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(7) ABSTRACT

To provide a display device including a pixel electrode
formed on an insulating surface; a bank covering an end
portion of the pixel electrode and having an opening formed
therein in which the upper surface of the pixel electrode is
exposed; an organic layer containing a light emitting layer
and formed covering the opening; and an opposed electrode
formed on the organic layer and the bank. The bank has a
first layer formed on an end portion of the pixel electrode
and the insulating surface, and a second layer formed on the
first layer. The refractive index of the material forming the
first layer is less than the refractive index of the material
forming the second layer.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2016-133581 filed on Jul. 5, 2016, 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 the Related Art
[0003] In a display device such as an organic Electro

Luminescence (EL) display device, a light-emitting element,
such as an organic light emitting diode (OLED), may be
controlled by using a switching element, such as a transistor,
to display an image (Japanese Patent Laid-open Publication
No. 2006-113376).

[0004] An organic light emitting diode emits light not only
vertically but also diagonally to the display surface of a
display device. The light emitted diagonally to the display
surface may not be extracted to the display surface side. In
such a case, the light extraction efliciency of a display device
may be insufficient.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to provide a
display device with improved light extraction efficiency.
[0006] A display device according to the present invention
includes a pixel electrode formed on an insulating surface;
a bank covering an end portion of the pixel electrode and
having an opening formed therein in which an upper surface
of the pixel electrode is exposed; an organic layer formed
covering the opening and containing a light emitting layer;
and an opposed electrode formed on the organic layer and
the bank, wherein the bank has a first layer formed on an end
portion of the pixel electrode and the insulating surface, and
a second layer formed on the first layer, and a refractive
index of material forming the first layer is less than a
refractive index of material forming the second layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of an organic EL
display device according to an embodiment of the present
invention;

[0008] FIG. 2 is a wiring diagram of an organic EL panel
according to an embodiment of the present invention;,
[0009] FIG. 3 is a circuit diagram of a pixel of an organic
EL panel according to an embodiment of the present inven-
tion;

[0010] FIG. 4 is a cross sectional view of a pixel of an
organic EL panel according to an embodiment of the present
invention;

[0011] FIG. 5 is an enlarged view of a bank of an organic
EL panel according to an embodiment of the present inven-
tion; and

[0012] FIG. 6 is a cross sectional view of a pixel of an
organic EL panel according to a modified example of an
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0013] The following describes respective embodiments
of the present invention with reference to the drawings. The
disclosure is a mere example, and naturally any modification
readily conceived by a person skilled in the art without
departing from the gist of the present invention will be
included in the range of the present invention. The drawings
may illustrate the widths, thicknesses, shapes, or the like, of
the respective units more schematically for clarity of expla-
nation as compared with actual aspects. These are mere
examples, and should not limit interpretation of the present
invention in any way. In this specification and respective
drawings, an element similar to that which has been
described earlier in connection with a drawing mentioned
earlier is given the same reference numeral, and is not
described again in detail.

[0014] FIG. 1 is a perspective view of an organic EL
display device 1 according to an embodiment of the present
invention. In the organic EL display device 1, a plurality of
pixels are disposed on a display area 3 formed on a substrate
2 made of glass or flexible material. These pixels are
controlled by a drive circuit (not shown), which may be
formed on the substrate 2. A signal for controlling the
plurality of pixels and power are inputted via a flexible print
circuit (FPC) 4. The FPC 4 is crimped to and electrically
connected to a terminal (not shown) formed on the substrate
2. The display area 3 may be protected by an opposed
substrate 5 provided. The opposed substrate 5 may be
substituted by a glass cover covering the surface of an
electronic device in which the organic EL display device 1
is mounted.

