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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2013-184287, filed on Sep. 5, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to an organic elec-
troluminescent display device, for example, a pixel structure
of the organic electroluminescent display device.

BACKGROUND

[0003] An organic electroluminescence device (hereinaf-
ter, referred to also as an “organic EL device™) using an
organic electroluminescence material can emit light of vari-
ous colors in a visible light range in addition to white light
when using an appropriate organic material or an appropriate
structure. Therefore, display devices and illumination devices
using an organic electroluminescence device are being pro-
gressively developed.

[0004] An organic electroluminescent display device
includes an organic EL device in each of pixels. The organic
EL device in each pixel is connected to a transistor, and light
emission is controlled via the transistor. The organic EL
device is formed over a device substrate having the transistor
formed thereon. In a typical pixel structure, an interlayer
insulating layer is provided between the organic EL device
and the transistor. One of electrodes included in the organic
EL device and a source electrode or a drain electrode of the
transistor are electrically connected to each other in a contact
hole formed in the interlayer insulating layer.

[0005] An organic electroluminescent display device
includes a pixel array including a plurality of such pixels
arrayed in a matrix. Light emitted by the organic EL device is
emitted toward the device substrate or a counter substrate
facing the device substrate, and thus a display screen is
formed over a surface of the device substrate or the counter
substrate.

[0006] The organic EL device includes a layer containing
an organic electroluminescence material (hereinafter,
referred to as an “organic electroluminescence layer” or an
“organic EL layer”) between a pair of electrodes, which are
also referred to as a positive electrode and a negative elec-
trode. Light emitted by the organic EL layer expands at all the
angles of 4 as represented by solid angle. Therefore, how to
effectively use the light output in a direction other than toward
the display screen is an issue of studies.

[0007] There is a problem that the light emitted and propa-
gated parallel to a film surface of the organic EL layer is
emitted toward an end surface of the organic EL layer and is
not emitted from a transparent electrode side. A reason for
this is that the material forming the organic EL layer has a
high refractive index (n=1.8 to 1.9), and thus light incident on
aninterface between layers having different refractive indices
at a specific angle of incidence is totally reflected. For
example, light totally reflected at an interface between the
organic EL layer and the transparent electrode or an interface
between a glass substrate and air is guided in the organic EL
layer or the glass substrate and is absorbed in the layer or is
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emitted from an end surface of the glass substrate. Light
guided in the organic EL layer or the glass substrate in this
manner is referred to as “waveguide light”.

[0008] Due to the light guided in the organic EL layer, the
extraction efficiency of the light generated in the organic EL
layer (ratio of the light emitted toward the glass substrate with
respect to the total amount of light emitted by the organic EL
layer) is considered as being about 20%. Increasing the
extraction efficiency of the light generated in the organic EL
layer is important to reduce the power consumption of the
organic electroluminescent display device using the organic
EL device.

[0009] Light that is emitted obliquely with respect to a
surface of the pixel including the organic EL device is leakage
light. The leakage light emitted from an adjacent pixel and
causes a problem of color mixture. Therefore, usually, a light
shielding layer is provided to partition the areas of adjacent
pixels so that light emitted from one pixel is prevented from
being mixed with light emitted from a pixel adjacent thereto.
However, when the width of the light shielding layer is
increased in order to reduce the influence of color mixture, a
problem occurs that the numerical aperture of the pixels is
decreased and the light emitted by the organic EL layer is not
efficiently used.

[0010] Inanorganic electroluminescent display device dis-
closed in Japanese Laid-Open Patent Publication No. 2001-
291588, an organic EL layer is formed even in a contact hole
in which an electrode connected to a transistor and a pixel
electrode are connected to each other, and an interlayer insu-
lating layer is formed of a light-transmissive insulating mate-
rial such as polyimide, polyamide, acrylic resin or the like. A
side wall of the contact hole includes a steeply inclining
surface. In such a part of the organic electroluminescent dis-
play device, usual light emitting luminance is not obtained,
and in addition, the light emitted from pixels cannot be effec-
tively used. The above-identified publication also discloses a
structure in which the contact hole is buried with an organic
resin so that an organic EL layer is not formed in this part.
[0011] An organic electroluminescent display device dis-
closed in Japanese Laid-Open Patent Publication No. 2003-
229283 discloses a structure in which a peripheral portion of
a pixel electrode is covered with a partition film (insulating
film). The pixel electrode is connected to lines in an underly-
ing layer provided below the pixel electrode through a contact
hole formed in an insulating layer also formed below the pixel
electrode. The partition film is provided over the contact hole
and covering the same.

[0012] According to the conventional technologies, an
organic EL device including an organic EL layer is mainly
formed over a flat area. Therefore, as described above, light
propagated in the organic EL layer in a horizontal direction
(namely. waveguide light) cannot be used. In other words, no
measure is taken to effectively use the light staying in the
organic EL layer.

SUMMARY

[0013] An organic electroluminescent display device
according to one embodiment of the present invention
includes a first electrode connecting to a light emitting control
device; a first insulating layer covering a peripheral portion of
the first electrode and having an opening exposing an area of
inner side of the peripheral portion of the first electrode; a
second electrode contacting the first electrode in the opening
of the first insulating layer and extending from the upper
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surface of the first electrode to the upper surface of the first
insulating layer; a second insulating covering a peripheral
portion of the second electrode; an organic electrolumines-
cence layer extending from a top surface of the second elec-
trode to a top surface of the second insulating layer; a third
electrode over the organic electroluminescence layer. The
second electrode including a stepped portion between the first
electrode and the first insulating layer, and an overlapping
area of the second electrode, the organic electroluminescence
layer and the third electrode each other is a light emitting area,
the light emitting area is including the stepped portion.

[0014] An organic electroluminescent display device
according to one embodiment of the present invention
includes a first electrode connecting to a light emitting control
device; a first insulating layer covering a peripheral portion of
the first electrode and having an opening exposing an area of
inner side of the peripheral portion of the first electrode; a
second electrode contacting the first electrode in the opening
of the first insulating layer and extending from the upper
surface of the first electrode to the upper surface of the first
insulating layer; a second insulating layer covering a periph-
eral portion of the second electrode; a third insulating layer
covering a peripheral portion edge portion of the opening of
the first insulating layer; an organic electroluminescence
layer extending from a top surface of the second electrode and
to atop over a surface of the second insulating layer and the
third insulating layer; and a third electrode over the organic
electroluminescence layer. An overlapping area of the second
electrode, the organic electroluminescence layer and the third
electrode each other at the opening of the third insulating
layer is a light emitting area.

