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(54) Display panel and display device

(57)  According to one embodiment, a display panel
(110) includes a substrate (10), a switching element (12),
a pixel electrode (16), an organic light emitting layer (18),
an opposite electrode (20), a detecting electrode (50),
and an insulating layer (52). The substrate (10) has a
major surface (10a). The switching element (12) is pro-
vided on the major surface (10a). The switching element
(12) includes a semiconductor layer (35). The pixel elec-
trode (16) is provided on the major surface (10a). The

pixel electrode (16) s electrically connected to the switch-
ing element (12). The organic light emitting layer (18) is
provided on the pixel electrode (16). The opposite elec-
trode (20) is provided on the organic light emitting layer
(18). The detecting electrode (50) is provided between
the substrate (10) and at least a part of the pixel electrode
(16). The detecting electrode (50) includes at least one
element included in the semiconductor layer (35). The
insulating layer (52) is provided between the pixel elec-
trode (16) and the detecting electrode (50).
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Description
FIELD

[0001] Embodiments described herein relate generally to a display panel and a display device.

BACKGROUND

[0002] There are an active matrix display panel in which a current passing through an organic EL (Electro- Luminescent)
device is controlled by a thin film transistor and a display device using the display panel. In such a display panel and a
display device, it is desired to provide a detection function to detect a touch manipulation. In the case of providing the
detection function, an aperture ratio is reduced, and image quality is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1A and FIG. 1B are schematic views illustrating the configuration of a display panel according to a first em-
bodiment;

FIG. 2 is an equivalent circuit diagram illustrating the configuration of the display panel according to the first em-
bodiment;

FIG. 3 is an equivalent circuit diagram illustrating the configuration of the display panel according to the first em-
bodiment;

FIG. 4 is a graph illustrating the characteristics of the display panel according to the first embodiment;

FIG. 5 is a schematic view illustrating the configuration of a display device according to a second embodiment; and
FIG. 6 is a timing chart illustrating a part of the control of the display device according to the second embodiment.

DETAILED DESCRIPTION

[0004] According to one embodiment, a display panel includes a substrate, a switching element, a pixel electrode, an
organic light emitting layer, an opposite electrode, a detecting electrode, and an insulating layer. The substrate has a
major surface. The substrate is light transmissive. The switching element is provided on the major surface. The switching
element includes a semiconductor layer. The pixel electrode is provided on the major surface. The pixel electrode is
electrically connected to the switching element. The pixel electrode is light transmissive. The organic light emitting layer
is provided on the pixel electrode. The opposite electrode is provided on the organic light emitting layer. The detecting
electrode is provided between the substrate and at least a part of the pixel electrode. The detecting electrode includes
at least one element included in the semiconductor layer. The detecting electrode is light transmissive. The insulating
layer is provided between the pixel electrode and the detecting electrode. The insulating layer is light transmissive.
[0005] According to another embodiment, a display device includes a display panel and a control unit. The display
panel includes a substrate, a switching element, a pixel electrode, an organic light emitting layer, an opposite electrode,
a detecting electrode, and an insulating layer. The substrate has a major surface. The substrate is light transmissive.
The switching element is provided on the major surface. The switching element includes a semiconductor layer. The
pixel electrode is provided on the major surface. The pixel electrode is electrically connected to the switching element.
The pixel electrode is light transmissive. The organic light emitting layer is provided on the pixel electrode. The opposite
electrode is provided on the organic light emitting layer. The detecting electrode is provided between the substrate and
at least a part of the pixel electrode. The detecting electrode includes at least one element included in the semiconductor
layer. The detecting electrode is light transmissive. The insulating layer is provided between the pixel electrode and the
detecting electrode. The insulating layer is light transmissive. The control unit is configured to control an operation of
the switching element to control a light emitted from the organic light emitting layer. The control unit is configured to
detect a capacitance of a detecting capacitor formed of the pixel electrode, the detecting electrode, and the insulating film.
[0006] Various embodiments will be described hereinafter with reference to the accompanying drawings.

[0007] Itis noted that the drawings are schematic or conceptual. The relationship between the thicknesses and widths
of portions, a ratio of size between portions, or the like are not necessarily the same as real ones. Moreover, even in
the case of expressing the same portions, dimensions and ratios between the portions are sometimes expressed dif-
ferently depending on the drawings.

[0008] Inthe specification and drawings, components similar to those described orillustrated in a drawing thereinabove
are marked with the identical reference numerals, and a detailed description is omitted as appropriate.
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First Embodiment

[0009] FIG. 1A and FIG. 1B are schematic views illustrating the configuration of a display panel according to a first
embodiment.

[0010] FIG. 1A is a schematic cross-sectional view. FIG. 1B is a schematic plan view. FIG. 1A schematically shows
a cross section on line A1-A2 in FIG. 1B.

[0011] As shown in FIG. 1A and FIG. 1B, a display panel 110 according to the embodiment includes a substrate 10,
a switching element 12, a pixel electrode 16, an organic light emitting layer 18, an opposite electrode 20, a detecting
electrode 50, and an insulating layer 52.

[0012] The pixel electrode 16, the organic light emitting layer 18, and the opposite electrode 20 form an organic EL
light emitting element portion 24. The light emission of the light emitting element portion 24 is controlled and driven by
the switching element 12. In the display panel 110, the combinations of the switching elements 12 and the light emitting
element portions 24 are disposed in a matrix configuration. In the display panel 110, the drive of the switching elements
12 and the light emission of the light emitting element portions 24 in association with the drive are controlled to display
pictures. The display panel 110 is an active matrix display panel using an organic EL device.