[0015] FIG. 2 is a plan view of the organic EL display
device 1 according to an embodiment of the present inven-
tion. FIG. 3 is a circuit diagram of a pixel of the organic EL
display device 1 according to an embodiment of the present
invention. The organic EL display device 1 controls the
respective pixels arranged in a matrix in the display area 3
on the substrate 2, using a video signal drive circuit 12 and
a scan signal drive circuit 13, to display an image. The video
signal drive circuit 12 is a circuit that generates a video
signal to be sent to each pixel, and sends the signal. The scan
signal drive circuit 13 generates a scan signal to be sent to
a thin film transistor (TFT) formed in each pixel, and sends
the signal. The video signal drive circuit 12 and the scan
signal drive circuit 13, which are illustrated as formed in two
respective positions in FIG. 2, may be formed in a single
integrated circuit (IC) or formed separately in three or more
positions. When the video signal drive circuit 12 and the
scan signal drive circuit 13 are formed in an IC, the IC may
be mounted on the substrate 2 or on the FPC shewn in FIG.
1.

[0016] The signal from the scan signal drive circuit 13 is
transmitted via a scan signal line 14, which is electrically
connected to the gate of a pixel transistor SST formed in
each pixel area. The scan signal, line 14 is common to the
pixel transistors aligned in one row. The pixel transistor SST
is a transistor electrically connected via its source or drain to
the gate of a drive transistor DRT. The drive transistor DRT
is an electric field effect transistor having an n-type channel,
for example, with the source thereof electrically connected
to the anode of an organic light emitting diode OLED. The
cathode of the organic light emitting diode OLED is fixed at
the ground potential or negative potential. In the above, a
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current flows from the anode to cathode in the organic light
emitting diode OLED. Meanwhile, the signal from the video
signal drive circuit 12 is transmitted via a video signal line
15, which is electrically connected to either the source or
drain of the pixel transistor SST. The video signal line 15 is
common to the pixel transistors aligned in a single column.
With a scan signal applied to the scan signal line 14, the
pixel transistor SST is turned on. With a video signal applied
to the video signal line 15 while the pixel transistor SST is
in an on state, a video signal voltage is applied to the gate
of the drive transistor DRT, whereby a voltage in accordance
with the video signal is written into the holding capacitor Cs,
and the drive transistor DRT is turned on. Here, note that the
drain of the drive transistor DRT is electrically connected to
a power supply line 16, to which a power supply voltage is
applied to cause the organic light emitting diode OLED to
emit light. Thus, with the drive transistor DRT turned on, a
current in accordance with the video signal voltage flows
into the organic light emitting diode OLED, which then
emits light.

[0017] FIG. 4 is a cross sectional view of a pixel of the
organic EL display device 1 according to an embodiment of
the present invention. This drawing is a cross sectional view
of a pixel along the line TV-IV shown in FIG. 2. In the
organic EL display device 1 according to this embodiment,
a first insulating film 21 is formed on the substrate 2, and a
channel of the drive transistor DRT is formed on the first
insulating film 21. A second insulating film 22 is formed on
the first insulating film 21, and a gate of the drive transistor
DRT is formed on the second insulating film 22. A third
insulating film 23 is formed on the second insulating film 22,
and a fourth insulating film 24 is formed on the third
insulating film 23. Each of the second insulating film 22, the
third insulating film 23, and the fourth insulating film 24 has
a through-hole formed therein. In the through-hole, a source
electrode and a drain electrode are formed that are electri-
cally connected to the channel of the drive transistor DRT.

[0018] A planarization film 25 is formed on the fourth
insulating film 24. In the organic EL display device 1
according to this embodiment, the planarization film 25 is
made of organic insulating material and has an insulating
surface. A pixel electrode 30 is formed on the upper surface
of the planarization film 25, That is, the upper surface of the
planarization film 25 is an insulating surface, and the pixel
electrode 30 is formed on the insulating surface, A bank 40
is formed on the pixel electrode 30 and the planarization film
25. The bank 40 covers an end portion of the pixel electrode
30 and has an opening 40a formed therein where the upper
surface of the pixel electrode 30 is exposed. In the opening
40a of the bank 40, an organic layer 31 including a light
emitting layer is formed. The organic layer 31 is formed
covering the opening 40a. An opposed electrode 32 is
formed on the organic layer 31 and the bank 40. The
opposed electrode 32 is made of material that passes the
light emitted from the organic layer 31 therethrough. A
sealing layer 33 is formed on the opposed electrode 32. A
filler 34 is applied onto the sealing layer 33. An opposed
substrate 35 is fixedly formed on the filler 34.

