thus the heat source resistor 16 generates
heat. That is, the first heat-source power supply line control
circuit controls the potential at the one end of the heat source
resistor 16 so as to be different from the potential of the
cathode of the organic light-emitting diode 6, and thus heat
is supplied to a light-emitting layer of the organic light-
emitting diode 6. When the other end of the heat source
resistor 16 is fixed at the ground potential, the first heat-
source power supply line control circuit controls the poten-
tial at the one end of the heat source resistor 16 so as to be
different from the ground potential.

[0032] When it is unnecessary to supply heat to the
light-emitting layer of the organic light-emitting diode 6,
that is, when it is unnecessary to supply heat to the sub-
light-emitting pixel, the first heat-source power supply line
control circuit applies a voltage at the same potential as that
of the cathode of the organic light-emitting diode 6 to the
first heat-source power supply line 34. That is, the first
heat-source power supply line control circuit controls the
potential at the one end of the heat source resistor 16 to be
the same as the potential of the cathode of the organic
light-emitting diode 6. When the other end of the heat source
resistor 16 is fixed at the ground potential, the first heat-
source power supply line control circuit controls the poten-
tial at the one end of the heat source resistor 16 to be the
ground potential.
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[0033] The voltage to be applied to the first heat-source
power supply line 34 may be configured such that the
voltage is set at multiple levels in response to an external
request.

[0034] By controlling the voltage to be applied to the first
heat-source power supply line 34 as described above, heat is
applied to the organic light-emitting diode 6, as a result of
which it is possible to improve the efficiency of reverse
intersystem crossing of a light-emitting material, such as a
thermally activated delayed fluorescent material, used for
the light-emitting layer to the excited singlet state after
transition to the excited triplet state. That is, the heat
generated by the heat source resistor 16 as a heat-generating
member promotes the reverse intersystem crossing of the
light-emitting material in the excited triplet state to the
excited singlet state, and thus fluorescence emission effi-
ciency in the light-emitting layer included in the organic
light-emitting diode 6 is improved.

[0035] Inthe embodiment, an exemplary configuration has
been described in which the video line drive circuit 22
includes the first heat-source power supply line control
circuit and the video line drive circuit 22 applies the voltage
to the first heat-source power supply line 34. A configuration
may be employed in which the first heat-source power
supply line control circuit controlling the first heat-source
power supply line 34 is provided separately from the video
line drive circuit 22.

[0036] FIG. 4 is a schematic view showing another
example of the circuit configuration of the sub-light-emitting
pixel. In the example shown in FIG. 4, a second heat-source
power supply line 35 provided for each array of pixels in the
horizontal direction (a pixel row) is included in addition to
the first heat-source power supply line 34 provided for each
array of pixels in the vertical direction (a pixel column). The
second heat-source power supply line 35 is connected to a
second heat-source power supply line control circuit, and the
second heat-source power supply line control circuit con-
trols a voltage to be applied to the second heat-source power
supply line 35.

[0037] In addition, the sub-light-emitting pixel includes a
heat source resistor 17 connected to the first heat-source
power supply line 34 and the second heat-source power
supply line 35. One end of the heat source resistor 17 is
connected to the first heat-source power supply line 34, and
the other end of the heat source resistor 17 is connected to
the second heat-source power supply line 35.

[0038] The heat source resistor 17 in this example may be
configured using a low-temperature polycrystalline silicon
thin film doped with an impurity, or other conductors.
[0039] By making voltages to be respectively applied to
the first heat-source power supply line 34 and the second
heat-source power supply line 35 different from each other,
the heat source resistor 17 is caused to generate heat. That
is, the first heat-source power supply line control circuit
controls, via the first heat-source power supply line 34, a
potential at one end of the heat source resistor 17 so as to be
different from a potential at the other end of the heat source
resistor 17 connected to the second heat-source power
supply line control circuit, and thus heat is supplied to the
light-emitting layer of the organic light-emitting diode 6.
Alternatively, the second heat-source power supply line
control circuit controls, via the second heat-source power
supply line 35, the potential at the other end of the heat
source resistor 17 so as to be different from the potential at
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the one end of the heat source resistor 17 connected to the
first heat-source power supply line control circuit, and thus
heat is supplied to the light-emitting layer of the organic
light-emitting diode 6.

