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DISPLAY DEVICE AND MANUFACTURING
METHOD OF THE DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2014-207598, filed on Oct. 8, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention is related to a display device
including a light emitting element such as an electrolumines-
cence element and a manufacturing method of the display
device.

BACKGROUND

[0003] An electroluminescence (referred to below as EL)
element is known as a light emitting element which uses an
electroluminescence phenomenon. An EL element can emit
light in colors of various wavelengths by selecting a light
emitting material which forms a light emitting layer, and their
application to display devices and lighting fixtures is pro-
gressing. In particular, an EL element which uses an organic
material as a light emitting material is attracting attention.
[0004] In a display device using an EL element, an EL
element as a light emitting element and a switching element
which performs light emitting control of the EL element are
arranged in each pixel arranged in a matrix shape above a
substrate. In addition, by controlling the ON/OFF of a switch-
ing element for each pixel, it is possible to display an optional
image across an entire display area.

[0005] Two types of display devices described above are
known, a top emission type and bottom emission type. A top
emission type is a method in which light emitted by an EL
element is extracted to the opposite side of a first substrate,
that is, second substrate (sealing substrate) side, formed with
a pixel circuit, and a bottom emission type is a method in
which light emitted by an EL element is extracted to an array
substrate side. In particular, since a bottom emission type is
arranged with a pixel electrode above a region formed with a
pixel circuit and can effectively use the majority of a pixel
electrode as a light emitting region, a bottom emission type is
effective in being able to secure a high aperture ratio of a
pixel.

[0006] In atop emission type EL display device, it is nec-
essary to extract light that has passed through a common
electrode (cathode) which becomes a pair with a pixel elec-
trode (anode). Therefore, in a top emission type, MgAg
(Magnesium-Silver Alloy,) which is formed into a thin film so
as to sufficiently allow light to pass through, is used as the
common electrode, and a transparent conductive film of ITO
(Indium Tin Oxide) or IZO (Indium Zinc Oxide) is often used.
[0007] Among these,anITO or IZO transparent conductive
film has a higher resistance compared to a metal film. There-
fore, when the size of a pixel in a display device increases, the
effects of a drop in voltage due to the resistance component of
a transparent conductive film increases which leads to prob-
lems such as differences in luminosity in a screen.

[0008] A structure in which auxiliary wiring is arranged
above a common electrode after forming a common electrode
is disclosed as a method for solving the phenomenon
described above in Japanese Laid Open Patent 2009-276721.
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The above described technology aims to achieve low resis-
tance of a common electrode by arranged auxiliary wiring
comprise from a metal film above a common electrode. In
addition, efforts are made for the auxiliary wiring to not cause
a decrease in the aperture ratio of a pixel by arranging the
auxiliary wiring above a bank. Furthermore, a bank is a com-
ponent is formed from an insulation material such as a resin
which sections a pixel.

[0009] In the technology described above, it is difficult to
align a bank and auxiliary wiring in the case where high
definition of a display device has progressed, and when align-
ment precision is poor, the auxiliary wiring is sometimes
formed within a pixel. As a result, the auxiliary wiring may
block the light emitted from an EL element leading to a
decrease in an aperture ratio.

[0010] Therefore, anaim of one embodiment of the present
invention is to provide a technology for forming auxiliary
wiring above a common electrode with high alignment pre-
cision.

[0011] In addition, an aim of one embodiment of the
present invention is to provide a high definition display device
securing both low resistance of a common electrode and a
sufficient aperture ratio using auxiliary wiring.

SUMMARY

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1is a planar view diagram showing a structure
of an entire display device related to a first embodiment of the
present invention;

[0013] FIG. 2 is a planar view diagram showing a structure
ofapixel partina display device related to a first embodiment
of the present invention;

[0014] FIG. 3 is a diagram showing a structure of a cross
section of a pixel part in a display device related to a first
embodiment of the present invention and shows a cross sec-
tion along the line III-I1I" shown in FIG. 2;

[0015] FIG. 4 is a diagram showing a manufacturing
method of'a display device related to a first embodiment of the
present invention;

[0016] FIG. 5 is a diagram showing a manufacturing
method of'a display device related to a first embodiment of the
present invention;

[0017] FIG. 6 is a diagram showing a manufacturing
method ofa display device related to a first embodiment of the
present invention;