[0015] An organic electroluminescent display device
according to one embodiment of the present invention
includes a first electrode connecting to a light emitting control
device; a first insulating layer having an opening which
exposes the first electrode and has an edge portion in an area
outer to the first electrode; a second electrode contacting the
first electrode, and extending from the upper surface of the
first electrode to the edge portion of the opening of the first
insulating layer; a second insulating layer covering a periph-
eral portion of the second electrode; an organic electrolumi-
nescence layer extending from a top surface of the second
electrode and to a top surface of the second insulating layer;
and a third electrode over the organic electroluminescence
layer. The second electrode includes a stepped portion at least
at the edge portion of the opening of the first insulating layer;
the edge portion and an overlapping area of the second elec-
trode, the organic electroluminescence layer and the third
electrode each other is a light emitting area.

[0016] An organic electroluminescent display device
according to one embodiment of the present invention
includes a first electrode connecting to a light emitting control
device; a first insulating layer which has a first opening and a
second opening and covers a peripheral portion of the first
electrode, the first opening exposing an area of inner side of
the peripheral portion of the first electrode, and an edge
portion of the second opening arranged an area of outer side
of the first electrode; a second electrode contacting first elec-
trode in the first opening of the first insulating layer and from
the upper surface of the first electrode to the upper surface of
the first insulating layer; a second insulating layer covering a
peripheral portion of the second electrode; an organic elec-
troluminescence layer extending from a top surface of the
second electrode and to a top surface of the second insulating
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layer; and a third electrode over the organic electrolumines-
cence layer. The second electrode includes a first stepped
portion at an edge portion of the first opening of the first
insulating layer and a second stepped portion at the edge
portion of the second opening; and an overlapping area of the
second electrode, the organic electroluminescence layer and
the third electrode each other is a light emitting area, and the
light emitting area including the first stepped portion and the
second stepped portion.

[0017] An organic electroluminescent display device
according to one embodiment of the present invention
includes a first electrode connecting to a light emitting control
device; a first insulating layer which has a first opening and a
second opening and covers a peripheral portion of the first
electrode and the first opening exposing an area of inner side
of the peripheral portion of the first electrode; a second elec-
trode contacting the first electrode in the first opening of the
first insulating layer and extending from the upper surface of
the first electrode to the upper surface of the first insulating
layer; a second insulating layer covering a peripheral portion
of the second electrode and the edge portion of the second
opening of the first insulating layer; an organic electrolumi-
nescence layer extending from a top surface of the second
electrode and to a top surface of the second insulating layer;
and a third electrode over the organic electroluminescence
layer. The second electrode includes a first stepped portion at
an edge portion of the first opening and a second stepped
portion at an edge portion of the second opening of the first
insulating layer, the second stepped portion is covered by the
second insulating layer; and an overlapping area of the first
stepped portion, the second electrode, the organic electrolu-
minescence layer and the third electrode each other is a light
emitting area.

[0018] In another embodiment of the organic electrolumi-
nescent display device according to one embodiment of the
present invention, it is preferable that the second electrode has
a light-reflecting surface, and that the light-reflecting surface
is curved at the stepped portion. Even in the case where the
second electrode has a plurality of stepped portions, it is
preferable that the light-reflecting surface is curved at each of
the stepped portions. The second electrode is curved and such
acurved part acts at least as a light-reflecting surface. Owing
to this, light emitted parallel to a film surface of the organic
electroluminescence layer and light emitted obliquely from
the organic electroluminescence layer can be reflected by the
light-reflecting surface(s) to become emitted light from the
pixel.

[0019] Instill another embodiment of the organic electrolu-
minescent display device according to one embodiment of the
present invention, it is preferable that the stepped portion of
the second electrode includes an inclining surface. Since the
stepped portion includes an inclining surface, light emitted
parallel to a film surface of the organic electroluminescence
layer and light emitted obliquely from the organic electrolu-
minescence layer can be reflected in a direction in which the
light is to be emitted from a pixel.

[0020] Instill another embodiment of the organic electrolu-
minescent display device according to one embodiment of the
present invention, in the case where the second electrode has
a plurality of stepped portions and the stepped portions each
include an inclining surface, it is preferable that the inclining
surfaces are inclined at different inclination angles. Since the
inclination angles of the inclining surfaces at the plurality of
stepped portions are different, light emitted obliquely from
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the organic electroluminescence layer can be reflected in a
direction in which the light is to be emitted from a pixel. The
direction in which light reflected by one of the inclining
surfaces is emitted can be made different from the direction in
which light reflected by another of the inclining surfaces is
output.

BRIEF EXPLANATION OF DRAWINGS

[0021] FIG. 1 shows a structure of an organic electrolumi-
nescent display device according to one embodiment of the
present invention;

[0022] FIG.2isaplan view showing a pixel structure of the
organic electroluminescent display device according to one
embodiment of the present invention;

[0023] FIG. 3 is a cross-sectional view showing the pixel
structure of the organic electroluminescent display device
according to one embodiment of the present invention;
[0024] FIG. 4 is a cross-sectional view showing a pixel
structure of an organic electroluminescent display device
according to one embodiment of the present invention;
[0025] FIG.5is a plan view showing a pixel structure of an
organic electroluminescent display device according to one
embodiment of the present invention;

[0026] FIG. 6 is a cross-sectional view showing the pixel
structure of the organic electroluminescent display device
according to one embodiment of the present invention;
[0027] FIG.7is aplan view showing a pixel structure of an
organic electroluminescent display device according to one
embodiment of the present invention;

[0028] FIG. 8 is a cross-sectional view showing the pixel
structure of the organic electroluminescent display device
according to one embodiment of the present invention;
[0029] FIG. 9 is a cross-sectional view showing a pixel
structure of an organic electroluminescent display device
according to one embodiment of the present invention;
[0030] FIG. 10 is a cross-sectional view showing a pixel
structure of an organic electroluminescent display device
according to one embodiment of the present invention; and

[0031] FIG. 11 shows an equivalent circuit of a pixel.
DESCRIPTION OF EMBODIMENTS
[0032] Hereinafter, embodiments of the present invention

will be described with reference to the drawings or the like.
The present invention can be carried out in many different
embodiments, and is not to be interpreted as being limited to
any of the following embodiments.

