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ORGANIC EL ELEMENT, METHOD FOR
MANUFACTURING THE SAME, AND
ORGANIC EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to organic electrolu-
minescence (EL) elements, methods for manufacturing the
same, and organic EL display devices using the same.

BACKGROUND ART

[0002] Recently, organic EL elements have been actively
developed. Display devices using organic EL elements need
neither backlights nor polarizers, and have a wide dynamic
range and a wide viewing angle, which is advantageous for
reduction in thickness and cost. Thus, the organic EL ele-
ments have been expected to be used in next-generation dis-
play devices.

[0003] Intypical organic EL elements, an organic EL layer
that emits light in response to application of a voltage is
provided between a thin-film like anode and a thin-film like
cathode, and a hole injection layer, a hole transport layer, a
light emitting layer, a hole blocking layer, an electron trans-
port layer, etc. are stacked in the organic EL layer.

[0004] These layers in the organic EL layer are often
formed by vacuum deposition (a vacuum deposition method),
but in some cases, are formed by coating using spin coating
etc. (a coating method).

[0005] In order to display a color image on organic EL
display devices, three sub-pixels of red (R), green (G), and
blue (B) are typically arranged in each pixel, and light emis-
sion of the sub-pixels is controlled. This method requires a
light emitting layer that emits light of each color to be selec-
tively formed in each sub-pixel (patterning).

[0006] However, a patterning technique capable of being
used in practical applications has not been established in the
field of organic EL display devices. In particular, there has
been a problem in a process for increasing the size of the
display devices.

[0007] Some techniques have been proposed as this type of
patterning technique (Patent Document 1 etc.).

[0008] (1) Patent Document 1

[0009] A metal mask having holes is used. Patterning is
performed through the holes of the metal mask by vacuum
deposition (a mask deposition method).

[0010] (2) Non-Patent Documents 1-3

[0011] A transfer substrate is used on which a photothermal
conversion layer that converts laser light to thermal energy
and a light emitting layer are formed on its entire surface.
With the transfer substrate being placed to face a transfer
target substrate, a predetermined area of the transfer substrate
is irradiated with laser. Thus, only the light emitting layer in
the irradiated area is transferred to the transfer target substrate
(a laser transfer method).

[0012] (3) Patent Document 2

[0013] Small droplets are dropped onto predetermined
positions to form a thin film (an ink jet method or 1T method).
[0014] (4) Patent Document 3

[0015] A transfer substrate having light emitting pigments
of RGB arranged thereon is used as a substrate that allows
laser light to pass therethrough. The transfer substrate is
externally irradiated with laser light, thereby transferring the
light emitting pigments by using heat generated by the laser
light. All the light emitting pigments are simultaneously
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formed on the transfer substrate. An 1J method or a vacuum
deposition method is used to form the light emitting pig-
ments.

[0016] (5) Patent Document 4

[0017] A first transfer layer containing a first organic mate-
rial and a second transfer layer containing a second organic
material are patterned on a transfer substrate via a photother-
mal conversion layer by a printing method. The transfer lay-
ers are simultaneously transferred to a transfer target sub-
strate by irradiating this transfer substrate with radiation.

CITATION LIST
Patent Documents

[0018] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. 2002-075638

[0019] PATENT DOCUMENT 2: Japanese Patent Publica-
tion No. 2000-106278

[0020] PATENT DOCUMENT 3: Japanese Patent Publica-
tion No. 2004-87143

[0021] PATENT DOCUMENT 4: Japanese Patent Publica-
tion No. 2008-235011

Non-Patent Documents

[0022] NON-PATENT DOCUMENT 1: 16.5L: Late-
News-Paper: Non-Contact OLED Color Patterning by
Radiation-Induced Sublimation Transfer (RIST), “SID 05
DIGEST,” pp. 972-975

[0023] NON-PATENT DOCUMENT 2: 21.3: A New Pat-
terning Method for Full-Color Polymer Light-Emitting
Devices: Laser Induced Thermal Imaging (LITT), “SID 02
DIGEST,” pp. 784-787

[0024] NON-PATENT DOCUMENT 3: 53.2: Distin-
guished Paper: Novel Laser Transfer Technology for
Manufacturing Large-Sized OLED Displays, “SID 07
DIGEST,” pp. 1592-1595

SUMMARY OF THE INVENTION
Technical Problem

[0025] However, the patterning techniques disclosed in the
above Patent Documents etc. have the following problems.
[0026] (1) Patent Document (Mask Deposition Method)
[0027] Since a material is also deposited on the mask, only
part of the material can be actually used. For example, in the
case where the material is separately deposited in the three
sub-pixels of RGB by the mask deposition method in order to
obtain color display, the material utilization efficiency is no
more than several percent. Moreover, there is a large distance
(TS distance) between an evaporation source and a substrate.
Thus, a defective film may be formed depending on the posi-
tion of the evaporation source, because deposition may be
hindered by the mask. Moreover, for larger-sized display
devices, the mask area need also be increased accordingly,
which limits the use of this method in manufacturing of
large-sized display devices.

[0028] (2) Non-Patent Documents 1-3 (Laser Transfer
Method)
[0029] Since patterning is performed by laser scanning, the

material utilization efficiency is not reduced as in the mask
deposition method. However, laser scanning accuracy
depends on mechanical accuracy, and for example, a meander
in the XY direction or a shift in the Z direction (a shift of the
depth of focus of laser) may result in formation of an uneven



US 2012/0091482 Al

film or a film having an insufficiently transferred area. More-
ovet, since scanning is basically performed on each line of
RGB, increasing the number of lines increases the cycle time,
and the use of a plurality of lasers for scanning increases the
manufacturing cost.