[0018] FIG. 7 is a diagram showing a manufacturing
method of'a display device related to a first embodiment of the
present invention;

[0019] FIG. 8 is a diagram showing a manufacturing
method of a display device related to a first embodiment of the
present invention;

[0020] FIG. 9 is a diagram showing a structure of cross
section of a pixel part in a display device related to a second
embodiment of the present invention; and

[0021] FIG. 10 is a diagram showing a manufacturing
method of a display device related to a third embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0022] Each embodiment of the present invention is
explained below while referring to the diagrams. However,
the present invention can be performed by various modifica-
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tions without departing from the scope of the invention and
the invention should not be interpreted as being limited to the
details described in the embodiments exemplified below.
[0023] In addition, in order to clarify explanation, the
width, thickness and shape etc of each component in the
diagrams are represented schematically compared to actual
components, however, these are only examples and do not
restrict an interpretation of the present invention. In addition,
in the specification and each diagram, the same reference
symbols are attached to components that are arranged with
same function as components explained in previous diagrams
and overlapping explanations may be omitted.

First Embodiment

<Structure of a Display Device>

[0024] FIG.11is a diagram showing an entire structure of a
display device 100 related to a first embodiment of the present
invention. The display device 100 is arranged with a pixel part
(display region) 102, scanning line drive circuit 103, data line
drive circuit 104 and driver IC circuit 105 formed above a
substrate 101. The driver IC functions as a control part for
providing a signal to the scanning line circuit 103 and data
line drive circuit 104.

[0025] Furthermore, the data line driver circuit 104 may be
included in the driver IC 105. In FIG. 1, although an example
is shown in which the driver [C 105 is integrally formed above
the substrate 101, the driver IC 105 may also be arranged
above a separate substrate 101 in a form such as an IC chip. In
addition, the driver IC 105 may also be arranged externally in
an FPC (Flexible Printed Circuit).

[0026] A plurality of pixels is arranged in a matrix shape in
the pixel part 102 shown in FIG. 1. A data signal is provided
according to image data from the data line drive circuit 104 in
each pixel. By providing the data signals to each pixel elec-
trode via a switching element arranged in each pixel, it is
possible to display a screen according to image data. Typi-
cally, it is possible to use a thin film transistor (referred to
herein as “TFT”) as the switching element. However, the
switching element is not limited to a thin film transistor and
any element may be used as long as it is arranged with a
switching function.

[0027] FIG. 2 is a diagram showing a structure of a pixel
part 102 in the display device 100 shown in FIG. 1. In the
present embodiment, a pixel 201 includes a sub-pixel 201R
corresponding to red (R), a sub-pixel 201G corresponding to
green (G), and a sub-pixel 201B corresponding to blue (B). A
thin film transistor 202 is arranged as a switching element in
each sub-pixel. By controlling each sub-pixel 201R, 201G
and 201B to be ON or OFF using the thin film transistor 202,
it is possible to emit light in an arbitrary color corresponding
to each sub-pixel and represent various colors as one image.
[0028] Although a structure is shown in FIG. 2 using three
primary colors RGB as a sub-pixel, the present invention is
not limited to this structure. A structure is also possible in
whicha pixel 201 is formed using four sub-pixels with awhite
pixel (W) or yellow pixel (Y) is added to RGB. In addition,
although an example is exemplified in which pixels corre-
sponding to the same color are arranged in a stripe shape as a
pixel arrangement, other arrangements are also possible such
as a delta arrangement, Bayer arrangement or PenTile struc-
ture.

[0029] FIG. 3 isadiagram showing a cross-sectional struc-
ture of the pixel 201 shown in FIG. 2 along the line ITI-1IT'. An
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insulation layer formed from an inorganic material such as
silicon oxide, silicon nitride or aluminum oxide is arranged as
a undercoat layer 302 above the first substrate (array sub-
strate) 301 and a thin film transistor 303 is formed thereupon.

[0030] Itispossibleto use a glass substrate, silica substrate,
flexible substrate (polyimide, polyethylene terephthalate,
polyethylene naphthalate or other substrate that can be bent)
as the first substrate 301. In the case where the first substrate
301 is not required to include transparency, it is possible to
use a metal substrate, ceramic substrate or semiconductor
substrate.

