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DISPLAY DEVICE AND ELECTRONIC
APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a display device
and an electronic apparatus.

BACKGROUND ART

[0002] Of display devices in recent years, the mainstream
is flat panel type display devices. As one of the flat panel
type display devices, there is a display device in which what
is generally called a current driving type electrooptical
element that has a light emission luminance varying accord-
ing to the current passed through the device are used as a
light emitting section (light emitting element) of a pixel. As
the current driving type electrooptical element, there is
known an organic electroluminescence (EL) element in
which EL of an organic material is utilized and the phenom-
enon of light emission upon application of an electric field
to an organic thin film is used.

[0003] An organic EL display device using an organic EL
element as a light emitting section of a pixel generally has
a configuration in which an insulating film is provided in a
state covering a circuit section formed over a substrate by
using thin-film transistors (TFTs), and organic EL elements
are arranged and formed over this insulating film. In addi-
tion, a cathode electrode as an upper electrode is formed
over the organic EL elements in common for all pixels. The
cathode electrode should be electrically connected to the
circuit section.

[0004] In order to electrically connect the cathode elec-
trode with the circuit section, in the past, a configuration has
been adopted in which a contact region is provided at an
outer peripheral portion of an effective pixel region (display
region), and electrical connection between the cathode elec-
trode and the circuit section is made at the contact region
(see, for example, PTL 1).

CITATION LIST

Patent Literature

[PTL 1]
[0005] Japanese Patent Laid-Open No. 2014-199739
SUMMARY
Technical Problem

[0006] Incidentally, the contact region provided at the
outer peripheral portion of the effective pixel region for the
purpose of providing electrical connection between the
cathode electrode and the circuit section constitutes a rate-
determining factor for the width of a frame of the display
panel (panel peripheral edge portion). When the frame width
of the display panel is large, it leads to a rise in manufac-
turing cost due to a reduction in theoretical yield, and, since
there are limitations on the design of the display device
mounting product, mechantability as a device is lowered.

[0007] In view of the foregoing, it is an object of the
present disclosure to provide a display device capable of
narrowing a frame of a display panel, in providing a contact
region for electrical connection between a cathode electrode
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and a circuit section at an outer peripheral portion of an
effective pixel region, and an electrical apparatus including
the display device.

Solution to Problem

[0008] In order to achieve the above-mentioned object,
according to the present disclosure, there is provided a
display device including:

[0009] an organic EL layer formed over a circuit section
formed over a substrate, with an insulating film interposed
between the circuit section and the organic EL layer;
[0010] a cathode electrode formed over the organic EL
layer in common for all pixels; and

[0011] a contact electrode that is provided at an outer
peripheral portion of an effective pixel region and electri-
cally connects the cathode electrode with the circuit section,
in which

[0012] the cathode electrode is electrically connected to
the contact electrode, on an inner side as compared to an end
surface of a film formation area of the organic EL layer. In
addition, an electronic apparatus according to the present
disclosure to achieve the above-mentioned object includes
the display device configured as described above.

[0013] The configuration in which the cathode electrode is
electrically connected to the contact electrode on an inner
side as compared to the end surface of the film formation
area of the organic EL layer makes it unnecessary to form
the cathode electrode in a size larger than the film formation
area of the organic EL layer, and, therefore, manufacturing
variability of the end surface of the film formation region of
the organic EL layer and manufacturing variability of the
end surface of the film formation area of the cathode
electrode 109 are not required to be taken into account on an
addition basis. As a result, the area of the contact region
required on the outer side of the effective pixel region can be
reduced as compared to the case where the electrical contact
of the cathode electrode with the contact electrode is secured
on an outer side as compared to the end surface of the film
formation area of the organic EL layer.

Advantageous Effects of Invention

[0014] According to the present disclosure, in providing
the contact region for electrical connection between the
cathode electrode and the circuit section at an outer periph-
eral portion of the effective pixel region, it is possible to
reduce the area of the contact region, and, therefore, it is
possible to narrow the frame of the display panel. Note that
the effects described herein are not limitative, and any of the
effects described herein may be present. In addition, the
effects described herein are merely illustrative, and are not
limitative, and additional effects may be present.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1is a system configuration diagram schemati-
cally depicting the configuration of an active matrix type
organic EL display device of the present disclosure.

[0016] FIG. 2is a circuit diagram depicting an example of
a circuit configuration of a pixel (pixel circuit) in the active
matrix type organic EL display device of the present dis-
closure.

[0017] FIG. 3 is a sectional view depicting an example of
a sectional structure of a peripheral section of a display
panel.
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[0018] FIG. 4 is a sectional view depicting an example of
a sectional structure of an organic EL layer.

[0019] FIG. 5A is a schematic configuration diagram, in
plan view, explaining a contact structure of a cathode
electrode according to an example in related art, and FIG. 5B
is a sectional view taken along line A-A of FIG. 5A,
depicting a sectional structure.

[0020] FIG. 6A is a schematic configuration diagram, in
plan view, depicting a contact structure of a cathode elec-
trode according to Example 1, FIG. 6B is a sectional view
taken along line A-A of FIG. 6A, depicting a sectional
structure, and FIG. 6C is a sectional view taken along line
B-B of FIG. 6A, depicting a sectional structure.

[0021] FIG. 7A is a schematic configuration diagram, in
plan view, depicting an example of another shape of pro-
jected portions of a projected and recessed shape in a contact
structure of a cathode electrode according to Example 2, and
FIG. 7B is a schematic configuration diagram, in plan view,
depicting another example of the other shape.

[0022] FIG. 8 is a schematic configuration diagram, in
plan view, depicting a contact structure of a cathode elec-
trode according to Example 3.

[0023] FIG. 9Ais a diagram depicting a difference in light
emission luminance attendant on a voltage drop difference
between a central portion and a peripheral portion of a
display panel, and FIG. 9B is a diagram depicting a differ-
ence in light emission luminance attendant on a difference in
distance from a cathode contact electrode to a power source
supply terminal.

[0024] FIG. 10 is a schematic configuration diagram, in
plan view, depicting a contact structure of a cathode elec-
trode according to Example 4.

[0025] FIG. 11A s a front view of a digital still camera of
a lens interchangeable single-lens reflex type according to
Specific Example 1 of an electronic apparatus of the present
disclosure, and FIG. 11B is a back elevation thereof.
[0026] FIG. 12 is an external view depicting an example
of a head-mounted display according to Specific Example 2
of the electronic apparatus of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0027] Modes for carrying out the technology of the

present disclosure (hereinafter referred to as “embodi-

ments”) will be described in detail below referring to the

drawings. The technology of the present disclosure is not

limited to the embodiments, and various numerical values,

materials and so forth in the embodiments are illustrative. In

the following description, the same elements or elements

having the same functions will be denoted by the same

reference signs, and repeated descriptions will be omitted.

Incidentally, description will be made in the following order.