[0030] (3) Patent Document 2 (1] Method)

[0031] Since a film can be formed by dropping droplets
onto desired positions, this method is advantageous in that
patterning can be performed on demand. In the inkjet method,
however, accuracy of the dropping positions of the droplets is
not so high due to a mechanical displacement, clogging of a
head, etc. In the case of forming RGB sub-pixels of different
colors, color mixture may occur due to scattering of the
solution. In order to form a uniform film, an enclosure called
a “bank” need be formed to contain the solution to be
dropped, or a surface treatment need be performed to suffi-
ciently increase a lyophilic property of a region where the film
is to be formed. Thus, a preparatory process tends to be
complicated. The surface treatment may also degrade char-
acteristics of the film. Moreover, since films containing mate-
rials that are soluble in the same solvent cannot be directly
stacked together, the kinds of materials that can be used are
limited. Thus, the inkjet method has not been able to be used
for materials and stacked structures having the best charac-
teristics so far obtained.

[0032] (4) Patent Document 3

[0033] A transfer substrate need be produced on which
light emitting layers of RGB have been patterned in advance
by an IJ method or a vacuum deposition method. Thus, the
transfer substrate itself has problems of the patterning meth-
ods described above. Accordingly, using this transfer sub-
strate does not necessarily ensure accurate patterning, and
also increases manufacturing cost.

[0034] (5) Patent Document 4

[0035] Since the printing method is used, the transfer layers
can be relatively easily formed on the transfer substrate. How-
ever, a printing plate is used in the printing method. The
printing plate contracts depending on the temperature and the
solvent, and a printing apparatus has a mechanical variation
such as arotation displacement of the printing plate etc. Thus,
the larger the size of the display devices becomes, the more
difficult it becomes to achieve satisfactory accuracy. In par-
ticular, in gravure printing, a printing plate needs to have
opposite functions. Namely, a material need be first trans-
ferred (adsorbed) to the printing plate, and then need be
delaminated from the printing plate so as to be transferred to
the substrate. Thus, pinholes tend to be formed.

[0036] Moreover, there is a problem of contamination in the
case of using a plurality of materials. That 1s, it is difficult to
completely prevent adhesion of the materials to a portion
other than the printing plate during printing. Thus, contami-
nation tends to be caused in the case of patterning different
materials in adjoining regions. A film (a layer) to be formed is
typically as thin as about several nanometers to about several
tens of nanometers. Thus, evenslight contamination degrades
characteristics.

[0037] Moreover, in a method in which the two transfer
layers are simultaneously transferred to the substrate on a
pixel-by-pixel basis, the cycle time can be reduced as com-
pared to a normal laser transfer method, but significant reduc-
tion (significantly reduced cycle time) cannot be expected.
[0038] Itis an object of the present invention to provide a
manufacturing method of an organic EL element etc., which
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is capable of implementing reduced cycle time and an
increased size of display devices at low cost.

Solution to the Problem

[0039] Inorderto achieve the above object, according to the
present invention, a method for manufacturing an organic EL
element including an element substrate, a pair of electrodes
comprised of an anode and a cathode and provided over the
element substrate, and an organic layer formed between the
electrodes and including a light emitting layer that emits light
in response to application of a voltage includes: a lower
electrode formation step of forming a lower one of the pair of
electrodes on the element substrate; a transfer substrate fab-
rication step of patterning a transfer layer by performing a
film-forming treatment of forming a film on at least one donor
substrate by using at least one film-forming solution includ-
ing a stacking material forming the organic layer, thereby
fabricating at least one transfer substrate; an opposing
arrangement step of arranging the transfer substrate and the
element substrate so as to face each other with spacers inter-
posed therebetween, such that a surface of the transfer sub-
strate, which has the transfer layer formed thereon, faces the
element substrate having the lower electrode formed thereon;
a depressurization step of holding the transfer substrate and
the element substrate, which face each other, under vacuum
conditions; and a transfer step of heating the transfer substrate
under the vacuum conditions by a heat source to transfer the
transfer layer to the element substrate.

[0040] An organic EL element that is manufactured by this
method having this configuration may include e.g., the spac-
ers provided on the element substrate, wherein an equal-
thickness layer having substantially a same thickness both on
the element substrate and on the spacers is included in the
organic layer.

[0041] An organic EL display device may include the
above organic EL element, wherein an active matrix drive is
preferably used in the display device.

Advantages of the Invention

[0042] Inthe manufacturing method of the organic EL ele-
ment etc. according to the present invention, material utiliza-
tion efficiency can be improved, cycle time can be reduced,
and a manufacturing apparatus can be simplified. Thus,
reduced manufacturing cost and larger-sized display devices
can be implemented. Moreover, performance of the organic
EL element can be improved such as reduction in leakage
current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1isa schematic view showing a structure of an
organic EL element according to an embodiment.

[0044] FIGS. 2A-2D are schematic diagrams illustrating
main steps of a method for manufacturing the organic EL
element according to the embodiment.

[0045] FIG. 3 is aschematic diagram of a transfer substrate.
[0046] FIG. 4is aschematic diagram of a transfer substrate.
[0047] FIG. 5isaschematic diagram of a transfer substrate.
[0048] FIG. 6is a schematic diagram of a transfer substrate.
[0049] FIG. 7is aschematic diagram of a transfer substrate.
[0050] FIG. 8 is a schematic plan view illustrating an

arrangement of spacers.
[0051] FIG. 9 is a schematic plan view illustrating an
arrangement of spacers.
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[0052] FIGS. 10A-10B are schematic plan views illustrat-
ing arrangements of transfer layers.

[0053] FIGS. 10A-10B are schematic plan views illustrat-
ing arrangements of transfer layers.

[0054] FIG. 12 is a conceptual diagram showing a state in
which an element substrate etc. has been placed in a vacuum
chamber.

[0055] FIGS. 13A-13B are illustrations of a treatment of
bringing a transfer substrate and an element substrate into
close contact with each other by using a pressure bonding
apparatus.

[0056] FIGS. 14A-14B are illustrations of multiple trans-
fer.
[0057] FIGS. 15A-15D are illustrations of multiple trans-
fer.
[0058] FIG. 16A is a schematic plan view showing a form

of spacers, and FIG. 16B is a cross-sectional view showing
both ends of FIG. 16 A

[0059] FIG. 17 is a schematic plan view showing a form of
spacers.
[0060] FIG. 18 is a schematic plan view showing a form of
spacers.
[0061] FIG. 19 is a schematic plan view showing a form of
spacers.
[0062] FIGS.20A-20B are schematic plan views showing a

form of spacers.

