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DISPLAY UNIT, METHOD OF
MANUFACTURING DISPLAY UNIT, AND
ELECTRONIC APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2013-150640 filed in the Japan
Patent Office on Jul. 19, 2013, the entire content of which is
hereby incorporated by reference.

BACKGROUND

[0002] The present application relates to a display unit
including a light-emission device such as an organic elec-
troluminescence (EL) device, to a method of manufacturing
the display unit, and to an electronic apparatus.

[0003] In recent years, as one type of flat-panel displays,
displays using an organic FL device or the like have been
receiving attention (for example, see Japanese Unexamined
Patent Application Publication Nos. 2001-195008 and 2011-
103205, as well as Japanese Patent No. 4333333). Such self-
light-emitting-type displays have characteristics of low
power consumption and wide viewing angle. Further, the
organic EL device is considered to have sufficient responsiv-
ity to a high-definition high-speed video signal, and has been
developed towards practical use. Such displays are mainly of
an active matrix (AM) type, and each pixel may be controlled
using, for example, a thin film transistor (TFT).

[0004] Meanwhile, self-light-emitting-type displays dis-
playing colors are mainly manufactured by the following two
methods. In a first method, organic layers of devices that each
emit color of red, green, or blue are colored to have different
colors. A color filter may be disposed in each of the pixels, to
improve color purity. In a second method, an organic layer
common to all light-emission devices is formed. In a display
unit manufactured by this method, white light emitted by the
light-emission devices are extracted, after being allowed to
pass through color filters each having a color of red, green, or
blue provided for the respective pixels. For example, light
emitting layers of red, green, and blue may be laminated and
provided as acommon organic layer. Alternatively, light emit-
ting layers of yellow and blue may be laminated and provided
as a common organic layer. In the second method, it is not
necessary to color the organic layers in different colors and
therefore, the second method is easier than the above-de-
scribed first method.

SUMMARY

[0005] However, the self-light-emitting-type displays are
desired to be manufactured easily at a low cost.

[0006] It is desirable to provide a display unit capable of a
further reduction in cost, and a method of manufacturing the
display unit, and an electronic apparatus provided with the
display unit.

[0007] According to an embodiment of the present appli-
cation, there is provided a method of manufacturing a display
unit, the method including: forming a plurality of light-emis-
sion devices in a display region on a first substrate, the plu-
rality of light-emission devices each including an organic
layer between a first electrode and a second electrode; form-
ing a first wiring and a first peripheral electrode on a second
substrate, the first peripheral electrode being provided outside
the display region and being electrically connected to the first

Jan. 22,2015

wiring; and disposing the second substrate to face the first
substrate with the light-emission devices interposed therebe-
tween, and electrically connecting the first wiring to each of
the light-emission devices through the first connection sec-
tion.

[0008] In the method of manufacturing the display unit
according to the above-described embodiment of the present
application, the first peripheral electrode is formed on the
second substrate. Therefore, the number of masks to be used
in forming the light-emission devices is allowed to be
reduced. The first peripheral electrode may be electrically
connected to, for example, the second electrode of the light-
emission device through the first wiring and the first connec-
tion section.

[0009] According to an embodiment of the present appli-
cation, there is provided a display unit including: a first sub-
strate including a plurality of light-emission devices in a
display region, the plurality of light-emission devices each
including an organic layer between a first electrode and a
second electrode; a second substrate disposed to face the first
substrate with the light-emission devices interposed therebe-
tween; a first peripheral electrode provided on the second
substrate and positioned outside the display region; a first
wiring provided on the second substrate and configured to be
electrically connected to the first peripheral electrode; and a
first connection section configured to electrically connect the
first wiring and each of the light-emission devices.

[0010] According to an embodiment of the present appli-
cation, there is provided an electronic apparatus including a
display unit. The display unit includes: a first substrate
including a plurality of light-emission devices in a display
region, the plurality of light-emission devices each including
an organic layer between a first electrode and a second elec-
trode; a second substrate disposed to face the first substrate
with the light-emission devices interposed therebetween; a
first peripheral electrode provided on the second substrate
and positioned outside the display region; a first wiring pro-
vided on the second substrate and configured to be electri-
cally connected to the first peripheral electrode; and a first
connection section configured to electrically connect the first
wiring and each of the light-emission devices.

[0011] According to the display unit, the method of manu-
facturing the display unit, and the electronic apparatus of the
above-described embodiments of the present application, the
first peripheral electrode is provided on the second substrate.
Therefore, the number of masks to be used in forming the
light-emission devices is allowed to be reduced. Accordingly,
for example, an increase in running cost due to use of the
masks is allowed to be suppressed, which enables manufac-
turing at a low cost.

[0012] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

[0013] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The accompanying drawings are included to pro-
vide a further understanding of the present application, and
are incorporated in and constitute a part of this specification.
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The drawings illustrate embodiments and, together with the
specification, serve to describe the principles of the technol-
ogy.

[0015] FIG. 1 is a cross-sectional diagram illustrating a
configuration of a display unit according to a first embodi-
ment of the present application.

[0016] FIG. 2 is a diagram illustrating an overall configu-
ration of the display unit illustrated in FIG. 1.

[0017] FIG.3isadiagramillustrating an example of a pixel
driving circuit illustrated in FIG. 2.

[0018] FIG.4isa plan view illustrating a configuration of a
display region of a sealing panel illustrated in FIG. 1.

[0019] FIG. 5 is a plan view illustrating a plane configura-
tion of an entire device panel illustrated in FIG. 1.

[0020] FIG. 6 is a plan view illustrating a plane configura-
tion of the entire sealing panel illustrated in FIG. 1.

[0021] FIG.7isaplan view illustrating a state in which the
device panel illustrated in FIG. 5 and the sealing panel illus-
trated in FIG. 6 are disposed to overlap each other.

[0022] FIG. 8A is a cross-sectional diagram illustrating a
process of manufacturing the device panel illustrated in FIG.
1.

[0023] FIG. 8B is a cross-sectional diagram illustrating a
process following the process in FIG. 8A.

[0024] FIG. 8C is a cross-sectional diagram illustrating a
process following the process in FI1G. 8B.

[0025] FIG. 8D is a cross-sectional diagram illustrating a
process following the process in FI1G. 8C.

[0026] FIG. 9 is a cross-sectional diagram illustrating a
configuration of a display unit according to a comparative
example.

[0027] FIG.10is a plan view illustrating a configuration of
a device panel illustrated in F1G. 9.

[0028] FIG.11 is a plan view illustrating a configuration of
a sealing panel illustrated in FI1G. 9.

[0029] FIG. 12 is a plan view illustrating a configuration of
a display region of the sealing panel illustrated in FIG. 11.
[0030] FIG. 13 is a plan view illustrating a configuration
outside the display region of the sealing panel illustrated in
FIG. 11.

[0031] FIG.14isaplanviewillustrating a state in which the
device panel illustrated in FIG. 10 and the sealing panel
illustrated in FIG. 11 are disposed to overlap each other.
[0032] FIG. 15 is a cross-sectional diagram illustrating a
process of manufacturing the display unit illustrated in FIG.
9.

[0033] FIG. 16 is a plan view illustrating a configuration of
amask illustrated in FIG. 15.

[0034] FIG. 17 is a cross-sectional diagram illustrating a
process following the process in F1G. 15.

[0035] FIG. 18 is a plan view illustrating a configuration of
a mask illustrated in FIG. 17.

[0036] FIG. 19 is a cross-sectional diagram illustrating a
configuration of a display unit including light emitting layers
of a type colored in different colors.

[0037] FIG. 20A is a cross-sectional diagram illustrating a
process of manufacturing the sealing panel illustrated in FIG.
1.

[0038] FIG. 20B is a cross-sectional diagram illustrating a
process following the process in FI1G. 20A.

[0039] FIG.21A isacross-sectional diagram illustrating an
example of a process of adhering the device panel illustrated
in FIG. 8D and the sealing panel illustrated in FIG. 20B to
each other.
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[0040] FIG. 21B is a cross-sectional diagram illustrating a
process following the process in FIG. 21 A.

[0041] FIG. 21C is a cross-sectional diagram illustrating a
process following the process in FIG. 21B.

[0042] FIG. 22 is a cross-sectional diagram illustrating a
process following the process in FIG. 21C.

[0043] FIG. 23 is a cross-sectional diagram illustrating a
configuration of a display unit according to Modification 1.
[0044] FIG. 24 is a cross-sectional diagram illustrating a
configuration of a display unit according to Modification 2.
[0045] FIG. 25 is a cross-sectional diagram illustrating a
configuration of a display unit according to Modification 3.
[0046] FIG. 26 is a cross-sectional diagram illustrating a
configuration of a display unit according to Modification 4.
[0047] FIG. 27 is a cross-sectional diagram illustrating a
configuration of a display unit according to a second embodi-
ment of the present application.

[0048] FIG. 28 is a plan view illustrating a configuration of
a sealing panel illustrated in FIG. 27.

[0049] FIG. 29 is aplan view illustrating a configuration of
a device panel illustrated in F1G. 27.

[0050] FIG. 30 is a cross-sectional diagram illustrating a
process of manufacturing the display unit illustrated in FIG.
27.

[0051] FIG.31isaplanviewillustrating a state in which the
sealing panel illustrated in FIG. 28 and the device panel
illustrated in FIG. 29 are disposed to overlap each other.
[0052] FIG. 32 is a cross-sectional diagram illustrating a
configuration of a display unit according to a third embodi-
ment of the present application.

[0053] FIG. 33 is a cross-sectional diagram illustrating
another example of the display unit illustrated in FIG. 32.
[0054] FIG. 34 is a plan view illustrating a schematic con-
figuration of a module including the display unit illustrated in
FIG. 1, etc.

[0055] FIG. 35A is a perspective view illustrating an
appearance of Application example 1.

[0056] FIG. 35B is a perspective view illustrating another
example of the appearance of Application example 1.

[0057] FIG. 36 is a perspective view illustrating an appear-
ance of Application example 2 when viewed from front.
[0058] FIG. 37 is a perspective view illustrating an appear-
ance of Application example 3.

[0059] FIG. 38A is a perspective view illustrating an
appearance of Application example 4 when viewed from
front.

[0060] FIG. 38B is a perspective view illustrating an

appearance of Application example 4 when viewed from
back.

[0061] FIG. 39 is a perspective view illustrating an appear-
ance of Application example 5.

[0062] FIG. 40 is a perspective view illustrating an appear-
ance of Application example 6.

[0063] FIG. 41A is a diagram illustrating a closed state of
Application example 7.

[0064] FIG. 41B is a diagram illustrating an open state of
Application example 7.

[0065] FIG. 42 is a cross-sectional diagram illustrating
another example of an organic layer illustrated in FIG. 1, etc.
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DETAILED DESCRIPTION

[0066] Some embodiments of the present application will
be described below in detail with reference to the drawings. It
is to be noted that the description will be provided in the
following order.