[0031] The structure of the thin film transistor 303 may be
atop gate type or bottom gate type. In the display device 100
of the present embodiment, a structure is adopted in which a
first insulation layer 304 is arranged to cover the thin film
transistor 303 and any concave/convex parts caused by the
thin film transistor 303 are flattened. A resin material is pre-
ferred tobe used as the first insulation layer 304. For example,
it is possible to use a known organic material such as poly-
imide, polyamide, acrylic or epoxy and the like. An inorganic
material such as silicon oxide may be used in addition to an
organic material if flattening effects are desired and it is
possible to use a stacked layer structure of organic and inor-
ganic materials. Furthermore, the layer shown by 320 is an
inorganic insulation film such as a silicon oxide film which
functions as a gate insulation layer of the thin film transistor
303.

[0032] A pixel electrode 305 is arranged above the first
insulation layer 304. The pixel electrode 305 is connected to
the thin film transistor 303 via a contact hole formed in the
first insulation layer 304. In the display device 100 of the
present embodiment, the pixel electrode 305 functions as an
anode which forms an EL element.

[0033] The pixel electrode 305 is formed from a different
structure of either a top emission type or bottom emission
type. Forexample, in the case of a top emission type structure,
either a metal film with high reflectance is used as the pixel
electrode 305, or a stacked layer structure of a transparent
conductive film with a high work function and a metal film
such an indium oxide transparent conductive film (ITO for
example) or zine oxide transparent conductive film (IZO,
Zn0 for example) may be used. Reversely, in the case of a
bottom emission type structure, the transparent conductive
films described above may be used as the pixel electrode 305.
In the present embodiment, a top emission type display
device is explained as an example.

[0034] As is shown in FIG. 3, a bank 306 is arranged
between adjacent pixel electrodes 305. The bank 306 is
arranged to cover an end part (edge) of each pixel electrode
306 and as a result functions as a component for sectioning
each pixel. Furthermore, the bank 306 not only covers the end
part of the pixel electrode 306 but may also functions as a

filler material for burying concave parts caused by a contact
hole.

[0035] In the present embodiment, it is possible to use a
polyimide group, polyamide group, acrylic group, epoxy
group or resin material such as a siloxane group as the bank
306. In addition, although an example in which an outline of
across-section (cross-section cut at a surface perpendicular to
amain surface of the pixel electrode) including a peak part of
the bank 306 forms a curved shaped bank in FIG. 3, the shape
is not particularly limited. The outline of the bank 306 may
also have a trapezoidal shape for example.
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[0036] An electroluminescence layer (EL layer) 307 is
arranged above the pixel electrode 305 and bank 306. The EL
layer 307 includes at least a light emitting layer and functions
as a light emitting part of an EL element. Apart from a light
emitting layer, each type of functional layer such as an elec-
tron injection layer, electron transport layer, hole injection
layer and hole transport layer may be included in the EL layer
307. These layers are formed using a low molecular or high
molecular organic material. In addition, not only an organic
material but an electroluminescence type quantum dot may
also be used as the light emitting layer.

[0037] Inthe present embodiment, the EL layer 307 which
emits white color light is arranged and has a structure for
separating colors using a color filter described below. The
structure of the EL layer 307 is not particularly limited to the
structure of the present embodiment. In addition, the EL layer
307 may be formed only above each pixel electrode 305, and
not formed continuously above the bank 306. For example,
each pixel electrode 305 may be painted for different colors
respectively.

[0038] A common electrode 308 which functions as a cath-
ode of an EL element is arranged above the EL layer 307.
Since the display device 100 of the present embodiment is a
top emission type device, a MgAg thin film or transparent
conductive film (ITO or IZO) is used as the common electrode
308. The common electrode 308 is formed on the entire
surface of the pixel part 102 bridged between each pixel.
[0039] Here, in the display device 100 of the present
embodiment, a mask insulator 309 is formed in a position
corresponding to each pixel above the common electrode
308. The mask insulator 309 has transparency and can be
typically formed using a polyimide group, polyamide group,
acrvlic group, epoxy group or resin material such as a silox-
ane group. Although described below, it is preferred that the
mask insulator 309 has the same material as the filler material
311. In addition, although the mask insulator 309 may be a
light cured resin or thermosetting resin, it is preferred that a
light cured resin is used in order to suppress the effects on a
lower layer EL layer 307.