[0063] FIG. 21 is a schematic cross-sectional view of a
conventional organic EL element.

[0064] FIG. 22 is a schematic cross-sectional view of the
organic EL element of the embodiment.

[0065] FIGS. 23A-23C are schematic plan views showing
arrangements of transfer layers on separate transfer sub-
strates, respectively.

[0066] FIG. 24 is a schematic plan view showing an
arrangement of transfer layers.

[0067] FIG. 25 is a conceptual diagram illustrating a film-
forming treatment (A mask spray method).

[0068] FIGS. 26A-26B are conceptual diagrams illustrat-
ing a film-forming treatment, where FIG. 26A is a plan view
and FIG. 268 is a cross-sectional view.

[0069] FIG. 27 is a schematic cross-sectional view of an
organic EL element in a first example.

[0070] FIGS.28A-28B are schematic plan views showing a
part of the organic EL element in the first example, where
FIG. 28B is a schematic enlarged view of a portion shown by
two-dot chain line in FIG. 28A.

[0071] FIGS. 29A-29F are flow diagrams illustrating a
manufacturing process in the first example.

[0072] FIGS. 30A-30E are flow diagrams illustrating the
manufacturing process in the first example.

[0073] FIGS. 31A-31B are schematic diagrams showing a
transfer substrate in the first example, where FIG. 31A is a
plan view, and FIG. 31B is a cross-sectional view.

[0074] FIGS. 32A-32B are schematic diagrams showing a
transfer substrate in the first example, where FIG. 32A is a
plan view, and FIG. 32B is a cross-sectional view.

[0075] FIGS. 33A-33B are diagrams showing a transfer
substrate and an element substrate that are placed so as to face
each other, where FIG. 33 A is a plan view, and FIG. 33Bis a
side view.

[0076] FIG. 34 is an illustration of a third example.

[0077] FIGS. 35A-35B are schematic diagram showing a
donor substrate in a fourth example, where F1IG. 35A is a plan
view, and FIG. 35B is a side view.
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[0078] FIG. 36 is a diagram corresponding to FIG. 354,
illustrating occurrence of color mixture in the fourth example.

[0079] FIG. 37 is a schematic plan view showing a seventh
example.
[0080] FIG. 38 is a conceptual diagram of a film-forming

treatment by a mask spray method in an eighth example.
[0081] FIG. 39 is a conceptual diagram of a film-forming
treatment by an electrospray method in a ninth example.
[0082] FIGS. 40A-40B are diagrams illustrating a heat
source in an eleventh example, where FIG. 40A is a schematic
plan view of the heat source, and FIG. 40B is a schematic plan
view of an element substrate.

[0083] FIGS. 41A-41B are diagrams illustrating a heat
source in a modification of the eleventh example, where FIG.
41A is aschematic plan view of the heat source, and FIG. 41B
is a schematic plan view of an element substrate.

DESCRIPTION OF EMBODIMENTS

[0084] An embodiment of the present invention will be
described in detail below with reference to the accompanying
drawings. The following description is by way of illustration
only, and is not intended to limit the present invention, and its
applications or uses. Note that common members are denoted
with the same reference characters throughout the figures
unless otherwise mentioned.

Outline of Embodiment

[0085] FIG. 1isa schematic view showing a structure of an
organic EL. element in the present embodiment. This organic
EL element includes, over an element substrate 1, a pair of
electrodes formed by an anode 2 and a cathode 3, and an
organic layer 4 provided between the electrodes 2, 3 and
including a light emitting layer 43 that emits light in response
to application of a voltage. InFIG. 1, reference character “41”
represents a hole injection layer, reference character “42”
represents a hole transport layer, and reference character “44”
represents an electron transport layer.

[0086] FIGS. 2A-2D show an outline of a method for
manufacturing the organic EL element in the present embodi-
ment. In FIGS. 2A-2D, reference character “10” represents a
donor substrate, reference character “11” represents a trans-
fer layer, reference character “12” represents a transfer sub-
strate, reference character “13” represents a spacer, reference
character “14” represents a vacuum chamber, and reference
character “15” represents a heat source. A transfer substrate
12 that is fabricated by using the donor substrate 10 is used as
an auxiliary substrate during manufacturing. A vacuum
chamber 14 is an apparatus capable of depressurizing the
chamber to high vacuum. A heat source 15 is formed in the
shape of a flat plate, and is placed on an inner wall surface of
the vacuum chamber 14 so that the thermal-energy emitting
surface of the heat source 15 faces inward.

[0087] This manufacturing method includes the following
steps.
[0088] <Lower Electrode Formation Step> A lower elec-

trode (the anode 2) is formed on the element substrate 1.

[0089] <Transfer Substrate Fabrication Step> By using a
film-forming solution containing a stacking material that
forms the organic layer 4, a film-forming treatment of form-
ing a film on the donor substrate 10 is performed to pattern a
transfer layer 11, thereby fabricating the transfer substrate 12.
[0090] <Opposing Arrangement Step> The transfer sub-
strate 12 and the element substrate 1 are placed so as to face
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each other with spacers 13 interposed therebetween, such that
the surface of the transfer substrate 12, which has the transfer
layer 11 formed thereon, faces the element substrate 1 having
the lower electrode formed thereon.

[0091] <Depressurization Step> The transfer substrate 12
and the element substrate 1 facing each other are held under
vacuum conditions.

[0092] <Transfer Step> The transfer substrate 12 is heated
by the heat source 15 under the vacuum conditions to transfer
the transfer layer 11 to the element substrate 1.

[0093] Specifically, as shown in FIG. 2A, a stacking mate-
rial is patterned on the donor substrate 10, thereby fabricating
the transfer substrate 12 having the transfer layer 11 formed
thereon. The spacers 13 are provided in advance on the ele-
ment substrate 1. The spacers 13 may be provided on the
transfer substrate 12.

[0094] Then, as shown in FIG. 2B, the element substrate 1
and the transfer substrate 12 are bonded together so as to face
each other. At this time, alignment is performed as required.
Thereafter, as shown in FIG. 2C, the substrates 1, 12 bonded
together are held under vacuum conditions by using the
vacuum chamber 14.