[0028] 1. General description of display device and elec-
tronic apparatus of the present disclosure

[0029] 2. Display device of the present disclosure

[0030] 2-1. System configuration

[0031] 2-2. Pixel circuit

[0032] 2-3. Sectional structure of display panel

[0033] 2-4. Contact structure of cathode electrode

[0034] 2-5. Example 1 (display device of the present

disclosure)

[0035] 2-6. Example 2 (modification of Example 1)

[0036] 2-7. Example 3 (modification of Example 1)

[0037] 2-8. Example 4 (modification of Example 1)

[0038] 3. Modifications
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[0039] 4. Electronic apparatus of the present disclosure

[0040] 4-1. Specific example 1 (example of digital still

camera)

[0041] 4-2. Specific example 2 (example of head-mounted

display)

[0042] 5. Configuration that can be adopted by the present
disclosure

<@General Description of Display Device and Electronic
Apparatus of the Present Disclosure>

[0043] In a display device and an electronic apparatus of
the present disclosure, an end portion of a film formation
area of an organic EL. layer may have a projected and
recessed shape in a side direction. In addition, a cathode
electrode may be configured to be electrically connected to
a contact electrode at recessed portions of the projected and
recessed shape at the end portion of the film formation area
of the organic EL layer.

[0044] In the display device and electronic apparatus of
the present disclosure including the above-mentioned pre-
ferred configurations, projected portions of the projected and
recessed shape at the end portion of the film formation area
of the organic EL layer may have a rectangular shape, a
triangular shape or an arcuate shape. Besides, the projected
and recessed shape at the end portion of the film formation
area of the organic EL layer may vary in density of the pitch
of the projected portions. In this instance, the projected and
recessed shape at the end portion of the film formation area
of the organic EL layer is preferably configured such that the
pitch of the projected portions at a central portion of a side
is dense, and the pitch of the projected portions at end
portions of the side is coarse.

[0045] Further, in the display device and electronic appa-
ratus of the present disclosure including the above-men-
tioned preferred configurations, a cathode electrode may
have a power source supply terminal. In addition, the
projected and recessed shape at the end portion of the film
formation area of the organic EL layer is preferably config-
ured such that the pitch of the projected portions on a side
nearer to the power source supply terminal of the cathode
electrode is coarse, and the pitch of the projected portions on
a side farther from the power source supply terminal is
dense.

<Display Device of Present Disclosure>

[0046] The display device of the present disclosure is an
active matrix type display device in which a current flowing
in an electrooptical element is controlled by an active
element, for example, an insulated gate field effect transistor,
which is provided in the same pixel circuit as the electroop-
tical element. Typical examples of the insulated gate field
effect transistor include MOS (Metal Oxide Semiconductor)
transistor and TFT (Thin Film Transistor).

[0047] Here, an active matrix type organic EL display
device in which a current driving type electrooptical element
having a light emission luminance varying according to a
current flowing in a device, for example, an organic EL
element, is used as a light emitting section (light emitting
element) in a pixel circuit is taken as an example in the
following description. In the following description, “the
pixel circuit” may be simply described as “the pixel”.
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[System Configuration]

[0048] FIG.1is a system configuration diagram schemati-
cally illustrating the configuration of an active matrix type
organic EL display device of the present disclosure. As
depicted in FIG. 1, an organic EL display device 10 of the
present disclosure includes a pixel array section 30 in which
a plurality of pixels 20 including organic EL elements is
two-dimensionally arranged in a matrix pattern, and a
peripheral circuit (peripheral drive section) disposed in the
periphery of the pixel array section 30.

[0049] The peripheral circuit includes, for example, a
write scanning section 40, a drive scanning section 50 and
a signal output section 60 and the like mounted on the same
display panel 70 as the pixel array section 30, and drives
each of the pixels 20 in the pixel array section 30. Note that
a configuration may be adopted in which some or all of the
write scanning section 40, the drive scanning section 50 and
the signal output section 60 are provided outside of the
display panel 70.

[0050] As a substrate of the display panel 70, an insulating
transparent substrate such as a glass substrate, or a semi-
conductor substrate such as a silicon substrate can be used.
An organic EL display device using a semiconductor sub-
strate such as a silicon substrate as the substrate of the
display panel 70 is what is generally called a micro-display
(small-type display), which is suitably used for electronic
view finders of digital still cameras, display sections of
head-mounted displays, and so on.

[0051] The organic EL display device 10 may be config-
ured for monochromic (black-and-white) display, or may be
configured for color display. In the case where the organic
EL display device 10 is for color display, one pixel (umt
pixel) as a unit for forming a color image includes a plurality
of sub-pixels. In this instance, each of the sub-pixels corre-
sponds to the pixel 20 in FIG. 1. More specifically, in a
display device for color display, one pixel includes, for
example, a sub-pixel that emits red (R) light, a sub-pixel that
emits green (G) light, and a sub-pixel that emits blue (B)
light.

[0052] It is to be noted, however, that one pixel is not
limited to a combination of the sub-pixels for the three
primary colors of RGB, and further a sub-pixel or sub-pixels
for one or a plurality of colors may be added to the
sub-pixels for the three primary colors to constitute one
pixel. More specifically, for example, for enhancing lumi-
nance, a sub-pixel for emitting white (W) light may be added
in constituting one pixel, or, for enlarging a color reproduc-
tion range, at least one sub-pixel for emitting complemen-
tary color light may be added in constituting one pixel.
[0053] In the pixel array section 30, with respect to the
arrangement of the pixels 20 in m rows and n columns,
scanning lines 31 (31, to 31,,) and drive lines 32 (32, to
32m) are arranged along a row direction (the arranging
direction of pixels in a pixel row: horizontal direction) on a
pixel row basis. Further, with respect to the arrangement of
the pixels 20 in m rows and n columns, signal lines 33 (33,
to 33,) are arranged along a column direction (the arranging
direction of pixels in a pixel column: vertical direction) on
a pixel column basis.

[0054] The scanning lines 31, to 31 are connected
respectively to output ends of the corresponding rows of the
write scanning section 40. The drive lines 32, to 32, are
connected respectively to output ends of the corresponding
rows of the drive scanning section 50. The signal lines 33,
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to 33, are connected respectively to output ends of the
corresponding columns of the signal output section 60.
[0055] The write scanning section 40 includes a shift
register circuit and the like. This write scanning section 40,
at the time of writing signal voltages of video signals to the
pixels 20 of the pixel array section 30, performs what is
generally called a line sequential scanning in which write
scanning signals WS (WS, to WS are sequentially sup-
plied to the scanning lines 31 (31, to 31,) to thereby
sequentially scan the pixels 20 of the pixel array section 30
row by row.

[0056] The drive scanning section 50 includes a shift
register circuit and the like, similarly to the write scanning
section 40. This drive scanning section 50 controls light
emission/non-light-emission (quenching) of the pixels 20 by
supplying light emission control signals DS (DS, to DS,) to
the drive lines 32 (32, to 32,), synchronously with the line
sequential scanning by the write scanning section 40.
[0057] The signal output section 60 selectively outputs a
signal voltage V, of a video signal according to luminance
information supplied from a signal supply source (not illus-
trated) (hereinafter sometimes described simply as “signal
voltage”) and a reference voltage V4. Here, the reference
voltage V. is a voltage corresponding to a voltage serving
as a reference for the signal voltage V4 of the video signal
(for example. a voltage corresponding to a black level of the
video signal), or a voltage in the vicinity thereof. The
reference voltage V - is used as an initializing voltage at the
time of performing a correcting operation.