[0040] The mask insulator 309 is arranged within a section
enclosed by the bank 306 (in other words, above an effective
light emitting region) and the end part overlaps the bank 306
as 1s shown in FIG. 3. In addition, the thickness of the mask
insulator 309 is set so that the peak part of the mask insulator
309 is positioned further upwards than the peak part of the
bank 306 (strictly speaking, the peak part of the common
electrode 308 above the bank 306) when the main surface of
the pixel electrode 305 is used as reference. This is to make
the mask insulator 309 function as a stopper when forming the
auxiliary wiring 310 described below.

[0041] Furthermore, in the present embodiment, because
the mask insulator 309 is formed using an inkjet method for
example, the cross-section of a surface including a peak part
has a curved shape. That is, in the case where the mask
insulator 309 is cut at a surface perpendicular to a main
surface of the pixel electrode 305, the outline of the mask
insulator 309 has a curved shape. However, actually since the
shape of the cross-section including a peak part of the mask
insulator 309 depends on the shape of a pixel sectioned by the
bank 306, a straight line part is also possible.

[0042] InFIG.3, the auxiliary wiring 310 is arranged above
a part overlapping the bank 306 part of the common electrode
308. In other words, the auxiliary wiring 310 is arranged
between adjacent mask insulators 309. Specifically, since a
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solvent including a conductor is coated in a gap between a
plurality of mask insulators 309 and the solvent is vaporized
to form the auxiliary wiring 310, the end part of the auxiliary
wiring is in contact with the mask insulator 309 as is shown in
FIG. 3.

[0043] Itis possible to use a metal colloid including silver
(Ag) or titanium (Ti) or a metal nanowire as the conductor
which forms the auxiliary wiring 310. In addition, a conduc-
tive material such as carbon black may also be used. By
dispersing these conductors into the volatile solvent and
removing the solvent after coating, it is possible to form the
auxiliary wiring formed by the conductor described above. Of
course, it is also possible to use other wiring forming tech-
nologies as long as they do not damage the common electrode
308.

[0044] A counter substrate is arranged via the filler material
311 which functions as an adhesive and protective material on
the upper part of the mask insulator 309 and auxiliary wiring
310. Ttis possible to use a polyimide group, polyamide group,
acrylic group, epoxy group or resin material such as a silox-
ane group as the filler material 311. On the other hand, if
sufficient sealing at the substrate periphery part and a gap
support between the first substrate and second substrate can
be realized, it is possible to form a hollow seal without using
the filler material 311.

[0045] Furthermore, in the present embodiment, an
[counter substrate] includes color filters 313R, 313G, 313B
corresponding to each RGB color arranged in a second sub-
strate 312 and a main surface (surface facing the first substrate
301) of the second substrate 312 and a black matrix 314
arranged in a gap between the color filters.

[0046] However, the structure ofthe counter substrate is not
limited to this structure and the black matrix 314 may be
omitted. In addition, if the EL layer 307 is separated in each
RGB color, it is possible to omit the color filters from the
counter substrate. Furthermore, if the color filters are omitted
or formed on the first substrate 301 side, it is possible to
completely omit the counter substrate.

[0047] Since the display device 100 of the present embodi-
ment explained above is formed with the self-aligning auxil-
iary wiring 310 using the mask insulator 309, the auxiliary
wiring 310 can be arranged above the bank 306 with a high
level of positioning accuracy even if high definition
progresses. As a result, the auxiliary wiring 310 is formed not
abovean effective light emitting region (inside a region which
functions effectively as a pixel) and it is possible to prevent a
drop in an effective aperture ratio. At the same time, it is
possible to obtain a low resistance common electrode 308 by
electrically connecting with the auxiliary wiring 310 and
improve uniformity of luminosity within the display region
102.

[0048] A manufacturing process of the display device 100
of the present embodiment arranged with structure described
above is explained below.

<Manufacturing Method of a Display Device>

[0049] First, as is shown in FIG. 4, an undercoat layer 302
is formed above the first substrate 301 and above this a thin
film transistor (TFT) 303 is formed. Next, a first insulation
layer 304 is formed so that any concave/convex parts pro-
duced by the formation of the thin film transistor 303 are
flattened.