[0095] Then, the heat source 15 is heated, whereby the
transfer layer 11 is sublimated and transferred to the element
substrate 1. Thus, as shown in FIG. 2D, an organic film 5
comprised of the stacking material can be patterned on the
element substrate 1 in a relatively short time. In order to form
a high-quality organic film 5, it is important to maintain a
uniform small gap (corresponding to the TS distance)
between the transfer substrate 12 and the element substrate 1
by the spacers 13.

[0096] As described above, in this manufacturing method,
an evaporation source is placed in each of the areas corre-
sponding to the patterning areas of the element substrate 1,
and is thermally deposited at a very short TS distance. Thus,
according to the manufacturing method, the conventional
problem can be reduced, namely the material utilization effi-
ciency can be improved, while using the advantages of the
vacuum deposition method.

[0097] Moreover, since the stacking material need only be
formed in advance on the donor substrate 10 by a coating
method etc., shorter cycle time and lower cost can be imple-
mented. Moreover, impurities such as oxygen or water that
have entered the film during the film formation are removed in
the depressurization step and the transfer step, performance
can also be improved.

Specific Configuration of Embodiment

[0098] A specific configuration of the manufacturing
method will be described below.

[0099] It is preferable that the “transfer substrate fabrica-
tion step be performed under atmospheric pressure condi-
tions.” Since materials of the light emitting layer 43, the hole
injection layer 41, etc. forming the organic EL element tend to
be degraded by oxygen or water, it is essentially not prefer-
able to form a film by using a wet coating method etc. under
the atmospheric pressure. However, according to the manu-
facturing method of the present embodiment, oxygen etc. is
removed in the subsequent depressurization and transfer
steps. Thus, the transfer substrate 12 can be fabricated under
the atmospheric pressure, thereby facilitating fabrication.
[0100] It is preferable that the “transfer substrate fabrica-
tion step be performed under such conditions that adew-point
temperature is —20° C. or less.” This is because performing
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this step in a dry atmosphere (dry air) allows water to be more
effectively removed. The dew-point temperature higher than
-20° C. may destabilize the dry atmosphere. Dry air having a
dew-point temperature of about -20° C. can be produced by
using existing pneumatic apparatuses, whereby manufactur-
ing cost can be reduced.

[0101] Since the stacking material is transferred under
vacuum conditions, a film equivalent to that of a conventional
vacuum deposition method can be formed. Since a very short
TS distance is maintained by the spacers 13, uniform depo-
sition can be achieved under stable deposition conditions, and
almost all of the stacking material can be transferred to the
element substrate 1. Thus, the material utilization efficiency
of this manufacturing method is further improved over the
coating method having high material utilization efficiency.
[0102] It is preferable that the “transfer step be performed
under such conditions that a degree of vacuum is 1x10* Pa or
less.” Performing the transfer step under high vacuum condi-
tions with a degree of vacuum of 10~ Pa or less can reduce the
heating temperature required to sublimate the stacking mate-
rial, and can reduce thermal degradation of the stacking mate-
rial. Performing the transfer step under low vacuum having a
degree of vacuum higher than 10~ Pa may cause thermal
degradation of the stacking material.

[0103] It is preferable that the “transfer layer 11 be com-
prised of a low molecular organic material (also referred to as
the low molecular material’)” That is, the low molecular
organic material is used as the stacking material. Low
molecular materials are commonly used in organic EL ele-
ments, and a vacuum deposition method is typically used to
stack such a low molecular material. A coating method etc. is
essentially more desirable in view of convenience of the
manufacturing process and cost for apparatuses. However,
since many of the low molecular materials do not have a
sufficient self-supporting property, it is difficult to form a high
quality film by the coating method etc.

[0104] Inthe present embodiment, a uniform organic film 5
can be formed on the element substrate 1 by sublimation
during deposition. Thus, a high quality film need not be
formed on the donor substrate 10, and a film need only be
selectively formed on a patterning area as an evaporation
source. That is, even a film of the low molecular material,
which can be formed only by the vapor deposition method in
conventional examples, can be formed with high material
utilization efficiency in the present embodiment.

[0105] Moreover, one manufacturing problem of the
vacuum deposition method using the low molecular material
is that the deposition rate varies depending on the kind of low
molecular material. On the other hand, in this manufacturing
method, high-speed transfer can be achieved by appropriately
performing a heating method by using the heat source 15. A
manufacturing method that has generally hardly affected by
the difference in deposition rate and has reduced cycle time
can be implemented by the present embodiment.

[0106] As shown in FIG. 3, it is preferable that the “donor
substrate 10 be comprised of a material that allows thermal
energy emitted from the heat source 15 to pass therethrough,
and a heat generating layer 16 that absorbs the thermal energy
be provided on a surface of the donor substrate 10, on which
the transfer layer 11 is to be provided.”

[0107] The heat source 15 is used in the transfer treatment
in this manufacturing method, and for example, a flash anneal
lamp, a halogen lamp, a xenon lamp, an infrared radiation
apparatus, a surface emission laser, a heater, etc. can be used
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as the heat source 15. The transfer layer 11 is heated by
thermal energy emitted from the heat source 15.

[0108] Thus, since the heat generating layer 16 that absorbs
the thermal energy and converts the thermal energy to heat is
provided on the surface that contacts the transfer layer 11 on
the donor substrate 10, the transfer layer 11 can be more
efficiently heated, and transfer can be facilitated.

[0109] The heat generating layer 16 is preferably com-
prised of, e.g., a metal such as aluminum (Al) that is highly
thermally conductive. In particular, in view of reflection char-
acteristics, titanium (Ti) is preferable in the case where a
xenon lamp is used as the heat source 15, and molybdenum
(Mo) is preferable in the case where an infrared radiation
apparatus that radiates infrared rays of about 800 nm is used
as theheat source 15. The material of the heat generating layer
16 is notlimited to the metals, and the heat generating layer 16
may be comprised of other materials such as a resin contain-
ing a pigment.