[0058] The signal voltage V,,  or the reference voltage
Vs alternatively outputted from the signal output section 60
is written to the pixels 20 of the pixel array section 30
through the signal lines 34 (34, to 34,) in the unit of the pixel
row selected by the line sequential scanning by the write
scanning section 40. In other words, the signal output
section 60 adopts a driving form of line sequential writing in
which the signal voltage V. is written in the unit of pixel
row (line).

[Pixel Circuit]

[0059] FIG. 2 is a circuit diagram depicting an example of
a circuit configuration of a pixel (pixel circuit) in the active
matrix type organic EL display device 10 of the present
disclosure. A light emitting section of the pixel 20 includes
an organic EL element 21. The organic EL element 21 is an
example of a current driving type electrooptical element that
has a light emission luminance varying according to a
current flowing in a device.

[0060] As illustrated in FIG. 2, the pixel 20 includes the
organic EL element 21, and a driving circuit (pixel driving
circuit) that drives the organic EL element 21 by passing a
current to the organic EL, element 21. The organic EL
element 21 has a cathode electrode connected to a common
power source line 34 arranged in common for all the pixels
20. In the figure, C_,; is an equivalent capacitance of the
organic EL element 21.

[0061] The driving circuit for driving the organic EL
element 21 includes a drive transistor 22, a sampling tran-
sistor 23, a light emission control transistor 24, a storage
capacitor 25, and an auxiliary capacitor 26. Here, it is
assumed that the organic EL element 21 and the driving
circuit therefor are formed not on an insulating body such as
a glass substrate but on a semiconductor substrate such as a
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silicon substrate, and a configuration using a P channel type
transistor as the drive transistor 22 is adopted.

[0062] In addition, in this example, a configuration using
the P channel type transistor also for the sampling transistor
23 and the light emission control transistor 24, similarly to
the drive transistor 22, is adopted. Therefore, the drive
transistor 22, the sampling transistor 23 and the light emis-
sion control transistor 24 are not of the type of three
terminals of source/gate/drain but are of the type of four
terminals of source/gate/drain/back gate. A power source
voltage V , is applied on the back gate.

[0063] It is to be noted, however, that the sampling tran-
sistor 23 and the light emission control transistor 24 are
switching transistors functioning as switching elements, and
are therefore not limited to P channel type transistors.
Accordingly, the sampling transistor 23 and the light emis-
sion control transistor 24 may be N channel type transistors,
or transistors in which P channel type and N channel type are
mixedly present.

[0064] In the pixel 20 configured as described above, the
sampling transistor 23 samples the signal voltage V. sup-
plied from the signal output section 60 through the signal
line 33, and writes it into the storage capacitor 25. The light
emission control transistor 24 is connected between a node
of the power source voltage V , ; and a source electrode of the
drive transistor 22, and controls under the drive by a light
emission control signals DS light emission/non-light-emis-
sion of the organic EL element 21.

[0065] The storage capacitor 25 is connected between a
gate electrode and the source electrode of the drive transistor
22. The storage capacitor 25 holds the signal voltage V..
written by the sampling by the sampling transistor 23. The
drive transistor 22 drives the organic EL element 21 by
causing a drive current according to the voltage held in the
storage capacitor 25 to flow in the organic EL element 21.
[0066] The auxiliary capacitor 26 is connected between
the source electrode of the drive transistor 22 and a fixed-
potential node, for example, the node of the power source
voltage V ;. This auxiliary capacitor 26 operates to restrain
a source potential of the drive transistor 22 from fluctuating
when the signal voltage V. is written, and to cause a
gate-source voltage V, of the drive transistor 22 to be a
threshold voltage V,, of the drive transistor 22.

[Sectional Structure of Display Panel]

[0067] An example of sectional structure of a peripheral
edge portion of the display panel 70 is illustrated in FIG. 3.
The display panel 70 exemplified here is what is generally
called a top emission type display panel in which light in any
of the colors of R (red), G (green) or B (blue) is emitted from
a panel top surface (a surface on the side opposite to a
substrate 101) side by, for example, a combination of a white
organic BL element emitting white light and color filters.

[0068] A region over the substrate 101 constituting the
display panel 70 includes an effective pixel region (display
region) 101A in which a plurality of pixels 20 is arranged in
a matrix pattern and which corresponds to the pixel array
section 30, and a peripheral region 101B located in the
periphery (outer edge side; outer periphery side) of the
effective pixel region 101A. A pixel drive circuit 102A
including the drive transistor 22, the sampling transistor 23,
the light emission control transistor 24, the storage capacitor
25 and the auxiliary capacitor 26 is provided in the effective
pixel region 101A. A peripheral circuit 102B including the
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write scanning section 40, the drive scanning section 50 and
the signal output section 60 and the like is provided in the
peripheral region 101B. In addition, a circuit layer 102
including circuit sections of the pixel drive circuits 102A
and the peripheral circuit 102B and a metallic layer 102C is
formed over the substrate 101.

[0069] The display panel 70 has a stacked structure in
which, for example, an inorganic insulating layer layer 103,
an organic insulating layer 104, an anode electrode 105
(inclusive of a conductive layer 106 in the same layer), an
organic insulating layer 107, an organic EL layer 108, a
cathode electrode 109, a protective layer 110, a filler layer
(adhesion layer) 111, a sealing material 112, and a black
matrix layer 113 are sequentially stacked in this order over
the circuit layer 102. Note that, in the same layer as the black
matrix layer 113, color filters 115 (see FIG. 4) are provided
on a pixel basis. In addition, a sealing substrate 114 is
adhered onto this stacked structure, to seal the stacked
structure.

[0070] In the above-mentioned stacked structure, the
anode electrode 105 and the conductive layer 106 are
conductive films formed using the same material in the same
step and are separated from each other by an opening 115,
and both regions are electrically non-conductive with each
other. Besides, the conductive layer 106 is electrically
connected to the metallic layer 102C of the circuit layer 102
at an end portion on the anode electrode 105 side.

[0071] The metallic layer 102C has a function as a wiring
layer for the circuit sections of the pixel drive circuit 102A
and the peripheral circuit 102B, and has a function as a
wiring layer (electrode) for electrically connecting the cath-
ode electrode 109 to the circuit sections (securing contact of
the cathode electrode 109 with the circuit sections). In FIG.
3, a region from an end surface of a film formation area of
the organic EL layer 108 to an end surface of a film
formation area of the cathode electrode 109 is a contact
region X to secure contact between the conductive layer 106
having the function as a cathode contact electrode and the
cathode electrode 109. As the material for the metallic layer
102C, for example, simple substances of metallic element
such as aluminum (Al), copper (Cu) and titanium (Ti) or
alloys thereof can be used.

[0072] The inorganic insulating layer 103 is formed sub-
stantially uniformly over the circuit layer 102. As the
material for the inorganic insulating layer 103, for example,
inorganic materials such as silicon oxide (8i0,), silicon
nitride (SiN,), silicon oxynitride (SiN,O,), titanium oxide
(Ti0,) and aluminum oxide (ALO)) can be used.