[0040] When it is unnecessary to supply heat to the
light-emitting layer of the organic light-emitting diode 6,
that is, when it is unnecessary to supply heat to the sub-
light-emitting pixel, a voltage at the same potential is
applied to both the first heat-source power supply line 34 and
the second heat-source power supply line 35. That is, the
first heat-source power supply line control circuit controls,
via the first heat-source power supply line 34, the potential
at the one end of the heat source resistor 17 so as to be the
same as the potential at the other end of the heat source
resistor 17 connected to the second heat-source power
supply line control circuit. Alternatively, the second heat-
source power supply line control circuit controls, via the
second heat-source power supply line 35, the potential at the
other end of the heat source resistor 16 so as to be the same
as the potential at the one end of the heat source resistor 17
connected to the first heat-source power supply line control
circuit.

[0041] The voltage to be applied to the first heat-source
power supply line 34 and the second heat-source power
supply line 35 may be configured such that the voltage is set
at multiple levels in response to an external request. The
driving of the first heat-source power supply line 34 and the
driving of the second heat-source power supply line 35 are
interchangeable. Moreover, one of the first heat-source
power supply line 34 and the second heat-source power
supply line 35 may be fixed at the ground potential or the
like.

[0042] The scanning line drive circuit 20 or the video line
drive circuit 22 may be configured to include the second
heat-source power supply line control circuit. In this case,
the second heat-source power supply line 35 is controlled by
the scanning line drive circuit 20 or the video line drive
circuit 22. Moreover, a configuration may be employed in
which the second heat-source power supply line control
circuit controlling the second heat-source power supply line
35 is separately provided.

[0043] By controlling at least one of the voltage to be
applied to the first heat-source power supply line 34 and the
voltage to be applied to the second heat-source power supply
line as described above, heat is applied to the organic
light-emitting diode 6. As a result, the efficiency of reverse
intersystem crossing of a light-emitting material, such as a
thermally activated delayed fluorescent material, used for
the light-emitting layer to the excited singlet state after
transition to the excited triplet state is improved. That is, the
heat generated by the heat source resistor 17 as a heat-
generating member promotes the reverse intersystem cross-
ing of the light-emitting material in the excited triplet state
to the excited singlet state, and thus fluorescence emission
efficiency in the light-emitting layer included in the organic
light-emitting diode 6 is improved. Moreover, the response
speed of a light-emitting element is limited by energy
conversion under low temperatures, and therefore, an after-
image is likely to occur. This configuration suppresses the
occurrence of a trouble due to the occurrence of an after-
image.

[0044] FIG. 5 is a schematic view showing another
example of the pixel matrix circuit of the display device 2
according to the embodiment. In the example shown in FIG.
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5, a configuration is employed in which the first heat-source
power supply line 34 is provided only in the pixel column of
the sub-light-emitting pixel 36B emitting blue light. This
configuration is effective when, for example, a thermally
activated delayed fluorescent (TADF) material, which is
likely to cause an afterimage under low temperatures, is used
for the light-emitting layer of the organic light-emitting
diode 6 emitting blue light and a phosphorescent element is
used for the organic light-emitting diodes 6 emitting red and
green lights. The reasons will be described below.

[0045] First, the number of the first heat-source power
supply lines 34 is reduced by employing a configuration in
which the first heat-source power supply line 34 is not
provided for the sub-light-emitting pixel 36R emitting red
light and the sub-light-emitting pixel 36G emitting green
light, to which it is unnecessary to supply heat. Therefore,
the configuration of the pixel circuit 8 is simplified, which
is advantageous for improving productivity.

[0046] Moreover, the sub-light-emitting pixel 36R emit-
ting red light and the sub-light-emitting pixel 36G emitting
green light are not heated, and therefore, power consumption
is suppressed.

[0047] Further, by suppressing the transfer of heat to the
organic light-emitting diodes 6 emitting red and green lights,
which are phosphorescent elements not including a ther-
mally active material, the shortening of the life time of the
organic light-emitting diodes 6 emitting red and green lights
is suppressed.