[0110] As shown in FIG. 4, it is preferable that the “heat
generating layer 16 be patterned in substantially a same area
as a patterning area of the transfer layer 11 so as to overlap the
patterning area of the transfer layer 11.” Moreover, it is more
preferable that the heat generating layer 16 be patterned so as
to be slightly larger than the transfer layer 11.

[0111] Since the heat generating layer 16 is patterned, the
area where the heat generating layer 16 is formed on the
transfer substrate 12 is intensively heated in the transfer step.
In the transfer substrate fabrication step, there is a possibility
that the transfer layer 11 may be formed in an area other than
the predetermined area due to misalignment etc. In such a
case, heating the entire surface of the transfer substrate 12
may cause the transfer layer 11 to be transferred to an area
other than a desired patterning area on the element substrate
1, resulting in color mixture or a non-uniform film thickness.
[0112] Thus, by patterning the heat generating layer 16 so
that the patterning area of the heat generating layer 16 sub-
stantially overlaps the patterning area of the transfer layer 11,
such color mixture and non-uniform film thickness, if any,
can be reduced.

[0113] The “donor substrate 10 may be comprised of a
material (also referred to as a heat absorbing material) that
absorbs thermal energy emitted from the heat source 15.” In
this case, since the donor substrate 10 functions as the heat
generating layer 16 as well, the configuration can be simpli-
fied. Depending on the type of heat source 15, the donor
substrate 10 may be in a form such as a metal plate or a
band-shaped metal sheet capable of being wound up into a
roll, although the donor substrate 10 is not limited to these
forms.

[0114] As shown in FIG. 5, in this case, it is preferable that
a “heating preventing layer 17 configured to prevent heating
be formed in an area other than the patterning area of the
transfer layer 11 on the donor substrate 10.” The configura-
tion of the donor substrate 10 is simplified if the donor sub-
strate 10 is comprised only of the heat absorbing material.
However, since the entire surface of the donor substrate 10 is
heated, the use of such a donor substrate 10 may result in color
mixture or a non-uniform film thickness. In this example, the
heating preventing layer 17 that prevents heating is formed in
the predetermined area, whereby only the area other than the
predetermined area can be selectively heated.

[0115] The heating preventing layer 17 is preferably com-
prised of, e.g., a low thermally conductive material, or a
material having such characteristics that reflect the thermal
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energy emitted from the heat source 15. Specific examples
include an inorganic film such as Si0,, TiN,, or TiO,, a resin
film such as acrylic resin. The heating preventing layer 17
preferably has a thickness of several hundreds of nanometers
or more in order to effectively perform its function.

[0116] It is preferable that the “spacers 13 be provided on
the element substrate 1.” If the spacers 13 are provided on the
donor substrate 10 and transfer of the transfer layer 11 is
performed a plurality of times in order to form a stack, the
spacers 13 tend to be misaligned with respect to the element
substrate 1 in each transfer. If such a misalignment occurs, the
transfer area varies in every transfer. Thus, the transfer layer
11 may be unnecessarily transferred to an area other than the
predetermined transfer area in the case of, e.g., a high-defi-
nition pixel size. By providing the spacers 13 on the element
substrate 1, the transfer layer 11 can be transferred to the same
area in every transfer even if the transfer is performed a
plurality of times. Thus, stacking accuracy of the organic EL
element can be improved.

[0117] The “spacers 13 may be provided on the donor sub-
strate 10.” Depending on the pixel size and the specifications,
it may not cause any problem even if a small amount of the
transfer layer 11 is transferred to an area other than the pre-
determined area. For example, in the case where the pixel size
is relatively large as in large-sized televisions (TVs), a slight
misalignment does not affect the quality. Thus, the spacers 13
can be formed on the donor substrate 10 in such a case. In the
case of forming the spacers 13 on the element substrate 1, the
spacers 13 need be formed on all the element substrates 1.
However, in the case of forming the spacers 13 on the donor
substrate 10, the number of spacers 13 can be significantly
reduced because the donor substrate 10 can be repeatedly
used. Since the number of spacers 13 is reduced, the material
cost and the manufacturing cost can also be reduced accord-
ingly.

[0118] Itis preferable that the “spacers 13 be comprised of
a material that absorbs thermal energy emitted from the heat
source 15 As shown in FIG. 6, for example, spacers 13
having a substantially U-shaped cross section can be formed
by patterning the heat generating layer 16 with a predeter-
mined thickness into a band shape, and then forming groove-
like recesses 18 in the upper ends of the band-shaped heat
generating layers 16. In this case, the transfer layer 11 is
formed in the recesses 18. This configuration allows the spac-
ers 13 to function as the heat generating layer 16 as well. With
such spacers 13, the transfer layer 11 can be heated from three
directions, namely from the bottom surface and both side
surfaces of the recess 18 of the spacer 13, whereby transfer
can be efficiently preformed. As shown in FIG. 7, the spacers
13 themselves may be the heat generating layer 16.

[0119] As shown in FIG. 8, the “spacers 13 may be
arranged in a stripe pattern.” In the case where a display
device etc. is produced by using an organic EL element, the
lower electrode formation step may include a treatment of
patterning an electrode material into a grid shape to form a
plurality of pixel electrodes 20 as the lower electrode. FIG. 8
shows an example of the element substrate 1 having the
plurality of pixel electrodes 20 (the anode 2) arranged so as to
correspond to sub-pixels of red (R), green (G), and blue (B)
for color display devices.

[0120] Thus, sub-pixels of each color are arranged in a
stripe pattern in some color display devices. In this case,
although it is also important for the element substrate 1 to
have a uniform film thickness over the entire surface, it is
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particularly important for the element substrate 1 to have a
uniform film thickness in each area of the stripe pattern
defined by the spacers 13. An optimal thickness of the sub
pixels may vary depending on the color (RGB), and in that
case, the sub-pixels of each color need be formed with their
own optimal thickness. Thus, by arranging the plurality of
linear spacers 13 in a stripe pattern, a layer having a uniform
thickness can be formed in each area defined by the spacers
13.