[0033] Inthe following description of the present invention,
elements having the same or similar functions will bear iden-
tical reference signs in different figures. For such elements,
the same description will not be repeated unless there is a
specific reason. In the present specification, in the case where
certain components or areas are present “over” or “under” and
“above” or “below” other components or areas, as long as
there are no particular limitations, this includes not only the
case where components or areas are directly above or directly
below other components or areas but also the case where
components or areas are above or below other components or
areas with other structural components provided in between.

Embodiment 1

[0034] FIG. 1 shows a structure of an organic electrolumi-
nescent display device according to this embodiment. The
organic electroluminescent display device includes a device
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substrate 102, apixel area 106 in which pixels 108 are arrayed
in a matrix, a gate signal line driving circuit 110, and a data
signal line driving circuit 112. The pixel area 106, the gate
signal line driving circuit 110 and the data signal line driving
circuit 112 are provided over the device substrate 102.
[0035] A signal that is output from the gate signal line
driving circuit 110 is supplied to gate signal lines 114, and a
signal that is output from the data signal line driving circuit
112 is supplied to data signal lines 116. The gate signal lines
114 and the data signal lines 116 are provided so as to inter-
sect each other in the pixel area 106, and respectively supply
a signal to the pixels 108 arrayed in a matrix. An organic EL
device is provided in each of the pixels 108, and a light
emission state of the organic EL device is controlled by a light
emitting control device. Transistor is applied as an embodi-
ment of the light emitting control device. Field effect transis-
tor is preferably as a transistor. For example, field-effect
transistor may also be called a thin film transistor.

[0036] In the pixel area 106, a power supply line 118 used
to supply an electric current to the organic EL devices and a
common line 120 used to supply a common potential to one of
electrodes of the organic EL device in each pixel 108 are
provided. The common line 120 is connected to the one
electrode of the organic EL device at a common contact 122
that is provided in the pixel area 106 or in the vicinity thereof.
Input terminals 124 provided in an end portion of the device
substrate 102 include a plurality of terminals to which signals
to be supplied to the gate signal line driving circuit 110 and
the data signal line driving circuit 112 are input, and also
include a power supply input terminal connected to the power
supply line 118, a common input terminal that supplies the
common potential to the common line 120, and the like.
[0037] In the organic electroluminescent display device
shown in FIG. 1, organic EL devices that emit light of a single
color may be provided in the pixels 108 so that monochro-
matic display is provided. Alternatively, organic EL. devices
that emit light of red (R), green (G) and blue (B) may be
provided in the pixels 108, or such organic EL. devices may be
provided in the pixels 108 and also pixels 108 which emit
white (W) light may be provided. In these cases, color display
is provided.

[0038] FIG. 11 shows an example of circuit configuration
of the pixel 108. When a selection signal is supplied to the
gate signal line 114, a selection transistor 128 supplies a data
signal from the data signal line 116 as a gate potential of a
driving transistor 130 in synchronization with the selection
signal. A capacitor 132 keeps the gate potential. The driving
transistor 130 connected to the power supply line 118 sup-
plies a drain current based on the gate potential to an organic
EL device 126. The organic EL device 126 emits light at a
luminance based on the drain current. In the organic elec-
troluminescent display device, the EL display device 126 is
driven by a plurality of transistors provided for each pixel.
[0039] FIG. 2 is a plan view showing an example of the
pixel 108 including various elements based on the pixel cir-
cuit shown in FIG. 11. The pixel 108 includes the selection
transistor 128, the driving transistor 130 and the capacitor
132. The selection transistor 128 includes a gate electrode
1404 overlapping a semiconductor layer 1384, and the gate
electrode 140a is connected to the gate signal line 114. An
electrode 1424, which is one of a source electrode and a drain
electrode of the selection transistor 128, is connected to the
data signal line 116, and an electrode 1425, which is the other
ofthe source electrode and the drain electrode of the selection
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transistor 128, is connected to a gate electrode 1404 of the
driving transistor 130. The driving transistor 130 includes a
semiconductor layer 1385 overlapping the gate electrode
1405. An electrode 142¢, which is one of a source electrode
and a drain electrode of the driving transistor 130, is con-
nected to the power supply line 118. A first electrode 146,
which is the other of the source electrode and the drain elec-
trode of the driving transistor 130, is connected to the organic
EL device. The capacitor 132 is formed of a capacitance
electrode 144 formed in the same layer as the gate electrode
1405 and the power supply line 118, which overlaps the
capacitance electrode 144 in the state where an insulating
layer is held between the power supply line 118 and the
capacitance electrode 144.

[0040] The configuration of the pixel circuit shown in FIG.
11 and the layout of the pixel shown in FIG. 2 are each an
example, and the organic electroluminescent display device
according to the present invention is not limited to such a
pixel circuit configuration or such a pixel structure. For
example, the organic electroluminescent display device
according to the present invention may further include a cir-
cuit that compensates for a threshold voltage of the driving
transistor 130 or a switching transistor that forcibly termi-
nates light emission of the organic EL device 126.

[0041] At least a peripheral portion of the first electrode
146 in the pixel 108 is covered with a first insulating layer
150. An inner area of the first electrode 146 that is not covered
with the first insulating layer 150 is in contact with a second
electrode 148. Namely, the first electrode 146 and the second
electrode 148 are electrically connected to each other via an
opening (contact hole) provided in the first insulating layer
150.

[0042] Inthis embodiment, the pixel electrode includes the
first electrode 146 and the second electrode 148. The first
electrode 146 and the second electrode 148 are electrically
connected to each other, and thus may be described as an
integral element. However, herein, the first electrode 146 and
the second electrode 148 will be described as a plurality of
conductive layers because of the structure thereof.

[0043] FIG. 3 is a vertical cross-sectional view of the pixel
taken along line A-B shown in FIG. 2. FIG. 3 shows the
positional relationship between the device substrate 102 on
which the driving transistor 130, the organic EL device 126
and the like are formed, and a counter substrate 104 facing the
device substrate 102. Over the counter substrate 104, a color
filter 134 and a light shielding layer 136 are provided.
[0044] The first electrode 146 is located so as to overlap the
second electrode 148. The opening of the first insulating layer
150 is formed to be large in an inner area except for an area
covering the peripheral portion of the first electrode 146. It is
preferable that a side wall of the opening of the first insulating
layer 150 is inclining. It is preferable that the side wall of the
opening includes an inclining surface that inclines from a
bottom portion in contact with the first electrode 146 so as to
open toward a top planar surface of the first insulating layer
150.