[0048] FIG. 6 is a schematic plan view of a display panel
40 of the display device 2. The pixel array section 4 shown
in FIG. 1 is provided in a display region 42 of the display
panel 40, and the organic light-emitting diodes 6 are
arranged in the pixel array section 4 as described above.
[0049] A drive section forming region 46 is provided
outside the display region 42 in the display panel 40, and
wirings connected to the display region 42 are disposed in
the drive section forming region 46. Further, a driver IC 48
constituting the drive section is mounted in the drive section
forming region 46, or a flexible printed circuit (FPC) 44 is
connected thereto. The FPC 44 is connected to the scanning
line drive circuit 20, the video line drive circuit 22, the drive
power supply circuit 24, the controller 26, and the like, or an
IC is mounted on the FPC 44.

[0050] Hereinafter, one example in the embodiment will
be described with reference to FIG. 7. FIG. 7 is a schematic
vertical sectional view of the display panel 40 at a position
along line VII-VII shown in FIG. 6.

[0051] As shown in FIG. 7, the display panel 40 according
to the embodiment includes an array substrate 50. In the
embodiment, polyimide is used as a material constituting the
array substrate 50. However, other resin materials may be
used as the material constituting the array substrate 50 when
a base material has sufficient flexibility as a sheet display.
[0052] A three-layer stacked structure including a first
silicon oxide film 54, a first silicon nitride film 56, and a
second silicon oxide film 58 is provided as an undercoat
layer above the array substrate 50. The first silicon oxide
film 54 in the lowermost layer is provided to improve the
adhesion to the array substrate 50. The first silicon nitride
film 56 in the middle layer is provided as a block film for
moisture and impurities from the outside. The second silicon
oxide film 58 in the uppermost layer is provided as a block
film to prevent hydrogen atoms contained in the first silicon
nitride film 56 from diffusing to a semiconductor layer side.
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The undercoat layer is not particularly limited to this struc-
ture. The undercoat layer may have a structure including a
further stacked layer, or may have a single-layer structure or
a stacked structure of two or more layers.

[0053] The heat source resistor 16 (or the heat source
resistor 17) described above is provided above the undercoat
layer. In the example shown in FIG. 7, a configuration is
illustrated in which the heat source resistor 16 (or the heat
source resistor 17) is provided on the upper surface of the
undercoat layer. However, the arrangement location of the
heat source resistor 16 (or the heat source resistor 17) may
be located between the plurality of layers of the undercoat
layer or below the undercoat layer. Moreover, a configura-
tion may be employed in which a planarization film 72 to be
described later is composed of a plurality of layers and the
heat source resistor 16 (or the heat source resistor 17) is
disposed between the plurality of layers of the planarization
film 72.

[0054] The heat source resistor 16 (or the heat source
resistor 17) is disposed so as to overlap, in a plan view, a first
light-emitting layer 104B to be described later. By employ-
ing such a configuration, heat is applied to the first light-
emitting layer 104B in a first organic light-emitting diode
6B, as a result of which it is possible to improve the
efficiency of reverse intersystem crossing of a light-emitting
material, such as a thermally activated delayed fluorescent
material, used for the first light-emitting layer 104B to the
excited singlet state after transition to the excited triplet
state. That is, the heat generated by the heat source resistor
16 (or the heat source resistor 17) as a heat-generating
member promotes the reverse intersystem crossing of the
light-emitting material in the excited triplet state to the
excited singlet state, and thus fluorescence emission efi-
ciency in the light-emitting layer included in the first organic
light-emitting diode 6B is improved.

[0055] Moreover, a first drive TFT 12A, a second drive
TFT 12B, and a third drive TFT 12C are provided above the
undercoat layer. Each of the drive TFTs 12 has a structure in
which a low-concentration impurity region is provided
between a channel region and a source-drain region. In the
embodiment, a silicon oxide film is used as a gate insulating
film 60, and a first wiring 62 formed of a stacked structure
of Ti and Al is used as a gate electrode. The first wiring 62
functions as a storage capacitance line in addition to its
function as the gate electrode of the drive TFT 12. That is,
the first wiring 62 is used to forma storage capacitance
between a polysilicon film 64 and the first wiring 62.
[0056] In the embodiment, when the polysilicon film 64 in
the drive TFT 12 is deposited, the heat source resistor 16
(17) is deposited using the same material. By employing
such a manufacturing method, the step of depositing the
polysilicon film 64 and the step of depositing the heat source
resistor 16 (17) are performed in the same step, and there-
fore, high productivity is achieved.