[0013] The pixel electrode 16, the detecting electrode 50, and the insulating layer 52 form a detecting capacitor 70
that detects the presence or absence of a subject to be detected, which is coming close to the detecting electrode 50
(see FIG. 2). In the detection of the subject to be detected by the detecting capacitor 70, a so-called touch manipulation
is implemented in which a manipulation instruction is inputted to the display panel 110 by touching a screen with a finger,
a dedicated pen, or the like, for example. Namely, the display panel 110 is a display panel equipped with a detection
function to detect a touch manipulation (a touch panel display).

[0014] The substrate 10 has a first major surface (a major surface) 10a and a second major surface 10b opposite the
first major surface 10a. The substrate 10 is light transmissive, for example. In the specification, a light transmissive
component means that light emitted from the light emitting element portion 24 can be transmitted through the component.
The substrate 10 is transparent, for example. A resin material such as a polyimide resin and an aramid resin, for example,
is used for the substrate 10. Thus, a flexible display panel 110 can be implemented. A material used for the substrate
10 may be an inflexible material such as a glass material and a hard resin material. Preferably, the thickness of the
substrate 10 is thinner, 0.5 mm or less, for example.

[0015] A barrier layer that suppresses the penetration of impurities, moisture, or the like, for example, may be provided
on the first major surface 10a of the substrate 10. A silicon oxide film, a silicon nitride film, silicon oxynitride film, or the
like, for example, is used for the barrier layer. Thereby, the switching element 12 and the light emitting element portion
24 provided on the substrate 10 can be protected from impurities, moisture, or the like, for example.

[0016] Here, suppose that a first direction perpendicular to the first major surface 10a is a Z- axis direction. A direction
perpendicular to the Z- axis direction is taken as an X- axis direction. A direction perpendicular to the Z- axis direction
and the X- axis direction is taken as a Y- axis direction.

[0017] The switching element 12 is provided on the major surface 10a of the substrate 10.

[0018] Theswitchingelement 12includes a first conducting portion 31, a second conducting portion 32, a gate electrode
33, a gate insulating film 34, a semiconductor layer 35, and a channel protection film 36.

[0019] The gate electrode 33 is provided on the major surface 10a of the substrate 10. A high melting point metal such
as molybdenum tungsten (MoW), molybdenum tantalum (MoTa), and tungsten (W), for example, is used for the gate
electrode 33. An Al alloy having a principal component of Al in which an anti-hillock configuration is provided may be
used for the gate electrode 33, for example. A stacked body of Al and a high melting point metal may be used for the
gate electrode 33, for example.

[0020] The gate insulating film 34 is provided on the gate electrode 33. In this example, the gate insulating film 34 is
provided on throughout the major surface 10a so as to cover the gate electrode 33. An insulative and light transmissive
material, for example, is used for the gate insulating film 34. A silicon oxide film, a silicon nitride film, a silicon oxynitride
film, or the like can be used for the gate insulating film 34, for example. The gate insulating film 34 may be a stacked
body including at least one of a silicon oxide film, a silicon nitride film, and a silicon oxynitride film, for example.

[0021] The semiconductor layer 35 is provided on the gate insulating film 34. The gate insulating film 34 is provided
between the gate electrode 33 and the semiconductor layer 35, and insulates the gate electrode 33 from the semiconductor
layer 35. An amorphous oxide semiconductor including at least one of In, Ga, and Zn is used for the semiconductor
layer 35, for example. Namely, one of an In-Ga-Zn-O oxide semiconductor, an In-Ga-O oxide semiconductor, and an
In-Zn-O oxide semiconductor is used for the semiconductor layer 35, for example. The thickness of the semiconductor
layer 35 (a length along the Z-axis direction) is about 50 nm, for example. Thus, the electric characteristics of the
semiconductor layer 35 are made excellent. More specifically, the thickness of the semiconductor layer 35 is 10 nm or
more and 100 nm or less, for example. The material of the semiconductor layer 35 may be a given material that is a
light transmissive material and can control the light emission of the light emitting element portion 24, for example.
[0022] In the semiconductor layer 35 including an amorphous oxide semiconductor, a diffraction pattern or the like
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showing crystallinity is not observed even though the semiconductor layer 35 is observed using a transmission electron
microscope (TEM) or X-ray diffraction (XRD) topography, for example. The film and shape of the semiconductor layer
35 can be observed using a scanning electron microscope (SEM), TEM, or the like.

[0023] Forthe semiconductor layer 35, such a material may be used that the microcrystals of the oxide semiconductor
are dispersed in the amorphous oxide semiconductor described above.

[0024] The first conducting portion 31 is electrically connected to the semiconductor layer 35. The second conducting
portion 32 is electrically connected to the semiconductor layer 35. Ti, Al, Mo, and the like, for example, are used for the
first conducting portion 31 and the second conducting portion 32. The first conducting portion 31 and the second con-
ducting portion 32 may be a stacked body including at least one of Ti, Al and Mo, for example. The first conducting
portion 31 is one of the source electrode and drain electrode of the switching element 12. The second conducting portion
32 is the other of the source electrode and drain electrode of the switching element 12.

