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7) ABSTRACT

A transparent cathode electrode technology for an electrolu-
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provides a top emission type electroluminescent display
device and a method to manufacture the same. Oxidation of
a substrate film can be reduced or prevented during the film
formation of a metal oxide. Electronic equipment including
this display device is also provided. A first electrode, a
fanction layer including a luminescent layer, and a trans-
parent second electrode made of a metal oxide are laminated
on the substrate in that order from the lower surface. At this
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1
ELECTROLUMINESCENT DISPLAY
DEVICE, METHOD FOR MANUFACTURING
THE SAME, AND ELECTRONIC
EQUIPMENT

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to an electroluminescent
display device, a method to manufacture the same, and
electronic equipment provided with this electroluminescent
display device.

2. Description of Related Art

Electroluminescent (hereafter referred to as EL) display
devices have been developed until now as display device for
portable devices, e.g., cellular phones and PDAs, personal
computers, and the like.

The EL display device is configured to include a plurality
of luminescent elements, which is composed of a pair of
electrodes holding an EL layer (electroluminescent layer)
therebetween, in a substrate surface, and desired display is
performed by independently controlling the driving of each
luminescent element. This EL display device can be classi-
fied into, for example, a bottom emission type which takes
light from the side of the element substrate and a top
emission type which takes light from the side of the sealing
element, based on the difference in direction from which the
light of the luminescent layer comes. However, the bottom
emission type structure has been primarily researched until
now for reasons of flexibility in selection of materials and
the like.

In the field of the display device, needs for upsizing, high
definition, and high brightness are intensified, and intensive
research on upsizing of the EL display device have been
actively pursued as well. However, the upsizing of the
above-described bottom emission type EL display device
requires a thick wiring to supply signals to electrodes and,
thereby, a problem of reduction in aperture ratio of the pixel
occurs. When the aperture ratio is reduced as described
above, a large current is passed through the Iuminescent
layer in order to ensure the brightness of the pixel and, as a
result, a problem of a reduction in the product life occurs as
well. Consequently, in recent years, the top emission type
structure in which the aperture ratio of the pixel is not
affected by the structure of the wiring and the like is noted,
and is intensively researched. See Japanese Unexamined
Patent Application Publication No. §8-185984.

With respect to a pair of electrodes holding an EL layer
there between in such a top emission type EL display device,
the electrode in the sealing element side (observer side) must
be a transparent electrode. In general, a metal oxide, e.g.,
ITO and SnO,, is used for such a transparent electrode. This
metal oxide is formed by sputtering a metallic material onto
a substrate in an atmosphere of a carrier gas having a
constant oxygen concentration.

It is known that the light transmittance of the metal oxide
varies depending on the oxygen content thereof, and at least
a predetermined content of oxygen must be ensured in order
to attain adequate transparency.

However, in the formation of the metal oxide by sputter-
ing on the EL layer or an electron injection layer (or a hole
injection layer) provided on the EL layer, there is a problem
in that the substrate EL layer may be oxidized by active
oxygen in the carrier gas and, thereby, the luminescent
characteristics are degraded.
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2
SUMMARY OF THE INVENTION

The present invention was made in consideration of the
above-described problems. The present invention provides a
top emission type electroluminescent display device and a
method to manufacture the same, n oxidation of a substrate
film being reduced or prevented during the film formation of
a metal oxide, and provides electronic equipment including
this display device.

In order to achieve the above, the electroluminescent
display device according to an aspect of the present inven-
tion is composed of a first electrode, a function layer
including a luminescent layer, and a transparent second
electrode made of a metal oxide, which are laminated on a
substrate in that order from the lower surface, the oxygen
concentration in the above-described second electrode vary-
ing in the film thickness direction, and the oxygen concen-
tration in the vicinity of the interface between the above-
described second electrode and the above-described
function layer being lower than the average oxygen concen-
tration in the above-described second electrode.

In the present configuration, the average oxygen concen-
tration in the second electrode is controlled to become at
least a predetermined concentration in order to attain trans-
parency required for display, and there is a concentration
gradient in the film thickness direction. For example, the
oxygen concentration in the lower portion (toward the
function layer) is lower than the oxygen concentration in the
upper layer side, and the oxygen concentration in the vicin-
ity of the interface with the function layer is lower than the
above-described predetermined concentration. Conse-
quently, when the above-described metal oxide film is
deposited by sputtering in the vicinity of the interface with
the function layer, the partial pressure of oxygen in the
carrier gas can be lowered more than in prior arts and,
therefore, oxidation of the function layer serving as a
substrate can be minimized during the film formation. In this
manner, reduction in luminous efficacy of the function layer
can be reduced or prevented, and bright display can be
realized. In particular, desirably, the oxygen concentration in
the vicinity of the interface with the function layer is
substantially zero and, thereby, damage to the function layer
due to oxidation during the film formation can be mini-
mized.

The function layer is configured as, for example, a lami-
nate of a luminescent layer, an electron transportation/
injection layer and a hole transportation/injection layer to
transport/inject electrons and holes into this luminescent
layer, and the like. Alternatively, the function layer may be
composed of only the luminescent layer.

The vicinity of the interface refers to a region within the
range of 5 nm from the interface with the function layer in
the film thickness direction.

A method to manufacture an electroluminescent display
device according to an aspect of the present invention
includes the steps of forming a first electrode on a substrate;
forming a function layer including a luminescent layer on
the above-described first electrode; and sputtering a metallic
material on the above-described function layer in an atmo-
sphere of an oxygen-containing carrier gas, so as to form a
transparent second electrode made of a metal oxide on the
above-described function layer, the partial pressure of oxy-
gen in the above-described carrier gas being increased with
increased deposition of the above-described metal oxide
deposited on the above-described function layer during the
above-described sputtering.
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In the present manufacturing method, when the metal
oxide film is deposited by sputtering on the function layer,
the partial pressure of oxygen in the initial stage of the film
formation can be lowered more than in the related art.
Therefore, oxidation of the function layer due to active
oxygen in the carrier gas can be minimized, and a display
device having a high luminous efficacy can be prepared.
Since the partial pressure of oxygen in the carrier gas is
increased with increased deposition of the metal oxide film,
the transparency of the whole second electrode required for
display can be attained by increasing the oxygen concen-
tration in the upper layer side in order that the oxygen
concentration in second electrode as a whole becomes at
least the above-described predetermined concentration.

When the partial pressure of oxygen in the above-de-
scribed carrier gas is increased during the above-described
sputtering, preferably, the partial pressure of oxygen is
increased continuously or stepwise. In this manner, a desired
average oxygen concentration suitable to attain the trans-
parency required for display can easily be attained.

Since the partial pressure of oxygen in the carrier gas is
controlled to be substantially zero when the above-described
amount of deposition is less than a predetermined film
thickness during the above-described sputtering, oxidation
of the function layer can be completely reduced or pre-
vented.

Preferably, the above-described predetermined film thick-
ness is 5 nm or more and 30 nm or less. For example, if
supply of oxygen is started when the amount of film for-
mation is less than 5 nm, the function layer to serve as the
substrate is oxidized and, therefore, an adequate luminous
efficacy cannot be attained. On the other hand, if only the
metallic material is formed into a film having a thickness
exceeding 30 nm, the second electrode is darkened and,
therefore, the display quality is significantly degraded.

Electronic equipment according to an aspect of the
present invention is provided with the above-described
electroluminescent display device.