[0057] The heat source resistor 16 (17) may be deposited
in another step different from the step of depositing the
polysilicon film 64 in the drive TFT 12, and may be formed
using a material different from that of the polysilicon film
64.

[0058] With respect to an arrangement of the third drive
TFT 12C, a space for arranging the heat source resistor 16
(or the heat source resistor 17) is secured by disposing the
third drive TFT 12C at a position away from the first
light-emitting layer 104B as shown in FIG. 8.
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[0059] Above the drive TFT 12, a second silicon nitride
film 66 serving as an interlayer insulating film and a third
silicon oxide film 68 are stacked, and further, a second
wiring 70 serving as a source-drain electrode and a routing
wiring is formed. In the embodiment, the second wiring 70
is configured to have a three-layer stacked structure of Ti, Al,
and Ti. A storage capacitance is formed by the interlayer
insulating film, an electrode formed of a conductive layer in
the same layer as the first wiring 62, and an electrode formed
of a conductive layer in the same layer as a source-drain
wiring of the drive TFT 12. The routing wiring is extended
to the edge of perimeter of the array substrate 50, and forms
a terminal to connect the FPC 44 or the driver IC 48 shown
in FIG. 2.

[0060] The planarization film 72 is formed above the drive
TFT 12. As the planarization film 72, an organic material
such as a photosensitive acrylic resin or polyimide is used in
many cases. The planarization film 72 has excellent surface
flatness compared to an inorganic insulating material formed
by a chemical vapor deposition (CVD) method or the like.
The planarization film 72 is removed in a pixel contact
section and a peripheral region. The upper surface of the
second wiring 70 exposed by the removal of the planariza-
tion film 72 is covered by a transparent conductive film 74
made of indium tin oxide (ITO) or the like.

[0061] Subsequently, a third wiring 76 is provided in the
same layer as the transparent conductive film 74. In the
embodiment, the third wiring 76 is provided to have a
three-layer stacked structure of Mo, Al, and Mo, and is used
for a peripheral routing wiring or the formation of a capaci-
tive element additionally provided in a pixel. Covering the
upper surface of the second wiring 70 exposed after remov-
ing the planarization film 72 with the transparent conductive
film 74, as mentioned above, also means to protect the
exposed surface of the second wiring 70 from a patterning
process of the third wiring 76. The transparent conductive
film 74 and the upper surface of the third wiring 76 are
temporarily covered with a third silicon nitride film 78.
Thereafter, in the pixel contact section of the transparent
conductive film 74, an opening is provided in the third
silicon nitride film 78, and a portion of the upper surface of
the transparent conductive film 74 is exposed.

[0062] Thereafter, a lower electrode 80 serving as a pixel
electrode is formed so as to be connected to the upper
surface of the transparent conductive film 74 exposed
through the opening. In the embodiment, the lower electrode
80 is formed as a reflecting electrode, and has a three-layer
stacked structure made of ITO, Ag, and ITO. In the pixel
contact section, an additional capacitance is formed by the
transparent conductive film 74, the third silicon nitride film
78, and the lower electrode 80. Incidentally, the transparent
conductive film 74 is partially exposed to an etching envi-
ronment during the patterning of the lower electrode 80;
however, the transparent conductive film 74 has resistance to
etching of the lower electrode 80 through an annealing
treatment performed during the period from after a forming
process of the transparent conductive film 74 to a forming
process of the lower electrode 80.

[0063] After the forming process of the lower electrode
80, an insulating film 82 called a bank or a rib and serving
as a partition wall of a pixel region is formed. As the
insulating film 82, a photosensitive acrylic resin or the like
is used in the same manner as for the planarization film 72.
The insulating film 82 is opened so as to expose the upper
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surface of the lower electrode 80 as a light-emitting region,
and the opening edge preferably has a smooth tapered shape.
When the opening edge has a steep shape, a coverage defect
of an organic layer 100 to be formed later occurs. Here, the
planarization film 72 and the insulating film 82 include a
portion where the planarization film 72 and the insulating
film 82 are in contact with each other through the opening
provided in the third silicon nitride film 78 intervening
therebetween. The opening is provided to extract, through
the insulating film 82, the moisture or gas desorbed from the
planarization film 72 through a heat treatment or the like
after the forming process of the insulating film 82.