[0025] The channel protection film 36 is provided on the semiconductor layer 35. The channel protection film 36
protects the semiconductor layer 35. An insulative material is used for the channel protection film 36. A silicon oxide
film, for example, is used for the channel protection film 36. In the case where an amorphous oxide semiconductor is
used for the semiconductor layer 35, a silicon oxide film with acid resistance higher than the acid resistance of the
semiconductor layer 35 is used for the channel protection film 36, for example. The channel protection film 36 may be
a silicon nitride film or a silicon oxynitride film, for example.

[0026] Thefirstconducting portion 31 covers afirst portion 36a of the channel protection film 36. The second conducting
portion 32 covers a second portion 36b of the channel protection film 36. The first conducting portion 31 covers a first
region 35a of the semiconductor layer 35. The second conducting portion 32 covers a second region 35b of the semi-
conductor layer 35. The second region 35b is apart from the first region 53a in a direction parallel to the first major
surface 10a. The second conducting portion 32 is disposed apart from the first conducting portion 31. The semiconductor
layer 35 has a third region 35¢ which is provided between the first region 35a and the second region 35b. The third
region 35c¢ is not covered with the first conducting portion 31 and the second conducting portion 32. The gate electrode
33 has a portion 33a between the first conducting portion 31 and the second conducting portion 32 when seen in a
direction perpendicular to a film surface 35p of the semiconductor layer 35 (in the Z-axis direction). The gate electrode
33 opposes the third region 35c of the semiconductor layer 35 via the gate insulating film 34. The gate insulating film
34 is disposed between the gate electrode 33 and the third region 35c. The channel protection film 36 is provided at
least on the third region 35c.

[0027] A voltage is applied to the gate electrode 33 to generate a channel through the semiconductor layer 35, and a
current passes across the first conducting portion 31 and the second conducting portion 32. In this example, the switching
element 12 is a bottom gate thin film transistor. The switching element 12 is not limited to a bottom gate thin film transistor.
The switching element 12 may be a top gate thin film transistor, for example. The switching element 12 may be a transistor
in other structures or the like. In the bottom gate structure, the gate electrode 33 can suppress a malfunction caused by
external light incident to the semiconductor layer 35.

[0028] The detecting electrode 50 is provided between at least a part of the pixel electrode 16 and the substrate 10.
In this example, the detecting electrode 50 is provided on the gate insulating film 34. The detecting electrode 50 is
provided on the same surface as the semiconductor layer 35 is located. A difference between a distance between the
detecting electrode 50 and the substrate 10 along the Z-axis direction and a distance between the detecting electrode
50 and the substrate 10 along the Z-axis direction is 10 nm or less. A distance between the detecting electrode 50 and
the substrate 10 along the Z-axis direction is substantially the same as a distance between the semiconductor layer 35
and the substrate 10 along the Z-axis direction.

[0029] The detecting electrode 50 is light transmissive. The detecting electrode 50 is transparent, for example. The
detecting electrode 50 includes at least one element included in the semiconductor layer 35. In this example, the detecting
electrode 50 includes at least one of In, Ga, and Zn. An amorphous oxide semiconductor is used for the detecting
electrode 50. One of an In-Ga-Zn-O oxide semiconductor, an In-Ga-O oxide semiconductor, and an In-Zn-O oxide
semiconductor is used for the detecting electrode 50, for example. A material substantially the same as the material of
the semiconductor layer 35 is used for the detecting electrode 50. The detecting electrode 50 is formed in the same
process steps as the semiconductor layer 35, for example.

[0030] Theinsulatinglayer52 is provided between the pixel electrode 16 and the detecting electrode 50. The insulating
layer 52 is light transmissive. The insulating layer 52 is transparent, for example. In this example, the insulating layer
52 is provided on throughout the first major surface 10a, and covers the detecting electrode 50 and the switching element
12. The insulating layer 52 includes a contact layer 53 and an organic layer 54. The insulating layer 52 may include one
of the contact layer 53 and the organic layer 54. The insulating layer 52 may further include another light transmissive
and insulative layer.

[0031] The contactlayer 53 is provided as contacting the detecting electrode 50. The contact layer 53 includes at least
one of a silicon oxide film, a silicon oxynitride film, and a silicon nitride film, for example. The thickness of the contact
layer 53 along the Z-axis direction (the length along the Z-axis direction) is 100 nm or more and 200 nm or less, for
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example. The contact layer 53 is formed by CVD (Chemical Vapor Deposition), for example.

[0032] The concentration of hydrogen included in the contact layer 53 is 1 x 1019 atoms/cm3 or more, for example.
The contact layer 53 having the hydrogen concentration can be implemented by increasing the ratio of a silane flow
rate in forming the contact layer 53 by CVD, for example. Thereby, hydrogen included in the contact layer 53 can be
moved in the detecting electrode 50 and the resistance of the detecting electrode 50 including an amorphous oxide
semiconductor can be decreased.

[0033] On the other hand, the channel protection film 36 is provided on the semiconductor layer 35 including the same
amorphous oxide semiconductor, and the channel protection film 36 suppresses the penetration of hydrogen. Thereby,
areduction in the resistance of the semiconductor layer 35 can be suppressed. Namely, it is suppressed that the switching
element 12 is turned into the normally on state.

[0034] The organic layer 54 is a color filter CF, for example. The color filter CF has a different color for every pixel.
The color filter CF includes one of red, green, and blue colors, for example. In the display panel 110, the color filter CF
having one of red, green, and blue colors, for example, is individually disposed in a predetermined pattern for the pixels.
Thereby the display of full color pictures can be enabled in the display panel 110. A color resin film (a color resist, for
example) is used for the color filter CF, for example. The color filter CF is light transmissive. The transmittance of the
color filter CF is varied depending on wavelengths.