[0045] Thefirstinsulatinglayer 1501is preferably formed of
an inorganic insulating material such as silicon oxide, silicon
nitride or the like; or an organic insulating material such as an
acrylic resin, a polyimide resin or the like. The first insulating
layer 150 including the above-described inclining surface in
the side wall can be formed by use of taper etching. In the case
where a photosensitive organic resin material is used for the
first insulating layer 150, the side wall of the opening of the
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first insulating layer 150 can be formed to include the above-
described inclining surface by appropriately adjusting the
exposure time or the development conditions.

[0046] The second electrode 148 extends on a top planar
surface of the first electrode 146, over the side wall of the
opening of the first insulating layer 150 (inclining surface)
and onto the top planar surface of the first insulating layer
150. In other words, the second electrode 148 includes a first
planar area 156 on the first electrode 146, a second planar area
158 on the first insulating layer 150 and a stepped portion 160
over the side wall of the opening of the first insulating layer
150.

[0047] A peripheral portion of the second electrode 148 is
covered with a second insulating layer 152. In other words,
the second insulating layer 152 has an opening in which the
second electrode 148 is provided. It is preferable that a side
wall of the opening of the second insulating layer 152
includes an inclining surface like the side wall of the opening
of the first insulating layer 150.

[0048] Over the second electrode 148, the organic EL layer
162 is provided. The organic EL layer 162 may be formed of
either a low molecular organic material or a high molecular
organic material. In the case where, for example, a low
molecular organic material is used for the organic EL layer
162, the organic EL layer 162 may be formed to include a
light emitting layer containing a light-emitting organic mate-
rial and also, for example, a hole transport layer and an
electron transport layer having the light emitting layer held
there between.

[0049] Over the organic EL layer 162, a third electrode 164
is provided. The peripheral portion of the second electrode
148 is covered with the second insulating layer 152 and the
organic EL layer 162 is continuously provided over a top
surface of the second electrode 148 and onto a surface of the
second insulating layer 152. Therefore, the third electrode
164 is not shorted with the first electrode 146 or the second
electrode 148. Over the third electrode 164, a passivation
layer 166 is provided. The passivation layer 166 is preferably
formed of, for example, an insulating material such as silicon
nitride (S8i3N,) or the like.

[0050] The organic EL device 126 emits light as follows. A
positive electrode (electrode on the side where holes are
injected) is provided on one surface of the organic EL layer
162, and a negative electrode (electrode on the side where
electrons are injected) is provided over the other surface ofthe
organic EL layer 162. When a predetermined potential dif-
ference is supplied between the electrodes, the organic EL
device 126 emits light. The positive electrode and the nega-
tive electrode may be formed of any of various conductive
materials. Usually, the material used for the positive electrode
has a higher work function than that of the material used for
the negative electrode. In order to allow the emitted light to be
output efficiently, it is preferable that one of the electrodes is
a reflective electrode whereas the other electrode is a light-
transmissive electrode.

[0051] Inorder to allow the organic EL device 126 to act as
a top emission type organic EL device, the second electrode
148 may act at least as a positive electrode, or as a positive and
reflective electrode. In order to allow the second electrode
148 to be a positive and reflective electrode, the second elec-
trode 148 may be formed of, for example, a metal material
such as titanium (T1), titanium nitride (TiN), platinum (Pt),
nickel (Ni), chromium (Cr), tungsten (W) or the like. How-
ever, these metal materials have a lower reflectance than that
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of aluminum (Al) or silver (Ag), and therefore are slightly
inferior to aluminum (Al) or silver (Ag) as a material of a
reflective electrode. In order to increase the reflectance of a
reflective electrode, it is preferable that the second electrode
148 has a multi-layer structure. More specifically, it is pref-
erable that an indium tin oxide (ITO) layer having a high work
function is provided in contact with the organic EL layer 162
and a layer that is formed of aluminum (Al) or silver (Ag) and
provides a light-reflecting surface is located below the ITO
layer.

[0052] In order to allow the third electrode 164 to be a
negative electrode, the third electrode 164 may be formed of,
for example, a material including aluminum (Al) and calcium
(Ca) or magnesium (Mg), or a material including aluminum
(Al) and an alkaline metal material such as lithium (Li) or the
like. In order to allow the third electrode 164 to be a negative
and light-transmissive electrode, it is desirable that the above-
described metal layer is formed to be sufficiently thin to allow
light to be transmitted there through easily, or that a transpar-
ent conductive film formed of indium tin oxide (ITO), indium
zine oxide (IZO) or the like is stacked over the metal layer.
[0053] In order to allow the second electrode 148 to act as
a positive and reflective electrode, the second electrode 148
may be formed of an aluminum (Al)-based or silver (Ag)-
based metal material as described above. In order to allow the
third electrode 164 to be a negative and light-transmissive
electrode, the third electrode 164 may be formed of a trans-
parent conductive film formed of indium tin oxide (ITO),
indium zinc oxide (IZ0) or the like.

[0054] In the case where the second electrode 148 is a
reflective electrode and the third electrode 164 is a light-
transmissive electrode, the light emitted by the organic EL
layer 162 is output through the third electrode 164. However,
the light emitted by the organic EL layer 162 is emitted at all
the angles of 4m as represented by solid angle. Therefore, with
the conventional structure, only a part of the light emitted by
the organic EL layer 162 would be output from the third
electrode 164.

[0055] However, in the organic electroluminescent display
device in this embodiment, the second electrode 148 acting as
the reflective electrode is not merely provided on one planar
surface, but includes the first planar area 156 over the first
electrode 146, the second planar area 158 over the first insu-
lating layer 150 and the stepped portion 160 between the first
planar area 156 and the second planar area 158. The stepped
portion 160 forms a light-reflecting surface inclining with
respect to the first planar area 156 or the second planar area
158. Since the stepped portion 160 is included in the pixel, the
light guided in the organic EL layer 162 and the light emitted
in an oblique direction from the organic EL layer 162 are
reflected to become emitted light.