According to the present configuration, the electronic
equipment including a display portion having a high lumi-
nous efficacy can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic showing the wiring structure of the
display device according to the first exemplary embodiment
of the present invention;

FIG. 2 is a plan view of the display device of the first
exemplary embodiment;

FIG. 3 is a schematic sectional view of the section
indicated by a plane I-I' shown in FIG. 2;

FIG. 4 is a sectional view showing the key portion of the
display device of the first exemplary embodiment;

FIG. 5 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 6 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 7 is a schematic showing the plasma treatment
apparatus used to manufacture the display device of the first
exemplary embodiment;

FIG. 8 is a schematic of the internal structure of the first
plasma treatment chamber of the plasma treatment apparatus
shown in FIG. 7,
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FIG. 9 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 10 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 11 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 12 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 13 is a plan view showing a head used to manufac-
ture the display device of the first exemplary embodiment;

FIG. 14 is a plan view showing an ink-jet apparatus used
to manufacture the display device of the first exemplary
embodiment;

FIG. 15 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 16 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 17 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 18 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 19 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 20 is a process schematic to explain the method to
manufacture the display device of the first exemplary
embodiment;

FIG. 21 is a sectional view showing the display device
according to the second exemplary embodiment of the
present invention;

FIG. 22 is a schematic showing an example of electronic
equipment of the present invention; and

FIGS. 23(A)-23(C) are schematic plan views showing the
arrangements of the luminescent layers.

DETAILED DESCRIPTION OF PREFERRED
EXEMPLARY EMBODIMENTS

First Exemplary Embodiment

The first exemplary embodiment of the present invention
will be described below with reference to the figures. In FIG.
1 to FIG. 18, the scale of each layer or each element is
differentiated from each other in order that each layer or
each element has a size capable of being identified in the
figure.

FIG. 1 is a schematic plan view showing the wiring
structure of an organic EL display device as an example of
an electroluminescent display device according to the
present exemplary embodiment.

As shown in FIG. 1, the electroluminescent display device
1 of the present exemplary embodiment is provided with
wirings of a plurality of scanning lines 101, a plurality of
signal lines 102 extending in the direction intersecting the
scanning lines 101, and a plurality of power source lines 103
extending parallel to the signal lines 102. Regions separated
by the scanning lines and the signal lines are configured as
pixel regions.
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The signal lines are connected to a data-side driving
circuit 104 provided with a shift resister, a level shifter, a
video line, and an analog switch. The scanning lines 101 are
connected to a scanning-side driving circuit 105 provided
with a shift resister and a level shifter.

Each pixel region is provided with a switching thin film
transistor 112 to supply scanning signals to a gate electrode
via a scanning line 101, a storage capacitor cap to store
image signals supplied from the signal line 102 via this
switching thin film transistor 112, a driving thin film tran-
sistor 123 to supply image signals stored by the storage
capacitor cap to the gate electrode, a pixel electrode 111 into
which a driving current is fed from the power source line
103 when the pixel electrode is electrically connected to the
power source line 103 via this driving thin film transistor
123, and a function layer 110 held between this pixel
electrode 111 and a cathode 12. A luminescent portion A is
composed of the pixel electrode 111, the counter electrode
12, and the function layer 110, and the display device 1 is
configured to include a plurality of luminescent portions A
in a matrix form.

According to such a configuration, when the scanning line
101 is driven, and the switching thin film transistor 112 is
turned on, the potential of the signal line 102 at that time is
stored by the storage capacitor cap, and the on state or off
state of the driving thin film transistor 123 is determined in
accordance with the condition of the storage capacitor cap.
A current is fed into the pixel electrode 111 from the power
source line 103 via the channel of the driving thin film
transistor 123, and the current is further fed into the cathode
12 via the function layer 110. The function layer 110 emits
light in accordance with the amount of the current passing
therethrough.

FIG. 2 is a schematic plan view of the present display
device. FIG. 3 is a schematic sectional view of the section
indicated by a plane I-I' shown in FIG. 2.

As shown in FIG. 3, the display device 1 of the present
exemplary embodiment has a structure in which a circuit
element portion 14 and a display element portion 10 are
laminated in that order on a substrate 2, and the substrate
surface provided with this laminate is sealed with a sealing
portion 3. The display element portion 10 is composed of a
luminescent element portion 11 including a Iuminescent
layer 1106 and the cathode 12 provided on the luminescent
element portion 11. This cathode 12 and the sealing portion
3 have transparency, and the present display device 1 is
configured as a so-called top emission type display device in
which the display light emitted from the luminescent layer
emits out from the sealing portion 3.

Either transparent substrate (or translucent substrate) or
opaque substrate may be used as the substrate 2. Examples
of transparent or translucent substrates include glass, quartz,
resins (plastic, plastic films), and the like and, in particular,
inexpensive soda glass substrate is suitable for this use.
Examples of opaque substrates include those in which
ceramic, e.g., alumina, or a metal sheet made of stainless
steel or the like is subjected to an insulation treatment, e.g.,
surface oxidation, and further include thermosetting resins
and thermoplastic resins. As shown in FIG. 2, the substrate
2 is partitioned into a display area 2a located at the center
and a non-display area 2b located in the area of the substrate
2 close to the periphery, surrounding the display area 2a.

The display area 2a is an area formed by the luminescent
portions A disposed in the matrix, and the non-display area
2b is formed outside the display area. A dummy display area
2d adjacent to the display area 2q is formed in the non-
display area 2.
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As shown in FIG. 3, the above-described scanning lines,
signal lines, storage capacitors, switching thin film transis-
tors, driving thin film transistors 123, and the like are
provided in the circuit element portion 14, and each of the
luminescent portions A disposed in the display area 2a is
thereby driven.

One end of the cathode 12 on the luminescent element
portion 11 is connected to a cathode wiring 120 provided on
the substrate 2, and one end portion of this wiring is
connected to a wiring 5a on a flexible substrate 5. The wiring
5a is connected to a driving IC 6 (driving circuit) provided
on the flexible substrate 5 (refer to FIG. 2).

The wirings of the above-described power source lines
103 (103R, 103Q 103B) are provided in the non-display area
2b of the circuit element portion 14.

The above-described scanning-side driving circuits 105
and 105 are disposed in both sides of the display area 2a in
FIG. 2. The scanning-side driving circuits 105 and 105 are
provided in the circuit element portion 14 under the dummy
area 2d. Furthermore, driving circuit control signal wirings
105a and driving circuit power source wirings 1055 con-
nected to the scanning-side driving circuits 105 and 105 are
provided in the circuit element portion 14.

An inspection circuit 106 is disposed in the upper side of
the display area 2a in FIG. 2. Inspections of quality and
defect of the display device during manufacture and ship-
ping can be performed by this inspection circuit 106.

The sealing portion 3 is composed of a sealing resin 603
applied to the substrate 2 and a sealing can (sealing element)
604.

The sealing resin 603 is an adhesive to adhere the sub-
strate 2 and the sealing can 604, and is applied within the
entire periphery of the substrate 2 with a microdispenser or
the like. Preferably, this sealing resin 603 is composed of a
thermosetting resin, ultraviolet-curing resin, or the like, and
in particular, is composed of an epoxy resin which is one
type of thermosetting resin. A material through which oxy-
gen and hydrogen do not readily pass is used for this sealing
resin 603. Therefore, penetration of water or oxygen into the
sealing can 604 between the substrate 2 and the sealing can
604 is reduced or prevented. Consequently, oxidation of the
cathode 12 or the luminescent layer 1105 provided in the
luminescent element portion 11 is reduced or prevented.