[0050] Itispossibleto use a glass substrate, silica substrate,
flexible substrate (polyimide, polyethylene terephthalate,
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polyethylene naphthalate or other substrate that can be bent)
as the first substrate 301. In the case where the first substrate
301 is not required to include transparency, it is possible to
use a metal substrate, ceramic substrate or semiconductor
substrate.

[0051] Typically, it is possible to use a silicon oxide insu-
lation film, silicon nitride insulation film or a stacked layer of
these as the ground layer 302. The undercoat layer 302 pre-
vents the infiltration of contaminated substances from the first
substrate 301 and includes a function for relieving stress
which is generated due to the expansion of the first substrate
301.

[0052] In the present embodiment, although an example in
which a top gate type TFT is formed as the thin film transistor
303 is exemplified, a bottom gate type TFT may also be used.
In addition, if the thin film transistor is an element which
functions as a switching element, the present invention is not
limited to a three terminal element such as a thin film transis-
tor, a two terminal element may be formed and a resistance
element or capacitor element may also be formed according
to the necessity of a pixel circuit.

[0053] The first insulation layer 304 is formed by coating a
polyimide group, polyamide group, acrylic group, epoxy
group or resin material such as a siloxane group and then the
coated resin material is cured by light or heat. The thickness
of the first insulation layer 304 should be a sufficient thick-
ness to flatten any concave/convex parts caused by the thin
film transistor 303. Typically, although it is possible to form
the first insulation layer 304 to a thickness from 1 to 3 pm, the
first insulation layer 304 is not limited to this thickness.
[0054] Next, after forming a contact hole to reach the thin
film transistor 303 in the first insulation layer 304, the pixel
electrode 305 is formed using a known method. In the present
embodiment, after forming a stacked layer film of aluminum
and ITO (Indium Tin Oxide) using a sputtering method, the
pixel electrode 305 is formed by patterning the stacked layer
film using photolithography. Each pixel electrode 305 is pat-
terned formed so that each corresponds to a position corre-
sponding to a plurality of pixels respectively.

[0055] Next, the bank 306 formed from a resin material is
formed as 1s shown in FIG. 5. In the present embodiment, the
bank 306 is formed by coating a light cured resin using an
inkjet method for example. At this time, alignment is per-
formed so that it is possible to coat a solvent between adjacent
pixel electrodes 305, and since the bank 306 is formed by
curing using irradiation after coating the solvent, an outline of
across-section including the peak part is formed into a curved
shape due to surface tension. However, the shape of the bank
306is not particularly limited and may be a trapezoidal shape.
Therefore, in the present embodiment, although the bank 306
is formed using an inkjet method, the bank 306 may also be
pattern formed via photolithography or formed using a print-
ing method.

[0056] Next, the EL layer 307 is formed as is shown in FIG.
6. In the present embodiment, the EL layer 307 is formed as
a light emitting part of white light. Each type of functional
layer such as a hole injection layer, hole transport layer,
electron injection layer, electron transport layer and charge
generating layer may also be arranged according to necessity.
In addition, the EL layer 307 can be formed using a sputtering
method, an inkjet method, a printing method or evaporation
method for example.

[0057] After forming the EL layer 307, the common elec-
trode 308 which functions as a cathode of an EL element is
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formed. In the present embodiment, an ITO film or 1ZO film
formed using a sputtering method is used as the common
electrode 308. Of course, other transparent conductive films
may also be used and a metal film such as MgAg may also be
used. In the case where a metal film is used, the film thickness
may be set to the extent whereby light output from the EL
element can pass through.

[0058] Next, the mask insulator 309 is formed as is shown
in FIG. 7. In the present embodiment, an acrylic resin with
light curing properties is coated using an inkjet method for
example, and cured using irradiation to form the mask insu-
lator 309. As a result, in the case where the mask insulator 309
is cut at a surface perpendicular to a main surface of the pixel
electrode 305, the outline of the mask insulator 309 has a
curved shape. At this time, in order to not expose the common
electrode 308 to the outside air, it is desirable to treat the
common electrode in an inactive atmosphere such as a nitro-
gen atmosphere.