[0056] FIG. 3 schematically shows, with the dashed and
chain lines, the route of the light that is emitted by the organic
EL layer 162 and is emitted in various directions. Among the
light emitted by the organic EL layer 162, a vertical light
component (light that is emitted generally vertically with
respect to a film surface of the organic EL layer) 162 is
emitted outside through the third electrode 164. FIG. 3 (and
also the other figures) schematically shows such a vertical
light component with the arrowed dashed lines. The light that
is emitted toward the second electrode 148 is reflected by the
light-reflecting surface of the second electrode 148, and a
vertical component of the reflected light is considered to be
emitted outside.
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[0057] By contrast, among the light emitted by the organic
EL layer 162, a parallel light component (light that is emitted
generally parallel to the film surface of the organic EL layer
162, and light totally reflected at the interface between the
organic EL layer 162 and the second electrode 148 or the third
electrode 164) would be lost without being output outside
through the third electrode 164 with the conventional struc-
ture. However, according to the pixel structure in this embodi-
ment, there is the stepped portion 160. At least the parallel
light component that is emitted in an area corresponding to
the first planar area 156 is reflected by the stepped portion 160
and is emitted toward the third electrode 164. FIG. 3 (and also
the other figures) schematically shows such a parallel light
component with the arrowed two-dot chain lines. Namely, the
stepped portion 160 of the second electrode 148 has a func-
tion of reflecting the light guided in the organic EL layer 162.

[0058] Among the light emitted by the organic EL layer
162, an oblique light component (light that is emitted
obliquely with respect to the film surface of the organic EL
layer 162) could be emitted toward an adjacent pixel to cause
color mixture. However, in this embodiment, such an oblique
light component is reflected by the stepped portion 160 and is
emitted toward the third electrode 164. Namely, the stepped
portion 160 of the second electrode 148 reflects a part of such
an oblique light component from the organic EL layer 162.
FIG. 3 (and also the other figures) schematically shows such
an oblique light component with the arrowed one-dot chain
lines.

[0059] In order to extract the light outside efficiently, the
inclination angle of the stepped portion 160 may be 30 to 60
degrees, preferably around 45 degrees. The stepped portion
160 is not limited to including a straight inclining surface. As
shown in FIG. 3 as an example, the inclining surface may have
a continuously changing inclination angle like a quadratic
curve as seen in a cross-sectional view.

[0060] The stepped portion 160 of the second electrode 148
can be formed by roughening the surface of the first insulating
layer 150, which is an underlying layer of the second elec-
trode 148, in accordance with the position at which the second
electrode 148 is to be provided. Preferably, the opening is
formed so as to expose the surface of the first electrode 146,
which would be otherwise buried by the first insulating layer
150. In this manner, the stepped portion 160 can be formed by
merely changing the electrode pattern, without significantly
changing the production process. In the case where the insu-
lating material used to form the first insulating layer 150 and
the metal material used to form the first electrode 146 are
selectively processed in the etching step, the selection ratio of
etching is relatively high. Therefore, the etching itself is not
much difficult. In addition, since the opening of the first
insulating layer 150 also acts as a contact hole, the number of
etching steps is not increased.

[0061] Namely, it is considered that in the pixel structure
shown in FIG. 2 and FIG. 3, the contact hole that connects the
pixel electrode and the lines provided in the layer below the
pixel electrode is expanded to a certain area in the pixel
electrode. In addition, a bottom surface of the contact hole is
flat, and thus this area is also usable as an effective light
emitting area. The inclining surface of the stepped portion
160 of the contact hole is inclining gently, and thus a light
emitting area can be continuously formed over the first planar
area 156, over the stepped portion 160 and onto the second
planar area 158 of the second electrode 148.
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[0062] As described above, among the light emitted by the
organic EL layer 162, the parallel light component is reflected
by the light-reflecting surface provided by the stepped portion
160 of the second electrode 148 and is emitted toward the
third electrode 164. As a result, the extraction efficiency of the
light generated by the organic EL layer 162 can be increased.
Provision of such a light-reflecting surface in the plane of the
pixel can further increase the extraction efficiency of the light
generated by the organic EL layer 162.

[0063] InFIG. 3, the driving transistor 130 has an insulating
gate structure, namely, includes a gate insulating layer 139
between the semiconductor layer 138 and the gate electrode
1405. The thin film transistor shown in FIG. 3, namely, the
driving transistor 130 has a top gate structure. The thin film
transistor is not limited to having the top gate structure. A
bottom gate structure, for example, may be used in the
organic electroluminescent display device in this embodi-
ment in substantially the same manner.

[0064] In the organic electroluminescent display device in
this embodiment, the stepped portion 160 of the second elec-
trode 148 acts as a light-reflecting surface. The light that is
emitted parallel to the film surface of the organic electrolu-
minescence layer 162 and the light that is emitted obliquely
from the organic electroluminescence layer 162 are reflected
by the light-reflecting surface to become emitted light from
the pixel.

[0065] According to this embodiment, the pixel electrode
includes the stepped portion 160, and thus the light emitted by
the organic EL layer 162 can be effectively extracted as emit-
ted light from the pixel, and also the light extraction efficiency
from the pixel can be increased. In other words, the contact
hole 160 of the pixel electrode is enlarged so that the bottom
surface of the contact hole acts as a light emitting surface in
addition to the top surface of the pixel electrode, and the side
wall of the contact hole 160 acts as a light-reflecting surface.
As a result, the light emitted by the organic EL layer 162 can
be effectively extracted in a direction in which the light is to
be emitted.

Embodiment 2

[0066] With reference to FIG. 4, a pixel structure of an
organic electroluminescent display device in this embodi-
ment will be described. In this embodiment, the first electrode
146, the second electrode 148, the first insulating layer 150
and the second insulating layer 152 have the same structure as
that in Embodiment 1.

[0067] As shown in FIG. 4, a third insulating layer 154 is
provided so as to overlap the stepped portion 160 of the
second electrode 148. The organic EL layer 162 and the third
electrode 164 are provided over the second electrode 148
except for the stepped portion 160. At the stepped portion
160, the organic EL layer 162 and the third electrode 164 are
provided over a top surface of the third insulating layer 154.
Namely, at least the organic EL layer 162 is out of contact
from the second electrode 148 at the stepped portion 160.
Therefore, an area of the organic EL layer 162 that is over the
third insulating layer 154 is a non-light emitting area where
no light is emitted.