[0064] After the formation of the insulating film 82,
organic materials constituting the organic layer 100 are
stacked and formed. As a stacked structure constituting the
organic layer 100, a hole transport layer 102, a light-emitting
layer 104, and an electron transport layer 106 are stacked
and formed in order from the lower electrode 80 side. In the
embodiment, the hole transport layer 102 and the electron
transport layer 106 are formed over a plurality of sub-pixels,
and the light-emitting layer 104 is formed for each sub-pixel.
The organic layer 100 may be formed by vapor deposition,
or may be formed by application through dispersion with a
solvent. Moreover, the organic layer 100 may be selectively
formed for each sub-pixel, or may be formed in the form of
a layer over the entire surface covering the display region
42. When the organic layer 100 is formed in the form of a
layer over the entire surface, the display device is configured
such that white light is obtained in all sub-pixels and that a
desired color wavelength portion is extracted by a color filter
(not shown). In the embodiment, a configuration is
employed in which the organic layer 100 is selectively
formed for each sub-pixel.

[0065] After the formation of the organic layer 100, an
upper electrode 84 is formed. In the embodiment, a top-
emission structure is employed, and therefore, the upper
electrode 84 is formed using a transparent conductive mate-
rial, for example, ITO or indium zinc oxide (IZO). Accord-
ing to the order of formation of the organic layer 100
described above, the lower electrode 80 serves as an anode,
and the upper electrode 84 serves as a cathode.

[0066] The upper electrode 84, the organic layer 100, and
the lower electrode 80 constitute the organic light-emitting
diode 6. In the embodiment, the display device 2 includes:
a third organic light-emitting diode 6G including, in a third
organic layer 100G thereof, a third light-emitting layer 104G
emitting green light; a second organic light-emitting diode
6R including, in a second organic layer 100R thereof, a
second light-emitting layer 104R emitting red light; and the
first organic light-emitting diode 6B including, in a first
organic layer 100B thereof, the first light-emitting layer
104B emitting blue light.

[0067] In the embodiment, the first light-emitting layer
104B emitting blue light includes a thermally active mate-
rial, specifically a thermally activated delayed fluorescent
material as an assist dopant. Moreover, the second light-
emitting layer 104R emitting red light and the third light-
emitting layer 104G emitting green light are the light-
emitting layers 104 that do not include the thermally active
material, and the second organic light-emitting diode 6R
including the second light-emitting layer 104R and the third
organic light-emitting diode 6G including the third light-
emitting layer 104G are phosphorescent elements.
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[0068] As disclosed in JP2013-116975 A, generally in the
case of a carrier-injection-type organic EL element, 25% of
generated excitons are excited into the excited singlet state,
while the remaining 75% are excited into the excited triplet
state. Therefore, energy use efficiency is higher when phos-
phorescence, which is emission from the excited triplet state,
is used. However, the excited triplet state is long-lived,
which causes energy deactivation due to saturation of the
excited state or interaction between excitons in the excited
triplet state. Therefore, generally, the quantum yield of
phosphorescence is not high in many cases.

[0069] On the other hand, a delayed fluorescent material
undergoes, after transition in energy to the excited triplet
state due to intersystem crossing or the like, reverse inter-
system crossing to the excited singlet state due to triplet-
triplet annihilation or the absorption of heat energy, and
radiates fluorescence. When the delayed fluorescent material
is used for an organic EL element, an exciton in the excited
singlet state radiates fluorescence as usual. On the other
hand, an exciton in the excited triplet state undergoes
intersystem crossing to the excited singlet state by absorbing
heat and radiates fluorescence. At this time, the emission has
the same wavelength as fluorescence because it is emission
from the excited triplet state, while the life time of the
generated light is longer than that of ordinal fluorescence or
phosphorescence due to reverse intersystem crossing from
the excited triplet state to the excited singlet state. Therefore,
the generated light is observed as fluorescence that is
delayed behind the ordinal fluorescence or phosphorescence.
This may be defined as delayed fluorescence.