[0067] 1. First embodiment (a display unit having a first
peripheral electrode on a second substrate: top emission
type)

[0068] 2. Modification 1 (an example in which a first con-
nection section is configured of a conductive ball)

[0069] 3. Modification 2 (an example in which the first
connection section is configured of conductive resin)

[0070] 4. Modification 3 (an example in which the first
connection section is configured of a projection section of
a color filter)

[0071] 5. Modification 4 (an example in which the first
connection section is configured of a projection section of
an insulating film)

[0072] 6. Second embodiment (a display unit including a
first peripheral electrode and a second peripheral electrode
on a second substrate)

[0073] 7. Third embodiment (a display unit of a bottom
emission type)

First Embodiment

[0074] [Overall Configuration of Display Unit]

[0075] FIG. 1 illustrates a cross-sectional configuration of
an organic EL display unit (a display unit 1) according to a
first embodiment of the present application. The display unit
1 includes a device panel 10 and a sealing panel 20. The
display unit 1 is a so-called top-emission-type display unit,
and has a light extraction direction towards the sealing panel
20 side. A filling resin 30A is provided between the device
panel 10 and the sealing panel 20. The device panel 10
includes an organic light-emission device 10R generating red
light, an organic light-emission device 10G generating green
light, and an organic light-emission device 10B generating
blue light, which are provided on a device substrate 11 (a first
substrate). A thin-film transistor (TFT) 12 and a flattening
layer 13 are provided between the device substrate 11 and the
organic light-emission devices 10R, 10G, and 10B. The
organic light-emission devices 10R, 10G, and 10B are cov-
ered with a protective layer 19. The sealing panel 20 includes
asealing substrate 21 (a second substrate) disposed to face the
device substrate 11. On a surface, of the sealing substrate 21,
that faces the device substrate 11, a light-shielding layer 22, a
color filter 23, an overcoat layer 24, an auxiliary wiring 25,
and a pillar 26 (a first connection section) are provided in this
order from the sealing substrate 21 side. In the display unit 1,
the auxiliary wiring 25 (a first wiring) of the sealing panel 20
and the organic light-emission devices 10R, 10G, and 10B of
the device panel 10 are electrically connected to each other
through the pillar 26.

[0076] FIG. 2 illustrates an overall configuration of the
display unit 1. The display unit 1 has a display region 110. In
a central part of the display region 110, the organic light-
emission devices 10R, 10G, and 10B are disposed two-di-
mensionally in a matrix. Provided around the display region
110 may be, for example. a signal-line driving circuit 120, a
scanning-line driving circuit 130, and a power-supply-line
driving circuit 140 that are drivers for image display.

[0077] Inthe display region 110, a pixel driving circuit 150
is formed together with the plurality of organic light-emission
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devices 10R, 10G, and 10B. The pixel driving circuit 150 is
provided to drive the organic light-emission devices 10R,
10G, and 10B. In the pixel driving circuit 150, a plurality of
signal lines 120A (120A1, 120A2, . . ., 120Am, . . . ) are
arranged in a column direction (aY direction). Further, in the
pixel driving circuit 150, a plurality of scanning lines 130A
(130A1,...,130An, . ..)and a plurality of power supply lines
140A (140A1, . . ., 140An, . . . ) are arranged in a row
direction (an X direction). At an intersection of the signal line
120A and the scanning line 130A, the organic light-emission
device 10R, 10G, or 10B is provided. Both ends of the signal
line 120A are connected to the signal-line driving circuit 120,
both ends of the scanning line 130A are connected to the
scanning-line driving circuit 130, and both ends of the power
supply line 140A are connected to the power-supply-line
driving circuit 140.

[0078] The signal-line driving circuit 120 supplies each of
the organic light-emission devices 10R, 10G, and 10B
selected through the signal line 120A, with a signal voltage of
an image signal in accordance with luminance information
supplied from a signal supply source (not illustrated). The
scanning-line driving circuit 130 includes components such
as a shift register that sequentially shifts (transfers) a start
pulse in synchronization with an inputted clock pulse. When
writing the image signal to each of the organic light-emission
devices 10R, 10G, and 10B, the scanning-line driving circuit
130 scans the organic light-emission devices 10R, 10G, and
10B row by row, and sequentially supplies a scanning signal
to each of the scanning lines 130A. The signal line 120A is
supplied with the signal voltage from the signal-line driving
circuit 120, and the scanning line 130A is supplied with the
scanning signal from the scanning-line driving circuit 130.
[0079] The power-supply-line driving circuit 140 includes
components such as a shift register that sequentially shifts
(transfers) a start pulse in synchronization with an inputted
clock pulse. The power-supply-line driving circuit 140 appro-
priately supplies either of a first electric potential and a sec-
ond electric potential that are different form each other, to the
both ends of each of the power supply lines 140A, in synchro-
nization with the row-by-row scanning by the scanning-line
driving circuit 130. As a result, a conducting state or a non-
conducting state of a transistor Trl to be described later is
selected.

[0080] FIG. 3 illustrates a configuration example of the
pixel driving circuit 150. The pixel driving circuit 150 is an
active drive circuit that includes the transistor Tr1, a transistor
Tr2, a capacitor (a retention capacitor) Cs, and the organic
light-emission devices 10R, 10G, and 10B. Each of the
organic light-emission devices 10R, 10G, and 10B is con-
nected to the transistor Trl in series, between the power
supply line 140A and a common power supply line (GND).
Each of the transistor Tr1 and the transistor Tr2 may have an
inverted staggered structure (a so-called bottom-gate type), or
may have a staggered structure (a top-gate type).

[0081] Of the transistor Tr2, for example, a drain electrode
may be connected to the signal line 120A, and may be sup-
plied with the image signal from the signal-line driving circuit
120. Further, a gate electrode of the transistor Tr2 may be
connected to the scanning line 130A, and may be supplied
with the scanning signal from the scanning-line driving cir-
cuit 130. Furthermore, a source electrode of the transistor Tr2
may be connected to a gate electrode of the transistor Trl.
[0082] Of the transistor Tr1, for example, a drain electrode
may be connected to the power supply line 140A, and may be
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set at either the first electric potential or the second electric
potential by the power-supply-line driving circuit 140. A
source electrode of the transistor Trl may be connected to the
organic light-emission device 10R, 10G, or 10B.

[0083] The retention capacitor Cs is formed between the
gate electrode (the source electrode of the transistor Tr2) of
the transistor Trl and the source electrode of the transistor
Trl.

[0084] [Main-Part Configuration of Display Unit]

[0085] Next, a detailed configuration of the device panel 10
and the sealing panel 20 will be described with reference to
FIG. 1 again.

[0086] The device substrate 11 is a support member where
the organic light-emission devices 10R, 10G, and 10B are
formed in an array on a main-surface side thereof. For the
device substrate 11, for example, any of a glass substrate, a
quartz substrate, and a silicon substrate may be used.
Examples of the glass substrate may include high-strain-point
glass, sodaglass (Na,0.Ca0.Si0, ), borosilicate glass (Na,O.
B,0,.810,), forsterite (2MgO.Si0,), and lead glass (Na,O.
Pb0O.Si0,). The device substrate 11 may be configured by
providing an insulating film on a surface of any of these glass
substrate, quartz substrate, and silicon substrate. Other mate-
rials such as metallic foil and a film or sheet made of resin may
also be used for the device substrate 11. Examples of the resin
may include organic polymers such as polymethyl methacry-
late (PMMA), polyvinyl alcohol (PVA), polyvinyl phenol
(PVP), polyether sulfone (PES). polyimide, polycarbonate,
polyethylene terephthalate (PET), and polyethylene naphtha-
late (PEN). A flexible material may also be used for the device
substrate 11. In the top emission type, light is extracted from
the sealing substrate 21 side and therefore, the device sub-
strate 11 may be formed of either a transparent material or a
non-transparent material. For the sealing substrate 21, the
same material as the material of the device substrate 11 may
be used, or a different material may be used.

[0087] The TFT 12 may be, for example, a transistor cor-
responding to either the above-described transistor Trl or
Tr2, and may serve as an active device of the organic light-
emission devices 10R, 10G, or 10B. For example, a source-
drain electrode of the TFT 12 may be electrically connected to
a wiring 12B through an interlayer insulating film 12A made
of a material such as silicon oxide. For example, when the
TFT 12 is the transistor Tr2, the wiring 12B may be connected
to the signal line 120A. Alternatively, for example, when the
TFT 12 is the transistor Trl, the wiring 12B may be connected
to the organic light-emission device 10R, 10G, or 10B (a first
electrode 14 to be described later) through a connection hole
13A of the flattening layer 13. For the interlayer insulating
film 12A, for example, an organic material such as polyimide,
or an inorganic material such as silicon oxide (SiO,) and
silicon nitride (SiN) may be used. For the interlayer insulating
film 12A, for example, a SiO,-based material may also be
used. Examples of the SiO,-based material may include boro-
phospho silicate glass (BPSG). PSG, BSG, AsSG, SiON, spin
on glass (SOG), low-melting glass, and glass paste. The wit-
ing 12B may be configured of, for example, aluminum (Al) or
an aluminum-copper (Cu) alloy.

[0088] The flattening layer 13 is provided to flatten a sur-
face of the device substrate 11 where the TFT 12 is formed. In
the flattening layer 13, the connection hole 13 A that is minute
and provided to connect the wiring 12B to a lower electrode
12 is formed. Therefore, the flattening layer 13 may be pref-
erably configured of a material with favorable pattern accu-
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racy. When a material having a low water absorption rate is
used for the flattening layer 13, it is possible to prevent the
organic light-emission devices 10R, 10G, and 10B from dete-
riorating due to moisture. For example, an organic material
such as polyimide may be used for the flattening layer 13. Tt is
also possible to suppress deterioration of the TFT 12, by
adding a function of blocking blue light or UV light, to the
flattening layer 13.

[0089] The organic light-emission devices 10R, 10G, and
10B each include the first electrode 14, an organic layer 16, a
high-resistive layer 17, and a second electrode 18 in this order
from the device substrate 11 (the flattening layer 13) side. The
organic layer 16 includes a light emitting layer. An insulating
film 15 is disposed between the organic light-emission
devices 10R, 10G, and 10B next to each other. The organic
light-emission devices 10R, 10G, and 10B may be arranged in
any form. For example, the organic light-emission devices
10R, 10G, and 10B may be arranged in a stripe arrangement,
a diagonal arrangement, a delta arrangement, and a rectangle
arrangement, etc.

[0090] The first electrode 14 is provided for each of the
organic light-emission devices 10R, 10G, and 10B. The plu-
rality of first electrodes 14 are disposed away from each other
on the flattening layer 13. The first electrode 14 has a function
of serving as an anode and a function of serving as a reflective
layer, and may be desirably configured of a material having
high reflectance and high hole injection ability. The first elec-
trode 14 as described above may have, for example, a thick-
ness in a lamination direction hereinafter simply referred to as
“thickness”) of 0.1 pm or more and 1 pm or less. Examples of
the material of the first electrode 14 may include a simple
substance of metallic elements such as chromium (Cr), gold
(Au), platinum (Pt), nickel (Ni), copper (Cu), molybdenum
(Mo), tungsten (W), titanium (Ti), tantalum (Ta), aluminum
(Al), iron (Fe), and silver (Ag), or an alloy thereof. The first
electrode 14 may be configured by laminating such metal
films. For the first electrode 14, an Ag—Pd—Cu alloy or an
Al-neodymium (Nd) alloy may also be used. The Ag—Pd—
Cu alloy is an alloy in which 0.3 wt % to 1 wt % of palladium
(Pd) and 0.3 wt % to 1 wt % of copper are contained in silver.
A material having a high work function may be preferably
used for the first electrode 14. However, metal having a low
work function such as aluminum and aluminum alloys may be
used for the first electrode 14, by appropriately selecting the
organic layer 16 (in particular, a hole injection layer to be
described later).

[0091] A part from a top surface (a surface facing the sec-
ond electrode 18) to side surfaces of the first electrode 14 is
covered with the insulating film 15. The insulating film 15 is
provided with an opening used to define light emission
regions (light emission regions 10RE, 10GE, and 10BE that
are illustrated in FIG. 4 and will be described later) of the
organic light-emission devices 10R, 10G, and 10B. The insu-
lating film 15 serves to control the light emission region
precisely to a desirable shape, and to secure insulation
between the first electrode 14 and the second electrode 18. For
example, an organic material such as polyimide, or an inor-
ganic material such as silicon oxide (Si0,), silicon nitride
(SiN,), and silicon oxynitride (SiON) may be used for the
insulating film 15. The insulating film 15 may have a thick-
ness of, for example, 50 nm to 2,500 nm.