[0068] Inthecase where the organic EL layer 162 is formed
over the first planar area 156, over the stepped portion 160 and
onto the second planar area 158, the direction in which the
light in the stepped portion 160 is emitted is different from the
direction in which the light in the planar areas 156 and 158 is
emitted. In the case where, for example, the first planar area
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156 and the second planar area 158 occupy most ofthe second
electrode 148, the vertical light component in the stepped
portion 160 is equivalent to the oblique light component in the
planar areas 156 and 158. Namely, where the pixel is seen
through in a plan view, the light emitted by the organic EL
layer 162 in an area corresponding to the stepped portion 160
may not be effectively used as emitted light from the pixel.
[0069] In this embodiment, the organic EL layer 162 does
not emit light in an area corresponding to the stepped portion
160. This decreases the amount of the oblique light compo-
nent. In the case where the third insulating layer 154 is formed
of a light-transmissive insulating material, the oblique light
component that is emitted from the organic EL layer 162 in an
area corresponding to the first planar area 156 (light repre-
sented with the arrowed one-dot chain lines in FIG. 4) is
reflected by the stepped portion 160 acting as a light-reflect-
ing surface as in Embodiment 1. The light reflected by the
stepped portion 160 is usable as the emitted light from the
pixel. Thus, the light utilization factor is increased. The
organic EL layer 162 does not emit light in an area corre-
sponding to the stepped portion 160. Therefore, color mixture
between the light emitted from pixels adjacent to each other
or pixels close to each other is prevented.

[0070] The third insulating layer 154 can be formed in the
same step as the second insulating layer 152. Therefore, the
pixel structure in this embodiment can be produced merely by
using a different photomask in the step of forming the second
insulating layer 152 as compared with the pixel structure in
Embodiment 1, with no addition of production steps.

[0071] In the organic electroluminescent display device in
this embodiment, the third insulating layer 154 is provided so
as to overlap the stepped portion 160 of the second electrode
148, and thus the stepped portion 160 is usable as a light-
reflecting surface. The light that is emitted parallel to the film
surface of the organic electroluminescence layer 162 and the
light that is emitted obliquely from the organic electrolumi-
nescence layer 162 are reflected by the light-reflecting sur-
face to become emitted light from the pixel.

[0072] According to this embodiment, the organic EL layer
162 does not emit light in an area corresponding to the
stepped portion 160 of the second electrode 148. Therefore,
the amount of the oblique light component can be decreased.
Among the light emitted in an area corresponding to the
planar areas 156 and 158, the oblique light component is
reflected to become emitted light from the pixel. This can
increase the light extraction efficiency from the pixel.

Embodiment 3

[0073] Withreference to FIG. 5 and F1G. 6, a pixel structure
of an organic electroluminescent display device in this
embodiment will be described. FIG. 5is a plan view of a pixel,
and FIG. 6 shows a cross-sectional structure of the pixel taken
along line A-B in FIG. 5. The following description will be
given with reference to FIG. 5 and FIG. 6.

[0074] In the pixel in this embodiment, an end of the first
insulating layer 150 is in an area outer to the first electrode
146. Namely, an edge portion of the opening of the first
insulating layer 150 is in an area outer to the first electrode
146. The second electrode 148 is provided over the first
electrode 146, at the edge portion of the opening of the first
insulating layer 150 and onto the top surface of the first
insulating layer 150. The second insulating layer 152 is pro-
vided so as to cover a peripheral portion of the second elec-
trode 148. The organic EL layer 162 and the third electrode
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164 are provided over the top surface of the second electrode
148 and onto the surface of the second insulating layer 152.

[0075] In such a structure, the stepped portion 160 is pro-
vided in a peripheral area of the second electrode 148. There-
fore, among the light emitted by the organic EL layer 162 in
an inner area of the pixel (inner area of the second electrode
148), the oblique light component (light represented with the
arrowed one-dot chain lines in FIG. 6) is reflected by the
light-reflecting surface provided by the stepped portion 160.

[0076] Such a pixel structure in this embodiment can be
produced merely by using a different photomask in the step of
forming the opening of the first insulating layer 150 as com-
pared with the pixel structure in any of the above-described
embodiments, with no addition of production steps.

[0077] In the organic electroluminescent display device in
this embodiment, the stepped portion 160 of the second elec-
trode 148 is located in the peripheral area of the second
electrode 148. Owing to this structure, a larger amount of the
light that is emitted parallel to the film surface of the organic
electroluminescence layer and also a larger amount of the
light that is emitted obliquely from the organic electrolumi-
nescence layer are reflected by the light-reflecting surface to
become emitted light from the pixel.

[0078] According to the pixel structure in this embodiment,
the light-reflecting surface provided by the stepped portion
160 of the second electrode 148 is located in the peripheral
area of the second electrode 148. Owing to this, among the
light emitted by the organic EL layer 162 in an area corre-
sponding to the inner area of the second electrode 148, the
oblique light component is reflected by the light-reflecting
surface. This can further increase the light utilization factor.

Embodiment 4

[0079] Withreferenceto FIG. 7and FIG. 8, a pixel structure
of an organic electroluminescent display device in this
embodiment will be described. FIG. 7 is a plan view of a pixel,
and FIG. 8 shows a cross-sectional structure of the pixel taken
along line A-B in FIG. 7. The following description will be
given with reference to FIG. 7 and FIG. 8.

[0080] The first insulating layer 150 has a first opening 168
that exposes the top surface of the first electrode 146. An edge
portion of the first insulating layer 150 around the first open-
ing 168 is provided so as to cover a peripheral portion of the
first electrode 146. A side wall of the first opening 168
includes an inclining surface. Preferably, as schematically
shown in FIG. 8, the inclining surface may have a continu-
ously changing inclination angle like a quadratic curve as
seen in a cross-sectional view.

[0081] Embodiment 3 is different from Embodiment 1 in
the height of the side wall of the first opening 168. In FIG. 8,
the first insulating layer 150 is thinner than that in FIG. 3, and
thus a first stepped portion 160a is lower than the stepped
portion 160 in FIG. 3. As can be seen, since the first insulating
layer 150 is thinned in the vicinity of the first electrode 146,
and thus the first stepped portion 1604 formed by the first
opening 168 is inclining more gently.