The sealing can 604 composed of a transparent element,
e.g., glass or resin, is provided with a concave portion 604a
to store the display element 10 therein, and is joined to the
substrate 2 with the sealing resin 603. If necessary, a getter
element to absorb or remove oxygen and water may be
provided in an area of the inner surface side of the sealing
can 604 which corresponds to the non-display area 25.
Examples suitable for this getter element include alkali
metals, e.g., Li, Na, Rb, and Cs; alkaline-earth metals, e.g,,
Be, Mg, Ca, Sr, and Ba; oxides of the alkaline-carth metals;
and hydroxides of the alkali metals and the alkaline-earth
metals. The oxides of the alkaline-earth metals serve as
dehydrators by reacting with water so as to be converted to
hydroxides. Since the alkali metals and the alkaline-earth
metals react with oxygen and water so as to be converted to
hydroxides, these serve as not only dehydrators, but also
deoxidizers. In this manner, oxidation of the luminescent
portion A can be reduced or prevented, and the reliability of
the device can be increased.

FIG. 4 is a schematic of the magnified cross-sectional
structure of the display area 24 in the present display device.
This display device 1 has a configuration in which the circuit
element portion 14 provided with circuits of TFTs and the
like, the pixel electrode 111, the luminescent element portion
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11 provided with the function layer 110 including the
luminescent layer 1105, and the cathode 12 are laminated in
that order on the substrate 2.

In the circuit element portion 14, a substrate protective
film 2¢ composed of a silicon oxide film is provided on the
substrate 2, and island-shaped semiconductor films 141
made of polycrystalline silicon are provided on this substrate
protective film 2¢. The semiconductor film 141 is provided
with a source region 141a and a drain region 1415 by
high-concentration P ion implantation. The portion in which
no P is introduced serves as a channel region 141c.

A gate insulating film 142 covering the substrate protec-
tive film 2¢ and the semiconductor film 141 is provided in
the circuit element portion 14. The gate electrode 143
(scanning line 101) made of Al, Mo, Ta, Ti, W, or the like is
provided on this gate insulating film 142 while the location
of the gate electrode 143 corresponds to the channel region
141c of the semiconductor film 141. The thin film transistor
123 is composed of the semiconductor film 141, the gate
insulating film 142, and the gate electrode 143. This thin film
transistor 123 can realize high-brightness, high-definition
display because polysilicon is used for the semiconductor
film 141.

A transparent first interlayer insulating film 144a and a
second interlayer insulating film 1445 are provided on the
gate electrode 143 and the gate insulating film 142. Contact
holes 145 and 146 which penetrate the insulating films 144a
and 1445 and which are connected to the source region 141a
and the drain region 1415, respectively, are provided in the
first and second interlayer insulating films 144a and 1445.
The contact hole 145 is connected to the pixel electrode, and
the pixel electrode 111 and the source region 141a of the
semiconductor are electrically connected via this contact
hole 145. The contact hole 146 is connected to the power
source line 103, and pixel signals are supplied from the
power source line 103 via this contact hole 146.

The circuit to drive is configured as described above. The
above-described storage capacitors cap and switching thin
film transistors 142 are also provided in the circuit element
portion 14, although these are not shown in FIG. 4.

A plurality of pixel electrodes 111 are provided on the
second interlayer insulating film 1445 by patterning into the
shape of a rectangle in a plan view, and are disposed in the
matrix in the display area 2a.

A high-reflectance metal film, e.g., an aluminum (Al) film
or a silver (Ag) film, is used for this pixel electrode 111, and
the light emitted toward the substrate 2 side is caused to
radiate with high efficiency through the sealing portion 3
side.

The luminescent element portion 11 is primarily com-
posed of the function layers 110 laminated on each of the
plurality of pixel electrodes 111, and bank layers 112 pro-
vided between one laminate composed of the pixel electrode
111 and the function layer 110, and another laminate of the
same composition, separating the function layers 110 from
each other. The cathode 12 is disposed on the function layer
110, and the luminescent portion A is composed of the pixel
electrode 111, the function layer 110, and the cathode 12.

The bank layer 112 is made of a resin, e.g., an acrylic resin
or a polyimide resin, having excellent heat resistance and
solvent resistance, and openings 112d are provided in the
locations where the pixel electrodes 111 are provided. Pref-
erably, the thickness of the bank layer 112 is within the range
of, for example, 0.1 to 3.5 um and, in particular, about 2 pm
is preferable. If the thickness is less than 0.1 um, since the
bank layer 112 becomes thinner than the total thickness of
the hole injection/transportation layer and the luminescent
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layer, described below, the luminescent layer may undesir-
ably overflow out from the opening 1124. If the thickness
exceeds 3.5 pm, since a height difference due to the opening
1124 is increased undesirably, the step coverage of the
cathode 12 provided on the bank layer 112 may not be
ensured. More preferably, the thickness of the bank layer 112
is 2 um or more from the viewpoint of enhancement of
insulation from the driving thin film transistor 123.

In each region separated by the bank layers 112, the
electrode surface 111a of'the pixel electrode 111 is subjected
to a lyophilic treatment by a plasma treatment with oxygen
to serve as a treatment gas and, therefore, exhibits lyophi-
licity. On the other hand, the wall surface of the opening
112d and the top surface 112f of the bank layer 112 exhibit
liquid repellency because the surfaces thereof are subjected
to a fluorination treatment (a liquid repellency treatment) by
a plasma treatment with methane tetrafluoride to serve as a
treatment gas.

The function layer 110 is composed of the hole injection/
transportation layer 110a laminated on the pixel electrode
111, the luminescent layer 1105 provided directly on the hole
injection/transportation layer 110a, and an electron injection
layer 110¢ provided directly on the luminescent layer 1104.

The hole injection/transportation layer 110¢ has a func-
tion of injecting holes into the luminescent layer 1105 and,
in addition, has a function of transporting the holes in the
interior of the hole injection/transportation layer 110a.
Examples of materials usable to form the hole injection/
transportation layer include mixtures of polystyrenesulfonic
acid, polythiophene derivatives, e.g., polyethylenediox-
ythiophene, and the like. The electron injection layer 110¢
has a function of injecting electrons into the luminescent
layer 1105 and, in addition, has a function of transporting the
electrons in the interior of the electron injection layer 110c.
Examples of materials suitable for the electron injection
layer 110¢ include quinolinol lithium (Liq), lithium fluoride
(LiF), cesium bathophen, and the like. Metals having a work
function of 4 eV or less, e.g., Mg, Ca, Ba, Sr, Li, Na, Rb, Cs,
Yb, and Sm, may also be used.

The hole injection/transportation layer 110a is provided
between the pixel electrode 111 and the luminescent layer
1104, the electron injection layer 110¢ is provided between
the cathode 12 and the luminescent layer 1105 and, thereby,
the element characteristics, e.g., the luminous efficacy and
the life span, of the luminescent layer 1105 are enhanced.
The material for the hole injection/transportation layer may
be chosen to be different on the basis of the color of the
luminescent layer 1105. Alternatively, there may be no
selection of hole injection/transportation layer 110a based
on specific color of the luminescent layer 1105.

The luminescent layer 1105 includes three types, a red
(R)-emitting red luminescent layer 1106 1, a green (G)-
emitting green luminescent layer 11052, and a blue (B)-
emitting blue luminescent layer 11053. The Iuminescent
layers 1105 1, the luminescent layers 11052, and the lumi-
nescent layers 11043 are disposed in respective stripes.
Examples of materials used for the luminescent layers 1105
include (poly)paraphenylenevinylene derivatives, polyphe-
nylene derivatives, polyfluorene derivatives, polyvinyl car-
bazole, polythiophene derivatives, perylene-based coloring
matters, coumarin-based coloring dyes, and rhodamine-
based coloring mdyes, which are represented by chemical
formula 1-Chemical formula 5, or polymers of these may be
used after being doped with rubrene, pervlene, 9,10-diphe-
nylanthracene, tetraphenylbutadiene, Nile red, coumarin 6,
quinacridone, or the like.
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Chemical formula 2

Compound 1 Compound 2
'
. CglL
N C3H17 g7
CsHyy
Csli7
Chemical formula 3
Compound 3
n
C8H17 8117
OCH; OCH;
Chemical formula 4 Chemical formula 5
Compound 4 Compound 5

A conductive material made of a metal oxide, e.g., indium
tin oxide (ITO) or indium zinc oxide (IZO), having trans-
parency is used for the cathode 12, and the cathode 12 is
provided all over the luminescent element portion 11. The
cathode 12 and the pixel electrode 111 pair serve a function
of feeding a current through the function layer 110. The
oxygen content of this cathode 12 varies in the film thickness
direction, and the oxygen content in the lower portion of the
layer is lower than that in the upper portion of the layer. That
is, the average oxygen concentration in the cathode 12 is
controlled to become at least a predetermined concentration
in order to attain transparency required for display, and there
is a concentration gradient in the film thickness direction in
which the oxygen concentration in the lower portion of the
layer (toward the function layer 110) is lower than the
oxygen concentration in the upper portion of the layer
(toward the sealing portion 3).