[0092] The organic layer 16 may be provided, for example,
to be common to all of the organic light-emission devices
10R, 10G, and 10B. The organic layer 16 may include a hole
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injection layer, a hole transport layer, the light emitting layer,
an electron transport layer, and an electron injection layer
(none of these layers are illustrated) in this order from the first
electrode 14 side. The organic layer 16 may be configured of
the hole transport layer, the light emitting layer, and the
electron transport layer. In this case, the light emitting layer
may also serve as the electron transport layer. A plurality of
such laminated structures (so-called tandem units) each
including a series of layers may be laminated with a connec-
tion layer interposed therebetween, to configure the organic
layer 16. For example, the tandem units for the respective
colors of red, green, and blue may be provided and laminated
to configure the organic layer 16.

[0093] Theholeinjection layer is a buffer layer provided to
increase hole injection efficiency and to prevent leakage. For
example, the hole injection layer may have a thickness of 1
nm or more and 300 nm or less, and may be configured of a
hexaazatriphenylene derivative expressed by the following
chemical formula 1 or chemical formula 2.

[Chemical Formula 1]

[0094] (In the chemical formula 1, R1 to R6 are each inde-
pendently a substituent group selected from hydrogen, halo-
gen, a hydroxyl group, an amino group, an arylamino group,
a substituted or unsubstituted carbonyl group with carbon
number of 20 or less, a substituted or unsubstituted carbonyl
ester group with carbon number of 20 or less, a substituted or
unsubstituted alkyl group with carbon number of 20 or less, a
substituted or unsubstituted alkeny! group with carbon num-
ber of 20 or less, a substituted or unsubstituted alkoxyl group
with carbon number of 20 or less, a substituted or unsubsti-
tuted aryl group with carbon number of 30 or less, a substi-
tuted or unsubstituted heterocyclic group with carbon number
of 30 or less, a nitrile group, a cyano group, a nitro group, and
a silyl group. R™s (m=1 to 6) next to each other may be
coupled to each other through a cyclic structure. Further, X1
to X6 are each independently a carbon or nitrogen atom.)

[Chemical Formula 2]
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[0095] Thehole transport layer is provided to increase hole
transport efficiency for the light emitting layer. For example,
the hole transport layer may have a thickness of about 40 nm,
and may be configured of 4.4',4"-tris(3-methylphenylpheny-
lamino)triphenylamine (m-MTDATA), or a-naphthylphenyl-
diamine (. NPD).

[0096] For example, the light emitting layer may be pro-
vided for white light emission, and have, for example, a
laminated body including a red light emitting layer, a green
light emitting layer, and a blue light emitting layer (none of
these layers are illustrated) between the first electrode 14 and
the second electrode 18. The red light emitting layer, the
green light emitting layer, and the blue light emitting layer
emit light of red, green, and blue, respectively, by electron-
hole recombination caused by application of an electric field.
In this recombination, part of holes injected from the first
electrode 14 through the hole injection layer and the hole
transport layer is recombined with part of electrons injected
from the second electrode 18 through the electron injection
layer and the electron transport layer.

[0097] The red light emitting layer may include, for
example, one or more of a red luminescent material, a hole-
transporting material, an electron-transporting material, and a
both-carrier transporting material. The red luminescent mate-
rial may be either a fluorescent material or a phosphorescent
material. The red light emitting layer may have, for example,
a thickness of about 5 nm, and may be configured of 4,4-bis
(2,2-diphenylvinyl)biphenyl (DPVBi) mixed with 30 wt % of
2,6-bis[(4'-methoxydiphenylamino)styryl]-1,5-dicyanon-
aphthalene (BSN).

[0098] The green light emitting layer may include, for
example, one or more of a green luminescent material, a
hole-transporting material, an electron-transporting material,
and a both-carrier transporting material. The green light emit-
ting layer may be either a fluorescent material or a phospho-
rescent material. The green light emitting layer may have, for
example, a thickness of about 10 nm, and may be configured
of DPVBIi mixed with 5 wt % of coumarin 6.

[0099] The blue light emitting layer may include, for
example, one or more of a blue luminescent material, a hole-
transporting material, an electron-transporting material, and a
both-carrier transporting material. The blue light emitting
layer may be either a fluorescent material or a phosphorescent
material. The blue light emitting layer may have, for example,
a thickness of about 30 nm, and may be configured of DPVBi
mixed with 2.5 wt % of 4,4'-bis[2-{4-(N,N-diphenylamino)
phenyl}vinyl[biphenyl (DPAVBi).

[0100] The electron transport layer is provided to increase
electron transport efficiency for the light emitting layer, and
may be configured of, for example, 8-hydroxyquinolinealu-
minum (Alg3) having a thickness of about 20 nm. The elec-
tron injection layer is provided to increase electron injection
efficiency for the light emitting layer, and may be configured
of, for example, LiF, Li,O, or the like having a thickness of
about 0.3 nm.

[0101] Thehigh-resistive layer 17 is used to prevent occur-
rence of a short circuit between the first electrode 14 and the
second electrode 18, and is provided to be common to all of
the organic light-emission devices 10R, 10G, and 10B. The
high-resistive layer 17 has electric resistance higher than
electric resistance of each of the first electrode 14 and the
second electrode 18. The high-resistive layer 17 has a charge
transport function or a charge injection function. When the
organic light-emission devices 10R, 10G, and 10B are formed
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while a particle (foreign matter) or projection is present on the
first electrode 14, a short circuit may occur due to contact
between the first electrode 14 and the second electrode 18.
The high-resistive layer 17 makes it possible to prevent such
contact between the first electrode 14 and the second elec-
trode 18.

[0102] The high-resistive layer 17 may be preferably con-
figured of, for example, a material having electric resistivity
of 1x10% Q-m or more and 1x10® Q-mor less. This is because,
within this range, it is possible to prevent occurrence of a
short circuit sufficiently, while keeping a drive voltage low.
The high-resistive layer 17 may be configured of, for
example, niobium oxide (Nb,Os), titanium oxide (TiO,),
molybdenum oxide (MoQO,, MoQ,), tantalum oxide (Ta,O;),
hafnium oxide (HfO), magnesium oxide (MgO), IGZO (In-
GaZn0,), a mixture of niobium oxide and titanium oxide, a
mixture of titanium oxide and zinc oxide (ZnO), a mixture of
a silicon oxide (Si0,) and tin oxide (SnQ,), and a mixture in
which zinc oxide is mixed with one or more of magnesium
oxide, silicon oxide, and aluminum oxide (A1,0,). The high-
resistive layer 17 may be configured by appropriately com-
bining some of these materials. The high-resistive layer 17
having a value of a refractive index closer to those of the
organic layer 16 and the second electrode 18 may be prefer-
ably used. For example, the value of the refractive index may
preferably be 1.7 or more, and more preferably, may be 1.9 or
more. This improves external quantum efficiency of the light
emitting layer of the organic layer 16. The high-resistive layer
17 may have a thickness of, for example, about 100 nm to
about 1,000 nm.

[0103] Thesecond electrode 18 is paired with the first elec-
trode 14, with the organic layer 16 interposed therebetween.
For example, the second electrode 18 may be provided on the
electron injection layer, to be common to all of the organic
light-emission devices 10R, 10G, and 10B. The second elec-
trode 18 may be made of, for example, a transparent material
having optical transparency. Examples of this transparent
material may include an alloy of aluminum (Al), magnesium
(Mg), silver (Ag), calcium (Ca), and sodium (Na). In particu-
lar, an alloy of magnesium and silver (an Mg—Ag alloy) may
be preferably used, because the Mg—Ag alloy has both con-
ductivity and low absorption in form of a thin film. The ratio
between magnesium and silver in the Mg—Ag alloy is not
limited in particular, but may be preferably in a range in which
an Mg to Ag film-thickness ratio is from 20:1 to 1:1. Further,
an alloy of aluminum (Al) and lithium (Li) (an Al—Li alloy)
may also be used for the material of the second electrode 18.
Furthermore, a material such as indium tin oxide (ITO), zinc
oxide (Zn0), aluminum-doped zinc oxide (AZO), gallium-
doped zinc oxide (GZ0), indium zinc oxide (IZ0), indium
titanium oxide (ITi0), and indium tungsten oxide (IWQ) may
also be used. As will be described later in detail, the auxiliary
wiring 25 is provided in the display unit 1 and therefore, it is
possible to reduce the thickness of the second electrode 18.
The second electrode 18 may have a thickness of, for
example, about 10 nm to about 500 nm. The second electrode
18 and the high-resistive layer 17 also have a function of
preventing entrance of moisture into the organic layer 16.

[0104] Theprotectivelayer 19 is used to prevent entrance of
moisture into the organic layer 16, and is provided over the
entire surface of the device substrate 11 to cover the second
electrode 18. The protective layer 19 may be configured of,
for example, a light-transmissive conductive material such as
170. A material that allows, for example, 80% or more of
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light generated in the organic layer 16 to pass therethrough
may be preferably used for the protective layer 19.

[0105] Between the device panel 10 and the sealing panel
20, the filling resin 30A and a sealing resin 30B are provided
(as illustrated in FIG. 21A to be described later). The filling
resin 30A is provided to prevent entrance of moisture into the
organic layer 16 and to increase mechanical strength of the
display unit 1. The filling resin 30A is provided to cover at
least the display region 110. The filling resin 30A may pref-
erably have optical transmittance of about 80%. In addition,
the filling resin 30A may preferably have a thickness of 3 pm
to 20 pm, and more preferably, of 5 um to 15 pm. If the
thickness of the filling resin 30A is larger than 20 pm, a
distance between the color filter 23 and each of the organic
light-emission devices 10R, 10G, and 10B may become
longer, and luminance in an oblique direction with respect to
the device substrate 11 may become lower than luminance in
a front direction. In addition, a viewing angle may become
narrow, because of a reduction in chromaticity due to occur-
rence of color mixture. On the other hand, if the thickness of
the filling resin 30A is smaller than 3 pm, when the sealing
panel 20 and the device panel 10 are adhered to each other
while foreign matter is sandwiched therebetween, this for-
eign matter easily touches the organic light-emission devices
10R, 10G, and 10B. The organic light-emission devices 10R,
10G, and 10B may be pressurized by the foreign matter,
which may cause a dark spot such as pixel omission.

[0106] The sealing resin 30B is used to bond the device
panel 10 and the sealing panel 20 together, and provided to
surround the filling resin 30A. The sealing resin 30B also
serves to prevent entrance of moisture from outside into the
display region 110. It is possible to define a distance between
the device panel 10 and the sealing panel 20, by using the
sealing resin 30B. For example, the sealing resin 30B may be
configured by mixing particles having a desirable particle
size into a resin material. This allows the distance between the
device panel 10 and the sealing panel 20 to be adjusted to
substantially the same size as the particle size. This particle
size may be, for example, 3 pmto 20 pm, and preferably, 5 um
to 15 pm.