[0059] When forming the mask insulator 309, attention
should be paid to the viscosity of the solvent including a resin
material or the amount that is discharged. Specifically, the
viscosity of the solvent or amount that is discharged (in other
words, thickness of the mask insulator) is adjusted so that the
peak part of the mask insulator 309 is positioned further
upwards than the peak part of the bank 306 (strictly speaking,
peak part of the common electrode 308 above the bank 306)
when the main surface of the common electrode 305 is used as
areference. That is, the viscosity of the solvent or amount that
is discharged is adjusted and the thickness of the mask insu-
lator 309 is adjusted in order to satisfy the conditions. This is
to make the mask insulator 309 function as a stopper (wall)
when subsequently coating the auxiliary wiring 310.

[0060] Inaddition, it is preferred that the discharge amount
is controlled so that an end part (edge) when viewing the mask
insulator 309 from the normal direction with respect to a main
surface of the first substrate 101 overlaps the bank 306. That
1s, as is shown in FIG. 7, the discharge amount is controlled so
that the end part of the mask insulator 309 is positioned above
an incline part caused by the shape of the bank 306 within a
range that does not exceed the peak part of the bank 306. This
is so that the position of the end part of the mask insulator 309
becomes the position of the end part of the auxiliary wiring
310. Therefore, by adopting the positional relationship
described above, it is possible to prevent the auxiliary wiring
310 from being formed above an effective light emitting
region.

[0061] Furthermore, it is not necessary for the mask insu-
lator 309 to be divided for each pixel in all the pixels. That is,
even if there are a few sections where the mask insulator 309
is linked in between adjacent pixels, there is no loss in the
effect of the present invention. For example, when the mask
insulator 309 is linked between adjacent pixels, contact
between the auxiliary wiring 310 and the common electrode
308 cannot be secured at those sections. However, since the
common electrode 308 is supplied with same potential across
the entire surface, if contact between the auxiliary wiring 310
and common electrode 308 can be secured at a plurality of
sections, it is possible to achieve a low resistance common
electrode as a whole.

[0062] Next, the auxiliary wiring 310 is formed as is shown
in FIG. 8. In the present embodiment, a solvent dispersed with
a metal colloid including silver is coated using an inkjet
method for example and following this, the solvent is vapor-
ized and the auxiliary wiring 310 including silver is formed.
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At this time, by performing alignment in the gaps between
adjacent mask insulators 309 and coating the solvent, it is
possible to accurately form the auxiliary wiring 310 above the
bank 306. In other words, it is possible to form a self-aligned
auxiliary wiring 310 using the mask insulator 309.

[0063] After forming the auxiliary wiring 310, a counter
substrate arranged with color filters 313R, 313G, 313B and
the black matrix 314 is formed above a second substrate 312.
The second substrate 312 can be formed using a substrate
having transparent such as a glass substrate, silica substrate,
flexible substrate (polyimide, polyethylene terephthalate,
polyethylene naphthalate or other substrate that can be bent).
The color filters 313R, 313R, 313B are formed using a resin
material dispersed with each color pigment. The black matrix
314 may be formed used titanium film or a resin film contain-
ing carbon black. Not limited to this, a known structure and
known material can be used as the structure of the sealing
substrate. Of course, the structure of the counter substrate is
not limited to this.

[0064] Following this, the counter substrate is bonded
using the filler material 311 and the display device 100 shown
in FIG. 3 is completed. A resin material with light curing
properties is used as the filler material 311. In the present
embodiment, by using the same material as the mask insulator
309, it is possible to use a part of the filler material 311 as it is
without removing the mask insulator 309. Of course, the
mask insulator 309 and filler material 311 may also be formed
using different materials. In the case where the mask insulator
309 and filler material 311 are formed using different mate-
rials, it is possible to use the mask insulator 309 like a micro-
lens using the refractive index difference of both.

[0065] According to the manufacturing method of the dis-
play device related to the present embodiment explained
above, by forming a self-aligned auxiliary wiring 310 using
the mask insulator 309 arranged corresponding to a pixel, it is
possible to arrange the auxiliary wiring 310 above the bank
306 at a high level of alignment accuracy. In addition, by
forming the mask insulator 309 and the filler material 311
using the same material, it is possible to simplify the manu-
facturing process since it is not necessary to remove the mask
insulator 309. Furthermore, by forming the bank 306 and
mask insulator 309 using an inkjet method, it is possible to
simplify the manufacturing process since it is possible to omit
a patterning process such as photolithography.