[0035] The thickness of the organic layer 54 (the color filter CF) along the Z-axis direction is 1 wm or more 10 um or
less, for example, more specifically, 2 wm or more. Therefore, since the parasitic capacitance generated between the
detecting electrode 50 and the opposite electrode 20 can be reduced, the sensitivity of detecting a touch manipulation
can be improved. The organic layer 54 may be a silicone resin or the like, for example. The organic layer 54 may be a
material that is light transmissive to the light emitted from the light emitting element portion 24 and can provide the
thickness recited above.

[0036] The pixel electrode 16 is electrically connected to one of the first conducting portion 31 and the second conducting
portion 32. In this example, the pixel electrode 16 is electrically connected to the first conducting portion 31 (a source,
for example). The pixel electrode 16 is provided on the first major surface 10a. In this example, the pixel electrode 16
is provided on the insulating layer 52. The pixel electrode 16 has an opposing region 16a opposing the switching element
12 and a non-opposing region 16b not opposing the switching element 12 in the Z-axis direction. The pixel electrode 16
overlaps with the detecting electrode 50 in the non-opposing region 16b when projected onto the first major surface 10a
(an X-Y plane).

[0037] An electrically conductive and light transmissive material, for example, is used for the pixel electrode 16. ITO
(Indium Tin Oxide), an ITO/Ag/ITO stacked structure, AZO that is ZnO doped with Al, or the like is used for the pixel
electrode 16, for example.

[0038] Thecontactlayer53andthe organiclayer 54 are provided with an opening 53a and an opening 54a, respectively.
A part of the first conducting portion 31 is exposed from the opening 53a and the opening 54a. A part 16¢ of the opposing
region 16a of the pixel electrode 16 contacts the first conducting portion 31 in the opening 53a and the opening 54a.
Thus, the pixel electrode 16 is electrically connected to the first conducting portion 31.

[0039] Abanklayer40is provided on the pixel electrode 16 and the organic layer 54. Aninsulative and light transmissive
material, for example, is used for the bank layer 40. The bank layer 40 is transparent, for example. An organic resin
material, for example, is used for the bank layer 40. A photosensitive acrylic resin, a photosensitive polyimide, or the
like, for example, is used for the bank layer 40. The bank layer 40 has an opening 40a. A part of the non-opposing region
16b of the pixel electrode 16 is exposed from the opening 40a.

[0040] The organic light emitting layer 18 is provided on the bank layer 40. A part 18a of the organic light emitting
layer 18 enters the opening 40a. The organic light emitting layer 18 contacts the non-opposing region 16b of the pixel
electrode 16 in the opening 40a. The organic light emitting layer 18 is electrically connected to the pixel electrode 16 in
the opening 40a, for example. The bank layer 40 prevents the opposing region 16a from contacting the organic light
emitting layer 18. A stacked body having a hole transport layer, a light emitting layer, and an electron transport layer
stacked on each other, for example, is used for the organic light emitting layer 18. The organic light emitting layer 18 is
light transmissive. The organic light emitting layer 18 is transparent, for example.

[0041] The opposite electrode 20 is provided on the organic light emitting layer 18. A conductive material is used for
the opposite electrode 20. A metal film such as Al and MgAg is used for the opposite electrode 20, for example. The
thickness of the opposite electrode 20 is 5 nm or more 500 nm or less, for example. In this example, the pixel electrode
16 is served as an anode, and the opposite electrode 20 is served as a cathode. The pixel electrode 16 may be served
as a cathode, and the opposite electrode 20 may be served as an anode.

[0042] The light emitting element portion 24 is formed in the non-opposing region 16b, for example. In the light emitting
element portion 24, a voltage is applied across the pixel electrode 16 and the opposite electrode 20 to emit light from
the organic light emitting layer 18. The light emitted from the organic light emitting layer 18 passes through the insulating
layer 52, the detecting electrode 50, the gate insulating film 34, and the substrate 10, and goes to the outside. The
display panel 110 is a lower surface emitting display panel. In the display panel 110, the second major surface 10b is a
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display surface on which pictures are displayed. In the display panel 110, the subject to be detected coming close to
the second major surface 10b is detected, for example.

[0043] A sealing layer 42 is provided on the opposite electrode 20. The sealing layer 42 suppresses the penetration
of impurities, moisture, or the like, for example. The sealing layer 42 protects the switching element 12, the light emitting
element portion 24, or the like from moisture or the like, for example. An insulative material is used for the sealing layer
42. A silicon oxide film, a silicon oxynitride film, a silicon nitride film, alumina, a tantalum oxide film, or the like is used
for the sealing layer 42, for example.

[0044] FIG. 2 is an equivalent circuit diagram illustrating the configuration of the display panel according to the first
embodiment.

[0045] FIG. 2 schematically illustrates an equivalent circuit diagram of the touch detection function of the display panel
110.

[0046] As shown in FIG. 2, the display panel 110 further includes an amplifier transistor 60, a select transistor 61, a
reset transistor 62, a power supply line 63, an output signal line 64, a reset power supply line 65, a reset signal line 66,
aread signal line 67, and a select signal line 68.