[0082] The first insulating layer 150 has a second opening
170 outer to the first opening 168. It is preferable that an edge
portion of the second opening 170 of the first insulating layer
150 is provided along a peripheral area of the second elec-
trode 148. It is preferable that a side wall of the second
opening 170 also includes an inclining surface. A peripheral
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portion of the second electrode 148 is provided along the
inclining surface and thus a second stepped portion 1605 is
formed.

[0083] The peripheral portion of the second electrode 148
is covered with the second insulating layer 152. The organic
EL layer 162 and the third electrode 164 are provided over the
second electrode 148 and onto the surface of the second
insulating layer 152. As can be seen, the pixel in this embodi-
ment includes the first stepped portion 160« in the inner area
thereof and also the second stepped portion 1605 in an area
outer to the first stepped portion 1604.

[0084] As described above in Embodiment 1, the first
stepped portion 160« (corresponding to the stepped portion
160 in Embodiment 1) of the second electrode 148 acts as a
light-reflecting surface that reflects the parallel light compo-
nent emitted by the organic EL layer 162 (light represented
with the arrowed two-dot chain lines in FIG. 8) and the
oblique light component also emitted by the organic EL layer
162 (light represented with the arrowed one-dot chain lines in
FIG. 8) in a direction that the light is to be emitted from the
pixel. In this embodiment, the first stepped portion 160a and
the second stepped portion 1605 both act as a light-reflecting
surface. In addition, the inclination angle of the first stepped
portion 160a and the inclination angle of the second stepped
portion 1605 are made different from each other. Therefore, a
larger amount of the parallel light component and also a larger
amount of the oblique light component are reflected, and the
direction in which the light reflected by the first stepped
portion 160a is emitted made different from the direction in
which the light reflected by the second stepped portion 1605
is emitted.

[0085] FIG. 9 shows a modification example of this
embodiment. In the structure shown in FIG. 9, the first open-
ing 168 of the first insulating layer 150 is smaller than that in
FIG. 8. As can be seen, the second planar area 158 over the
first insulating layer 150 is enlarged in this manner, and thus
a larger amount of the parallel light component and also a
larger amount of the oblique light component are reflected by
the second stepped portion 1604. In addition, a connection
area between the first electrode 146 and the second electrode
148, namely, the area of the contact hole also acts as a light
emitting area. This can increase the numerical aperture of the
pixel.

[0086] In this embodiment, the thickness of the first insu-
lating layer 150 is made different in one area from in another
area so as to provide the first stepped portion 160a and the
second stepped portion 1605. The first insulating layer 150
having such different thicknesses can be formed by, for
example, etching performed such that the firstinsulating layer
150 is partially thinner than the rest thereof. In this case, a
half-tone mask may be used in a photolithography step to
decrease the number of steps.

[0087] In the organic electroluminescent display device in
this embodiment, a plurality of stepped portions are provided
in the plane of the second electrode 148, namely, in the pixel.
Owing to this structure, the light that is emitted parallel to the
film surface of the organic electroluminescence layer 162 and
the light that is emitted obliquely from the organic electrolu-
minescence layer 162 are reflected in a larger number of areas
to become emitted light from the pixel.

[0088] According to the pixel structure in this embodiment,
a plurality of stepped portions are provided in the pixel.
Owing to this structure, among the light emitted by the
organic EL layer 162, the parallel light component and the
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oblique light component are reflected by the plurality of light-
reflecting surfaces. This can further increase the light utiliza-
tion factor.

Embodiment 5

[0089] FIG. 10 shows a structure in which the second
stepped portion 1604 is buried by the second insulation layer
152. The organic EL layer 162 and the third electrode 164 are
formed over the surface of the second electrode 148 and onto
the surface of the second insulating layer 152. A light emitting
area of the organic EL layer 162 is formed in an area where the
second electrode 148 and the third electrode 164 overlap each
other while having the organic EL layer 162 there between.
Therefore, in this embodiment, the organic EL layer 162 does
notemit light in an area corresponding to the inclining surface
along the peripheral portion of the second electrode 148.
Light is not emitted obliquely in this area.

[0090] Inthe meantime, the second stepped portion 1605 of
the second electrode 148 acts as a light-reflecting surface.
Therefore, among the light emitted by the organic EL layer
162, the parallel light component (light represented with the
arrowed two-dot chain lines in F1G. 10) and the oblique light
component (light represented with the arrowed one-dot chain
lines in FIG. 10) are reflected by the second stepped portion
1605 to become emitted light from the pixel.

[0091] In the organic electroluminescent display device in
this embodiment, a plurality of stepped portions are provided
in the plane of the second electrode 148, namely, in the pixel,
and the stepped portion 1605 along the peripheral portion of
the second electrode 148 is covered with the second insulat-
ing layer 152. Owing to this structure, the stepped portion
1605 is a non-light emitting area and acts as a light-reflecting
surface. Therefore, the light that is emitted parallel to the film
surface of the organic electroluminescence layer 162 and the
light that is emitted obliquely from the organic electrolumi-
nescence layer 162 are reflected by the light-reflecting sur-
face to become emitted light from the pixel.

[0092] According to the pixel structure in this embodiment,
the second insulating layer 152 is provided so as to cover the
peripheral portion of the second electrode 148. Owing to this
structure, the light emitting area is flat in an area inner to the
peripheral portion of the second electrode 148, and the par-
allel light component and the oblique light component in the
organic EL layer 162 are reflected. This can increase the light
utilization factor.

What is claimed is:

1. An organic electroluminescent display device, compris-

ing:

a first electrode connecting to a light emitting control
device;

a first insulating layer covering a peripheral portion of the
first electrode and having an opening exposing an area of
inner side of the peripheral portion of the first electrode;

a second electrode contacting the first electrode in the
opening of the first insulating layer and from the upper
surface of the first electrode to the upper surface of the
first insulating layer;,

a second insulating layer covering a peripheral portion of
the second electrode;

an organic electroluminescence layer extending from a top
surface of the second electrode to a top surface of the
second insulating layer;

a third electrode over the organic electroluminescence
layer;
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the second electrode including a stepped portion between
the first electrode and the first insulating layer; and

an overlapping area of the second electrode, the organic
electroluminescence layer and the third electrode each
other is a light emitting area, and the light emitting area
is including the stepped portion.