[0107] The light-shielding layer 22 of the sealing panel 20
is a so-called black matrix (BM), and may be, for example,
patterned into a matrix to match with the arrangement of the
organic light-emission devices 10R, 10G, and 10B (FIG. 4).
The light generated in each of the organic light-emission
devices 10R, 10G, and 10B is extracted through anopening of
the light-shielding layer 22. The light-shielding layer 22 may
be preferably configured of carbon black. A material having
both light blocking characteristics and conductivity such as
chromium and graphite may also be used for the light-shield-
ing layer 22. Alternatively, the light-shielding layer 22 may be
configured of a thin-film filter utilizing thin-film interference.
For example, this thin-film filter may be configured by lami-
nating one or more thin films made of materials such as metal,
metal nitride, and metal oxide, to reduce the light by causing
thin-film interference. Examples of such a thin-film filter may
include a film in which 65 nm of silicon nitride (SiN), 20 nm
of amorphous silicon (a-S1), and 50 nm or more of molybde-
num (Mo) are laminated in this order from the sealing sub-
strate 21 side. The examples may further include a film in
which45 nm of molybdenum oxide (MoO,), 10 nm of molyb-
denum, 40 nm of molybdenum oxide, and 50 nm or more of
molybdenum (Mo) are laminated in this order from the seal-
ing substrate 21 side.
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[0108] The color filter 23 may include, for example, a red
filter 23R, a green filter 23G, and a blue filter 23B that are in
a color arrangement corresponding to the patterns of the
light-shielding layer 22 and the organic light-emission
devices 10R, 10G, and 10B. The color filter 23 may be pro-
vided at a position overlapping the light-shielding layer 22.
The red filter 23R, the green filter 23G, and the blue filter 23B
may each be configured of, for example, resin mixed with a
pigment or a dye. By selecting the kind of this pigment or dye
appropriately, the red filter 23R, the green filter 23G, and the
blue filter 23B are each adjusted so that optical transmittance
in a wavelength region of each of red, green, and blue
becomes high. Optical transmittance of the color filter 23 is
low in regions other than the wavelength regions intended for
red, green, and blue. The color filter 23 may have a thickness
of, for example, 1 pm to 4 um. The color filter 23 may be
provided on a surface on either side (a surface facing the
device substrate 11 or a surface opposite thereto) of the seal-
ing substrate 21. However, the color filter 23 may be prefer-
ably provided on the side where the organic light-emission
devices 10R, 10G, and 10B are provided. One reason for this
is that the color filter 23 is allowed to be protected by the
protective layer 19 (or a bonding layer), without being
exposed on the surface. Another reason is that the distance
between the organic layer 16 and the color filter 23 becomes
short, which makes it possible to avoid occurrence of color
mixture due to entrance of light emitted from the organic
layer 16 into the adjacent color filter of other color.

[0109] A surface (a surface facing the device substrate 11)
of the color filter 23 is covered with the overcoat layer 24. The
overcoat layer 24 is a coating agent used to increase flatness
of the surface of the color filter 23 and to protect this surface.
The overcoat layer 24 may be configured of, for example, an
organic material such as resin or an inorganic material such as
Si0, SiN, and ITO.

[0110] Theauxiliary wiring 25 is provided to connect a first
peripheral electrode 25A to be described later, to the second
electrode 18 of the organic light-emission devices 10R, 10G,
and 10B, electrically. The auxiliary wiring 25 may be prefer-
ably configured of a material having high conductivity and
resistant to oxidizing in the air. Specific examples of the
material of the auxiliary wiring 25 may include aluminum
(Al), silver (Ag), gold (Au), copper (Cu), chromium (Cr),
zine (Zn), iron (Fe), tungsten (W), and cobalt (Co). Alumi-
num is relatively prone to be oxidized and therefore, the
auxiliary wiring 25 may be preferably configured by covering
a surface of aluminum with molybdenum (Mo) or titanium
(Ti). It is possible to suppress occurrence of a so-called IR
drop, by providing the above-described auxiliary wiring 25.
This will be described below.

[0111] In a top-emission-type display unit, a light-trans-
missive conductive film is used for the second electrode.
However, the light-transmissive conductive film has high
resistivity and therefore, arate of increase in wiring resistance
in accordance with a distance from a feeding point to each
pixel (each of the organic light-emission devices) is large. In
addition, the second electrode may preferably have a small
thickness, which further increases the resistance of the second
electrode. Therefore, ifthe distance between the feeding point
and the pixel becomes long, an effective voltage applied to the
organic light-emission device considerably drops and lumi-
nance also greatly decreases. It is possible to suppress the
occurrence of such an IR drop, by providing the auxiliary
wiring 25 serving as a current bypass between the second
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electrode 18 and the feeding point of the second electrode 18.
As illustrated in FIG. 4, the auxiliary wiring 25 in the display
region 110 may be provided, for example, in a matrix to
overlap the light-shielding layer 22. The conductive light-
shielding layer 22 may be used to serve also as the auxiliary
wiring 25. In place of the auxiliary wiring 25 in the matrix, a
transparent conductive film may be provided on the entire
surface of the sealing substrate 21, and may be used as the
auxiliary wiring 25. The material, thickness, width, etc. ofthe
auxiliary wiring 25 may be appropriately adjusted according
to factors such as a panel size.

[0112] The pillar 26 becomes the feeding point for the
second electrode 18, and electrically connects the second
electrode 18 to the auxiliary wiring 25. The pillar 26 is dis-
posed in a region (a non light emission region) between the
organic light-emission devices 10R, 10G, and 10B next to
each other. The pillar 26 may be, for example, in contact with
the auxiliary wiring 25 and the second electrode 18. The pillar
26 may be provided for each of the organic light-emission
devices 10R, 10G, and 10B. Alternatively, one pillar 26 may
be provided for the plurality of organic light-emission devices
10R, 10G, and 10B.

[0113] It may only be necessary for the pillar 26 to be in
contact with the second electrode 18, by protruding, for
example, about 3 um to about 20 pm, preferably, about 5 pm
to about 15 um, from the sealing panel 20 side. The distance
between the device panel 10 and the sealing panel 20 may also
be defined by the size of the pillar 26. Using the pillar 26 that
is elastic and deformable, the second electrode 18 of the
device panel 10 and the auxiliary wiring 25 of the sealing
panel 20 may be preferably connected to each other with
reliability. If there are variations in the size of the formed
pillars 26, the pillars 26 of larger sizes are sequentially
brought into contact with the second electrode 18 of the
device panel 10, when the sealing panel 20 is adhered to the
device panel 10. The elastic and deformable pillar 26 is
capable of absorbing these variations in size and therefore, it
is possible to bring the second electrode 18 into contact with
the smallest pillar 26 reliably. Further, it is also possible to
prevent damage, by absorbing pressure applied to the large
pillars 26. The distance between the device panel 10 and the
sealing panel 20 may also be adjusted by the thickness of the
color filter 23 between the light-shielding layer 22 and the
overcoat layer 24, in addition to the pillar 26. This distance
may be adjusted by overlapping end parts of the red filter 23R,
the green filter 23G, and the blue filter 23B next to each other.
[0114] Thepillar 26 may be in any shape. The pillar 26 may
be shaped to have, for example, a rectangular parallelepiped
shape, a circular cylindrical shape, or a tapered shape. The
pillar 26 may be configured of, for example, a resin material
such as acrylic resin, epoxy resin, and polyimide resin, which
is mixed with electrically-conductive fine particles. The pillar
26 may be configured by providing a surface of the shaped
insulating resin with a transparent conductive film such as
ITO and IZ0, or by covering the shaped insulating resin with
the material of the above-described auxiliary wiring 25.
[0115] The display unit 1 includes the first peripheral elec-
trode 25A and a second peripheral electrode 12C outside the
display region 110. The first peripheral electrode 25A and the
second peripheral electrode 12C are provided on the sealing
panel 20 side and on the device panel 10 side, respectively.
[0116] As illustrated in FIG. 5, the second peripheral elec-
trode 12C may be provided, for example, at each of two sides
of a peripheral edge of the device panel 10. The second
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peripheral electrode 12C is a bonding pad electrode provided
to send a drive signal to the first electrode 14 of each of the
organic light-emission devices 10R, 10G, and 10B through
the TFT 12. The second peripheral electrode 12C may be
electrically connected to, for example, a wiring substrate (not
illustrated) where a driver IC is implemented.

[0117] Asillustrated in FIG. 6, the first peripheral electrode
25A s electrically connected to the auxiliary wiring 25
through a wiring 25B surrounding the display region 110. In
other words, the first peripheral electrode 25A is electrically
connected to the second electrode 18 of the organic light-
emission devices 10R, 10G, and 10B. In the present embodi-
ment, the first peripheral electrode 25A is provided on the
sealing panel 20 as described above. As will be described later
in detail, this makes it possible to reduce the number of masks
to be used in a process of manufacturing the display unit 1,
which allows low-cost manufacturing. The first peripheral
electrode 25A may be, for example, a pad electrode electri-
cally connected to the common power supply line (GND),
and may be provided at each of two sides of a peripheral edge
of the sealing panel 20 (FIG. 6). Between the sealing substrate
21 and the first peripheral electrode 25A, the overcoat layer
24 may be provided, or the light-shielding layer 22 may be
provided in addition to the overcoat layer 24.

[0118] Asillustrated in FIG. 7, of the device panel 10, a part
provided with the second peripheral electrode 12C is dis-
posed not to overlap the sealing panel 20 (the sealing sub-
strate 21). Further, of the sealing panel 20, a part provided
with the first peripheral electrode 25A is disposed not to
overlap the device panel 10 (the device substrate 11).

[0119] [Method of Manufacturing Display Unit]

[0120] Thedisplay unit1 as described above may be manu-
factured, for example, by forming the device panel 10 and the
sealing panel 20, and then adhering these panels to each other.
Processes (FIGS. 8A to 8D) of forming the device panel 10,
processes (FIGS. 20A and 20B) of forming the sealing panel
20, and processes (FIGS. 21A to 21C) of adhering these
panels to each other will be described below in this order.
[0121] [Method of Manufacturing Device Panel 10]
[0122] First, the TFT 12, the interlayer insulating film 12A,
the wiring 12B, the second peripheral electrode 12C, and the
flattening layer 13 are formed on the device substrate 11. The
flattening layer 13 may be formed by, for example, any of
chemical vapor deposition (CVD), coating, sputtering, vari-
ous kinds of printing methods, and the like. In the flattening
layer 13, the connection hole 13A is provided beforehand.
[0123] Next, a conductive film may be deposited on the
flattening layer 13 by, for example, sputtering, and then the
deposited conductive film may be patterned using a photoli-
thography process to form the first electrode 14. Subse-
quently, for example, a silicon nitride film may be deposited
on the first electrode 14 and the flattening layer 13 by, for
example, plasma CVD, and then an opening is provided in
this silicon nitride film to form the insulating film 15 (FIG.
8A).

[0124] Next, a protective film 31 is formed to cover the
second peripheral electrode 12C (FIG. 8B). The protective
film 31 is provided to prevent the materials of the organic
layer 16 and the second electrode 18 from attaching to the
second peripheral electrode 12C in subsequent processes. For
example, asingle-use material such as tape may beused as the
protective film 31. Use of such a single-use material as the
protective film 31 allows a reduction in cost. The protective
film 31 may be configured of a resin material, and may be
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removed by an organic solvent after the organic layer 16 and
the second electrode 18 are formed. For example, the protec-
tive film 31 may be removed in a physical way such as
scraping off.

[0125] After the protective film 31 is formed, the organic
layer 16 including the light emitting layer, the high-resistive
layer 17, and the second electrode 18 may be formed on the
entire surface of the device substrate 11 by, for example,
physical vapor deposition (PVD) such as vacuum deposition
(FIGS. 8C and 8D). The organic layer 16, the high-resistive
layer 17, and the second electrode 18 may be formed by a
printing method such as screen printing and ink-jet printing,
laser transfer, coating, or the like. The laser transfer is a
method of transferring the organic layer 16 to the device
substrate 11, by emitting a laser to a laminated structure
including a laser absorbing layer and the organic layer 16
formed on a transfer substrate. The organic layer 16, the
high-resistive layer 17, and the second electrode 18 may be
formed after the second peripheral electrode 12C is covered
with an area mask (not illustrated) without providing the
protective film 31. However, use of the protective film 31
allows a further reduction in cost. After the second electrode
18 is provided, the protective layer 19 may be formed by, for
example, vacuum deposition. Forming the protective layer 19
by the vacuum deposition may be preferable, because energy
of film formation particles is small and therefore it is possible
to suppress an influence on a lower layer. Similarly, the pro-
tective layer 19 may be formed by CVD whose influence on
alower layer is small. The organic layer 16 may be preferably
prevented from deteriorating due to atmospheric moisture
and oxygen, by forming the protective layer 19 without
exposing the second electrode 18 to an atmosphere. Further, it
is possible to prevent deterioration in luminance due to dete-
rioration of the organic layer 16, by setting film formation
temperature of the protective layer 19 at ambient temperature.
Itis possible to prevent film exfoliation of the protective layer
19, by depositing the protective layer 19 on condition that
applied stress is minimized. The device panel 10 is completed
through the above-described processes.