[0047] The gate of the amplifier transistor 60 is electrically connected to the source of the reset transistor 62. The
drain of the amplifier transistor 60 is electrically connected to the source of the select transistor 61. The source of the
amplifier transistor 60 is electrically connected to the read signal line 64.

[0048] The gate of the select transistor 61 is electrically connected to the select signal line 68. The drain of the select
transistor 61 is electrically connected to the power supply line 63. The gate of the reset transistor 62 is electrically
connected to the reset signal line 66. The drain of the reset transistor 62 is electrically connected to the reset power
supply line 65.

[0049] The power supply line 63 supplies a predetermined supply voltage (a voltage of +5 V, for example) to the drain
of the select transistor 61. The reset power supply line 65 supplies a predetermined voltage to the drain of the reset
transistor 62.

[0050] The detecting capacitor 70 is electrically connected to the gate of the amplifier transistor 60. The detecting
capacitor 70 is formed of the pixel electrode 16, the detecting electrode 50, and the insulating layer 52, as described
above. The capacitance of the detecting capacitor 70 is varied depending on the presence or absence of the subject to
be detected coming close to the detecting electrode 50 (the second major surface 10b).

[0051] A read capacitor 71 and a parasitic capacitance 72 are electrically connected to the gate of the amplifier
transistor 60. The other end of the read capacitor 71 is electrically connected to the read signal line 67. The parasitic
capacitance 72 is a floating capacitance that appears in association with the formation of the detecting electrode 50 or
the like, for example. The parasitic capacitance 72 is increased according to the area that the pixel electrode 16 overlaps
with the detecting electrode 50, for example.

[0052] In the case where a touch manipulation is detected in the display panel 110, first, a reset pulse is inputted to
the reset signal line 66 to turn the reset transistor 62 into the ON state. When the reset transistor 62 is turned into the
ON state, the gate potential of the amplifier transistor 60 is set to a predetermined reference potential supplied from the
reset power supply line 65.

[0053] After setting the gate potential of the amplifier transistor 60 to the reference potential, the reset transistor 62 is
turned into the OFF state. Thus, the gate of the amplifier transistor 60 is turned into an electrical floating state.

[0054] After turning the reset transistor 62 into the OFF state, a select pulse is inputted to the select signal line 68 to
turn the select transistor 61 into the ON state, and a read pulse is inputted to the read signal line 67. When the read
pulse is inputted, the capacitance of the read capacitor 71 is set to a value corresponding to the read pulse. Thus, a
potential corresponding to the capacitance of the detecting capacitor 70, the capacitance of the read capacitor 71, the
capacitance of the parasitic capacitance 72, and the potential of the read pulse is set to the gate of the amplifier transistor
60. A current corresponding to the gate potential passes across the drain and the source of the amplifier transistor 60.
[0055] The gate potential of the amplifier transistor 60 when the read pulse is inputted is expressed by Equation (1).
In Equation (1), AVp is the gate potential of the amplifier transistor 60. Ct is the capacitance of the detecting capacitor
70. Cc is the capacitance of the read capacitor 71. Cp is the parasitic capacitance 72 corresponding to the overlap
between the detecting electrode 50 and the pixel electrode 16. CO is the parasitic capacitance of the detecting electrode
50 not depending on the overlap with the pixel electrode 16. k is a proportionality constant. AVc is the voltage amplitude
of the read pulse.

Ce
o - XA
Ce+ CO+ k x(Cp+Ct)

g

AVp
(1)
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[0056] As shown in Equation (1), the gate potential of the ampilifier transistor 60 is set according to a capacitance ratio
between the capacitance of the detecting capacitor 70, the capacitance of the read capacitor 71, and the capacitance
of the parasitic capacitance 72. Thus, the gate potential of the amplifier transistor 60 is varied depending on the capac-
itance of the detecting capacitor 70. A current passing across the drain and the source of the amplifier transistor 60 is
varied depending on the capacitance of the detecting capacitor 70. The capacitance of the detecting capacitor 70 can
be detected by the current passing across the drain and the source of the amplifier transistor 60. Namely, the presence
or absence of the subject to be detected can be detected. Thereby, the function of detecting a touch manipulation can
be implemented.

[0057] The read signal line 64 is electrically connected to the inverting input terminal of the comparator 73. An output
capacitor 74 is electrically connected to the read signal line 64 between the amplifier transistor 60 and the comparator
73. Thus, a voltage (in the following, referred to as a detection voltage) corresponding to the current passing across the
drain and the source of the amplifier transistor 60 is applied to the inverting input terminal of the comparator 73.
[0058] A predetermined threshold voltage is applied to the non-inverting input terminal of the comparator 73. Conse-
quently, "High" is outputted to the output terminal of the comparator 73 in the case where the detection voltage is the
threshold voltage or less, whereas "Low" is outputted in the case where the detection voltage is the threshold voltage
or more. Thereby, the determination that the subject to be detected is not detected can be enabled in the case where
the output of the comparator 73 is "High". It can be determined that the subject to be detected is detected in the case
where the output of the comparator 73 is "Low".

[0059] FIG. 3 is an equivalent circuit diagram illustrating the configuration of the display panel according to the first
embodiment.

[0060] FIG. 3 schematically shows an equivalent circuit diagram of the light emitting function that emits light from the
light emitting element portion 24 of the display panel 110.

[0061] As shown in FIG. 3, the display panel 110 further includes a switch transistor 80, a video signal line 81, a gate
line 82, a power supply line 83, and a capacitor 87.