[0073] The organic insulating layers 104 and 107 function
as an inter-pixel insulating layer, and the organic insulating
layer 104 is formed on the lower layer side, whereas the
organic insulating layer 107 is formed on the upper layer
side. The organic insulating layer 104 on the lower layer side
is formed over the substrate 101 such as to extend from the
effective pixel region 101A to its exterior region (for
example, an end portion of the substrate 101 through the
peripheral region 101B). The organic insulating layer 107 on
the upper layer side is formed from the effective pixel region
101A to part of the peripheral region 101B (for example, the
peripheral region 101B near the effective pixel region 101A,
and its end surface is covered with the organic EL layer 108.
As the material or materials for the organic insulating layers
104 and 107, for example, organic materials such as poly-
imide, acrylic and novolak resins or siloxanes can be used.
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[0074] The anode electrode 105, the organic EL layer 108
and the cathode electrode 109 are in a stacked structure
constituting the white organic EL element described above.
The anode electrode 105 is provided on the basis of the pixel
20 of each color in the effective pixel region 101A. In
addition, in the exterior region of the effective pixel region
101A (mainly, the peripheral region 101B), the anode elec-
trode 105 is formed in an extending manner, and the
conductive layer 106 cut by the opening 115 is formed
substantially uniformly. Specifically, the anode electrode
105 and the conductive layer 106 are formed using the same
material in the same step. As the anode electrode 105 and the
conductive layer 106, for example, metallic materials such
as aluminum (Al), or a stack of ITO (indium tin oxide) and
silver (Ag) can be used.

[0075] The organic EL laver 108 is formed over the
conductive layer 106 and the organic insulating layer 107 in
such a manner as to extend from the effective pixel region
101A to part of the peripheral region 101B. Details of the
specific structure of the organic EL layer 108 will be
described later.

[0076] The cathode electrode 109 includes a transparent
electrode, and is provided in the effective pixel region 101A
as a common electrode for the pixels 20. As the material for
the cathode electrode 109, for example, materials such as
ITO, IZ0 (indium zinc oxide) and ZnO (zinc oxide) can be
used.

[0077] The cathode electrode 109 is formed over the
substrate 101 such as to extend from the effective pixel
region 101A to its exterior region (for example, an end
portion of the peripheral region 102B). Specifically, the
cathode electrode 109 is formed in an extended region as
compared to the organic EL layer 108 provided over the
conductive layer 106 through a part covering an end surface
of the organic insulating layer 152. In this extended region,
the anode electrode 105 and the conductive layer 106 are
directly stacked.

[0078] In addition, the cathode electrode 109 is stacked
directly on the conductive layer 106 in the peripheral region
101B as described above. As a result, in the aforementioned
contact region X, the cathode electrode 109 and the metallic
layer 102 A are electrically connected through the conductive
layer 106. With the contact region X thus provided such as
to surround the effective pixel region 101A, decrease in
luminance at a central portion of the display panel 70 can be
restrained.

[0079] The protective layer 110 is formed over the cathode
electrode 109, and is formed continuously to a position on
the substrate 101 in such a manner as to, for example, cover
end surfaces of the peripheral circuit 102B, the inorganic
insulating layer 103, the organic insulating layer 104, the
conductive layer 106 and the cathode electrode 109. As the
material for this protective layer 110, for example, inorganic
materials such as silicon oxide (Si0,), silicon nitride (SiN,),
silicon oxynitride (SiN,O,), titanium oxide (Ti0,) or alu-
minum oxide (A1LO,) can be used.

[0080] The filler layer 111 is formed substantially uni-
formly over the protective layer 110, and functions as an
adhesion layer. As the material for this filler layer 111, for
example, epoxy resin, acrylic resins or the like can be used.
[0081] The sealing material 112 is disposed at an end
portion (end edge portion) of the substrate 101, and is a
member for sealing each layer between the substrate 101 and
the sealing substrate 114 from the exterior. As the material
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for the sealing material 112 as well, for example, epoxy
resin, acrylic resins or the like can be used.

[0082] The sealing substrate 114 seals the white organic
EL element, together with the filler layer 111 and the sealing
material 112. The sealing substrate 114 includes a material
such as glass which is transparent to light in each color
emitted from red pixels, green pixels and blue pixels. On a
surface on the substrate 101 side of this sealing substrate
114, color filters including, for example, red filters, green
filters and blue filters are provided respectively at positions
corresponding to the pixels 20, and the black matrix layer
113 is provided as a light shielding film between the pixels
20.

[0083] As a result, white light emitted from each of the
white organic EL elements in the red pixels, green pixels and
blue pixels is transmitted through each of the above-men-
tioned color filters, whereby red light, green light and blue
light are emitted respectively. In addition, external light
reflected in the red pixels, green pixels and blue pixels and
on wirings therebetween is absorbed, whereby contrast is
improved.

[0084] Details of the specific structure of the organic EL
layer 108 will be described using FIG. 4. FIG. 4 is a
sectional view depicting an example of a sectional structure
of the organic EL layer 108.

[0085] As illustrated in FIG. 4, the organic EL layer 108
has a stacked structure in which a hole injection layer 1081,
a hole transport layer 1082, a light emitting layer 1083, an
electron transport layer 1084 and an electron injection layer
1085 are sequentially stacked in this order from the anode
electrode 105. Of these layers, layers other than the light
emitting layer 1082 are only required to be provided as
needed. The hole injection layer 1081 is provided for
enhancing hole injection efficiency and preventing leakage.
The hole transport layer 1082 is an element for enhancing
efficiency of hole transfer to the light emitting layer 1083.
The light emitting layer 1083 is an element for generating
light through recombination of electrons and holes caused
by application of an electric field. The electron transport
layer 1084 is an element for enhancing efficiency of electron
transfer to the light emitting layer 1083. The electron
injection layer 1085 is an element for enhancing electron
injection efliciency. Note that the constituent material of the
organic EL layer 108 is not particularly limited, and general
low-molecular or polymeric organic materials can be used.
[0086] As described above, the organic EL display device
10 according to the present embodiment has a configuration
in which the organic insulating layer 104 is provided in a
state covering the circuit section (the pixel drive circuit
102A and the peripheral circuit 102B) formed over the
substrate 101, and the organic EL elements 21 are formed
over the organic insulating layer 104. The anode electrodes
105 as lower electrodes are provided under the organic EL
elements 21 on a pixel basis, whereas the cathode electrode
109 as an upper electrode is provided over the organic EL
elements 21 in common for all the pixels.

[Contact Structure of Cathode Electrode]

[0087] The cathode electrode 109 should be electrically
connected to the circuit section formed over the substrate
101. For realizing this electrical connection, in the organic
EL display device 10 according to the present embodiment,
the contact region X is provided at an outer peripheral
portion of the effective pixel region (display region) 101A,
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and electrical connection of the cathode electrode 109 with
the circuit section is made at the contact region X (see FIG.
3). More specifically, the cathode electrode 109 is electri-
cally connected to the metallic layer 102C of the circuit layer
102 through the conductive layer 106 formed over the
organic insulating layer 104 and having the function as a
cathode contact electrode.

[0088] The contact region X of the cathode electrode 109
constitutes a rate-determining factor for the width of a frame
(panel peripheral edge portion) of the display panel 70.
Therefore, in consideration of the manufacturing variability
of the end surface of the film formation area of the organic
EL layer 108 and the end surface of the film formation area
of the cathode electrode 109, the frame width should satisfy
the following conditions.