[0126] Inthe present embodiment, the first peripheral elec-
trode 25A is provided at the sealing panel 20. Therefore, it is
possible to reduce the number of masks to be used in the
processes of forming the organic layer 16, the high-resistive
layer 17, and the second electrode 18. This will be described
below.

[0127] FIG. 9illustrates a cross-sectional configuration ofa
display unit (a display unit 100) according to a comparative
example. In the display unit 100, as illustrated in FIG. 10, the
device panel 10 is provided with, in addition to the second
peripheral electrode 12C, a first peripheral electrode 125A to
which the auxiliary wiring 25 is electrically connected. The
display region 110 of the device panel 10 is surrounded by a
wiring 125B electrically connected to the first peripheral
electrode 125A. On the other hand, as illustrated in FIG. 11,
the sealing panel 20 does not include a peripheral electrode at
aposition outside the display region 110. In the display region
110 of the sealing panel 20, for example, the auxiliary wiring
25 in a matrix may be provided as illustrated in F1G. 12. The
auxiliary wiring 25 is electrically connected to the first
peripheral electrode 125A (the wiring 125B) of the device
panel 10, by a pillar 126 at a potion outside the display region
110 (FIGS. 9 and 13). As illustrated in FIG. 14, the sealing
panel 20 and the device panel 10 are adhered to each other, so
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that the first peripheral electrode 125A and the second periph-
eral electrode 12C of the device panel 10 are exposed.
[0128] The display unit 100 as described above is manu-
factured as follows. First, in a manner similar to that of the
above-described display unit 1, the TFT 12, the interlayer
insulating film 12A, the wiring 12B, the second peripheral
electrode 12C, the flattening layer 13, the first electrode 14,
and the insulating film 15 are formed on the device substrate
11. In the display unit 100, the first peripheral electrode 125A
is also formed on the device substrate 11 in this process.
[0129] Next, asillustrated in FIGS. 15 and 16, of the device
substrate 11, a region provided with the first peripheral elec-
trode 125 A, the wiring 125B, and the second peripheral elec-
trode 12C is covered with an area mask (a mask 131A), and
then the organic layer 16 and the high-resistive layer 17 are
formed. When the first peripheral electrode 125A, the wiring
125B, and the second peripheral electrode 12C are brought
into contact with the material of the organic layer 16 with high
resistance, power consumption may increase, for example,
about 1.5-fold to about 2-fold. Therefore, it is necessary to
prevent film formation of the organic layer 16 on the first
peripheral electrode 125A and the second peripheral elec-
trode 12C, by using the mask 131A.

[0130] After the organic layer 16 is provided, a mask 132A
is provided above the device substrate 11, in place of the mask
131A (FIGS. 17 and 18). The mask 132A is an area mask
shaped to cover the second peripheral electrode 12C, while
exposing the wiring 125B. If the second peripheral electrode
12C is conducted with the first peripheral electrode 125A (the
wiring 125B) through the second electrode 18, it is difficult to
control driving of the organic light-emission devices 10R,
10G, and 10B. Therefore, the mask 132A is necessary to
prevent film formation of the second electrode 18 on the
second petipheral electrode 12C. After the mask 132A is
provided, the second electrode 18 is deposited, so that the
second electrode 18 and the first peripheral electrode 125A
(the wiring 125B) are connected to each other electrically. In
this way, in the display unit 100, at least two area masks (the
mask 131A and the mask 132A) are necessary in the pro-
cesses of forming the organic layer 16, the high-resistive layer
17, and the second electrode 18. The organic layer 16 and the
high-resistive layer 17 may be formed using separate area
masks, respectively.

[0131] It is conceivable that the process of manufacturing
the display unit 100 may be simple, as compared with a
process of manufacturing a display unit (a display unit 200) in
which organic layers 16R, 16G, and 16B are colored in dif-
ferent colors forthe organic light-emission devices 10R, 10G,
and 10B, respectively. FIG. 19 illustrates a cross-sectional
configuration of the display unit 200. In the display unit 200,
for example, the organic layers 16R, 16G, and 16B may be
formed by vapor deposition that causes a low-molecular-
weight organic material to sublimate by high heat. In this
process, in a device region except the desirable organic light-
emission device 10R (or the organic light-emission device
10G or 10B) is provided with an area mask. This area mask
may be, for example, a metal film having a thickness of 10 pm
to 100 um and provided with an opening. This opening may
be formed by, for example, etching or electroforming. In the
display unit 200 of large size and high definition, deflection of
such an area mask or an error in mask size may pose a
difficulty. In addition, it is difficult to form a minute area
mask. Moreover, it is also difficult to align an area mask with
the device substrate 11. In the display unit 200 as well, in a
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manner similar to that of the display unit 100, the second
electrode 18 is deposited on the entire surface of the device
substrate 11, after the organic layers 16R, 16G, and 16B are
provided. In the display unit 200, the area mask is used when
the organic layers 16R, 16G, and 16B are formed. Therefore,
it is possible to provide the device panel 10 with an auxiliary
wiring 18A for electrical connection with the second elec-
trode 18. For example, the auxiliary wiring 18A may be
provided at a position next to each of the organic light-emis-
sion devices 10R, 10G, and 10B, for each of the organic
light-emission devices 10R, 10G, and 10B. The auxiliary
wiring 18A is electrically connected to the first peripheral
electrode (not illustrated) of the device substrate 11.

[0132] In the process of manufacturing each of the display
units 100 and 200 described above, an area mask or a plurality
of area masks are necessary, and manufacturing cost
increases as the number of masks increases. The mask has a
life. For example, a metal mask may have a life of 10 pm to 20
wm (it is necessary to replace the mask when various film
formation materials accumulated on the mask reach a thick-
ness of 10 pm to 20 um). A display unit may be manufactured,
for example, by depositing a light emitting layer of an organic
layer to have a thickness 0f 0.2 pm to 0.3 pm, and a transparent
conductive film becoming a second electrode to have a thick-
ness ofabout 0.1 pm to about 1 pm. Characteristics of the light
emitting layer easily deteriorate due to entrance of oxygen
and moisture from outside and therefore, a thickness of 1 pm
or more is necessary for the entire organic layer, for protec-
tion. Hence, it is necessary to replace a mask, each time ten to
one hundred of display units are manufactured. Such frequent
replacement of the mask increases running cost as well as the
time necessary for manufacturing.

[0133] In contrast, in the display unit 1, the first peripheral
electrode 25A is provided on the substrate (the sealing sub-
strate 21) different from the device substrate 11 where the
organic layer 16 and the second electrode 18 are formed. This
allows the area mask (the mask 131A in FIGS. 15 and 16),
which covers the first peripheral electrode 25A in film forma-
tion of the organiclayer 16 and the second electrode 18, not to
be provided. Therefore, it is possible to lower manufacturing
cost, by reducing the number of masks to be used.

[0134] Further, in the display units 100 and 200, one mask
is repeatedly used many times and therefore, a deposited
material on the mask may fall on the device substrate 11,
which may cause a display failure. Furthermore, the mask and
the device substrate 11 are brought close to or into contact
with each other, to prevent the film formation materials from
entering therebetween. Therefore, the mask itself may dam-
age the organic light-emission devices.

[0135] Inaddition, in the display unit 100, it is necessary to
provide a margin region outside the display region 110, by
taking into consideration an error of alignment between the
device substrate 11 and the mask 131 A or 132A. This margin
region is secured also in consideration of occurrence of a
so-called entering phenomenon, in which a film formation
material enters through a gap between the mask 131A or
132A and the device substrate 11. In the display unit 100,
since such a margin region is necessary, an outside bezel
region of the display region 110 tends to become large. In
other words, the proportion of effective pixels (the display
region 110) in the device substrate 11 decreases, and the bezel
becomes wide. The device panel 10 of the display unit 100 is
provided with the peripheral electrodes (the first peripheral
electrode 125A and the second peripheral electrode 12C)
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outside the display region 110. Therefore, if a removable
protective film (for example, the protective film 31 in FIG.
8B)isused in place of the masks 131 A and 132A, the organic
light-emission devices 10R, 10G, and 10B in the display
region 110 may deteriorate due to a chemical and the like used
for removal. Similarly, if the protective film is physically
removed, the organic light-emission devices 10R, 10G, and
10B may also deteriorate by being exposed to the atmosphere
due to this removal.

[0136] Incontrast,in the display unit 1, there is one periph-
eral electrode (the second peripheral electrode 12C) on the
device substrate 11. Therefore, in the film formation of the
organic layer 16 and the second electrode 18, the second
peripheral electrode 12C may be covered with the removable
protective film 31, in place of the area mask. Hence, in the
display unit 1, a mask is allowed not to be provided in the film
formation of the organic layer 16 and the second electrode 18,
which makes it possible to prevent display failure and expan-
sion of the bezel region due to use of a mask. The display unit
1 as described above is also suitable for application to a field
of apparatuses such as tablet terminals and mobile units that
are expected to have a slimmer bezel.

[0137] [Method of Manufacturing Sealing Panel 20]
[0138] The sealing panel 20 of the display unit 1 may be
formed as follows, for example (FIGS. 20A and 20B). First,
the material of the light-shielding layer 22 may be deposited
on the entire surface ofthe sealing substrate 21, and then may
be patterned into a matrix by using, for example, a photoli-
thography process. Next, the red filter 23R, the green filter
23G, and the blue filter 23B are sequentially formed to be
patterned on the sealing substrate 21 provided with the light-
shielding layer 22. Subsequently, the overcoat layer 24 is
deposited on the entire surface of the sealing substrate 21, and
then the auxiliary wiring 25 and the first peripheral electrode
25A are formed on the overcoat layer 24 (FIG. 20A).

[0139] After the auxiliary wiring 25 is provided, the pillar
26 is formed to be electrically connected to the auxiliary
wiring 25, as illustrated in FIG. 20B. The pillar 26 may be
formed utilizing a technique used for a photo spacer in a
display such as a liquid crystal display. Specifically, at first,
for example, acrylic resin or the like may be applied onto the
sealing substrate 21 and then shaped into a desirable shape by
using a photolithography process. Subsequently, a film of
ITO may be formed by, for example, sputtering on the entire
surface of the sealing substrate 21 including the shaped resin,
so that the pillar 26 is formed. The sealing panel 20 is com-
pleted by the above-described processes.