[0062] The source (the first conducting portion 31) of the switching element 12 is electrically connected to the anode
(the pixel electrode 16) of the light emitting element portion 24. The drain (the second conducting portion 32) of the
switching element 12 is electrically connected to the power supply line 83 that supplies a supply voltage. The gate (the
gate electrode 33) of the switching element 12 is electrically connected to the source of the switch transistor 80.
[0063] The cathode (the opposite electrode 20) of the light emitting element portion 24 is electrically connected to a
common power supply (a ground, for example). The drain of the switch transistor 80 is electrically connected to the
signal line 81. The gate of the switch transistor 80 is electrically connected to the gate line 82.

[0064] One end of the capacitor 87 is electrically connected to the gate of the switching element 12 and the source of
the switch transistor 80. The other end of the capacitor 87 is electrically connected to the source of the switching element
12 and the anode of the light emitting element portion 24.

[0065] In the display panel 110, in the case where light is emitted from light emitting element portion 24, first, a voltage
is applied to the gate line 82 to turn the switch transistor 80 into the ON state, a voltage corresponding to a predetermined
video signal (in the following, referred to as a video signal pulse) is applied to the video signal line 81, and the voltage
is applied to the gate of the switching element 12 and the capacitor 87 through the video signal line 81 and the switch
transistor 80 in the ON state. Thus, electric charges corresponding to the voltage of the video signal line 81 are accu-
mulated in the capacitor 87.

[0066] After accumulating electric charges in the capacitor 87, the switch transistor 80 is switched to the OFF state.
When the switch transistor 80 is switched to the OFF state, a voltage corresponding to the electric charges accumulated
in the capacitor 87 is applied to the gate of the switching element 12. Thus, a current corresponding to the voltage of
the gate of the switch transistor 80 passes through the light emitting element portion 24. Light is emitted from the organic
light emitting layer 18 of the light emitting element portion 24 at the luminance corresponding to the current.

[0067] In the organic EL display panel equipped with the touch detection function, there is a configuration in which the
light emitting element portion 24 and the detecting electrode 50 are disposed side by side. In this configuration, in the
case where the areas of the pixels are the same, the area of the light emitting element portion 24 is smaller than in a
display panel without the detection function, causing the deterioration of image quality. When the area of the light emitting
element portion 24 is smaller in the organic EL display panel, EL lifetime is also shortened.

[0068] On the contrary, in the display panel 110 according to the embodiment, the detecting electrode 50 overlaps
with the light emitting element portion 24 when projected onto the first major surface 10a (the X-Y plane). Thereby, a
reduction in the area of the light emitting element portion 24 and the deterioration of image quality associated with the
reduction in the area can be suppressed also in the case of providing the detection function.

[0069] In the display panel 110 according to the embodiment, the semiconductor layer 35 and the detecting electrode
50 are made of the same amorphous oxide semiconductor. Therefore, the semiconductor layer 35 and the detecting
electrode 50 can be formed in the same process step in the display panel 110, for example. Thereby, the simplification
of the manufacturing process steps of the display panel 110 can be enabled, for example.
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[0070] FIG. 4 is a graph illustrating the characteristics of the display panel according to the first embodiment.

[0071] The horizontal axis in FIG. 4 represents a ratio SR of the area of the detecting electrode 50 to the area of the
pixel. The vertical axis represents a difference AVp1 - AVp2 between a gate potential AVp1 of the amplifier transistor
60 in the state in which the subject to be detected is not detected and a gate potential AVp2 of the amplifier transistor
60 in the state in which the subject to be detected is detected.

[0072] When SR = 0, such a state is expressed in which the detecting electrode 50 is not provided. When SR = 0.5,
such a state is expressed in which the detecting electrode 50 in the area a half of the area of the pixel is provided. When
SR = 1, such a state is expressed in which the detecting electrode 50 in the area the same as the area of the pixel is
provided. Namely, the difference AVp1 - AVp2 is the sensitivity to detect the subject to be detected. The higher the
difference AVp1 - AVp2 is, the higher detection sensitivity is.

[0073] InFIG. 4, a solid line expresses the characteristics of the display panel 110 according to the embodiment. An
alternate long and short dash line expresses the characteristics of a display panel according to a reference sample in
which the light emitting element portion 24 and the detecting electrode 50 are disposed side by side. In the configuration
of the reference sample, since the light emitting element portion 24 and the detecting electrode 50 are disposed side by
side, it is difficult to form the detecting electrode 50 in the area the same as the area of the pixel. In the display panel
110, since the light emitting element portion 24 and the detecting electrode 50 are disposed as they overlap with each
other, the detecting electrode 50 in the area the same as the area of the pixel can also be formed.

[0074] As shown in FIG. 4, the sensitivity of the display panel 110 does not exceed a certain value or more, even
though the area of the detecting electrode 50 is increased. It can be considered that this is because the capacitance
Cp of the parasitic capacitance 72 connected to the gate of the amplifier transistor 60 is increased as the area of the
detecting electrode 50 is increased and the area of the light emitting element portion 24 overlapping with the detecting
electrode 50 is increased (see Equation (1) recited above).