[0089] The organic EL layer 108 necessarily covers the
effective pixel region 101A, and the end surface of the film
formation area of the organic EL layer 108 is present on the
contact region X. This condition is for preventing a situation
in which, under the influence of a step of the circuit layer
102, the cathode electrode 109 suffers what is generally
called stepping, resulting in an electrically open state.
[0090] The contact region X satisfies a desired width
(area), for reducing the contact resistance between the
cathode contact electrode (i.e., the conductive layer 106) and
the cathode electrode 109.

[0091] The contact structure of the cathode electrode 109
depicted in FIG. 3 corresponds to an example in related art.
The example in related art for the contact structure of the
cathode electrode 109 will be specifically described below
using FIGS. 5A and 5B. FIG. 5A is a schematic diagram, in
plan view, for explaining the contact structure of the cathode
electrode according to the example in related art, and FIG.
5B is a sectional view taken along line A-A of FIG. 5A.
[0092] In order to obtain a frame width satisfying the
above-mentioned conditions, in the contact structure of the
cathode electrode according to the example in related art, the
cathode electrode 109 is formed in a size larger than the film
formation area of the organic EL layer 108, and is formed
such that an end portion is tapered, to prevent stepping from
occurring due to a step in the ground. The cathode electrode
109 is electrically connected to the conductive layer 106
serving as a cathode contact electrode, at the contact region
X on the outer side as compared to the end surface of the film
formation area of the organic EL layer 108.

[0093] In FIG. 5A, the outline arrows represent current
paths between the cathode electrode 109 and the cathode
contact electrode. In the contact structure of the cathode
electrode 109 according to the example in related art, the
current paths pass through the cathode electrode 109 over
the organic EL layer 108, and, therefore, there is no influ-
ence of the step in the ground, and stepping does not occur.
[0094] It is to be noted, however, that in the contact
structure of the cathode electrode 109 according to the
example in related art, the cathode electrode 109 is formed
in a size larger than the film formation area of the organic EL
layer 108, and the contact of the cathode electrode 109 with
the cathode contact electrode is secured on the outer side as
compared to the end surface of the film formation area of the
organic EL layer 108, and, therefore, the following problems
would arise.

[0095] Specifically, since manufacturing variability of the
end surface of the film formation area of the organic EL
layer 108 and manufacturing variability of the end surface of
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the film formation area of the cathode electrode 109 should
be taken into account on an addition basis, the area of the
contact region X required on the outer side of the effective
pixel region (display region) 101A becomes large, inevitably
enlarging the frame width of the display panel 70. When the
frame width of the display panel 70 is large, it leads to a rise
in manufacturing cost due to a lowered theoretical yield,
and, since the design of the display device mounting product
will be restricted, merchantability as a device will be low-
ered.

[0096] In view of this, in the present embodiment, the
cathode electrode 109 is electrically connected to the con-
ductive layer 106 serving as the cathode contact electrode,
on the inner side as compared to the end surface of the film
formation area of the organic EL layer 108. As a result, it
becomes unnecessary for the cathode electrode 109 to be
formed in a size larger than the film formation area of the
organic EL layer 108; accordingly, manufacturing variability
of the end surface of the film formation area of the organic
EL layer 108 and manufacturing variability of the end
surface of the film formation area of the cathode electrode
109, are not required to be taken into account on an addition
basis.

[0097] Consequently, the area of the contact region X
required on the outer side of the effective pixel region 101A
can be reduced, as compared to the case in which the contact
between the cathode electrode 109 and the cathode contact
electrode is secured on the outer side as compared to the end
surface of the film formation area of the organic EL layer
108, and, therefore, it is possible to narrow the frame of the
display panel 70. Since a narrower frame of the display
panel 70 increases the theoretical yield, a reduction in
manufacturing cost can be realized, and, since the limita-
tions on the design of the display device mounting product
can be restrained, merchantability as a device can be
enhanced.

[0098] Particularly in a micro-display (small type display)
using a semiconductor substrate such as a silicon substrate
as the substrate of the display panel 70, the proportion of the
effective pixel region 101A based on the size of the substrate
101 (chip size) is small, and, therefore, the influence of the
size of the outer peripheral portion of the effective pixel
region 101A becomes conspicuous. From such a point of
view as well, the present technology which can narrow the
frame of the display panel 70 will particularly be useful for
the micro-display.

[0099] Specific examples of the contact structure of the
cathode electrode 109 to reduce the area of the contact
region X and to narrow the frame of the display panel 70 will
be described below.

EXAMPLE 1

[0100] Example 1 is an example of the contact structure of
the cathode electrode 109 to reduce the area of the contact
region X and to narrow the frame of the display panel 70. A
schematic configuration, in plan view, of the contact struc-
ture of the cathode electrode 109 according to Example 1 is
illustrated in FIG. 6A, a sectional structure along line A-A
of FIG. 6A is depicted in FIG. 6B, and a section taken along
line B-B of FIG. 6A is illustrated in FIG. 6C.

[0101] As is clear from FIG. 6A, end portions of the film
formation area of the organic EL layer 108 have a projected
and recessed shape (what is generally called a comb-tooth
shape) in side directions (vertical and horizontal directions
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in the figure). In this contact structure, projected portions
108 | of the projected and recessed shape have a rectangular
shape. In other words, the projected portions 108 | are
shaped such that their side surfaces are perpendicular to the
effective pixel region 101A.

[0102] In addition, the cathode electrode 109 is formed in
the same size as the film formation area of the organic EL
layer 108. In other words, in the present example, the film
formation area of the cathode electrode 109 and the film
formation area of the organic EL layer 108 have the same
size. It is to be noted, however, that the film formation area
of the cathode electrode 109 is not required to have the same
size as the film formation area of the organic EL layer 108
and may have a size smaller than the film formation area of
the organic EL layer 108.

[0103] Inthe contact structure in which the end portions of
the film formation area of the organic EL. layer 108 have a
projected and recessed shape, the cathode electrode 109 is
electrically connected to the cathode contact electrode (con-
ductive layer 106) on the inner side as compared to the end
surfaces of the film formation area of the organic EL layer
108 (top surfaces of the projected portions 108 ), more
specifically, at recessed portions 108 , of the projected and
recessed shape. -

[0104] Since the end portions of the film formation area of
the organic EL layer 108 are made to have the projected and
recessed shape and the cathode electrode 109 is made to be
electrically connected to the cathode contact electrode at the
recessed portions 108 ,, as described above, the cathode
electrode 109 can be formed in a size which is the same as
or smaller than the size of the film formation area of the
organic EL layer 108. As a result, the area of the contact
region X can be reduced by an amount by which the cathode
electrode 109 has protruded to the outer side from the end
surface of the film formation area of the organic EL layer
108 in a case in which the contact between the cathode
electrode 109 and the cathode contact electrode is secured
on the outer side as compared to the end surface of the film
formation area; therefore, it is possible to narrow the frame
of the display panel 70. In addition, since the current paths
pass through the cathode electrode 109 over the organic EL
layer 108, stepping would not occur. These operations and
effects apply similarly to the following examples.