[0140] [Process of Adhering Device Panel 10 and Sealing
Panel 20]
[0141] Using a one-drop-fill (ODF) process as illustrated in

FIGS. 21A to 21C, for example, the device panel 10 and the
sealing panel 20 formed as described above may be adhered
to each other (FIG. 22). Specifically, an upper plate 41A and
alower plate 41B in a pair are prepared in a vacuum chamber,
and then the sealing panel 20 and the device panel 10 are fixed
to a surface of the upper plate 41A and a surface of the lower
plate 41B that face each other, respectively. Next, a peripheral
edge portion of the device panel 10 on the lower plate 41B is
surrounded by the sealing resin 30B, and the filling resin 30A
is dropped in a region surrounded by the sealing resin 30B
(FIG. 21A). In this process, a plurality of droplets of the
filling resin 30A are positioned with uniform spacings. Sub-
sequently, the sealing panel 20 and the device panel 10 are
adhered to each other in the vacuum chamber (FIG. 21B), and
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then a nitrogen (N, ) atmosphere is formed in the chamber to
apply pressure to the device panel 10 and the sealing panel 20.
This makes it possible to provide the filling resin 30A
between the device panel 10 and the sealing panel 20 without
a gap (FIG. 21C).

[0142] After the sealing panel 20 and the device panel 10
are adhered to each other (FIG. 22), the protective film 31 is
removed. Also, the device substrate 11 and the sealing sub-
strate 21 are cut so that the first peripheral electrode 25A of
the sealing panel 20 and the second peripheral electrode 12C
of the device panel 10 are exposed from the device substrate
11 and the sealing substrate 21, respectively (FIG. 7). The
display unit 1 illustrated in FIG. 1 is completed by the above-
described process.

[0143] [Operation of Display Unit]

[0144] In the display unit 1, when a driving current corre-
sponding to an image signal of each color is applied to each of
the organic light-emission devices 10R, 10G, and 10B, an
electron and a positive hole are injected into the organic layer
16 through the first electrode 14 and the second electrode 18.
The electron and the positive hole are recombined in the light
emitting layer included in the organic layer 16, to cause
emission of light. This light is extracted after passing through
the second electrode 18, the color filter 23, and the sealing
substrate 21. In this way, for example, an image of full color
of R, G, and B may be displayed on the display unit 1. In
addition, by application of an electric potential corresponding
to the image signal to one end of the capacitor Cs in this image
display operation, an electric charge corresponding to the
image signal is stored in the capacitor Cs.

[0145] A surplus current after the emission of light flows
from the second electrode 18 of the organic light-emission
devices 10R, 10G, and 10B, to the first peripheral electrode
25A of the sealing panel 20 side, through the pillar 26 and the
auxiliary wiring 25. The first peripheral electrode 25 A may be
electrically connected to the common power supply line
(GND), for example (FIG. 3).

[0146] On the other hand, in the display unit 100 (FIG. 9),
the first peripheral electrode 125A is provided on the device
panel 10 side. Therefore, a current, which has flowed from the
second electrode 18 of the organic light-emission devices
10R, 10G, and 10B to the auxiliary wiring 25 of the sealing
panel 20 through the pillar 26, returns to the device panel 10
side through the pillar 126 provided outside the display region
110, and arrives at the first peripheral electrode 125A.
[0147] Inthis way, in the display unit 100, the current from
the second electrode 18 travels twice between the device
panel 10 and the sealing panel 20 through the pillar 26. In
contrast, in the display unit 1, it is possible to reduce the
number of times of traveling to once. Therefore, a resistance
value of a current path from the second electrode 18 to the first
peripheral electrode 25A is lowered, which makes it possible
to suppress power consumption of the display unit 1.

[0148] [Functions and Effects of Display Unit]

[0149] Further, here, the sealing panel 20 includes the first
peripheral electrode 25A. Therefore, the number of masks to
be used in forming the organic light-emission devices 10R,
10G, and 10B on the device substrate 11 is reduced. This
suppresses an increase in running cost and an increase in
manufacturing time, thereby allowing a reduction in cost.
[0150] Furthermore, in forming the organic light-emission
devices 10R, 10G, and 10B, the second peripheral electrode
12C on the device substrate 11 is covered with the removable
protective film 31. Therefore, it is possible to form the organic
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layer 16, the high-resistive layer 17, and the second electrode
18 without using a mask. This makes it possible to prevent
display failure and expansion of a bezel region due to use of
a mask. Moreover, using the single-use protective film 31
allows a further reduction in cost.

[0151] Inaddition, the number of times of current traveling
between the device panel and the sealing panel 20 through the
pillar is reduced. Therefore, the resistance value of the current
path from the second electrode 18 to the first peripheral elec-
trode 25A is lowered, which allows suppression in the power
consumption of the display unit 1.

[0152] As described above, in the display unit 1 of the
present embodiment, the first peripheral electrode 25A is
formed on the sealing substrate 21. Therefore, itis possible to
manufacture the display unit 1 at a lower cost.

[0153] Next, modifications of the above-described embodi-
ment and other embodiments will be described. In the follow-
ing description, the same components as those of the above-
described embodiment will be provided with the same
reference numerals as those thereof, and will not be described
as appropriate.

[0154] [Modification 1]

[0155] FIG.23 illustrates a cross-sectional configuration of
adisplay unit (a display unit 1A) according to Modification 1.
The display unit 1A includes a conductive resin 30AC
between the device panel 10 and the sealing panel 20. In the
display unit 1A, it is possible to omit the process of forming
the pillar (the pillar 26 in FIG. 1) used to connect the second
electrode 18 of the organic light-emission devices 10R, 10G,
and 10B to the auxiliary wiring 25 electrically. Except this
point, the display unit 1A has a configuration similar to that of
the display unit 1, and has similar functions and effects as
well.

[0156] The conductive resin 30AC may be formed, for
example, using a conductive resin material for the filling resin
30A (FIG. 21A, etc.) used in the process of manufacturing the
above-described display unit 1. The conductive resin 30AC
may have electric resistivity of, for example, 1x10° Q-m to
1x10® Q:m. When the conductive resin 30AC having electric
resistivity within this range is used, the process of forming the
high-resistive layer 17 may be omitted. In addition, it is
possible to connect the organic layer 16 and the auxiliary
wiring 25 electrically by the conductive resin 30AC, without
providing the second electrode 18.

[0157] [Modification 2]

[0158] FIG.24 illustrates a cross-sectional configuration of
adisplay unit (a display unit 1B) according to Modification 2.
The display unit 1B includes a conductive ball 26 A in place of
the pillar 26 (FIG. 1) of the above-described display unit 1. By
the conductive ball 26A, the auxiliary wiring 25 is electrically
connected to the second electrode 18 of the organic light-
emission devices 10R, 10G, and 10B. Except this point, the
display unit 1B has a configuration similar to that of the
display unit 1, and has similar functions and effects as well.

[0159] The conductive ball 26A may be, for example, a
substantially spherical conductor of 3 um to 20 um in diam-
eter. The conductive ball 26A may be configured, for
example, by covering a surface of a resin material such as
acrylic resin, with a conductive metallic material such as gold
(Au), titanium (Ti), and silver (Ag). This surface may be
covered with a light-transmissive transparent electrode mate-
rial such as ITO and IZ0O. Use of the transparent conductive
material makes it possible to suppress an influence on optical
properties of the display unit 1B, even when the conductive
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ball 26A is disposed in the light emission regions 10RE,
10GE, and 10BE of the organic light-emission devices 10R,
10G, and 10B. The distance between the device panel 10 and
the sealing panel 20 may also be adjusted by the size of the
diameter of the conductive ball 26A. When the protective
layer 19 has an insulation property, the conductive ball 26 A is
provided in a connection hole, of the protective layer 19, that
is formed beforehand.

[0160] Reliability of electrical connection between the con-
ductive ball 26 A and the auxiliary wiring 25 may be increased
by providing a transparent conductive film such as ITO and
170 on the entire surface (a surface facing the device sub-
strate 11) of a sealing substrate 21. Even when the conductive
ball 26A is not in contact with the auxiliary wiring 25, the
conductive ball 26A and the auxiliary wiring 25 are electri-
cally connected to each other by providing the conductive
film on the entire surface of the sealing substrate 21. There-
fore, the conductive ball 26 A and the auxiliary wiring 25 are
allowed to be connected electrically to each other with reli-
ability.

[0161] [Modification 3]

[0162] FIG. 25 illustrates a cross-sectional configuration of
amain part of a display unit (a display unit 1C) according to
Modification 3. In the display unit 1C, the auxiliary wiring 25
of the sealing panel 20 is brought into contact with the second
electrode 18 of the device panel 10, by a projection section (a
projection section 23C) formed of the color filter 23. Except
this point, the display unit 1C has a configuration similar to
that of the display unit 1, and has similar functions and effects
as well.

[0163] End parts of the red filter 23R, the green filter 23G,
and the blue filter 23B next to each other are disposed to
overlap each other in a non-light emission region, namely, at
a position facing the pattern of the light-shielding layer 22. In
this overlap region of the red filter 23R, the green filter 23G,
and the blue filter 23B, the color filter 23 is projected convexly
towards the device panel 10 side, so that the projection section
23C is formed. As a result, the auxiliary wiring 25 on the
sealing panel 20 side is in contact with the second electrode
18 on the device panel 10 side, so that these panels are elec-
trically connected to each other. In the display unit 1C as
described above, it is possible to omit the process of forming
the pillar.

[0164] [Modification 4]

[0165] FIG. 26 illustrates a cross-sectional configuration of
amain part of a display unit (a display unit 1D) according to
Modification 4. In the display unit 1D, the second electrode
18 and the auxiliary wiring 25 are electrically connected to
each other, using the insulating film 15. Except this point, the
display unit 1D has a configuration similar to that of the
display unit 1, and has similar functions and effects as well.

[0166] The thickness of the insulating film 15 between the
first electrodes 14 next to each other is larger than the thick-
ness of the first electrode 14, and the surface of the insulating
film 15 is closer to the sealing panel 20 side than the surface
of the first electrode 14 is. Utilizing this thickness of the
insulating film 15, the second electrode 18 on the insulating
film 15 may be brought into contact with the auxiliary wiring
25 of the sealing panel 20 to establish electrical connection
therebetween. In the display unit 1D as described above, it is
possible to omit the process of forming the pillar.
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Second Embodiment

[0167] FIG.27 illustrates a cross-sectional configuration of
adisplay unit (adisplay unit 2) according to a second embodi-
ment of the present application. In the display unit 2, the
sealing panel 20 is provided with, together with the first
peripheral electrode 25A, a second peripheral electrode (a
second peripheral electrode 12CA) (FIG. 28 to be described
later). Except this point, the display unit 2 has a configuration
similar to that of the display unit 1, and has similar functions
and effects as well.

[0168] As with the second peripheral electrode 12C of the
display unit 1, the second peripheral electrode 12CA may be,
for example, a bonding pad electrode provided to send a drive
signal to each ofthe organic light-emission devices 10R, 10G,
and 10B. The second peripheral electrode 12CA is provided
outside the display region 110, as illustrated in FIG. 28. The
second peripheral electrode 12CA may be disposed, for
example, at each of two sides of the peripheral edge of the
sealing substrate 21, that are different from the sides where
the first peripheral electrode 25A are provided. The second
peripheral electrode 12CA is electrically connected to an
auxiliary wiring 12CB (a second wiring) of the sealing panel
20. In the display region 110 of the sealing panel 20, the
auxiliary wiring 25 electrically connected to the first periph-
eral electrode 25A may be provided in a manner similar to
that of the display unit 1, for example.

[0169] On the other hand, the device panel 10 of the display
unit 2 includes an electrode 12E (a conductor) electrically
connected to the TFT 12 of each of the organic light-emission
devices 10R, 10G, and 10B (FIG. 27). As illustrated in FIG.
29, the electrode 12E is disposed outside the display region
110, and may be formed, for example, in the same process as
the process of forming the gate electrode or the source-drain
electrode of the TFT 12. The electrode 12E may be formed in
the same process as the process of forming the wiring 12B.
The TFT 12, the wiring 12B, and the electrode 12E as
described above may be formed by, for example, a lithogra-
phy process. Therefore, it is possible to establish connection
between the terminals reliably, by preventing occurrence of
disconnection and crosstalk. For the electrode 12E as
described above, for example, a metallic material of low
resistance such as aluminum, silver, copper, gold, nickel,
molybdenum, titanium, and chromium. For example, the
electrode 12E may be preferably configured by covering a
surface of aluminum with molybdenum. Molybdenum is
resistant to oxidizing and therefore, reliability of the electrode
12E improves.