Second Embodiment

[0066] A structure of a pixel of a display device 200 related
to a second embodiment of the present invention is shown in
FIG. 9. The differences to the first embodiment are that in the
display device 200 related to the second embodiment, the
mask insulator 309 is removed and a sealing film 315 is
arranged above the common electrode 308 and auxiliary wit-
ing 310. The remaining structure is the same as the display
device 100 related to the first embodiment.

[0067] In the present embodiment, the mask insulator 309
is removed after forming the auxiliary wiring 310 as is shown
in FIG. 8 described previously. Although the removal method
is not particularly limited, it is preferred that removal is per-
formed using ashing in an oxygen or 0zone atmosphere or by
dry etching so that the lower layer common electrode 308 is
not damaged. Specifically, opportune conditions may be
appropriately set considering the selection ratio with the aux-
iliary wiring 310 or common electrode 308.
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[0068] 1In addition, after removing the mask insulator 309,
the sealing film 315 is arranged above the common electrode
308 and auxiliary wiring 310 as is shown in FIG. 9. The
sealing film 315 prevents the infiltration of water or air from
the exterior and is arranged with the purpose of controlling
deterioration of a material that is weak to water such as the EL
layer 307 and common electrode 308. As a result, it is pre-
ferred that an silicon nitrogen insulation layer arranged with
a fine film substance is used as the sealing film 315. Further-
more, a silicon oxide or aluminum oxide inorganic insulation
layer or resin organic insulation layer may be arranged as a
stacked layer film.

[0069] Furthermore, although the counter substrate is
bonding using the filler material 311 after forming the sealing
film 315 in the present embodiment, a structure is also pos-
sible in which the counter substrate or filler material 311 is
omitted. For example, in the case where a color filter is
arranged on the first substrate 301 side and light emitting
layers are separated and arranged for each RGB color, it is
possible to omit the counter substrate. In this case, it is pos-
sible to obtain thinness and lightness across the entire display
device 200.

[0070] In the present embodiment, the same as in the first
embodiment, self-aligned auxiliary wiring is formed using a
mask insulation film arranged within a pixel. Therefore, the
display device 200 related to the present embodiment dis-
plays the same effects as those explained with respect to the
display device 100 related to the first embodiment.

Third Embodiment

[0071] A structure ofa pixel of a display device 300 related
to a third embodiment of the present invention is shown in
FIG. 10. The differences to the first embodiment are that in the
display device 300 related to the third embodiment, after
forming the mask insulator 309, a plasma process is pet-
formed on the surface and the surface of the mask insulator
309 is provided with water repellency. The remaining struc-
ture is the same as the display device 100 related to the first
embodiment.

[0072] In the present embodiment, after forming the mask
insulator 309 as is shown in FIG. 7 described previously, a
plasma process is performed using fluorine or a gas contain-
ing a fluorine compound on the surface of the mask insulator
309.

[0073] A statein which the mask insulator 309 is exposed to
an atmosphere forming a plasma 316 including fluorine is
shown in FIG. 10. At this time, fluoride is produced on the
surface of the mask insulator 309 formed with a resin material
and water repellency is improved. As a result, when the sol-
vent including a metal colloid in FIG. 8 is coated, the solvent
coated on the surface of the mask insulator 309 having
received a plasma treatment is repelled. Consequently, it is
possible to form the auxiliary wiring 310 above the bank 306
with higher alignment accuracy.

[0074] In the present embodiment, the same as the first
embodiment, a self-aligned auxiliary wiring is formed using
a mask insulation film arranged in a pixel. Therefore, the
display device 300 related to the present embodiment can also
demonstrate the same effects explained with respect to the
display device 100 related to the first embodiment.

[0075] As long as there is no mutual contradiction, each
embodiment of the present invention described above can be
performed in combination. In addition, based on the display
devices in each embodiment, a person ordinarily skilled in the
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art could add and remove appropriate structural components
or make design changes, or add or omit processes or make
condition changes and as long as the they do not deter from
the premise of the present invention, these are included in the
scope of the present invention.

[0076] In addition, other effects which are different to the
effects provided by the forms of each embodiment described
above are clear from the descriptions in the present specifi-
cation and it should be interpreted that effects that could
easily be predicted by a person ordinarily skilled in the art can
be provided by the present invention.