EXAMPLE 2

[0105] Example 2 is a modification of Example 1, and is
another shape example of the projected portions 108 , of the
projected and recessed shape at the end portion of the film
formation area of the organic EL layer 108. An example of
the other shape of the projected portions 108 | of the
projected and recessed shape in the contact structure of the
cathode electrode according to Example 2 is depicted in
FIG. 7A, and another example of the other shape is depicted
in FIG. 7B.

[0106] In Example 1, the projected portions 108 | have a
rectangular shape, whereas in the example depicted in FIG.
7A, the projected portions 108 , have a triangular shape. In
other words, the projected portions 108 | are shaped such
that their side surfaces are oblique relative to the effective
pixel region 101A. In the example depicted in FIG. 7B, the
projected portions 108 | have an arcuate shape inclusive of
circular and elliptical arc shapes.

[0107] With the projected portions 108 | having a trian-
gular shape or arcuate shape as described above, the periph-
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eral length of the film formation ends (the end portions of the
film formation area) of the organic EL layer 108 can be made
longer as compared to the case in which the projected
portions 108 | have a rectangular shape. As the peripheral
length of the film formation ends of the organic EI layer 108
can be made longer, the width of the current paths is
enlarged, and resistance in the current paths can be lowered,
thereby restraining voltage drop in the organic EL elements
21. As a result, lowering of driving voltage for the organic
EL elements 21 can be realized, and power consumption of
the organic EL display device 10 as a whole can be reduced.

EXAMPLE 3

[0108] Example 3 is a modification of Example 1, and is
an example in which the projected and recessed shape at the
end portion of the film formation area of the organic EL
layer 108 has a variation in density of the pitch of the
projected portions 108 | according to the position of a side
of the film formation area of the organic EL layer 108 that
has a rectangular shape. A schematic configuration, in plan
view, of the contact structure of the cathode electrode 109
according to Example 3 is depicted in FIG. 8.

[0109] In the contact structure of the cathode electrode
109 according to Example 1, the pitch of the projected
portions 108 | is constant, whereas in the contact structure
of the cathode electrode 109 according to Fxample 3, there
is a variation in density of the pitch of the projected portions
108 | along each side of the film formation area of the
organic EL layer 108 that has a rectangular shape. More
specifically, in each side of the film formation area of the
organic EL layer 108 that has a rectangular shape, the pitch
of the projected portions 108 | at a central portion of a side
is dense, and the pitch of the projected portions 108 |
becomes coarser in going toward the end portions of the
side.

[0110] In the display panel 70, voltage drop increases in
going closer to the panel center. Therefore, as depicted in
FIG. 9A, in the display panel 70, the light emission lumi-
nance in a panel central area is decreased as compared to the
light emission luminance in a panel peripheral area.

[0111] On the other hand, for example, by setting the pitch
of the projected portions 108 | at a central portion of each
side of the film formation region of the organic EL layer 108
that has a rectangular shape to be dense and setting the pitch
of the projected portions 108 , to be coarser in going toward
the end portions of the side, the peripheral length of the film
formation end of the organic EL layer 108 at the central
portion of the side can be made longer than that at the end
portions of the side. As a result, the width of the current
paths at the central portion of the side is made larger than
that at the end portions of the side, and resistance in the
current paths can be lowered. Consequently. a voltage drop
difference between the central portion of the side and the end
portions of the side can be reduced, making it possible to
realize uniformization of the light emission luminance over
the whole part of the panel surface of the display panel 70.

[0112] Note that a case of application of the present
disclosure to the contact structure of the cathode electrode
109 according to Example 1 in which the shape of the
projected portions 108 , has a rectangular shape has been
taken as an example in Example 3, but the present disclosure
is also similarly applicable to the contact structure of the
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cathode electrode 109 according to Example 2 in which the
shape of the projected portions 108 , is a triangular shape or
an arcuate shape.

[0113] In addition, by setting the shape of the projected
portions 108 | at the central portion of the side, in the
contact structure of the cathode electrode 109 according to
Example 1 in which the pitch of the projected portions 108 |
is constant, to be a triangular shape or an arcuate shape in
place of a rectangular shape, the same operations and effects
as in Example 3 can be obtained. Specifically, for example,
by setting the shape of the projected portions 108 | at the
end portions of each side of the film formation area of the
organic EL layer 108 that has a rectangular shape to be a
rectangular shape while setting the shape of the projected
portions 108 | at the central portion of the side to be a
triangular shape or an arcuate shape, the peripheral length of
the film formation end of the organic EL layer 108 at the
central portion of the side can be made longer than that at the
end portions of the side. Accordingly, the same operations
and effects as in Example 3 can be obtained.

EXAMPLE 4

[0114] Example 4 is a modification of Example 1, and is
an example in which the projected and recessed shape at the
end portion of the film formation area of the organic EL
layer 108 has a variation in density of the pitch of the
projected portions 108 ; according to the distance from a
power source supply terminal to the cathode contact elec-
trode. A schematic configuration, in plan view, of the contact
structure of the cathode electrode 109 according to Example
3 is depicted in FIG. 10.

[0115] As depicted in FIG. 10, the conductive layer 106
serving as a cathode contact electrode has, for example, two
power source supply terminals 106 , and 106 , which are
electrically connected to a power source section (inclusive
of earth connection) in the exterior of the display panel 70.
In the display panel 70 in which the cathode contact elec-
trode has the power source supply terminals 106 , and
106 . voltage drop increases in going farther from the
power source supply terminals 106 | and 106 .; therefore,
as depicted in FIG. 9B, in the display panel 70, light
emission luminance on a side farther from the power source
supply terminals 106 ; and 106 ., is decreased as compared
to the light emission luminance on a side nearer to the power
source supply terminals 106 , and 106 ,.

[0116] On the other hand, in the contact structure of the
cathode electrode 109 according to Example 4, in the
projected and recessed shape of the film formation area of
the organic EL layer 108, the pitch of the projected portions
108 | on a side nearer to the power source supply terminals
106 , and 106 , is set to be coarse, whereas the pitch of the
projected portions 108 | on a side farther from the power
source supply terminals 106 , and 106 , is set to be dense.
As a result, the peripheral length of the film formation end
of the organic EL layer 108 on the side farther from the
power source supply terminals 106 ; and 106 , can be made
longer than that on the nearer side, thereby enlarging the
width of the current paths on the farther side as compared to
that on the nearer side, and lowering resistance in the current
paths. Consequently, a voltage drop difference between the
nearer side and the farther side with respect to the power
source supply terminals 106 , and 106 , can be reduced,
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thereby realizing uniformization of light emission lumi-
nance over the whole part of the panel surface of the display
panel 70.

[0117] Note that while a case in which the conductive
layer 106 serving as a cathode contact electrode has the
power source supply terminals 106 ; and 106 , on one side
(in FIG. 10, the upper side) of the display panel 70 has been
taken as an example here, there are cases in which the power
source supply terminals 106 |, and 106 ., are present on two
sides (in FIG. 10, the upper and lower sides) of the display
panel 70. In this case, it is preferable, for example, to set the
pitches of the projected portions 108 | on the upper side side
and the lower side side of the display panel 70 to be equal,
and to set the pitches of the projected portions 108 , on the
right side side and the left side side of the display panel 70
to be dense at the central portion of the side and to be coarse
on the end portion sides of the side.