[0019] The bank 40 includes a first layer 41 formed on the
end portion of the pixel electrode 30 and on the insulating
surface (the surface of the planarization film 25), and a
second layer 42 formed on the first layer 41. Note that the
refractive index of the material forming the first layer 41 is
less than that of the material forming the second layer 42. In
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the organic FL panel 10 according to this embodiment, the
first layer 41 is made of material such as fluorine resin or
silicone resin, and has a refractive index less than 1.5.
Meanwhile, the second layer 42 is mads of material such as
polyimide resin, epoxy resin, or resin containing acrylic
inorganic nanoparticles, and has a refractive index greater
than 1.5 and less than 1.8. Note that the respective materials
forming the first layer 41 and the second layer 42 mentioned
here are mere examples, and any material that passes the
light emitted from the organic layer 31 therethrough and has
a refractive index less than that of the material forming the
second layer 42 may be used to form the first layer 41 and
any material that passes the light emitted from the organic
layer 31 therethrough and has a refractive index greater than
that of the material forming the first layer 41 may be used to
form the second layer 42.

[0020] FIG. 5 is an enlarged view of the bank 40 of the
organic EL display device 1 according to an embodiment of
the present invention. In FIGS. 4 and 5, the light emitted
from the organic layer 31 is schematically represented by the
arrow. The light propagating in the first layer 41 is refracted
at the point B at the interface between the first layer 41 and
second layer 42 of the bank 40. As the refractive index of the
material forming the first layer 41 is less than that of the
material forming the second layer 42, the light is refracted
at the point B toward the opposite side from the pixel
electrode 30. That is, the light is refracted toward the display
surface side of the organic EL panel 10. With the above, a
part of the light emitted from the organic layer 31, the part
emitted diagonally to the display surface will be refracted
toward the display surface side at the interface between the
first layer 41 and the second layer 42. This improves the light
extraction efliciency.

[0021] The light emitted from the organic layer 31 is
refracted at the point A at the interface between the opposed
electrode 32 and the first layer 41 of the bank 40. The light
refraction at the point A, although not significantly affected
by the film thickness of the opposed electrode 32 as the film
thickness is as small as or less than a light wavelength, is
affected mainly by a difference in the refractive index
between the sealing layer 33 and the first layer 41. The
organic EL panel 10 according to this embodiment includes
an inorganic insulating layer 33a formed on the opposed
electrode 32 and an organic insulating layer 335 formed on
the inorganic insulating layer 33a, in which the inorganic
insulating layer 33a may be made of SiN and the organic
insulating layer 335 may be made of acrylic resin. As the
sealing layer 33 is formed using the inorganic insulating
layer 33a and the organic insulating layer 335, the organic
layer 31 is well protected. This can produce an advantage of
prolonging the service life of the organic El panel 10.