For example, as shown in FIG. 4, the cathode 12 has a
structure in which an oxygen-free layer 12¢ having an
oxygen concentration of substantially zero and an oxygen-
containing layer 125 having an oxygen concentration higher
than the average oxygen concentration are laminated in that
order from the lower surface. Such a cathode 12 is formed
by sputtering a metallic material, e.g., indium (In) or tin
(Sn), on the function layer 110 while the partial pressure of
oxygen in the carrier gas (for example, Ar) is changed with
time.

Specifically, the partial pressure of oxygen in the carrier
gas is controlled to be substantially zero during a predeter-
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mined time immediately from the start of the film formation
(that is, when the amount of deposition of the metal oxide on
the function layer 110 is less than a predetermined film
thickness) and, thereafter, the partial pressure of oxygen is
increased continuously or stepwise, so that a desired average
oxygen concentration can easily be attained. In this manner,
the partial pressure of oxygen immediately after the start of
the film formation is controlled to be substantially zero and,
thereby, oxidation of the function layer 110 due to active
oxygen in the carrier gas can be reduced or prevented. The
film thickness of the metallic material formed while the
partial pressure of oxygen is substantially zero is preferably
within the range of, for example, 5 nm or more and 30 nm
or less. If the supply of oxygen is started when the amount
of film formed is less than 5 nm, oxygen penetrates into the
function layer 110 through the grain boundaries of the
metallic material formed into the film and, thereby, the
function layer 110 is oxidized. On the other hand, if the film
thickness of the metallic material exceeds 30 nm, the cath-
ode 12 is darkened, and the display quality is significantly
degraded.

If necessary, a protective layer made of 810, Si0O,, SiN, or
the like may be provided on the cathode 12 in order to reduce
or prevent oxidation.

A method to manufacture the display device of the present
exemplary embodiment will next be described with refer-
ence to the figures.

The method to manufacture the display device 1 of the
present exemplary embodiment is configured to include, for
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example, (1) a bank layer formation step, (2) a plasma
treatment step, (3) a hole injection/transportation layer for-
mation step (including a first droplet discharge step), (4) a
luminescent layer formation step (including a second droplet
discharge step), (5) an electron injection layer formation
step, (6) a cathode formation step, and (7) a sealing step. The
manufacturing method is not limited to this and, if necessary,
some steps may be omitted, and other steps may be added.

(1) Bank Layer Formation Step

The bank layer formation step is a step in which the bank
layers 112 including the openings 112d are formed in
predetermined locations on the substrate 2. The forming
method will be described below.

As shown in FIG. 5, an element substrate is prepared, the
circuit element portion 14, including scanning lines, signal
lines, thin film transistors 123, and the like, being provided
on the substrate 2, and a plurality of pixel electrodes 111 are
provided on the interlayer insulating films 144a and 1445.

A photosensitive material having heat resistance and
solvent resistance, e.g., an acrylic resin or polyimide resin,
is applied to this substrate 2. The openings 1124 are formed
by photolithography in the regions where the pixel elec-
trodes 111 are disposed (refer to FIG. 6). Preferably, the
thickness of the bank layer is within the range of 0.1 to 3.5
pm and, in particular, is in the order of 2 pum. This range is
adopted for the reasons described below.

If the thickness is less than 0.1 pm, since the bank layer
112 becomes thinner than the total thickness of the hole
injection/transportation layer and the luminescent layer,
described below, the luminescent layer 1105 may undesir-
ably overflow out from the opening 1124. If the thickness
exceeds 3.5 pm, since a height difference due to the opening
1124 is increased, undesirably, the step coverage of the
cathode 12 on the opening 1124 may not be ensured.
Preferably, the thickness of the bank layer 112 is controlled
to be 2 um or more from the viewpoint of enhancement of
insulation between the cathode 12 and the driving thin film
transistor 123.

(2) Plasma Treatment Step

The plasma treatment step is performed in order to
activate the surface of the pixel electrode 111 and, further-
more, to subject the surface of the bank layer 112 to a surface
treatment. In particular, the activation step is performed
primarily to clean the pixel electrode 111 and, furthermore,
to adjust the work function. In addition, the surface of the
pixel electrode 111 is subjected to a lyophilic treatment, and
the surface of the bank layer 112 is subjected to a liquid
repellency treatment.

This plasma treatment step is roughly classified into, for
example, (2)-1 a preheating step, (2)-2 an activation treat-
ment step (lyophilic step for imparting lyophilicity), (2)-3 a
liquid-repellency imparting step, and (2)-4 a cooling step.
The plasma treatment step is not limited to these steps and,
if necessary, some steps may be omitted, and other steps may
be added.

FIG. 7 shows a plasma treatment apparatus used in the
plasma treatment step.

The plasma treatment apparatus 50 shown in FIG. 7 is
composed of a preheating treatment chamber 51, a first
plasma treatment chamber 52, a second plasma treatment
chamber 53, a cooling treatment chamber 54, and a transport
device 55 to transport the substrate 2 to each of these
treatment chambers 51 to 54. The treatment chambers 51 to
54 are disposed in a radial pattern centering around the
transport device 55.
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The steps in which these devices are used will next be
roughly described.

The preheating step is performed in the preheating cham-
ber 51, and the substrate 2 transported from the bank layer
formation step is heated to a predetermined temperature.

After the preheating step, the lyophilic step and the
liquid-repellency step are performed. That is, the substrate 2
is sequentially transported to the first and second plasma
treatment chambers 52 and 53, the bank layers 112 are
subjected to the plasma treatment in each of the treatment
chambers 52 and 53 so as to be provided with lyophilicity.
The liquid-repellency treatment is performed after this lyo-
philic treatment. After the liquid-repellency treatment, the
substrate 2 is transported to the cooling treatment chamber,
and the substrate 2 is cooled to room temperature in the
cooling treatment chamber 54. After this cooling step, the
substrate 2 is transported by the transport device 55 to the
following step, that is, the hole injection/transportation layer
formation step.

Each step will be described below in detail.

(2)-1 Preheating Step

The preheating step is performed in the preheating treat-
ment chamber 51. The substrate 2 including the bank layers
112 is heated to a predetermined temperature in this treat-
ment chamber 51.

The method to heat the substrate 2 adopts a procedure by
which, for example, a heater is attached to a stage to carry
the substrate 2, and the substrate 2 is heated by this heater
together with the stage in the treatment chamber 51. How-
ever, another method may be adopted.

In this preheating treatment chamber 51, the substrate 2 is
heated to, for example, between 70° C. and 80° C. This
temperature is the temperature needed during the plasma
treatment in the following step. It is an object of the
preheating to eliminate variations in temperature of the
substrate 2 by heating beforehand the substrate 2 in consid-
eration of the following step.