[0121] As shown in FIG. 9, the “spacers 13 may be
arranged so as to surround each of the plurality of pixel
electrodes 20, and openings 21 may be formed in surrounding
surfaces 13a of the spacers 13 surrounding each of the pixel
electrodes 20.” As used herein, the surrounding surface 13a of
the spacer 13 refers to a side surface of the spacer 13 extend-
ing substantially perpendicularly to the element substrate 1
and surrounding a corresponding one of the pixel electrodes
20.

[0122] Thus, the sub-pixels of RGB are arranged in a delta
pattern in some color display devices. In this case, in order to
ensure the optimal thickness of the sub-pixels of each color,
the sub-pixels need be formed on a color-by-color basis. By
surrounding each pixel electrode 20 with the spacers 13 in this
manner, a layer of the sub-pixels having a uniform thickness
can be formed on a color-by-color basis.

[0123] In this manufacturing method, depressurization is
sometimes performed with the transfer substrate 12 and the
element substrate 1 bonded together. In this case, if each pixel
electrode 20 is entirely surrounded by the spacers 13, the
region inside each pixel electrode 20 is hermetically sealed,
and cannot be depressurized. Thus, the openings 21 commu-
nicating with the outside are formed in the surrounding sur-
faces 134 of the spacers 13 surrounding each pixel electrode
20, so that depressurization can be performed.

[0124] It is preferable that “in the transfer substrate fabri-
cation step, the transfer layer 11 be patterned inside an area
defined by the spacers 13, and has a smaller size than the area,
as viewed in plan.”

[0125] Inthis manufacturing method, the stacking material
is sublimated and transferred to the element substrate 1 that is
separated from the transfer substrate 12 by a short TS dis-
tance. At this time, the stacking material diffuses between the
transfer substrate 12 and the element substrate 1 with no
directionality. Thus, the stacking material is transferred to a
larger area on the element substrate 1 than the area where the
transfer layer 11 is formed on the transfer substrate 12. That
is, the stacking material adheres to the spacers 13 etc. located
in an area other than the predetermined area on the element
substrate 1, whereby the material utilization efficiency is
reduced.

[0126] The material utilization efficiency can be improved
by providing the transfer layer 11 as shown in FIGS. 10A,
10B, 11A, or 11B. In these figures, a hatched region repre-
sents the transfer layer 11.

[0127] For example, as shown in FIG. 10A, the transfer
layer 11 may be formed so as to extend along the spacers 13
arranged in a stripe pattern, as viewed in plan. Specifically, a
band-shaped area is defined by the spacers 13, and a band-
shaped transfer layer 11 is formed along the center of the
width of the band-shaped area.

[0128] Alternatively, as shown in FIG. 10B, the “transfer
layer 11 may be formed in a spot shape at least one position in
the area.” Since the stacking material diffuses with no direc-
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tionality during transfer, more efficient film formation can be
expected by forming the spot-shaped transfer layer 11.
[0129] Alternatively, as shown in FIGS. 11A-11B, the
“transfer layer 11 may be formed so as to be located inside an
area corresponding to each of the pixel electrodes 20.” This
can further improve the material utilization efficiency.
[0130] Itis preferable that “in the transfer substrate fabri-
cation step, the transfer layer 11 be formed to have a film-like
structure in which fine particles are continuously bonded
together”” As described above, since the stacking material is
sublimated in the transfer step, the low molecular material
can be used as the stacking material for forming a film.
However, if the transfer layer 11 is extremely non-uniform
due to a very short TS distance, the transfer layer 11 may
affect the form of the transferred film.

[0131] However, if the transfer layer 11 is formed to have
the film-like structure (also referred to as the “fine-particle
bond film”™) in which fine particles are continuously bonded
together, formation of an extremely non-uniform transfer
layer 11 can be prevented. That is, the fine particles continu-
ously bonded together reduce the possibility of formation of
an extremely non-uniform film. Variation in sublimation of
the transfer layer 11 is also reduced, whereby the transfer
layer 11 can be uniformly transferred.

[0132] For example, a “small droplet spray method in
which the film-forming solution is divided into droplets and
sprayed can be used” as a method for forming such a fine-
particle bond film. In this case, the droplets that are sprayed
preferably have a mean particle size of 10 pm or less, and
more preferably 1 um or less. The smaller the droplets are, the
more the surface area increases relatively. Thus, the droplets
become dry as soon as they reach the donor substrate 10,
whereby a satisfactory fine-particle bond film can be formed.
[0133] Specifically, the droplets may be sprayed by using a
spray. In particular, the droplets that are sprayed may be
electrically charged. Thus, the droplets are further divided
into smaller droplets by an electrostatic force, whereby very
small, uniform droplets can be stably formed. The small
droplet spray method will be described later.

[0134] Itis preferable that “in the transfer substrate fabri-
cation step, a low boiling-point material is used as a solvent of
the film-forming solution.” The stacking material is formed
on the donor substrate 10 by coating etc. At this time, a heat
treatment is normally performed to remove oxygen or water
contained in the film-forming solution. However, this heat
treatment may reduce the quality of the stacking material. For
example, performing the heat treatment by using a glove box
etc. capable of removing oxygen etc. to a large extent can
prevent such reduction in quality of the stacking material, but
increases facility cost.

[0135] Thus, by using the low boiling-point solvent as the
solvent, the solvent can be naturally removed in the course of
coating. This eliminates the need for a drying treatment, or
requires only a relatively weak drying treatment. As used
herein, the term “low boiling point” means a boiling point of,
e.g., 120° C. orless. A solvent having a boiling point of 120°
C. or less can be dried substantially simultaneously with
completion of the coating, eliminating the need for the drying
treatment.