[0170] The display unit 2 includes an anisotropic conduc-
tive film (ACF) 12D (a second connection section) provided
between the device substrate 11 and the sealing substrate 21,
to connect the electrode 12E and the auxiliary wiring 12CB
electrically. Therefore, a drive signal is transmitted to each of
the TFTs 12 through the auxiliary wiring 12CB, the anisotro-
pic conductive film 12D, and the electrode 12E, from a wiring
substrate (not illustrated) connected to the second peripheral
electrode 12C.

[0171] The anisotropic conductive film 12D has resistance
that changes depending on a current flowing direction. For
example, in the anisotropic conductive film 12D, the resis-
tance is small when a current flows in a lamination direction
in which the device substrate 11 and the sealing substrate 21
are laminated. In addition, in the anisotropic conductive film
12D, a current does not flow in a direction parallel to the
surface of each of the device substrate 11 and the sealing
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substrate 21. Therefore, it is possible to cause each of the
organic light-emission devices 10R, 10G, and 10B to serve as
adisplay device, by transmitting the driving current to each of
the organic light-emission devices 10R, 10G, and 10B. The
anisotropic conductive film 12D may be configured of, for
example, thermosetting resin mixed with minute metal par-
ticles having conductivity. The metal particle may be, for
example, a spherical particle of 5 pm to 15 pm in diameter,
and includes a nickel layer, a gold plating layer, and an insu-
lating layer in this order from a central part to circumference.
The thermosetting resin including such conductive particles
is provided between connection terminals (between the aux-
iliary wiring 12CB and the electrode 12E), and then the
provided thermosetting resin is pressurized while being
heated. The heating may be performed using, for example, a
heater or the like, and the pressurization may be performed
using, for example, an elastic pad made of a material such as
rubber. A position where the terminal is provided is projected
convexly from the surface of the substrate. Therefore, when
the thermosetting resin is thus pressurized, the conductive
particles located at a position facing the terminal is pressur-
ized hard, and brought into contact with each other while
overlapping each other. As a result, the plating layers of the
respective conductive particles are connected to each other to
form a conductive path. On the other hand, in the conductive
particles in a part except the terminal, insulation between the
particles is maintained by the insulating layers. In this way,
anisotropy of the anisotropic conductive film 12D is formed.
In place of the anisotropic conductive film 12D, a paste-
shaped anisotropic conductive material (anisotropic conduc-
tive paste (ACP)) may be used. The auxiliary wiring 12CB
and the electrode 12E may be electrically connected to each
other by a conductive ball (FIG. 24) having anisotropy, or
may be connected by a projection section (FIG. 25) of the
color filter 23, or the insulating film 15 (FIG. 26).

[0172] The display unit 2 may be manufactured as follows,
for example (FIGS. 30 and 31). First, the TFT 12, the inter-
layer insulating film 12A, the wiring 12B, the electrode 12E,
and the flattening layer 13 are formed on the device substrate
11. Next, the first electrode 14 and the insulating film 15 are
formed on the flattening layer 13, and then the electrode 12E
is covered with a protective film 32, as illustrated in FIG. 30.
The protective film 32 is provided to prevent contact between
the electrode 12E and each of the organic layer 16, the high-
resistive layer 17, and the second electrode 18. A film similar
to the protective film 31 (FIG. 8B) used in the process of
manufacturing the above-described display unit 1 may be
used for the protective film 32. In place of the protective film
32, an area mask (not illustrated) may be used. After the
protective film 32 is provided, the organic layer 16, the high-
resistive layer 17, the second electrode 18, and the protective
layer 19 are formed in a manner similar to that of the display
unit 1. On the other hand, in addition to the first peripheral
electrode 25A, the second peripheral electrode 12CA and the
auxiliary wiring 12CB are formed on the sealing substrate 21.
The auxiliary wiring 12CB may be formed, for example, in
the same process as the process of forming the auxiliary
wiring 25. Thus forming a plurality of wirings (the auxiliary
wirings 12CB and 25) in the same process improves produc-
tivity, which allows suppression in cost. The light-shielding
layer 22, the color filter 23, and the overcoat layer 24 may be
formed on the sealing substrate 21, in a manner similar to that
described above for the above-described display unit 1. The
sealing panel 20 and the device panel 10 thus formed may be
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adhered to each other using, for example, the ODF process
(FIGS. 21A to 21C), and the device substrate 11 is cut so that
the first peripheral electrode 25A and the second peripheral
electrode 12CA on the sealing panel 20 are exposed (FIG.
31). The display unit 2 is completed by the above-described
processes.

[0173] Inthis way, in the display unit 2, the second periph-
eral electrode 12CA is provided at the sealing panel 20.
Therefore, it is possible to reduce the number of masks to be
used in the processes of forming the organic layer 16, the
high-resistive layer 17, and the second electrode 18. Hence, it
is possible to reduce the cost, by suppressing an increase in
running cost and an increase in manufacturing time. Further,
it is also possible to form the organic layer 16, the high-
resistive layer 17, and the second electrode 18 without using
amask by using the protective film 32. This makes it possible
to prevent display failure and expansion of a bezel region due
to use of a mask.

Third Embodiment

[0174] FIG. 32 illustrates a cross-sectional configuration of
a display unit (a display unit 3) according to a third embodi-
ment of the present application. The display unit 3 is a bot-
tom-emission-type display unit in which light is extracted
from the device substrate 21 side. Except this point, the dis-
play unit 2 has a configuration similar to that of the display
unit 1, and has similar functions and effects as well.

[0175] The device panel 10 of the display unit 3 has an
opening 13M at a position facing each of the organic light-
emission devices 10R, 10G, and 10B, and light generated in
each of the organic light-emission devices 10R, 10G, and 10B
is extracted through the opening 13M. For example, the open-
ing 13M may pass through the flattening layer 13 and the
interlayer insulating film 12A. In the present embodiment, as
with the display unit 1, the first peripheral electrode 25A
electrically connected to the auxiliary wiring 25 is provided
on the sealing panel 20. This reduces the number of masks to
be used in forming the organic light-emission devices 10R,
10G, and 10B, thereby allowing suppression in cost. In addi-
tion, as compared with the case (the display unit 100 in FIG.
9) in which the first peripheral electrode 125A is provided on
the device panel 10 side, a design load of the device panel 10
is reduced. Therefore, it is possible to increase an aperture
ratio of the opening 13M. Hence, it is possible to enhance
luminance of the organic light-emission devices 10R, 10G,
and 10B.

[0176] In the display unit 3, the light is extracted from the
device panel 10 side and therefore, it is possible to design the
sealing panel 20 more freely. For example, the auxiliary wir-
ing 25 and the pillar 26 may be provided in the light emission
region (the light emission regions 10RE, 10GE, and 10BE in
FIG. 4). Alternatively, a conductive film may be provided on
the entire surface of the sealing substrate 21 to configure the
auxiliary wiring 25.

[0177] Asillustrated in FIG. 33, the second peripheral elec-
trode (the second peripheral electrode 12CA) of the display
unit 3 may be provided on the sealing panel 20.

APPLICATION EXAMPLES

[0178] Examples of application of the display units (the
display units 1, 1A, 1B, 1C, 1D, 2, and 3) as described above
to electronic apparatuses will be described below. Examples
of the electronic apparatuses may include television appara-
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tuses, digital cameras, laptop personal computers, mobile
terminal apparatuses such as mobile phones, and video cam-
eras. In other words, the above-described display units are
applicable to electronic apparatuses in all fields which display
externally-inputted image signals or internally-generated
image signals as still or moving images.

[0179] [Module]

[0180] Any of the above-described display units may be
incorporated in various kinds of electronic apparatuses
including Application examples 1 to 7 to be described below,
as a module illustrated in FIG. 34, for example. In this mod-
ule, for example, a region 61 exposed from the sealing sub-
strate 21 or the device substrate 11 may be provided at one
side of the device panel 10 or the sealing panel 20. In this
exposed region 61, external connection terminals (such as the
first peripheral electrode and the second peripheral electrode)
are formed by extending wirings of the signal-line driving
circuit 120, the scanning-line driving circuit 130, and the
power-supply-line driving circuit 140. These external con-
nection terminals may be provided with a flexible printed
circuit (FPC) 62 for input and output of signals.

Application Example 1

[0181] FIG. 35A and FIG. 35B each illustrate an appear-
ance of an electronic book to which the display unit of any of
the above-described embodiments is applied. This electronic
book may include, for example, a display section 210 and a
non-display section 220. The display section 210 is config-
ured using the display unit of any of the above-described
embodiments.

Application Example 2

[0182] FIG. 36 illustrates an appearance of a smartphone to
which the display unit of any of the above-described embodi-
ments is applied. This smartphone may include, for example,
a display section 230 and a non-display section 240. The
display section 230 is configured using the display unit of any
of the above-described embodiments.

Application Example 3

[0183] FIG. 37 illustrates an appearance of a television
apparatus to which the display unit of any of the above-
described embodiments is applied. This television apparatus
may include, for example, an image-display screen section
300 including a front panel 310 and a filter glass 320. The
image-display screen section 300 is configured using the
display unit of any of the above-described embodiments.

Application Example 4

[0184] FIGS.38A and 38B each illustrate an appearance of
a digital camera to which the display unit of any of the
above-described embodiments is applied. This digital camera
may include, for example, a flash emitting section 410, a
display section 420, a menu switch 430, and a shutter button
440. The display section 420 is configured using the display
unit of any of the above-described embodiments.

Application Example 5

[0185] FIG. 39 illustrates an appearance of a laptop per-
sonal computer to which the display unit of any of the above-
described embodiments is applied. This laptop personal com-
puter may include, for example, a main body section 510, a
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keyboard 520 provided to enter characters and the like, and a
display section 530 displaying an image. The display section
530 is configured using the display unit of any of the above-
described embodiments.

Application Example 6

[0186] FIG. 40 illustrates an appearance of a video camera
to which the display unit of any of the above-described
embodiments is applied. This video camera may include, for
example, a main body section 610, a lens 620 disposed on a
front face of this main body section 610 to shoot an image of
a subject, a start/stop switch 630 used in shooting, and a
display section 640. The display section 640 is configured
using the display unit of any of the above-described embodi-
ments.

Application Example 7

[0187] FIGS. 41A and 41B each illustrate appearances of a
mobile phone to which the display unit of any of the above-
described embodiments is applied. This mobile phone may
be, for example, a unit in which an upper housing 710 and a
lower housing 720 are connected by a coupling section (a
hinge section) 730, and may include a display 740, a sub-
display 750, a picture light 760, and a camera 770. Of these
components, the display 740 or the sub-display 750 is con-
figured using the display unit of any of the above-described
embodiments.

[0188] The present application has been described above
with reference to some embodiments and modifications, but
is not limited thereto and may be variously modified. For
example, in the above-described embodiments and the like,
the case in which all the organic light-emission devices 10R,
10G, and 10B include the common organic layer 16 has been
described as an example. However, it may be sufficient that at
least one organic layer 16 is common to the organic light-
emission devices 10R, 10G, and 10B. For example, as illus-
trated in FIG. 42, an organic layer 16R and an organic layer
16G may be provided in the organic light-emission devices
10R and 10G, respectively, and an organic layer 16B may be
provided to be common to the organic light-emission devices
10R, 10G, and 10B. Alternatively, the light emitting layer
may be colored in different colors for each of the organic
light-emission devices 10R, 10G, and 10B, and the hole injec-
tion layer and the like may be provided to be common to the
organic light-emission devices 10R, 10G, and 10B.