If the preheating step is not applied, since the substrate 2
is heated from room temperature to the above-described
temperature, the treatment is performed at an ever-varying
temperature during the plasma treatment step from the start
of the step to the end of the step. If the plasma treatment is
performed while the temperature of the substrate is varying,
unevenness may occur in the characteristics. Therefore,
preheating is performed in order to keep the treatment
condition constant and to attain uniform characteristics.

Consequently, in the plasma treatment step, when the
lyophilicity inducing step or the liquid-repellency inducing
step is performed with the substrate 2 is on the sample stage
in the first and second plasma treatment devices 52 and 53,
preferably, the preheating temperature is made to substan-
tially be the same as the temperature of the sample stage 56
to contiruously perform the lyophilicity inducing step or the
liquid-repellency inducing step.

That is, by preheating the substrate 2 to the temperature
of the sample stages, to which they are raised in the first and
second plasma treatment devices 52 and 53, for example,
70° C. to 80° C., the plasma treatment conditions immedi-
ately after the start of the treatment and immediately before
the end of the treatment can be kept substantially constant
even when a plurality of substrates are continuously sub-
jected to the plasma treatment. In this manner, the surface
treatment conditions of the substrates 2 are made the same,
the wettability of the bank layers 112 with respect to the
composition is made uniform, and a display device having
consistent quality can be prepared.
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Also, by preheating the substrate 2, the time required for
the following plasma treatment can be reduced.

(2)-2 Activation Treatment

The activation treatment is performed in the first plasma
treatment chamber 52. The activation treatment includes the
adjustment and the control of the work function of the pixel
electrodes 111, the cleaning of the pixel electrode surfaces,
and the lyophilic treatment of the pixel electrode surfaces.

For the lyophilic treatment, plasma treatment (O, plasma
treatment), with oxygen to serve as the treatment gas, is
performed in an atmosphere of air. FIG. 8 is a schematic
showing a first plasma treatment. As shown in FIG. 8, the
substrate 2, including the bank layers 112, is put on a sample
stage 56 with a built-in heater, and a plasma discharge
electrode 57 facing the substrate 2 is disposed above the
substrate 2 with a gap distance on the order of 0.5 to 2 mm.
The sample stage 56 is transported in the direction indicated
by an arrow shown in the figure while the substrate 2 is
heated by the sample stage 56 and, furthermore, oxygen in
a plasma state is applied to the substrate 2 at the same time.

The O, plasma treatment is performed under the condition
in which, for example, plasma power is 100 to 800 kW, an
oxygen gas flow rate is 50 to 100 ml/min, substrate transport
rate is 0.5 to 10 mm/sec, and substrate temperature is 70° C.
to 90° C. The heating by the sample stage 56 is performed
primarily in order to maintain the temperature of the pre-
heated substrate 2.

With this O, plasma treatment, as shown in FIG. 9,
electrode surfaces 111¢ of the pixel electrodes 111, and wall
surfaces of the openings 1124 and top surfaces 112f of the
bank layers 112 are given lyophilic treatment. Hydroxyl
groups are introduced into each of these surfaces by this
lyophilic treatment and, thereby, the lyophilicity is imparted.

In FIG. 9, the portion subjected to the lyophilic treatment
is shown by the dot-dash lines.

This O, plasma treatment not only imparts the lyophilic-
ity, but also cleans the surfaces of the pixel electrodes 111
and adjusts the work function, as described above.

(2)-3 Liquid-Repellency Treatment Step

In the second plasma treatment chamber 53, the liquid-
repellency step including plasma treatment (CH, plasma
treatment) with a fluoride-containing gas, e.g.. tetrafluo-
romethane, serving as the treatment gas, is performed in an
atmosphere of air. The internal structure of the second
plasma treatment chamber 53 is the same as the internal
structure of the first plasma treatment chamber 52 shown in
FIG. 8. That is, the substrate 2 is transported together with
the sample stage 56 at a predetermined transport rate while
being heated by the sample stage and, furthermore, the
treatment gas in a plasma state is applied to the substrate 2
at the same time.

The CF, plasma treatment is performed under the condi-
tion in which, for example, plasma power is 100 to 800 kW,
tetrafluoromethane gas flow rate is 50 to 100 ml/min,
substrate transport rate is 0.5 to 10 mm/sec, and substrate
temperature is 70° C. to 90° C. The heating by the heating
stage is performed primarily in order to maintain the tem-
perature of the preheated substrate 2 as in the first plasma
treatment chamber 52.

The treatment gas is not limited to tetrafluoromethane,
and other fluorocarbon-based gases may be used.

According to this CF,, plasma treatment, as shown in FIG.
10, wall surfaces of the openings 1124 and top surfaces 112/
of the bank layers 112 are subjected to the liquid-repellency
treatment. Fluorine groups are introduced into each of these
surfaces by this liquid-repellency treatment and, thereby, the
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liquid-repellency is imparted. In FIG. 10, the regions exhib-
iting the liquid-repellency are shown by dot-dot-dash lines.
The electrode surfaces 1114 of the pixel electrodes 111 are
slightly affected by this CF, plasma treatment. However, the
wettability is hardly at all affected. In FIG. 10, the regions
exhibiting lyophilicity are shown by dot-dash lines.

(2)-4 Cooling Step

In the cooling step, the cooling treatment chamber 54 is
used, and the substrate 2 heated for the plasma treatment is
cooled to a control temperature. This step is performed in
order to cool to the control temperature of the following
ink-jet step (droplet discharge step).

This cooling treatment chamber 54 includes a plate to
arrange the substrate 2, and the plate has a structure in which
a water-cooling device to cool the substrate 2 is built in.

By cooling the substrate 2 after it is given the plasma
treatmert to room temperature or a predetermined tempera-
ture (for example, a control temperature to perform the
ink-jet step), the temperature of the substrate 2 is kept
constant during the following hole injection/transportation
layer formation step and, therefore, the following step can be
performed at a uniform temperature without temperature
change of the substrate 2. In this manner, the material
discharged by a discharge device, e.g., an ink-jet method,
can be uniformly formed. For example, when a first com-
position containing a material forming the hole injection/
transportation layer is discharged, the first composition can
be continuously discharged at a constant volume and,
thereby, the hole injection/transportation layers can be
formed uniformly.

(3) Hole Injection/Transportation Layer Formation Step

In the electroluminescent element formation step, the hole
injection/transportation layers are formed on the pixel elec-
trodes 111.

In the hole injection/transportation layer formation step,
the first composition containing a material to form the hole
injection/transportation layers is discharged onto the elec-
trode surfaces 111a by the use of, for example, an ink-jet
apparatus to discharge droplets (first droplet discharge step).
Subsequently, a drying treatment and a heat treatment are
performed so as to form hole injection/transportation layers
110a on the pixel electrodes 111.

Preferably, this hole injection/transportation layer forma-
tion step and the following steps are performed in a water-
free, oxygen-free atmosphere. For example, this step is
performed preferably in an inert gas atmosphere, e.g., a
nitrogen atmosphere or an argon atmosphere.

The manufacturing method by the ink jet is as described
below.

As shown in FIG. 11, the first composition 1104 contain-
ing the material to form the hole injection/transportation
layers is discharged from a plurality of nozzles provided on
an ink-jet head H1. Here, the composition 1104 is filled in
each opening 1124, scanning by moving the ink-jet head.
However, alternatively the substrate 2 may be moved. Fur-
thermore, the composition 1104 may also be filled in by
moving the ink-jet head H1 and the substrate 2 relative to
each other. The above-described point holds true for steps
performed downstream of this step using the ink-jet head
H1.