[0118] In addition, while a case of application of the
present disclosure to the contact structure of the cathode
electrode 109 according to Example 1 in which the shape of
the projected portions 108 , is a rectangular shape has been
taken as an example in Example 4, the present disclosure is
also applicable to the contact structure of the cathode
electrode 109 according to Example 2 in which the shape of
the projected portions 108 , is a triangular shape or an
arcuate shape. h

[0119] Besides, in the contact structure of the cathode
electrode 109 according to Example 1 in which the pitch of
the projected portions 108 | is constant, by setting the shape
of the projected portions 108 | on a side farther from the
power source supply terminals 106 , and 106 , to be a
triangular shape or an arcuate shape in place of a rectangular
shape, the same operations and effects as in Example 4 can
also be obtained. Specifically, by setting the shape of the
projected portions 108 | on the side nearer to the power
source supply terminals 106 ; and 106 ., to be a rectangular
shape while setting the shape of the projected portions 108 ,
on the farther side to be a triangular shape or an arcuate
shape, the peripheral length of the film formation end of the
organic EL layer 108 on the side farther from the power
source supply terminals 106 | and 106 , can be made longer
than that on the nearer side. Accordingly, the same opera-
tions and effects as in Example 4 can be obtained.

<Modifications>

[0120] While the technology of the present disclosure has
been described above based on the preferred embodiments,
the technology of the present disclosure is not limited to the
above embodiments. The configurations and structures of
the display device described in the above embodiments are
illustrative, and can be modified as required. For example,
while it is assumed that the organic EL elements 21 and the
drive circuits therefor are formed over a semiconductor such
as silicon in the above embodiments, this is not limitative,
and it is possible to form them over an insulating material
such as glass.

[0121] Inaddition, while the circuit configuration depicted
in FIG. 2 has been illustrated as an example of the pixel
circuit in the above embodiments, this is not limitative, and
it is possible, for example, to add transistors as required. For
instance, it is possible to connect a switching transistor
between a drain electrode of the drive transistor 22 and a
current discharge destination node (for example, the com-
mon power source line 34), and to perform by the switching
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transistor such a control that the organic EL element 21 does
not emit light in a non-light-emission period of the pixel 20.

<Electronic Apparatus of the Present Disclosure>

[0122] The display device of the present disclosure
described above can be used as a display section (display
device) of electronic apparatuses in any field in which a
video signal inputted into an electronic apparatus or a video
signal produced in an electronic apparatus is displayed as an
image or a video image. Examples of the electronic appa-
ratuses include television sets, notebook personal comput-
ers, digital still cameras, portable terminal devices such as
mobile phones, and head-mounted displays. It is to be noted,
however, that these examples are not limitative.

[0123] As described above, by using the display device of
the present disclosure as a display section of an electronic
apparatus in any field, the following effects can be obtained.
Specifically, according to the display device of the present
disclosure, the frame of a display panel can be narrowed.
Therefore, by using the display device of the present dis-
closure, it is possible to contribute to a reduction in size of
an electronic apparatus main body.

[0124] The display device of the present disclosure
includes those in a module shape having a sealed configu-
ration. A relevant example is a display module formed by
adhering a counter section such as a transparent glass to a
pixel array section. Note that the display module may be
provided with a circuit section or a flexible printed circuit
(FPC) for input/output of signals and the like from the
exterior to the pixel array section. A digital still camera and
a head-mounted display will be described below as specific
examples of an electronic apparatus using the display device
of the present disclosure. It is to be noted, however, that the
specific examples which will be described here are mere
examples, and are not limitative.

SPECIFIC EXAMPLE 1

[0125] FIG. 11 depicts external views of a digital still
camera of a lens interchangeable single-lens reflex type
according to Specific Example 1 of the electronic apparatus
of the present disclosure, wherein FIG. 11A is a front view
thereof, and FIG. 11B is a back elevation thereof.

[0126] The lens interchangeable single-lens reflex type
digital still camera according to Specific Example 1
includes, for example, an interchangeable type photographic
lens unit (interchangeable lens) 212 on the right side of the
front side of a camera main body section (camera body) 211,
and a grip section 213 on the left side of the front side to be
gripped by the photographer.

[0127] In addition, a monitor 214 is provided substantially
in the center of the back surface of the camera main body
section 211. An electronic view finder (eyepiece window)
215 is provided at an upper portion of the monitor 214. By
peeping through the electronic view finder 215, the photog-
rapher can visually recognize an optical image of a subject
led through the photographic lens unit 212, and can deter-
mine a composition.

[0128] In the lens interchangeable single-lens reflex type
digital still camera configured as described above, the dis-
play device of the present disclosure can be used as the
electronic view finder 215. In other words, the lens inter-
changeable single-lens reflex type digital still camera
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according to Specific Example 1 will be manufactured using
the display device of the present disclosure as the electronic
view finder 215 thereof.

SPECIFIC EXAMPLE 2

[0129] FIG. 12 is an external view depicting an example
of a head-mounted display according to Specific Example 2
of the electronic apparatus of the present disclosure.
[0130] A head-mounted display 300 according to Specific
Example 2 is configured as a transmission type head-
mounted display including a main body section 301, an arm
section 302 and a lens barrel 303. The main body section 301
is connected to the arm section 302 and spectacles 310.
Specifically, an end portion in the longitudinal direction of
the main body section 301 is attached to the arm section 302.
In addition, one side of a side surface of the main body
section 301 is linked to the spectacles 310 through a con-
nection member (not illustrated). Note that the main body
section 301 may be directly mounted to a human head.
[0131] The main body section 301 incorporates therein a
control substrate for controlling an operation of the head-
mounted display 300 and a display section. By linking the
main body section 301 and the lens barrel 303, the arm
section 302 supports the lens barrel 303 relative to the main
body section 301. Specifically, by being coupled to an end
portion of the main body section 301 and an end portion of
the lens barrel 303, the arm section 302 fixes the lens barrel
303 to the main body section 301. In addition, the arm
section 302 incorporates a signal line for transmitting data
concerning an image provided from the main body section
301 to the lens barrel 303.

[0132] The lens barrel 303 projects image light, which is
provided from the main body section 301 through the arm
section 302, to the eye of the user on whom the head-
mounted display 300 is mounted, through a lens 311 in the
spectacles 310.

[0133] In the head-mounted display 300 configured as
described above, the display device of the present disclosure
can be used as the display section incorporated in the main
body section 301. In other words, the head-mounted display
300 according to Specific Example 2 will be manufactured
using the display device of the present disclosure as the
display section thereof.

<Configurations That Can be Adopted by the Present
Disclosure>

[0134] Note that the present disclosure can also adopt the
following configurations.

<<A. Display Device>>

[0135] [A-1] A display device including:

[0136] an organic EL layer formed over a circuit section
formed over a substrate, with an insulating film interposed
between the circuit section and the organic EL layer;
[0137] a cathode electrode formed over the organic EL
layer in common for all pixels; and

[0138] a contact electrode that is provided at an outer
peripheral portion of an effective pixel region and electri-
cally connects the cathode electrode with the circuit section,
in which

[0139] the cathode electrode is electrically connected to
the contact electrode, on an inner side as compared to an end
surface of a film formation area of the organic EL layer.