[0070] With the use of such a thermally activated exciton
moving mechanism, the ratio of compounds in the excited
singlet state is raised to 25% or more through the absorption
of heat energy after carrier injection, while generally only
25% of compounds are generated in the excited singlet state.
[0071] Inthe embodiment, a configuration has been exem-
plified in which the heat source resistor 16 (or the heat
source resistor 17) is disposed below the first light-emitting
layer 104B in the first organic light-emitting diode 6B
emitting blue light. However, when a thermally active
material such as a thermally activated delayed fluorescent
material is used for the light-emitting layer 104 of the
organic light-emitting diode 6 of another luminescent color,
a configuration may be employed in which the heat source
resistor 16 (or the heat source resistor 17) is disposed below
the light-emitting layer 104.

[0072] The lower electrode 80 of the third organic light-
emitting diode 6G is connected to the first drive TFT 12A.
The lower electrode 80 of the second organic light-emitting
diode 6R is connected to the second drive TFT 12B. The
lower electrode 80 of the first organic light-emitting diode
6B is connected to the third drive TFT 12C.

[0073] After the formation of the upper electrode 84, a
passivation layer 90 is formed. One of the functions of the
passivation layer 90 is to prevent the entry of moisture from
the outside into the organic layer 100 previously formed, and
high gas-barrier properties are required for the passivation
layer 90. In the embodiment, a stacked structure of a fourth
silicon nitride film 92, an organic resin film 94 made of an
acrylic resin or the like, and a fifth silicon nitride film 96 is
employed as a stacked structure of the passivation layer 90.
Further, the passivation layer 90 may be configured such that
asilicon oxide film intervenes between the organic resin film
94 and the fifth silicon nitride film 96.
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[0074] Through the processes described above, the display
device 2 is manufactured. A cover glass, a touch panel
substrate, or the like may be provided, as necessary, above
the passivation layer 90. In this case, a filling material using
resin or the like may intervene between the display device 2
and a cover glass, a touch panel substrate, or the like for
filling the gap therebetween.

[0075] In the embodiment, as described above with refer-
ence to FIGS. 2 to 5, a configuration has been exemplified
in which heat is supplied to the light-emitting layer of the
organic light-emitting diode 6 by employing a configuration
in which the display device 2 includes at least one of the first
heat-source power supply line 34 and the second heat-source
power supply line 35. However, a configuration may be
employed in which heat is supplied to the light-emitting
layer of the organic light-emitting diode 6 by disposing a
heat-equalizing sheet composed of a copper film or the like
on, for example, the rear surface side of the array substrate
50 and further disposing a heat-generating member on the
rear surface side of the heat-equalizing sheet.

[0076] While there have been described what are at pres-
ent considered to be certain embodiments of the invention,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A display device comprising:

a substrate;

a first organic light-emitting diode including a first elec-
trode provided above the substrate for each of pixels, a
second electrode, and a first light-emitting layer pro-
vided between the first electrode and the second elec-
trode; and

a heat-generating member supplying heat to the first
light-emitting layer.

2. The display device according to claim 1, wherein

the heat-generating member is a heat source resistor
provided in one or more of the pixels where the first
organic light-emitting diode is disposed,

one end of the heat source resistor is connected to a first
heat-source power supply line control circuit control-
ling a potential at the one end of the heat source
resistor, and

the other end of the heat source resistor is connected to the
second electrode.

3. The display device according to claim 2, wherein

the first heat-source power supply line control circuit
controls, in supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be different from a potential of the
second electrode.

4. The display device according to claim 3, wherein

the first heat-source power supply line control circuit
controls, in not supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be the same as the potential of the
second electrode.

5. The display device according to claim 1, wherein

the heat-generating member is a heat source resistor
provided in one or more of the pixels where the first
organic light-emitting diode is disposed,
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one end of the heat source resistor is connected to a first
heat-source power supply line control circuit control-
ling a potential at the one end of the heat source
resistor, and

the other end of the heat source resistor is fixed at a
ground potential.

6. The display device according to claim 5, wherein

the first heat-source power supply line control circuit
controls, in supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be different from the ground potential.

7. The display device according to claim 6, wherein

the first heat-source power supply line control circuit
controls, in not supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be the ground potential.

8. The display device according to claim 2, wherein

the first heat-source power supply line control circuit is
included in a video line drive circuit connected to a
video signal line provided for each of pixel columns of
the pixels.