The discharge by the ink-jet head H1 will be described
below. The discharge nozzle H2 provided on the ink-jet head
H1 is arranged facing the electrode surface 111a, and the
first composition 1104 is discharged from the nozzle H2.
The bank layers 112 are provided around the pixel electrode
111. The ink-jet head H1 is faced to the electrode surface
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1114 located in the opening 1124 of the bank layer 112, and
the first composition droplets 1104 are discharged from the
discharge nozzle H2 onto the electrode surface 111a while
the amount of liquid per droplet is controlled and the ink-jet
head H1 and the substrate 2 are moved relative to each other.

For example, a composition in which a mixture of a
polythiophene derivative, e.g., polyethylenedioxythiophene
(PEDOT), polystyrenesulfonic acid (PSS), and the like is
dissolved into a polar solvent may be used as the first
composition 1104 used here. Examples of polar solvents
include isopropyl alcohol (TPA), n-butanol, y-butyrolactone,
N-methyl pyrrolidone (NMP), 1,3-dimethyl-2-imidazolidi-
none (DMI) and derivatives thereof, and glycol ethers, e.g.,
carbitol acetate and butylcarbitol acetate.

The first composition may have a further specific com-
position of, for example, a PEDOT/PSS mixture (PEDOT/
PSS=1:20): 12.52% by weight, [PA: 10%, NMP: 27.48%,
and DMI: 50% t. Preferably, the viscosity of the first
composition is in the order of 2 to 20 mPa-s, in particular, is
in the order of 4 10 15 mPa-s.

By using the above-described first composition, the dis-
charge nozzle H2 is not clogged and, therefore, discharge
can be performed stably.

With respect to the materials to form the hole injection/
transportation layers, the same material may be used for
each of the luminescent layers 1105 1 to 11063 of red (R),
green (), and blue (B), or the material may be changed for
each luminescent layer.

As shown in FIG. 11, discharged first composition drop-
lets 1104 spread on the electrode surface 111a¢ which had
been given lyophilic treatment, and collect in the opening
112d. Even if the first composition droplets 1104 is dis-
charged onto the top surface 112/ outside the predetermined
discharge position, the top surface 112fis not wetted by the
first composition droplet 1104, and the repelled first com-
position droplet 1104 tumbles into the opening 1124.

The amount of the first composition discharged onto the
electrode surface 111a is determined based on the size of the
opening 112d, the thickness of the hole injection/transpor-
tation layer to be formed, the concentration of the material
to form the hole injection/transportation layer in the first
composition, and the like. The first composition droplets
1104 need not be discharged at one time, and the composi-
tion substance may be divided among several discharges on
the same electrode surface 111a. At this time, the amount of
the first composition substance used in each discharge may
be the same, or the amount of the first composition substance
may be changed for each discharge.

With respect to the structure of the ink-jet head, a head H
shown in FIG. 13 may be used. With respect to the arrange-
ment of the substrate and the ink-jet head, the arrangement
shown in FIG. 14 is preferable. In FIG. 13, reference
numeral H7 denotes a support substrate to support the
above-described ink-jet heads H1, a plurality of ink-jet
heads H1 provided on this support substrate H7.

A plurality of discharge nozzles are disposed in two rows
along the length direction of the head with a spacing in the
width direction of the head (for example, 180 nozzles each
row, 360 nozzles in total) on the ink discharge surface
(surface facing the substrate 2) of the ink-jet head H1. In
addition to the discharge nozzles of this ink-jet head H1
being made to face toward the substrate 2, a plurality of
ink-jet heads H1 are positioned and supported by the support
substrate H7 substantially having the shape of a rectangle in
a plan view, the ink-jet heads H1 disposed in two rows
substantially along the X axis direction with each head
inclined from the X axis (orY axis) at a predetermined angle
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and spaced from each other in the Y direction (6 units each
row, 12 units in total, in FIG. 13).

In an ink-jet apparatus shown in FIG. 14, reference
numeral 1115 denotes a stage carrying the substrate 2, and
reference numeral 1116 denotes a guide rail to guide the
stage 1115 in the X direction (main scanning direction)
shown in the figure. The head H can be moved in the Y
direction (subscanning direction) shown in the figure by
moving the guide rail 1113 via a support element 1111.
Furthermore, the head H can be rotated in the 0 axis
direction in the figure, and the ink-jet heads H1 can be
positioned to be inclined from the main scanning direction
at a predetermined angle. The nozzle pitch is made to
correspond to the pixel pitch by arranging the ink-jet head to
incline from the scanning direction, as described above. The
nozzle pitch is made to correspond to any pixel pitch by
adjusting the angle of inclination.

The substrate 2 shown in FIG. 14 has a structure in which
a plurality of chips are disposed on the mother substrate.
That is, the area of one chip corresponds to one display
device. Here, three display areas 2a are provided, although
not limited to this. For example, when the composition is
applied to a left display area 2a on the substrate 2, the head
H is moved to the left in the figure via the guide rail 1113,
the substrate 2 is moved upward in the figure via the guide
rail 1116, and the scanning application is performed while
the substrate 2 is thus moved. Thereafter, the head H is
moved to the right in the figure, and the composition is
applied to the display area 2a located in the center of the
substrate. The same holds true for the display area 2a located
in the right end.

The head H shown in FIG. 13 and the ink-jet apparatus
shown in FIG. 14 may be used for not only the hole
injection/transportation layer formation step, but also the
luminescent layer formation step.

Subsequently, the drying step is performed. The polar
solvent contained in the first composition is vaporized, and
the material to form the hole injection/transportation layer is
precipitated, as shown in FIG. 12. This drying step is
performed, for example, in a nitrogen atmosphere at room
temperature at a pressure in the order of 133.3 Pa (1 Torr).
If the pressure is too low, undesirably, bumping of the first
composition droplets 1104 occurs. If the temperature is more
than room temperature, the vaporization rate of the polar
solvent is increased and, thereby, a flat film cannot be
formed.

After the drying treatment, preferably, the polar solvent
and water remaining in the hole injection/transportation
layer 110a are removed by a heat treatment in which heating
is performed for about 10 minutes at 200° C. in nitrogen,
preferably, in a vacuum.

Most of the thus formed hole injection/transportation
layer 110a dissolves into the luminescent layer 1105 which
is applied in a downstream step. However, a part thereof
remains as a thin film between the hole injection/transpor-
tation layer 110a and the luminescent layer 1104. In this
manner, an energy barrier between the hole injection/trans-
portation layer 110a and the luminescent layer 1105 is
lowered. and the movement of the holes is facilitated and,
therefore, the luminous efficacy can be enhanced.

(4) Luminescent Layer Formation Step

The luminescent layer formation step is composed of a
surface modification step, a luminescent layer formation
material discharge step (second droplet discharge step), and
a drying step.
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The surface modification step is performed in order to
enhance the adherence between the hole injection/transpor-
tation layer 110a and the luminescent layer 1105 and to
enhance the uniformity in the film formation. That is, in the
luminescent layer formation step, a nonpolar solvent which
cannot dissolve the hole injection/transportation layer 110a
is used as a solvent of the second composition used to form
the luminescent layer, in order to reduce or prevent further
dissolution of the hole injection/transportation layer 110a.
On the other hand, since the hole injection/transportation
layer 1104 has low affinity for the nonpolar solvent, the hole
injection/transportation layer 110a and the luminescent layer
1105 cannot be made to adhere closely to each other, or the
luminescent layer 1105 cannot be uniformly applied, when
the second composition containing the nonpolar solvent is
discharged onto the hole injection/transportation layer 110a.

Therefore, preferably, the surface modification step is
performed in advance of the formation of the luminescent
layer in order to enhance the affinity of the surface of the
hole injection/transportation layer 110« for the luminescent
layer formation material.

In the surface modification step, a surface modifying
agent which is the same or the same type of solvent as the
nonpolar solvent of the second composition used to form the
luminescent layer is applied onto the hole injection/trans-
portation layer 110a by an ink-jet method (droplet discharge
method), a spin coating method, or a dipping method and,
thereafter, drying is performed.