[0022] A difference in the refractive index between the
inorganic insulating layer 334 and the first layer 41 mainly
affects the light refraction at the point A. Specifically, in the
organic EL panel 10 according to this embodiment, as the
refractive index of the material forming the inorganic insu-
lating layer 33a is greater than that of the material forming
the first layer 41, the light is refracted at the point A toward
the opposite side from the pixel electrode 30. This enharnces
the light extraction efficiency. Note that in the case as well
in which the refractive index of the material forming the
inorganic insulating layer 33a is as high as that of the
material forming the first layer 41, an advantage of improv-
ing the light extraction efliciency can be obtained when the
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refractive index of the material forming the first layer 41 is
less than that of the material forming the second layer 42.
[0023] The light propagating in the second layer 42 is
refracted at the point C at the interface between the second
layer 42 of the bank 40 and the opposed electrode 32. The
light refraction at the point C, although not significantly
affected by the film thickness of the opposed electrode 32 as
the film thickness is as small as or less than a light wave-
length, is affected mainly by a difference in the refractive
index between the inorganic insulating layer 33a and the
second layer 42. In the organic EL panel 10 according to this
embodiment, as the refractive index of the material forming
the inorganic insulating layer 33a is greater than that of the
material forming the second layer 42, the light is refracted
at the point C toward the display surface side of the pixel
electrode 30. This enhances the light extraction efficiency.
Note that in the case as well in which the refractive index of
the material forming the second layer 42 is as high as that of
the material forming the inorganic insulating layer 33a, an
advantage of improving the light extraction efficiency can be
obtained when the refractive index of the material forming
the first layer 41 is less than that of the material forming the
second layer 42.

[0024] The interface between the first layer 41 and the
second layer 42 of the bank 40 is formed in the direction
along the upper surface of the pixel electrode 30. In the
organic EL panel 10 according to this embodiment, the
upper surface of the pixel electrode 30 is formed horizontal
to the substrate 2, while the interface between the first layer
41 and the second layer 42 is formed in parallel with the
upper surface of the pixel electrode 30. Although a part of
the pixel electrode 30 is formed in a through-hole formed in
the planarization film 25, the upper surface of the pixel
electrode 30 refers to a flat portion thereof in contact with
the organic layer 31 in this specification. According to the
organic EL panel 10 according to this embodiment, forma-
tion of the interface between the first layer 41 and the second
layer 42 in the direction along the upper surface of the pixel
electrode 30 enables more efficient refraction of light toward
the display surface side, while maintaining easiness in
manufacturing of the bank 40.

[0025] The first layer 41 of the bank 40 has a first lateral
wall 41a that defines a first angle 61 relative to the upper
surface of the pixel electrode 30. In the organic EL display
device 1 according to this embodiment, the first lateral wall
41a is formed as a flat surface. The first angle 61 is the angle
at which the first lateral wall 41a contacts the pixel electrode
30. Meanwhile, the second layer 42 of the bank 40 has a
second lateral wall 42a that defines a second angle 62
relative to the upper surface of the pixel electrode 30. In the
organic EL display device 1 according to this embodiment,
the second lateral wall 424 is formed as a flat surface. The
second angle 62 is an angle defined by the extension line of
the second lateral wall 42a and the pixel electrode 30.
Alternatively, the first lateral wall 41¢ and the second lateral
wall 424 may be formed as a curved surface. In this case, the
first angel 81 may be defined by the tangent line at the lower
end of the first lateral wall 41a and the pixel electrode 30,
while the second angle 62 may be defined by the tangent line
at the lower end of the second lateral wall 42a and the pixel
electrode 30.

[0026] As the first angle 61 is greater than the second
angle 02, the interface between the second layer 42 and the
opposed electrode 32 inclines more toward the pixel elec-
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trode 30 side. This results in less light reflected toward the
pixel electrode 30 side at the interface between the second
layer 42 and the opposed electrode 32. This enhances the
light extraction efficiency.

[0027] The first lateral wall 414 and the second lateral wall
424 are formed continuous to each other. That is, there is no
step between the first lateral wall 41a and the second lateral
wall 42a so that the first lateral wall 41a continuously shifts
to the second lateral wall 42a. With the above, the light
incident to the first layer 41 passes through the interface
between the first layer 41 and the second layer 42 in most
cases. This can enhance the light extraction efficiency.
[0028] FIG. 6 is a cross sectional view of a pixel of the
organic EL, display device 1 according to a modified
example of an embodiment of the present invention. The
organic EL display device 1 according to the modified
example differs from the organic EL display device 1 shown
in FIG. 4 in that the bank 40 has a modified second layer 43
formed on the first layer 41. The refractive index of the
material forming the first layer 41 is less than that of the
material forming the modified second layer 43. Structures
other than the modified second layer 43 of the organic EL
display device 1 according to the modified example are
similar to those of the organic EL display device 1 shown in
FIG. 4. In FIG. 6, the light emitted from the organic layer 31
is schematically represented by the arrow.