[0075] However, in the display panel 110, there is no reduction in the area of the light emitting element portion 24
caused by the detecting electrode 50 (there is no reduction in the aperture ratio) . For example, in the display panel 110,
the sensitivity in the case where the area of the detecting electrode 50 is 100% is substantially the same as the sensitivity
in the case where the area of the detecting electrode 50 is about 20% in the configuration of the reference sample, that
is, the sensitivity in the case where the area of the light emitting element portion 24 is reduced by about 20%. For
example, the transmittance of a capacitive touch panel equipped later is about 90%. Consequently, in order to suppress
areduction in the area of the light emitting element portion 24 to almost the same as the transmittance in the case where
the touch panel is equipped later, it is necessary that a reduction in the area of the light emitting element portion 24 be
10% or less. Therefore, it can be considered that securing sensitivity by the configuration of the display panel 110 is
practically effective.

Second Embodiment

[0076] FIG. 5is a schematic view illustrating the configuration of a display device according to a second embodiment.
[0077] Asshown in FIG. 5, the display device 210 includes a display panel 110, a control unit 120, and a power supply
unit 130.

[0078] The control unit 120 is electrically connected to the display panel 110 to control the operation of a switching
element 12 and to detect the capacitance of a detecting capacitor 70. Namely, the control unit 120 controls the light
emission of a light emitting element portion 24 and controls the detection of a touch manipulation.

[0079] The control unit 120 is electrically connected to an output signal line 64, a reset signal line 66, a read signal
line 67, and a select signal line 68, for example. The control unit 120 inputs various signals to the reset signal line 66,
the read signal line 67, and the select signal line 68, and receives a signal outputted from the output signal line 64 to
control the detection of a touch manipulation.

[0080] The control unit 120 is electrically connected to a video signal line 81 and a gate line 82, for example. The
control unit 120 inputs various signals to the video signal line 81 and the gate line 82 to control the light emission of the
light emitting element portion 24, for example.

[0081] The control unit 120 receives a video signal through a cable and a storage medium and in a wireless manner,
for example. The control unit 120 controls the light emission of the light emitting element portions 24 included in the
display panel 110 corresponding to the inputted video signal. Thus, the control unit 120 displays a picture corresponding
to the inputted video signal on the display panel 110.

[0082] The power supply unit 130 is electrically connected to the display panel 110 and the control unit 120. The power
supply unit 130 supplies necessary power to the display panel 110 and the control unit 120. The power supply unit 130
is electrically connected to the power supply line 63, the reset power supply line 65, and the power supply line 83, for
example. The power supply unit 130 supplies a supply voltage to the power supply line 63 and the power supply line
83, for example. The power supply unit 130 supplies a predetermined reset power to the reset power supply line 65, for
example.
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[0083] FIG.6is atiming chartillustrating a part of the control of the display device according to the second embodiment.
[0084] As shown in FIG. 6, the control unit 120 inputs a video signal pulse, which is a signal to emit light from an
organic light emitting layer 18 of the light emitting element portion 24 at a predetermined luminance, to the gate of the
switching element 12, subsequent to the detection of the capacitance of the detecting capacitor 70. The control unit 120
detects the capacitance of the detecting capacitor 70 immediately before inputting the video signal pulse.

[0085] Suppose that the center position on the time base of a single video signal pulse (a first signal Sg1) is C1a (a
first timing). The center position on the time base of the subsequent video signal pulse (a second signal Sg2) is C1b (a
second timing). The center position on the time base between the center position C1a and the center position C1b is
C2. An interval between the center position C1a and the center position C2 is a first interval S1. An interval between the
center position C2 and the center position C1b is a second interval S2 (a latter period). The center position of the read
pulse inputted to the read signal line 67 and the center position on the time base of the select pulse inputted to the select
signal line 68 are C3. The control unit 120 positions the center position C3 on the second interval S2. Thatis, the detecting
is performed in the latter period (the second interval S2).

[0086] Therefore, itcanbe suppressed thatthe capacitance generated in the detecting capacitor 70 due to the approach
of the subject to be detected adversely affects electric charges accumulated in the capacitor 87. The signal to emit light
from the organic light emitting layer 18 is not limited to the video signal pulse inputted to the video signal line 81. The
signal to emit light from the organic light emitting layer 18 may be a given signal to be inputted to the switching element
12 for light emission.

[0087] According to the embodiments, a high-quality display panel having a detection function and a display device
can be provided.

[0088] In the specification of the application, "perpendicular” and "parallel" refer to not only strictly perpendicular and
strictly parallel but also include, for example, the fluctuation due to manufacturing processes, etc. It is sufficient to be
substantially perpendicular and substantially parallel.

[0089] Inthe specification of the application, a state in which "a component s provided on another component” includes
a state in which a component is directly provided on another component as well as a state in which a component is
provided on another component with a different element inserted between the component and another component. A
state in which "a component is stacked on another component" includes a state in which a component is stacked on
another component to contact each other as well as a state in which a component is stacked on another component
with a different elementinserted between the component and another component. A state in which "a componentopposes
another component" includes a state in which a component directly faces another component as well as a state in which
acomponentfaces another componentwith a different element inserted between the component and another component.
[0090] As described above, the embodiments of the invention are described with reference to specific examples.
[0091] However, the embodiments of the invention are not limited to these specific examples. For example, the specific
configurations of the components such as the substrate, the switching element, the pixel electrode, the organic light
emitting layer, the opposite electrode, the detecting electrode, the insulating layer, the organic layer, the contact layer
and the control unit included in the display panel and the display device are incorporated in the scope of the invention
as long as a person skilled in the art appropriately selects components from the publicly known range to similarly
implement the invention for obtaining the similar effect.