Examples of usable surface modifying agents, which are
the same solvent as the nonpolar solvent of the second
composition, include cyclohexylbenzene, dihydrobenzofu-
ran, trimethylbenzene, tetramethylbenzene, and the like.
Examples of surface modifying agents which are the same
type of solvent as the nonpolar solvent of the second
composition include toluene, xylene, and the like.

By performing such a surface modification step, the
surface of the hole injection/transportation layer 110a
becomes compatible with the nonpolar solvent, and the
second composition containing the luminescent layer for-
mation material can be uniformly applied to the hole injec-
tion/transportation layer 110a in a downstream step.

The above-described Compound 2 or the like which is
generally used as a material having a hole transportation
property may be dissolved into the above-described surface
modification agent so as to prepare a composition. The
resulting composition may be applied onto the hole injec-
tion/transportation layer 110a by an ink-jet method, fol-
lowed by drying, so that an extremely thin hole transporta-
tion layer may be formed on the hole injection/transportation
layer 110a.

In the luminescent layer formation step, the second com-
position containing the luminescent layer formation material
is discharged onto the hole injection/transportation layer
110a by an ink-jet method (droplet discharge method) and,
thereafter, a drying treatment is performed, so that the
luminescent layer 1105 is formed on the hole injection/
transportation layer 110a.

FIG. 15 shows a discharge method by the ink jet. As
shown in FIG. 15, an ink-jet head H5 and the substrate 2 are
moved relative to each other, and a second composition 110e
containing a luminescent layer formation material of one
color (for example, blue (B), in this case) is discharged from
a discharge nozzle H6 provided on the ink-jet head H5.

To conduct discharge, the discharge nozzle is made to face
the hole injection/transportation layer 110a located in the
opening 1124, and the second composition is discharged
onto the hole injection/transportation layer 110a while the
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ink-jet head H5 and the substrate 2 are moved relative to
each other. The amount of the liquid discharged from the
discharge nozzle H6 is controlled by controlling the amount
of liquid per droplet.

Examples of materials used for the luminescent layer
formation material include polyfluorene-based macromol-
ecule derivatives, (poly)paraphenylenevinylene derivatives,
polyphenylene derivatives, polyvinyl carbazole, poly-
thiophene derivatives, perylene-based coloring dyes, cou-
marin-based coloring dyes, and rhodamine-based coloring
dyes, which are represented by chemical formula 1-chemical
formula 5, or the above-described macromolecules may be
used after being doped with rubrene, pervlene, 9,10-diphe-
nylanthracene, tetraphenylbutadiene, Nile red, coumarin 6,
quinacridone, or the like.

Preferably, the nonpolar solvent does not dissolve the hole
injection/transportation layer 110a, and examples thereof
include cyclohexylbenzene, dihydrobenzofuran, trimethyl-
benzene, and tetramethylbenzene.

The second composition can be applied without further
dissolution of the hole injection/transportation layer 110 by
using such a nonpolar solvent for the second composition of
the luminescent layer 1105.

As shown in FIG. 15, discharged second composition
110e spreads on the hole injection/transportation layer 110q,
and fills up the opening 1124. On the other hand, even if the
second composition droplet 110e is discharged onto the top
surface 112/ outside the predetermined discharge position,
the top surface 112f'subjected to the liquid-repellency treat-
ment is not wetted by the second composition droplet 110e,
and the second composition droplets 110e tumble into the
opening 1124.

The amount of the second composition substance 110e
discharged onto each hole injection/transportation layer
110q is determined based on the size of the opening 1124,
the thickness of the luminescent layer 1104 to be formed, the
concentration of the material for the luminescent layer in the
second composition, and the like.

The second composition substance 110e may be dis-
charged all at one time or may be divided among several
discharges onto the same hole injection/transportation layer
110a. At this time, the amount of the second composition
substance used in each discharge may be the same, or the
amount of liquid of the second composition substance 110e
may be changed with each discharge.

After the discharge of the second composition onto the
predetermined location is completed, the second composi-
tion droplets 110e discharged are subjected to a drying
treatment and, thereby, the nonpolar solvent contained in the
second composition is vaporized. In this manner, the lumi-
nescent layer formation material is deposited, and a blue (B)
luminescent layer 110563 shown in FIG. 16 is formed. In
FIG. 16, only one blue-emitting luminescent layer is shown.
However, as is clear from FIG. 2 and other figures, the
luminescent elements are provided essentially in a matrix
and, therefore, a plurality of luminescent layers (correspond-
ing to blue) are provided, although not shown in the figure.

Subsequently, as shown in FIG. 17, a red (R) luminescent
layer 11051 is formed, and finally a green (G) luminescent
layer 11062 is formed through steps as in the above-
described blue (B) luminescent layer 11053.

The order of the formation of the luminescent layers 1105
is not limited to the above-described order, and the forma-
tion may be performed in any order. For example, the order
of the formation may be determined depending on the
luminescent layer formation material.
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With respect to the drying condition of the second com-
position of the luminescent layer, in the case of the blue
11053, the drying is performed, for example, in a nitrogen
atmosphere at room temperature at a pressure in the order of
133.3 Pa (1 Torr) for 5 to 10 minutes. If the pressure is too
low, undesirable bumping of the second composition 110e
occurs. If the temperature is more than room temperature,
the vaporization rate of the nonpolar solvent is increased
and, large amounts of the luminescent layer formation
material undesirably adhere to the wall surface of the upper
opening 1124.

In the case of the green luminescent layer 11062 and the
red luminescent layer 1105 1. since the number of compo-
nents of the luminescent layer is large, the drying is pref-
erably performed in a short time. It is preferable that, for
example, nitrogen is blown at 40° C. for 5 to 10 minutes.

Examples of other methods for drying include a far-
infrared radiation method, a high-temperature nitrogen gas
blowing method, and the like.

In this manner, the hole injection/transportation layers
110a and the luminescent layers 1105 are formed on the
pixel electrodes 111.

(5) Electron Injection Layer Formation Step

In the electron injection layer formation step, as shown in
FIG. 18, the electron injection layer 110¢ made of liquid or
the like is formed all over the luminescent layers 1105 and
the bank layers 112.

Preferably, the electron injection layer 110¢ is formed by
an evaporation method, a sputtering method, a CVD
method, or the like. In particular, the formation by the
evaporation method is preferable from the viewpoint of
prevention of damage to the luminescent layer 1105 due to
heat.

(6) Cathode Formation Step

In the cathode formation step, a cathode 12 made of an
metal oxide, e.g., 1TO, is formed all over the electron
injection layer 110c¢ by a sputtering method.

For example, an alloy of In and Sn may be used as a
sputter target, and for example, argon (Ar) may be used as
a carrier gas.

In the initial stage of the film formation, the partial
pressure of oxygen in the carrier gas is controlled to be
substantially zero, during which a metallic material is
formed into a film having a predetermined film thickness
(predetermined thickness). In this manner, as shown in FIG.
19, an oxygen-free layer 12 having an oxygen content of
substantially zero is formed on the electron injection layer
110c.

Subsequently, the metal oxide is formed into a film in the
order of 140 nm while the partial pressure of oxygen in the
carrier gas is increased continuously or stepwise. In this
manner, as shown in FIG. 20, an oxygen-containing layer
124 containing oxygen is formed on the oxygen-free layer
12a.