[0029] The first layer 41 of the bank 40 has the first lateral
wall 41q that defines the first angle 01 (not shown in FIG.
6) relative to the upper surface of the pixel electrode 30. The
modified second layer 43 has a modified second lateral wall
43a that defines the second angle 62 (not shown in FIG. 6)
relative to the upper surface of the pixel electrode 30. In the
organic EL display device 1 according to this embodiment,
the modified second lateral wall 43a is formed as a flat
surface. The second angle 02 is the angle defined by the
extension line of the modified second lateral wall 43a and
the pixel electrode 30. As the first angle 81 is greater than the
second angle 62, the interface between the modified second
layer 43 and the opposed electrode 32 inclines more toward
the pixel electrode 30 side. This results in less reflection of
light toward the pixel electrode 30 side at the interface
between the modified second layer 43 and the opposed
electrode 32. This enhances the light extraction efficiency.
[0030] In this modified example, the first lateral wall 41a
and the upper surface of the first layer 41 are continuous to
each other, and the modified second lateral wall 434, or the
lateral wall of the modified second layer 43, and the upper
surface of the first layer 41 are formed continuous to each
other. That is, there is a step between the first lateral wall 41a
and the modified second lateral wall 43a so that the first
lateral wall 41a is formed connected to the modified second
lateral wall 43a via the upper surface of the first layer 41.
The modified second layer 43 is formed inside the area
defined by the upper surface of the first layer 41. According
to the organic EL display device 1 according to this modified
example, the modified second layer 43 can be formed
smaller as compared with the first layer 41. This facilitates
formation of the modified second layer 43 made of material
different from that of the first layer 41. This can achieve a
display device that can be readily manufactured, while
improving the light extraction efficiency,

[0031] 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
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made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spitit and
scope of the invention.

What is claimed is:

1. A display device, comprising:

a pixel electrode formed on an insulating surface;

a bank covering an end portion of the pixel electrode and
having an opening formed therein in which an upper
surface of the pixel electrode is exposed;

an organic layer containing a light emitting layer and
formed covering the opening; and

an opposed electrode formed on the organic layer and the
bank,

wherein

the bank has a first layer formed on an end portion of the
pixel electrode and the insulating surface, and a second
layer formed on the first layer, and

arefractive index of material forming the first layer is less
than a refractive index of material forming the second
layer.

2. The display device according to claim 1, wherein an
interface between the first layer and the second layer is
formed in a direction along the upper surface of the pixel
electrode.

3. The display device according to claim 1, wherein

the first layer has a first lateral wall that defines a first
angle relative to the upper surface of the pixel elec-
trode,
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the second layer has a second lateral wall that defines a
second angle relative to the upper surface of the pixel
electrode, and

the first angle is greater than the second angle.

4. The display device according to claim 3, wherein the
first lateral wall and the second lateral wall are formed
continuous to each other.

5. The display device according to claim 3, wherein

an upper surface of the first layer is formed continuous to
the first lateral wall, and

the second lateral wall is formed continuous to the upper
surface of the first layer.

6. The display device according to claim 1, further com-

prising:

an inorganic insulating film formed on the opposed elec-
trode; and

an organic insulating film formed on the inorganic insu-
lating film.

7. The display device according to claim 6, wherein a
refractive index of material forming the inorganic insulating
film is greater than a refractive index of material forming the
first layer.

8. The display device according to claim 6, wherein a
refractive index of material forming the inorganic insulating
film is greater than a refractive index of material forming the
second layer.
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