What is claimed is:

1. A display device comprising;

a plurality of pixels arranged on a substrate;

aplurality of pixel electrodes, wherein each pixel electrode
of the plurality of pixel electrodes corresponds to a pixel
of the plurality of pixels;

abank between adjacent pixel electrodes of the plurality of
pixel electrodes, wherein the bank exposes a part of the
pixel electrodes;

an electroluminescent layer on each of the plurality of pixel
electrodes;

a common electrode above the bank and the electrolumi-
nescent layer;

a plurality of insulators on the exposed regions of the pixel
electrodes, wherein the common electrode is between
the insulators and the pixel electrodes; and

an auxiliary wiring on the common electrode between
adjacent insulators of the plurality of insulators and;

wherein a top surface of each insulator of the plurality of
insulators is farther from the substrate than a top surface
of the common electrode.

2. The display device according to claim 1,

wherein edges of the plurality of insulators overlap with the
bank.

3. The display device according to claim 1,

wherein an edge part of the auxiliary wiring overlaps with
at least one of the plurality of insulators.

4. The display device according to claim 1,

wherein the insulator has a curved shape in a cross-sec-
tional view.

5. The display device according to claim 1,

further comprises an opposite substrate facing the plurality
of pixels; and

a filling material between the substrate and the opposite
substrate;

wherein the filling material comprises a same material as
the plurality of insulators.

6. The display device according to claim 5,

the plurality of insulators and the filling material comprise
a transparent resin.

7. A display device comprising;

a plurality of pixels arranged on a substrate;

aplurality of pixel electrodes, wherein each pixel electrode
of the plurality of pixel electrodes corresponds to a pixel
of the plurality of pixels;

abank between adjacent pixel electrodes of the plurality of
pixel electrodes, wherein the bank exposes a part of the
pixel electrodes;

an electroluminescent layer on each of the plurality of pixel
electrodes;

a common electrode above the bank and the electrolumi-
nescent layer; and
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an auxiliary wiring on an area where the bank and the
common electrode are overlapped;
wherein an edge part of the auxiliary wiring includes a
sidewall surface between a bottom surface of the auxil-
iary wiring and an overhanging top surface of the aux-
iliary wiring.
8. The display device according to claim 7,
further comprises a sealing film covering the common elec-
trode and the auxiliary wiring.
9. The display device according to claim 8,
The sealing film includes at least one of a silicon nitride
film, a silicon oxide film and an aluminum oxide film.
10. The display device according to claim 9,
the sealing film has a stacked structure; and
further includes an organic insulating film.
11. The display device according to claim 7;
further comprises an opposite substrate facing the plurality
of pixels; and
a filling material between the substrate and the opposite
substrate;
wherein the filling material comprises a transparent resin.
12. A method of manufacturing a display device compris-
ing steps of;
forming a plurality of pixel circuits arranged on a substrate;
forming a plurality of pixel electrodes, wherein each pixel
electrode of the plurality of pixel electrodes corresponds
to a pixel circuit of the plurality of pixel circuits;
forming a bank between adjacent pixel electrodes of the
plurality of pixel electrodes;
exposing a part of the pixel electrodes;
forming an electroluminescent layer on the plurality of
pixel electrodes;
forming a common electrode above the bank and the elec-
troluminescent layer;
forming a plurality of insulators on exposed regions of the
pixel electrodes; and
forming an auxiliary wiring on the common electrode
between adjacent insulators of the plurality of insula-
tors;
wherein a top surface of each insulator of the plurality of
insulators is farther from the substrate than a top surface
of the common electrode.
13. The method of manufacturing the display device
according to claim 12;
the insulator is formed by an inkjet method.
14. The method of manufacturing the display device
according to claim 12;
the auxiliary wiring is formed by an inkjet method.
15. The method of manufacturing the display device
according to claim 12;
further comprises a step of forming a sealing film to cover
the common electrode and the auxiliary wiring after
removing the insulator.
16. The method of manufacturing the display device
according to claim 12;
further comprises a step of providing an opposite substrate
facing the plurality of pixels; and
a step of providing a filling material between the substrate
and the opposite substrate
wherein the filling material comprises a same material as
the plurality of insulators.
17. The method of manufacturing the display device
according to claim 16;
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the plurality of insulator and the filling material comprise a
transparent resin.
18. The method of manufacturing the display device
according to claim 12;
further comprises a step of a plasma process performed
using fluorine or a gas containing a fluorine compound
on surfaces of the plurality of insulators.

® 0% % % %
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