[0136] In particular, it is effective to combine the low boil-
ing-point solvent with the small droplet spray method. This
further facilitates drying, whereby reduction in quality of the
stacking material can be suppressed, and the manufacturing
cost can be reduced.
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[0137] “In the transfer substrate fabrication step, a treat-
ment of heating the donor substrate 10 may be performed
while the transfer layer 11 is being patterned.” Since the
transfer substrate 12 is held under vacuum conditions in the
subsequent depressurization step, it is preferable to remove
the solvent as much as possible by the time the depressuriza-
tion step is performed. Thus, the solvent can be efficiently
removed by heating the donor substrate 10 while performing
coating. Performing the heat treatment simultaneously with
the coating eliminates the need to perform the heat treatment
separately, whereby the number of manufacturing facilities
and the number of manufacturing steps can be reduced.
[0138] “In the transfer substrate fabrication step, the film-
forming solution can be produced by dispersing the stacking
material in a solvent.” A low molecular material having light
emitting characteristics and a charge transport property is
mainly used as the stacking material. This manufacturing
method uses the film-forming solution to fabricate the trans-
fer substrate 12. However, some stacking materials have sig-
nificantly low solubility in the solvent, or characteristics of
some stacking materials are degraded if the stacking materi-
als are provided with solubility in the solvent. Thus, in the
case of using such a stacking material, the stacking material
need only be dispersed in the film-forming solution. This is
because the transfer layer 11 need only function as an evapo-
ration source, and need not be formed with high accuracy.
[0139] Examples of a method for preparing such a disper-
sion include a homogenizer using ultrasonic vibrations, a
paint shaker, a bead mill, and a shear dispersion method, and
an appropriate method may be used according to the kind of
stacking material. Dispersibility is preferably 10 um or less as
primary particles, and is more preferably 1 um or less in view
of uniform diffusivity and a film-forming property at the time
of transfer.

[0140] In this case, the “film-forming solution may contain
an additive that enhances dispersibility of the stacking mate-
rial” Agglomeration of the stacking material significantly
degrades the film-forming property. Thus, adding the additive
that enhances the dispersibility of the stacking material can
prevent agglomeration of the stacking material.

[0141] Moreover, in this case, it is preferable that “a treat-
ment of thermally decomposing the additive be performed in
the transfer substrate fabrication step.” If the additive remains
in the transfer layer 11, this additive may adversely affect
light emission characteristics and electrical characteristics of
the organic layer 4 that is to be formed subsequently. Thus,
such an adverse effect of the additive can be prevented by
decomposing the additive by heating that is performed by the
drying treatment. In this case, it is preferable to use an addi-
tive that is decomposed at a temperature used to perform the
treatment of drying the solvent.

[0142] It is preferable that “in the depressurization step, a
treatment of forming a hermetically sealed space between the
transfer substrate 12 and the element substrate 1 be per-
formed, and a pressure inside the hermetically sealed space be
adjusted so as to be lower than that outside the hermetically
sealed space.” In other words, the pressure is adjusted so as to
satisfy “Pa>Pb,” where “Pa” represents the pressure outside
the hermetically sealed space, and “Pb” represents the pres-
sure inside the hermetically sealed space.

[0143] The transfer treatment is performed under vacuum
conditions in the state in which the transfer substrate 12 faces
the element substrate 1 with the spacers 13 therebetween. At
this time, both substrates need be held at a constant TS dis-
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tance from each other. In order to hold the substrates in this
manner, it is preferable to press the substrates so that the
entire surfaces of the substrates uniformly closely contact
each other. Thus, the pressure inside the hermetically sealed
space formed between the substrates is adjusted so as to be
lower than that outside the hermetically sealed space,
whereby the substrates are pressed by the pressure difference
in such a direction that the substrates are brought into contact
with each other.

[0144] FIG. 12 shows a specific example. In the figure,
reference character “24” represents a hermetically sealed
space, and reference character “25” represents a chuck.
[0145] First, the transfer substrate 12 and the element sub-
strate 1 are bonded together so as to face each other in the
vacuum chamber 14. In this state, the vacuum chamber 14 is
depressurized to maintain a degree of vacuum of 1x107> Pa.
At this time, the space between the substrates 1, 12 has not
been hermetically sealed. Thus, the space between the sub-
strates 1, 12 has the same degree of vacuum as that in the
vacuum chamber 14, which is 1x107 Pa.

[0146] Inthis state, the ends of both substrates are held and
sealed by the chuck 25, thereby forming a hermetically sealed
space 24 between the substrates 1, 12. Thereafter, the degree
of vacuum in the vacuum chamber 14 is reduced. Since the
degree of vacuum in the hermetically sealed space 24 is
maintained, reducing the degree of vacuum in the vacuum
chamber 14 relatively reduces the pressure in the hermetically
sealed space 24 accordingly, whereby the substrates 1, 12 are
pressed in such a direction that the substrates 1,12 are brought
into contact with each other. Since the pressure is uniformly
applied to both substrates 1, 12, a uniform TS distance can be
maintained between the entire surfaces of the substrates1,12.
[0147] In addition to the pressure adjustment, a “treatment
of physically bringing the transfer substrate 12 into close
contact with the element substrate 1 may be performed by a
pressure bonding apparatus.”

[0148] FIGS. 13A-13B show a specific example. In these
figures, reference character “26” represents an extendable
frame capable of being elastically deformed, and reference
character “27” represents a pressure bonding apparatus for
pressing. The pressure bonding apparatus includes a base 27a
that is attached to the bottom in the vacuum chamber 14, and
a plate-like platform 27¢ located above the base 27a and
attached to the base 27a via extendable legs 275 so as to face
the base 27a. The platform 27¢ can be moved up and down.
[0149] Inthis case, if the transfer substrate 12 etc. is placed
on the platform 27¢ as shown in FIG. 13A and the platform
27¢ is lifted, the transfer substrate 12 is brought into close
contact with the heat source 15 as shown in FIG. 13B. The
transfer substrate 12 can be made to firmly and closely contact
the element substrate 1 by further lifting the platform 27¢. The
TS distance is adjusted by the extendable frame 26.

[0150] In this manner, a constant TS distance can also be
maintained between the substrates by physically applying an
external force between the transfer substrate 12 and the ele-
ment substrate 1.

[0151] Itis preferable that the “transfer substrate 12 include
the heat generating layer 16, a light emitting apparatus be
used as the heat source 15, and the heat generating layer 16
generate heat by absorbing light that is emitted from the light
emitting apparatus.” That is, light is emitted from the light
emitting apparatus as the heat source 15 toward the transfer
substrate 12. Thus, the heat generating layer 16 absorbs the
light to generate heat, whereby the transfer layer 11 can be
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efficiently heated regardless of the type of stacking material.
In particular, the light emitted from the light emitting appa-
ratus is preferably visible light. This is because the area can be
easily increased when the organic EL element is increased in
size.