9. The display device according to claim 1, wherein

the heat-generating member is a heat source resistor
provided in one or more of the pixels where the first
organic light-emitting diode is disposed,

one end of the heat source resistor is connected to a first
heat-source power supply line control circuit control-
ling a potential at the one end of the heat source
resistor, and

the other end of the heat source resistor is connected to a
second heat-source power supply line control circuit
controlling a potential at the other end of the heat
source resistor.

10. The display device according to claim 9, wherein

the first heat-source power supply line control circuit
controls, in supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be different from the potential at the
other end of the heat source resistor.

11. The display device according to claim 10, wherein

the first heat-source power supply line control circuit
controls, in not supplying heat to the first light-emitting
layer, the potential at the one end of the heat source
resistor so as to be the same as the potential at the other
end of the heat source resistor.
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12. The display device according to claim 9, wherein

the second heat-source power supply line control circuit

controls, in supplying heat to the first light-emitting
layer, the potential at the other end of the heat source
resistor so as to be different from the potential at the
one end of the heat source resistor.

13. The display device according to claim 12, wherein

the second heat-source power supply line control circuit

controls, in not supplying heat to the first light-emitting
layer, the potential at the other end of the heat source
resistor so as to be the same as the potential at the one
end of the heat source resistor.

14. The display device according to claim 9, wherein

the first heat-source power supply line control circuit is

included in a video line drive circuit connected to a
video signal line provided for each of pixel columns of
the pixels, and

the second heat-source power supply line control circuit is

included in a scanning line drive circuit connected to a
scanning signal line provided for each of pixel rows of
the pixels.

15. The display device according to claim 1, wherein

the first light-emitting layer includes a thermally activated

delayed fluorescent material.

16. The display device according to claim 15, further
comprising a second organic light-emitting diode including
a third electrode provided above the substrate for each of
pixels, an organic layer provided above the third electrode,
a second light-emitting layer provided in the organic layer
for each of the pixels and not including the thermally
activated delayed fluorescent material, and the second elec-
trode provided above the organic layer, wherein

the heat-generating member is provided in a first pixel

where the first organic light-emitting diode is disposed,
and

the heat-generating member is not provided in a second

pixel where the second organic light-emitting diode is
disposed.

17. The display device according to claim 1, wherein

a luminescent color of the first light-emitting layer is blue.

18. The display device according to claim 16, wherein

a luminescent color of the second light-emitting layer is

red or green.



patsnap

TREMOF) ERIEE
[F(RE)E US20190074470A1 K (aH)A 2019-03-07
BRiES US16/122370 % A 2018-09-05

RIRBE(EFR)AGE) HAHBAXERSF
RF(EFR)AGE) AZAERINC.

HA R EF AR AGE) BAETRINC.

HRIZBA TAKAGI JUN

EHA TAKAGI, JUN

IPCH%S HO1L51/52 HO1L27/32 HO1L51/00 HO1L51/50

CPCH#%E HO1L51/529 HO1L27/3244 HO1L51/0097 HO1L51/5016 HO1L2251/5338 G09G3/3266 G09G3/3275

G09G3/3225 G09G2300/0809 G09G3/3233 G09G2320/0626 G09G2330/021 HO1L27/3276

R 2017171108 2017-09-06 JP
H A A FF 328k US10658625

SNEBEEHE Espacenet  USPTO
BEOF)

—MERRE , 8 ERE-HINAA-RE  SEREESME o — s —— ——

— e N _ Y IR 8 B8 006 80
WEREFHE—BR , FoBR, ARREEE —BRME_BRZ \\ \\ Hﬁgzmmmﬁj || e

HEE—RAEMAE - R KXERHERBHRATH. \\

|
/ \
\ \ )/ A \\ /

I I )
T RIS

|
[ \ \
f /8270 6316280 76 \\ 16(17) 50 54
i) 68 64 78


https://share-analytics.zhihuiya.com/view/7436535a-1f4e-443c-bc14-5eff11dac0a1
https://worldwide.espacenet.com/patent/search/family/065517438/publication/US2019074470A1?q=US2019074470A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190074470%22.PGNR.&OS=DN/20190074470&RS=DN/20190074470