[0189] Further, in the above-described embodiments and
the like, the case in which the red light emitting layer, the
green light emitting layer, and the blue light emitting layer are
laminated to generate white light. However, the configuration
of the light emitting layers may be of any type. For example,
a blue light emitting layer and a yellow light emitting layer
may be laminated.

[0190] In addition, in the above-described embodiments
and the like, the case in which a red pixel, a green pixel, and
a blue pixel are arranged by providing the red filter 23R, the
green filter 23G, and the blue filter 23B as the color filter 23
has been described. However, a yellow pixel or a white pixel
may be added to these pixels. This makes it possible to
improve luminance.

[0191] Furthermore, in the above-described embodiments
and the like, the case of providing the high-resistive layer 17
has been described. However, the organic light-emission
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devices 10R, 10G, and 10B may be configured without pro-

viding the high-resistive layer. Moreover, the overcoat layer

24 may also be omitted.

[0192] In addition, the materials and thicknesses, or the

film formation methods and film formation conditions of the

respective layers described in each of the embodiments and
the like are not limitative. Other materials and thicknesses, or
other film formation methods and film formation conditions
may be adopted. Further, all the components of the above-
described embodiments and the like may not be provided
necessarily, and other components may be further provided.

[0193] It is possible to achieve at least the following con-

figurations from the above-described example embodiments

and the modifications of the disclosure.

[0194] (1) A display unit including:

[0195] a first substrate including a plurality of light-emis-

sion devices in a display region, the plurality of light-emis-

sion devices each including an organic layer between a first
electrode and a second electrode;

[0196] asecond substrate disposed to face the first substrate

with the light-emission devices interposed therebetween;

[0197] a first peripheral electrode provided on the second

substrate and positioned outside the display region;

[0198] a first wiring provided on the second substrate and

configured to be electrically connected to the first peripheral

electrode; and

[0199] a first connection section configured to electrically

connect the first wiring and each of the light-emission

devices.

[0200] (2) The display unit according to (1), wherein the
second electrode is provided between the organic layer and
the second substrate to be common to the plurality of
light-emission devices, and is electrically connected to the
first connection section.

[0201] (3) The display unit according to (1) or (2), further
including:
[0202] a second peripheral electrode provided on the sec-

ond substrate and positioned outside the display region;

[0203] a second wiring provided on the second substrate

and configured to be electrically connected to the second

peripheral electrode; and

[0204] a second connection section configured to electri-

cally connect the second wiring to each of the light-emission

devices.

[0205] (4) The display unit according to (3), wherein

[0206] the second peripheral electrode is electrically con-

nected to a control section configured to transmit a drive

signal to each of the light-emission devices, and

[0207] the first electrode is provided between the organic

layer and the first substrate for each of the light-emission

devices, and is electrically connected to the second connec-
tion section.

[0208] (5) The display unit according to (4), wherein the
second connection section includes a conductor and an
anisotropic conductive film, the conductor being provided
outside the display region of the first substrate, and the
anisotropic conductive film being provided between the
conductor and the second wiring.

[0209] (6) The display unit according to (4) or (5), wherein
the first electrode is electrically connected to the second
connection section through a TFT provided on the first
substrate.
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[0210] (7) The display unit according to any one of (2) to
(6), wherein one or more layers serving as the organic layer
are provided to be common to the plurality of light-emis-
sion devices.

[0211] (8) The display unit according to any one of (2) to
(7), wherein

[0212] the organic layer includes a light emitting layer, and

[0213] oneormorelayers serving as the light emitting layer

are provided to be common to the plurality of light-emission

devices.

[0214] (9) The display unit according to any one of (1) to
(8), wherein light from the light emitting layer is extracted
from the second substrate side.

[0215] (10) The display unit according to any one of (1) to
(9), wherein the first connection section is provided in a
non-light emission region between the light-emission
devices next to each other.

[0216] (11) The display unit according to any one of (1) to
(10), wherein the first connection section is configured of
an electrically-conductive pillar.

[0217] (12) The display unit according to any one of (1) to
(10), wherein the first connection section is configured of
an electrically-conductive ball.

[0218] (13) The display unit according to any one of (1) to
(10), wherein the first connection section is configured of
electrically-conductive resin between the second electrode
and the second substrate.

[0219] (14) The display unit according to (10), wherein

[0220] the second substrate includes a plurality of color

filters allowing light rays in wavelengths different from one

another to pass therethrough, and

[0221] in the first connection section, a projection section

formed of the plurality of color filters allows the first wiring to

be electrically connected to the light-emission devices.

[0222] (15) The display unit according to (10), wherein

[0223] an insulating film is provided between the light-

emission devices next to each other, and the second electrode

is extended on the insulating film, and

[0224] in the first connection section, the insulating film

and the first wiring are in contact with each other with the

second electrode interposed therebetween.

[0225] (16) An electronic apparatus including
[0226] a display unit including,
[0227] a first substrate including a plurality of light-emis-

sion devices in a display region, the plurality of light-emis-

sion devices each including an organic layer between a first

electrode and a second electrode,

[0228] asecond substrate disposed to face the first substrate

with the light-emission devices interposed therebetween,

[0229] a first peripheral electrode provided on the second

substrate and positioned outside the display region,

[0230] a first wiring provided on the second substrate and

configured to be electrically connected to the first peripheral

electrode, and

[0231] a first connection section configured to electrically

connect the first wiring and each of the light-emission

devices.

[0232] (17) A method of manufacturing a display unit, the
method including:

[0233] forming a plurality of light-emission devices in a

display region on a first substrate, the plurality of light-emis-

sion devices each including an organic layer between a first

electrode and a second electrode;
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[0234] forming a first wiring and a first peripheral electrode
on a second substrate, the first peripheral electrode being
provided outside the display region and being electrically
connected to the first wiring; and

[0235] disposing the second substrate to face the first sub-
strate with the light-emission devices interposed therebe-
tween, and electrically connecting the first wiring to each of
the light-emission devices through the first connection sec-
tion.

[0236] (18) The method according to (17), wherein

[0237] after asecondperipheral electrode is formed outside
the display region of the first substrate, the second peripheral
electrode is covered with a protective film, and

[0238] after the light-emission devices are formed, the pro-
tective film is removed, and the second peripheral electrode is
electrically connected to a control section configured to trans-
mit a signal to each of the light-emission devices.

[0239] (19) The method according to (17), wherein

[0240] after a conductor is formed outside the display
region of the first substrate, the conductor is covered with a
protective film,

[0241] after the light-emission devices are formed, the pro-
tective film is removed,

[0242] asecond peripheral electrode is formed on the sec-
ond substrate to be positioned outside the display region, and
[0243] the conductor is electrically connected to a control
section configured to transmit a signal to each of the light-
emission devices through the second peripheral electrode.
[0244] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A display unit comprising:

a first substrate including a plurality of light-emission
devices in a display region, the plurality of light-emis-
sion devices each including an organic layer between a
first electrode and a second electrode;

a second substrate disposed to face the first substrate with
the light-emission devices interposed therebetween;

a first peripheral electrode provided on the second sub-
strate and positioned outside the display region;

a first wiring provided on the second substrate and config-
ured to be electrically connected to the first peripheral
electrode; and

a first connection section configured to electrically connect
the first wiring and each of the light-emission devices.

2. The display unit according to claim 1, wherein the sec-

ond electrode is provided between the organic layer and the
second substrate to be common to the plurality of light-emis-
sion devices, and is electrically connected to the first connec-
tion section.

3. The display unit according to claim 1, further compris-

ing:

a second peripheral electrode provided on the second sub-
strate and positioned outside the display region;

a second wiring provided on the second substrate and con-
figured to be electrically connected to the second periph-
eral electrode; and
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asecond connection section configured to electrically con-
nect the second wiring to each of the light-emission
devices.

4. The display unit according to claim 3, wherein

the second peripheral electrode is electrically connected to

a control section configured to transmit a drive signal to
each of the light-emission devices, and

the first electrode is provided between the organic layer and

the first substrate for each of the light-emission devices,
and is electrically connected to the second connection
section.

5. The display unit according to claim 4, wherein the sec-
ond connection section includes a conductor and an anisotro-
pic conductive film, the conductor being provided outside the
display region of the first substrate, and the anisotropic con-
ductive film being provided between the conductor and the
second wiring.

6. The display unit according to claim 4, wherein the first
electrode is electrically connected to the second connection
section through a TFT provided on the first substrate.

7. The display unit according to claim 2, wherein one or
more layers serving as the organic layer are provided to be
common to the plurality of light-emission devices.

8. The display unit according to claim 2, wherein

the organic layer includes a light emitting layer, and

one or more layers serving as the light emitting layer are

provided to be common to the plurality of light-emission
devices.

9. The display unitaccording to claim 1, wherein light from
the light emitting layer is extracted from the second substrate
side.

10. The display unit according to claim 1, wherein the first
connection section is provided in a non-light emission region
between the light-emission devices next to each other.

11. The display unit according to claim 1, wherein the first
connection section is configured of an electrically-conductive
pillar.

12. The display unit according to claim 1, wherein the first
connection section is configured of an electrically-conductive
ball.

13. The display unit according to claim 1, wherein the first
connection section is configured of electrically-conductive
resin between the second electrode and the second substrate.

14. The display unit according to claim 10, wherein

the second substrate includes a plurality of color filters

allowing light rays in wavelengths different from one
another to pass therethrough, and

in the first connection section, a projection section formed

of the plurality of color filters allows the first wiring to be
electrically connected to the light-emission devices.

15. The display unit according to claim 10, wherein

an insulating film is provided between the light-emission

devices next to each other, and the second electrode is
extended on the insulating film, and
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in the first connection section, the insulating film and the
first wiring are in contact with each other with the second
electrode interposed therebetween.

16. An electronic apparatus comprising

a display unit including,

a first substrate including a plurality of light-emission
devices in a display region, the plurality of light-emis-
sion devices each including an organic layer between a
first electrode and a second electrode,

a second substrate disposed to face the first substrate with
the light-emission devices interposed therebetween,

a first peripheral electrode provided on the second sub-
strate and positioned outside the display region,

a first wiring provided on the second substrate and config-
ured to be electrically connected to the first peripheral
electrode, and

a first connection section configured to electrically connect
the first wiring and each of the light-emission devices.

17. A method of manufacturing a display unit, the method

comprising:

forming a plurality of light-emission devices in a display
region on a first substrate, the plurality of light-emission
devices each including an organic layer between a first
electrode and a second electrode;

forming a first wiring and a first peripheral electrode on a
second substrate, the first peripheral electrode being
provided outside the display region and being electri-
cally connected to the first wiring; and

disposing the second substrate to face the first substrate
with the light-emission devices interposed therebe-
tween, and electrically connecting the first wiring to
each of the light-emission devices through the first con-
nection section.

18. The method according to claim 17, wherein

after a second peripheral electrode is formed outside the
display region of the first substrate, the second periph-
eral electrode is covered with a protective film, and

after the light-emission devices are formed, the protective
film is removed, and the second peripheral electrode is
electrically connected to a control section configured to
transmit a signal to each of the light-emission devices.

19. The method according to claim 17, wherein

after aconductor is formed outside the display regionof the
first substrate, the conductor is covered with a protective
film,

after the light-emission devices are formed, the protective
film is removed,

a second peripheral electrode is formed on the second
substrate to be positioned outside the display region, and

the conductor is electrically connected to a control section
configured to transmit a signal to each of the light-
emission devices through the second peripheral elec-
trode.
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https://share-analytics.zhihuiya.com/view/238f2d71-7c1e-4300-9317-b535776a5521
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