2. The organic electroluminescent display device accord-
ing to claim 1, wherein the second electrode has a light-
reflecting surface, and the light-reflecting surface is curved at
the stepped portion.

3. The organic electroluminescent display device accord-
ing to claim 2, wherein the second electrode includes a metal
layer formed of aluminum (Al) or silver (Ag) and a transpar-
ent conductive layer provided over a top surface of the metal
layer.

4. An organic electroluminescent display device, compris-
ing:

a first electrode connecting to a light emitting control

device;

a first insulating layer covering a peripheral portion of the
first electrode and having an opening exposing an area of
inner side of the peripheral portion of the first electrode;

a second electrode contacting the first electrode in the
opening of the first insulating layer and extending from
the upper surface of the first electrode to the upper sur-
face of the first insulating layer;

a second insulating layer covering a peripheral portion of
the second electrode;

a third insulating layer covering a peripheral portion of the
opening of the first insulating layer;

an organic electroluminescence layer extending from a top
surface of the second electrode to a top surface of the
second insulating layer and the third insulating layer;

a third electrode over the organic electroluminescence
layer; and

an overlapping area of the second electrode, the organic
electroluminescence layer and the third electrode each
other at the opening of the third insulating layer is a light
emitting area.

5. The organic electroluminescent display device accord-
ing to claim 4, wherein the second electrode has a light-
reflecting surface and extends along a stepped portion
between the first electrode and the first insulating layer, and
the light-reflecting surface is curved at the at the stepped
portion.

6. The organic electroluminescent display device accord-
ing to claim 5, wherein the second electrode includes a metal
layer formed of aluminum (Al) or silver (Ag) and a transpar-
ent conductive layer provided over a top surface of the metal
layer.

7. The organic electroluminescent display device accord-
ing to claim 4, wherein the third insulating layer is light-
transmissive.

8. An organic electroluminescent display device, compris-
ing:

a first electrode connecting to a light emitting control

device;

a first insulating layer having an opening which exposes the
first electrode and has an edge portion in an area outer to
the first electrode;

a second electrode contacting the first electrode, and
extending from the upper surface of the first electrode to
the edge portion of the opening of the first insulating
layer;
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a second insulating layer covering a peripheral portion of
the second electrode;

an organic electroluminescence layer extending from a top
surface of the second electrode to a top surface of the
second insulating layer;

a third electrode over the organic electroluminescence
layer;

the second electrode includes a stepped portion at least at
the edge portion of the opening of the first insulating
layer; and

the edge portion and an overlapping area of the second
electrode, the organic electroluminescence layer and the
third electrode each other is a light emitting area.

9. The organic electroluminescent display device accord-
ing to claim 8, wherein the second electrode has a light-
reflecting surface, and the light-reflecting surface is curved at
the stepped portion.

10. The organic electroluminescent display device accord-
ing to claim 9, wherein the second electrode includes a metal
layer formed of aluminum (Al) or silver (Ag) and a transpat-
ent conductive layer provided over a top surface of the metal
layer.

11. An organic electroluminescent display device, com-
prising:

a first electrode connecting to a light emitting control

device;

a first insulating layer which has a first opening and a
second opening and covers a peripheral portion of the
first electrode, the first opening exposing an area of inner
side of the peripheral portion of the first electrode, and
an edge portion of the second opening arranged an area
of outer side of the first electrode;

asecond electrode contacting the first electrode in the first
opening of the first insulating layer and extending from
the upper surface of the first electrode to the upper sur-
face of the first insulating layer;

a second insulating layer covering a peripheral portion of
the second electrode;

an organic electroluminescence layer extending from a top
surface of the second electrode to a top surface of the
second insulating layer;

a third electrode over the organic electroluminescence
layer;

the second electrode includes a first stepped portion at an
edge portion of the first opening of the first insulating
layer and a second stepped portion at the edge portion of
the second opening; and

an overlapping area of the second electrode, the organic
electroluminescence layer and the third electrode each
other is a light emitting area, and the light emitting area
including the first stepped portion and the second
stepped portion.

12. The organic electroluminescent display device accord-

ing to claim 11, wherein the second electrode has a light-
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reflecting surface, and the light-reflecting surface is curved at
the first stepped portion and the second stepped portion.

13. The organic electroluminescent display device accord-
ing to claim 12, wherein the second electrode includes a metal
layer formed of aluminum (Al) or silver (Ag) and a transpar-
ent conductive layer provided over a top surface of the metal
layer.

14. The organic electroluminescent display device accord-
ing to claim 11, wherein the first stepped portion and the
second stepped portion each include an inclining surface.

15. The organic electroluminescent display device accord-
ing to claim 11, wherein the inclining surface of the first
stepped portion is inclining at an inclination angle smaller
than an inclination angle of the inclining surface of the second
stepped portion.

16. An organic electroluminescent display device, com-
prising:

a first electrode connecting to a light emitting control

device;

a first insulating layer which has a first opening and a
second opening and covers a peripheral portion of the
first electrode and the first opening exposing an area of
inner side of the peripheral portion of the first electrode;

a second electrode contacting the first electrode in the first
opening of the first insulating layer and extending from
the upper surface of the first electrode to the upper sur-
face of the first insulating layer;

a second insulating layer covering a peripheral portion of
the second electrode and the edge portion of the second
opening of the first insulating layer;

an organic electroluminescence layer extending from atop
surface of the second electrode and onto a top surface of
the second insulating layer; and

a third electrode over the organic electroluminescence
layer;

the second electrode includes a first stepped portion at an
edge portion of the first opening and a second stepped
portion at an edge portion of the second opening of the
first insulating layer, the second stepped portion is cov-
ered by the second insulating layer; and

an overlapping area of the first stepped portion, the second
electrode, the organic electroluminescence layer and the
third electrode each other is a light emitting area.

17. The organic electroluminescent display device accord-
ing to claim 16, wherein the second electrode has a light-
reflecting surface, and the light-reflecting surface is curved at
the first stepped portion and the second stepped portion.

18. The organic electroluminescent display device accord-
ing to claim 17, wherein the second electrode includes a metal
layer formed of aluminum (Al) or silver (Ag) and a transpar-
ent conductive layer provided over a top surface of the metal
layer.
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