[0092] Further, any two or more components of the specific examples may be combined within the extent of technical
feasibility and are included in the scope of the invention to the extent that the purport of the invention is included.
[0093] Moreover, all display panels, and display devices practicable by an appropriate design modification by one
skilled in the art based on the display panel, and display device described above as embodiments of the invention also
are within the scope of the invention to the extent that the spirit of the invention is included.

[0094] Various other variations and modifications can be conceived by those skilled in the art within the spirit of the
invention, and it is understood that such variations and modifications are also encompassed within the scope of the
invention.

[0095] While certain embodiments have been described, these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the form of the
embodiments described herein may be made without departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would fall within the scope and spirit
of the invention.

Claims

1. Adisplay panel (110) comprising:
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a substrate (10) having a major surface (10a), the substrate (10) being light transmissive;

a switching element (12) provided on the major surface (10a) and including a semiconductor layer (35);

a pixel electrode (16) provided on the major surface (10a) and electrically connected to the switching element
(12), the pixel electrode (16) being light transmissive;

an organic light emitting layer (18) provided on the pixel electrode (16);

an opposite electrode (20) provided on the organic light emitting layer (18);

a detecting electrode (50) provided between the substrate (10) and at least a part of the pixel electrode (16)
and including at least one element included in the semiconductor layer (35), the detecting electrode (50) being
light transmissive; and

an insulating layer (52) provided between the pixel electrode (16) and the detecting electrode (50), the insulating
layer (52) being light transmissive.

The panel (110) according to claim 1, wherein a difference between a distance between the detecting electrode
(50) and the substrate (10) along a first direction perpendicular to the major surface (10a) and a distance between
the semiconductor layer (35) and the substrate (10) along the first direction is 10 nm or less.

The panel (110) according to any of claims 1 and 2, wherein the semiconductor layer (35) and the detecting electrode
(50) include an amorphous oxide.

The panel (110) according to claim 3, wherein the semiconductor layer (35) and the detecting electrode (50) include
at least one of In, Ga, and Zn.

The panel (110) according to claim 4, wherein a thickness of the semiconductor layer (35) is 10 nm or more and
100 nm or less.

The panel (110) according to any of claims 1-5, wherein

the insulating layer (52) includes an organic layer (54), and

a thickness of the organic layer (54) along a first direction perpendicular to the major surface (10a) is 1 um or more
10 wm or less.

The panel (110) according to any of claims 1-6, wherein
the insulating layer (52) includes a contact layer (53) contacting the detecting electrode (50), and
the contact layer (53) includes at least one of a silicon oxide film, a silicon oxynitride film, and a silicon nitride film.

The panel (110) according to claim 7, wherein the contact layer (53) includes hydrogen at a concentration of 1 X
1019 atoms/cm3 or more.

The panel (110) according to any of claims 7 and 8, wherein a thickness of the contact layer (53) is 100 nm or more
and 200 nm or less.

The panel (110) according to any of claims 1-9, wherein
the substrate (10) includes at least one of a polyimide resin and an aramid resin, and
the substrate (10) is flexible.

The panel (110) according to any of claims 1-10, wherein the opposite electrode (20) includes at least one of Al and
MgAg.

The panel (110) according to any of claims 1-11, wherein a thickness of the opposite electrode (20) is 5 nm or more
500 nm or less.

The panel (110) according to any of claims 1-12, wherein the pixel electrode (16) includes one of an ITO, an
ITO/Ag/ITO stacked structure, and ZnO including Al.

The panel (110) according to any of claims 1-13, wherein the switching element (12) includes

a gate electrode (33) provided on the major surface (10a),

a gate insulating film (34) provided on the gate electrode (33),

the semiconductor layer (35) provided on the gate insulating film (34), the semiconductor layer (35) including a first
region (35a), a second region (35b) apart from the first region (35a), and a third region (35c) provided between the
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first region (35a) and the second region (35b),

a first conducting portion (31) electrically connected to the first region (35a) and the pixel electrode (16), and

a second conducting portion (32) provided apart from the first conducting portion (31) and electrically connected to
the second region (35b).

The panel (110) according to claim 14, wherein the detecting electrode (50) is provided on the gate insulating film (34).

The panel (110) according to any of claims 14 and 15, wherein
the switching element (12) further includes a channel protection film (36) provided at least on the third region (35c).

The panel (110) according to any of claims 1-16, further comprising a sealing layer (42) provided on the opposite
electrode (20),

the sealing layer (42) including at least one of a silicon oxide film, a silicon oxynitride film, a silicon nitride film,
alumina, and a tantalum oxide film.

A display device (210) comprising:

a display panel (110) according to any one of the preceding claims; and

a control unit (120) configured to control an operation of the switching element (12) to control a light emitted
from the organic light emitting layer (18) and configured to detect a capacitance of a detecting capacitor (70)
formed of the pixel electrode (16), the detecting electrode (50), and the insulating film (52).

The device (210) according to claim 18, wherein the control unit (120) inputs a signal to emit the light from the
organic light emitting layer (18) to the switching element (12), subsequent to the detecting the capacitance.

The device (210) according to claim 19, wherein the control unit (120) is configured to

input a first signal (Sg1) at a first timing (C1a) to emit the light to the switching element (12); and

input a second signal (Sg2) at a second timing (C1b) to emit the light to the switching element (12), the second
timing (C1b) is after the first timing (C1a), and

the detecting is performed in a latter period (S2) between the first timing (C1a) and the second timing (C1b).

12
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