Preferably, the predetermined thickness (that is, the film
thickness of the oxygen-free layer 12q) is within the range
of 5 nm or more and 30 nm or less. For example, if supply
of oxygen is started when the amount of film formation is
less than 5 nm, the function layer to serve as the substrate (in
the present exemplary embodiment, the electron injection
layer 110¢) is oxidized and, therefore, an adequate luminous
efficacy cannot be achieved. On the other hand, if the
oxygen-free layer 12a having a thickness exceeding 30 nm
is formed, the cathode is darkened and, therefore, the display
quality is significantly degraded.
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The oxygen content and the film thickness of the oxygen-
containing layer 125 may be set to be within the range that
allows adequate transparency of the whole cathode 12
composed of the oxygen-free layer 124 and the oxygen-
containing layer 125.

(7) Sealing Step

The sealing step is a step in which a sealing can 604 is
disposed at the front of the substrate 2 provided with
luminescent elements, and the substrate 2 and the outer
edges of the sealing can 604 are sealed together with a
sealing resin 603. A sealing portion 3 is formed on the
substrate 2 through this step.

Preferably, the sealing step is performed in an atmosphere
of an inert gas, e.g., nitrogen, argon, helium, or the like. In
a case where the cathode has a defect, such as a pinhole, if
the sealing step is performed in air, undesirably, water,
oxygen, or the like penetrates into the cathode 12 through
this defect and, thereby, the cathode 12 is oxidized. Prefer-
ably, a getter element to absorb or remove oxygen and water
is provided on the inner surface side of the sealing can 604.
Desirably, this getter element is disposed in, for example, a
non-display area 25 in order to avoid affecting the display.

The cathode 12 is connected to the wiring 5a of the
substrate 2 shown in FIG. 2 and FIG. 3 as an example, and
the wiring of the circuit element portion 14 is connected to
the driving IC 6, so that the display device 1 of the present
exemplary embodiment is prepared.

According to the electroluminescent display device of the
present exemplary embodiment, oxidation of the function
layer during cathode film formation can be effectively
reduced or prevented without degradation of the transpar-
ency of the whole cathode 12.

Second Exemplary Embodiment

The second exemplary embodiment of the present inven-
tion will be described with reference to FIG. 21. In the
following description, portions similar to those in the above-
described first exemplary embodiment are indicted by the
same reference numerals as in the first exemplary embodi-
ment, and a part of explanations thereof will not be provided.
The description will be made with reference to FIG. 2 and
FIG. 3 as appropriate.

An electroluminescent display device of the present
exemplary embodiment is configured as an EL display
device having a so-called reverse structure in which cath-
odes 111", electron injection layers 1104, luminescent layers
1105, a hole injection/transportation layer 110¢', and an
anode 12' are laminated in that order from the substrate 2
side. In the present display device, a function layer 110' is
composed of the electron injection layer 110qa', the lumines-
cent layer 1105, and the hole injection/transportation layer
110¢".

The present display device has a top emission type
structure as in the above-described first exemplary embodi-
ment, a high-reflectance metal film made of Al, Ag, or the
like is used for the cathode 111' to serve as a pixel electrode,
and a metal oxide, e.g., ITO or IZ0O, having transparency is
used for the anode 12' provided to cover the bank layer 112
and the function layer 110'".

The oxygen content of this anode 12' varies in the film
thickness direction, and the oxygen content in the lower part
of the layer (substrate 2 side) is lower than that in the upper
part of the layer (sealing portion 3 side). That is, the average
oxygen concentration in the anode 12' is made at least a
predetermined concentration in order to attain the transpar-
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ency required for display, and there is a concentration
gradient in the film thickness direction in which the oxygen
concentration in the lower portion is lower than the oxygen
concentration in the upper portion. For example, the anode
12" has a structure in which an oxygen-free layer 12¢' having
an oxygen concentration of substantially zero and an oxy-
gen-containing layer 124" having an oxygen concentration
higher than the average oxygen concentration are laminated
in that order from the lower surface. Such an anode 12' is
formed by sputtering a metallic material, e.g., In or Sn, on
the hole injection/transportation layer 110¢' while the partial
pressure of oxygen in the carrier gas (for example, Ar) is
changed with time. Specifically, the partial pressure of
oxygen in the carrier gas is controlled to be substantially
zero during a predetermined time starting immediately after
the start of the film formation (that is, when the amount of
film formed on the hole injection/transportation layer 110¢'
is within a predetermined range) and, thereafter, the partial
pressure of oxygen is increased continuously or stepwise, so
that a desired average oxygen concentration can be attained.

One end of this anode 12' is connected to the wiring 120
provided on the substrate 2, and one end portion of this
wiring 120 is connected to a wiring 5a on a flexible substrate
5. The wiring 5a is connected to a driving IC 6 (driving
circuit) provided on the flexible substrate 5 (refer to FIG. 2
and FIG. 3).

Since the configuration except for this is similar to that in
the above-described first exemplary embodiment, explana-
tions thereof will not be provided.

Consequently, in the present exemplary embodiment as
well, oxidation of the function layer due to active oxygen in
the carrier gas can be reduced or prevented without degra-
dation of the transparency of the whole anode, as in the
above-described first exemplary embodiment.

Electronic Equipment

An example of electronic equipment provided with the
above-described electroluminescent display device will be
described below.

FIG. 22 is a perspective view showing the configuration
of a mobile tvpe personal computer (information processing
apparatus) provided with the display device according to the
above-described exemplary embodiments. As shown in the
aforementioned figure, the personal computer 1100 is com-
posed of a main body portion 1104 provided with a keyboard
1102, and a display device unit provided with the above-
described electroluminescent display device 1106. Conse-
quently, electronic equipment including a bright display
portion having a high luminous efficacy can be provided.

The present invention is not limited to the above-de-
scribed exemplary embodiments, and any modifications may
be performed within the scope of the present invention.

For example, in the above-described exemplary embodi-
ment, the partial pressure of oxygen immediately after the
start of the film formation is controlled to be substantially
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zero in the film formation of the cathode by sputtering.
However, the present invention is not limited to this, and it
is only essential that the partial pressure of oxygen imme-
diately after the start of the film formation is made lower
than the average oxygen partial pressure during the film
formation. In this manner, damage to the function layer 110
to serve as the substrate can be reduced compared with that
in the case where the film formation is performed at a
constant oxygen partial pressure (that is, the above-de-
scribed average partial pressure of oxygen).

In the above-described exemplary embodiment, the case
where the luminescent layers 1105 of each of R, G, and B are
arranged in the stripe is described. However, the present
invention is not limited to this, and various arrangement can
be adopted. For example, a mosaic arrangement shown in
FIG. 23(B) or a delta arrangement shown in FIG. 23(C) may
be adopted instead of the stripe arrangement shown in FIG.
23(A).

In the example shown in the above-described exemplary
embodiment, the organic EL material is used for the lumi-
nescent layer 1105. However, as a matter of course, the
present invention can be applied to a display device in which
an inorganic EL material is used for the luminescent layer
1104 (that is, an inorganic EL display device).

Furthermore, in the above-described exemplary embodi-
ment, each luminescent portion A is disposed in the region
separated by the partition wall 112. However, the partition
wall to separate each luminescent portion A is not always
necessary. When such a partition wall 112 is not provided,
the getter element may be deposited in the region between
luminescent portions A adjacent to each other in a plan view.

What is claimed is:

1. An electroluminescent display device, comprising:

a first electrode;

a function layer including an organic luminescent layer;
and

a transparent second electrode made of a metal oxide,
which are laminated on a substrate in that order,

a lower portion of the second electrode in a vicinity of an
interface between the second electrode and the function
layer having an oxygen concentration lower than an
average oxygen concentration in the second electrode,
and

the second electrode having an oxygen concentration that
increases continuously or stepwise from the interface in
a thickness direction of the second electrode.

2. Electronic equipment, comprising;

the electroluminescent display device according to claim
1.

3. The electroluminescent display device according to

claim 1, the lower portion of the second electrode having a
substantially zero oxygen concentration.
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