US 2020/0185639 A1

[0140] [A-2] The display device as described in the above
paragraph [A-1], in which

[0141] an end portion of the film formation area of the
organic EL layer has a projected and recessed shape in a side
direction, and

[0142] the cathode electrode is electrically connected to
the contact electrode at a recessed portion of the projected
and recessed shape at the end portion of the film formation
area of the organic EL layer.

[0143] [A-3] The display device as described in the above
paragraph [A-2], in which

[0144] a projected portion of the projected and recessed
shape at the end portion of the film formation area of the
organic EL layer has a rectangular shape, a triangular shape
or an arcuate shape.

[0145] [A-4] The display device as described in the above
paragraph [A-2] or [A-3], in which

[0146] in the projected and recessed shape at the end
portion of the film formation area of the organic EL layer, a
pitch of the projected portions varies in density.

[0147] [A-5] The display device as described in the above
paragraph [A-4], in which

[0148] in the projected and recessed shape at the end
portion of the film formation area of the organic EL layer,
the pitch of the projected portions at a central portion of a
side is dense, and the pitch of the projected portions at the
end portions of the side is coarse.

[0149] [A-6] The display device as described in the above
paragraph [A-4], in which

[0150] the cathode electrode has a power source supply
terminal, and
[0151] in the projected and recessed shape at the end

portion of the film formation area of the organic EL layer,
the pitch of the projected portions on a side nearer to the
power source supply terminal of the cathode electrode is
coarse, and the pitch of the projected portions on a side
farther from the power source supply terminal is dense.

<<B. Electronic Apparatus>>

[0152] [B-1] An electronic apparatus including a display
device, the display device including:

[0153] an organic EL layer formed over a circuit section
formed over a substrate, with an insulating film interposed
between the circuit section and the organic EL layer;
[0154] a cathode electrode formed over the organic EL
layer in common for all pixels; and

[0155] a contact electrode that is provided at an outer
peripheral portion of an effective pixel region and electri-
cally connects the cathode electrode and the circuit section,
in which

[0156] the cathode electrode is electrically connected to
the contact electrode, on an inner side as compared to an end
surface of a film formation area of the organic EL layer.
[0157] [B-2] The electronic apparatus as described in the
above paragraph [B-1], in which

[0158] an end portion of the film formation area of the
organic EL layer has a projected and recessed shape in a side
direction, and

[0159] the cathode electrode is electrically connected to
the contact electrode at a recessed portion of the projected
and recessed shape at the end portion of the film formation
area of the organic EL layer.
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[0160] [B-3] The electronic apparatus as described in the
above paragraph [B-2], in which

[0161] a projected portion of the projected and recessed
shape at the end portion of the film formation area of the
organic EL layer has a rectangular shape, a triangular shape
or an arcuate shape.

[0162] [B-4] The electronic apparatus as described in the
above paragraph [B-2] or [B-3], in which

[0163] in the projected and recessed shape at the end
portion of the film formation area of the organic EL layer, a
pitch of the projected portions varies in density.

[0164] [B-5] The electronic apparatus as described in the
above paragraph [B-4], in which

[0165] in the projected and recessed shape at the end
portion of the film formation area of the organic EL layer,
the pitch of the projected portions at a central portion of a
side is dense, and the pitch of the projected portions at end
portions of the side is coarse.

[0166] [B-6] The electronic apparatus as described in the
above paragraph [B-4], in which

[0167] the cathode electrode has a power source supply
terminal, and
[0168] in the projected and recessed shape at the end

portion of the film formation area of the organic EL layer,
the pitch of the projected portions on a side nearer to the
power source supply terminal of the cathode electrode is
coarse, and the pitch of the projected portions on a side
farther from the power source supply terminal is dense.

REFERENCE SIGNS LIST

[0169] 10 ... Organic EL display device, 20 . . . Pixel
(Pixel circuit), 21 . . . Organic EL element, 22 . . . Drive
transistor, 23 . . . Sampling transistor, 24 . . . Light emission
control transistor, 25 . . . Storage capacitor, 26 . . . Auxiliary
capacitor, 30 . . . Pixel array section, 40 . . . Write scanning
section, 50 . . . Drive scanning section, 60 . . . Signal output
section, 70 . . . Display panel, 101 . . . Substrate, 101A . . .
Effective pixel region (Display region), 101B . . . Peripheral
region, 102 . . . Circuit layer, 102A . . . Pixel drive circuit,
102B . . . Peripheral circuit, 103 . . . Inorganic insulating
layer, 104 . . . Organic insulating layer, 105 . . . Anode
electrode (Lower electrode), 106 . . . Conductive layer
(Cathode contact electrode), 106_1, 106_2 . . . Power source
supply terminal, 107 . . . Organic insulating layer, 108 . . .
Organic EL layer, 108_1 . . . Projected portion of projected
and recessed shape, 108_2 . . . Recessed portion of projected
and recessed shape, 109 . . . Cathode electrode (Upper
electrode), 110 . . . Protective layer, 111 . . . Filler layer
(Adhesion layer), 112 . . . Sealing agent, 113 . . . Black
matrix layer, 114 . . . Sealing substrate, 115 . . . Color filter
1. A display device comprising:
an organic EL layer formed over a circuit section formed
over a substrate, with an insulating film interposed
between the circuit section and the organic EL layer;
a cathode electrode formed over the organic EL layer in
common for all pixels; and
a contact electrode that is provided at an outer peripheral
portion of an effective pixel region and electrically
connects the cathode electrode with the circuit section,
wherein
the cathode electrode is electrically connected to the
contact electrode, on an inner side as compared to an
end surface of a film formation area of the organic EL
layer.
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2. The display device according to claim 1, wherein

an end portion of the film formation area of the organic EL
layer has a projected and recessed shape in a side
direction, and

the cathode electrode is electrically connected to the
contact electrode at a recessed portion of the projected
and recessed shape at the end portion of the film
formation area of the organic EL layer.

3. The display device according to claim 2, wherein

a projected portion of the projected and recessed shape at
the end portion of the film formation area of the organic
EL layer has a rectangular shape, a triangular shape or
an arcuate shape.

4. The display device according to claim 2, wherein

in the projected and recessed shape at the end portion of
the film formation area of the organic EL layer, a pitch
of the projected portions varies in density.

5. The display device according to claim 4, wherein

in the projected and recessed shape at the end portion of
the film formation area of the organic EL layer, the
pitch of the projected portions at a central portion of a
side is dense, and the pitch of the projected portions at
end portions of the side is coarse.
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6. The display device according to claim 4, wherein

the cathode electrode has a power source supply terminal,
and

in the projected and recessed shape at the end portion of
the film formation area of the organic EL layer, the
pitch of the projected portions on a side nearer to the
power source supply terminal of the cathode electrode
is coarse, and the pitch of the projected portions on a
side farther from the power source supply terminal is
dense.

7. An electronic apparatus comprising a display device,

the display device including:

an organic EL layer formed over a circuit section formed
over a substrate, with an insulating film interposed
between the circuit section and the organic EL layer;

a cathode electrode formed over the organic EL layer in
common for all pixels; and

a contact electrode that is provided at an outer peripheral
portion of an effective pixel region and electrically
connects the cathode electrode and the circuit section,
wherein

the cathode electrode is electrically connected to the
contact electrode, on an inner side as compared to an
end surface of a film formation area of the organic EL
layer.
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