[0152] A “light emitting apparatus that emits infrared light
may be used as the heat source 15.” Since infrared light can
directly heat the stacking material, the stacking material can
be efficiently transferred. The heat generating layer 16 can be
omitted if the donor substrate 10 is comprised of a material
that allows infrared light to pass therethrough. Examples of
this type of light emitting apparatus include a halogen lamp
and a xenon lamp, although the light emitting apparatus is not
limited to these. A filter that allows only infrared light to pass
therethrough may be installed.

[0153] The “heat source 15 may emit pulsed radiation of
thermal energy.” Continuous irradiation of thermal energy
may excessively increase the temperature, and may adversely
affect the element substrate 1, the organic layer 4, etc. On the
other hand, pulsed irradiation of thermal energy can prevent
an excessive increase in temperature. Since the thermal
energy is intermittently radiated only fora very short time, the
thermal energy is not transmitted to a deep portion, whereby
an increase in temperature of the element substrate 1 etc.
located farther beyond the transfer substrate 12 can be sup-
pressed.

[0154] Since the temperature decreases in a very short time,
control is facilitated, and excessive heating can be prevented.
Moreover, if the thermal energy is continuously radiated with
the pulse time being reduced until a change in volume of the
transfer layer 11 due to heat can no longer follow the pulse
time, expansion energy is accumulated in the transfer layer
11, whereby the transfer efficiency can be increased.

[0155] The pulsed irradiation time is preferably, e.g., 100
msec or less, and is more preferably 1 psec or less in order to
increase the transfer efficiency. This can effectively prevent
heat accumulation. In order to perform transfer by using
expansion energy, the pulsed irradiation time is preferably
100 psec or less, and more preferably 100 fsec or less.
[0156] Oscillations of the pulsed irradiation may be
obtained by oscillating radiated light itself, or may be
mechanically obtained by using a shutter.

[0157] “Inthe transfer step, at least two different regions of
the transfer substrate 12 may be heated by the heat source 12
to perform transfer a plurality of times” (multiple transfer).
[0158] Transfer can be completed by single transfer by
using the heat source 15 having about the same size as that of
the transfer substrate 12. However, if the size is increased, an
extensive treatment is required. Thus, transfer can be effi-
ciently performed by dividing the transfer area into a plurality
of regions, and conducting irradiation a plurality of times.
FIGS. 14A-14B and 15A-15D show specific examples.
[0159] FIGS. 14A-14B show an example in which transfer
is performed two times. Specifically, the heat source 15 is
formed by a plurality of band-shaped element heat sources
15a arranged in a stripe pattern. The area where each element
heat source 154 is provided is designed to have the same
width as that of the area of the gap between adjoining ones of
the element heat sources 15a. Each element heat source 154 is
designed to have substantially the same length dimension as
that of the transfer substrate 12.

[0160] First, ina first step, the element heat sources 15a are
placed, and transfer is performed, as shown in FIG. 14A.
Thus, those portions of the transfer layer 11 facing the ele-
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ment heat sources 15 are transferred to the element substrate
1, whereas those portions of the transfer layer 11 facing the
gaps are not transferred to the element substrate 1.

[0161] Next, as a second step, the element heat sources 154
are shifted to the positions corresponding to the gaps, as
shown in FIG. 14B. In this state, transfer is performed again,
whereby the remaining transfer layer 11 can be transferred to
the element substrate 1.

[0162] In this example, the transfer area is divided into a
plurality of regions, and transfer is performed a plurality of
times, whereby the transfer layer 11 can be efficiently trans-
ferred to the entire surface of the element substrate 1.
Although the transfer area is divided into two regions in the
above example, the present invention is not limited to this,
and the transfer area may be divided into three or more
regions.

[0163] FIGS. 15A-15D show an example of repetitive
transfer, in which transfer is performed two times in each
region while shifting the heat source 15. Specifically, the heat
source 15 1s formed in a band shape. The heat source 15 is
designed to have substantially the same length dimension as
that of the transfer substrate 12.

[0164] First,inafirststep,as shownin FIG. 15A, transfer is
performed while shifting the heat source 15 from an end of the
transfer substrate 12 in the lateral direction by a predeter-
mined interval at a time. At this time, the amount of heating by
the heat source 15 is adjusted so that only part of the transfer
layer 11 is transferred. Thus, in each region where transfer has
been performed, part of the transfer layer 11 has been trans-
ferred to the element substrate 1, whereas the remaining part
of the transfer layer 11 remains on the donor substrate 10
without being transferred.

[0165] Next, in a second step, as shown in FIG. 15B, trans-
fer is performed in a manner similar to that of the first step in
those regions where transfer has not been performed. Thus, in
each of these regions as well, part of the transfer layer 11 is
transferred to the element substrate 1, whereby a film having
a uniform thickness is formed over the entire surface of the
element substrate 1.

[0166] Moreover, in a third step, as shown in FIG. 15C,
transfer is performed again in a manner similar to that of FIG.
15A to transfer the entire transfer layer 11 that has not been
transferred in the first step. Furthermore, in a fourth step, as
shown in FIG. 15D, transfer is performed again in a manner
similar to that of FIG. 15B to transfer the entire transfer layer
11 that has not been transferred in the second step.

[0167] Thus, even if the transfer area is divided into a
plurality of regions, and the amount of transfer layer 11 to be
transferred by each transfer in each region is reduced so that
transfer is performed a plurality of times in each region, the
transfer layer 11 can be efficiently transferred to the entire
surface of the element substrate 1. In this example, half of the
transfer layer 11 is transferred by each transfer in each region.
However, the present invention is not limited to this, and one
third or less of the transfer layer 11 may be transferred by each
transfer in each region.

[0168] The spacers 13 can be arranged in various patterns
as appropriate.
[0169] For example, a “substrate with spacers may be

formed by providing the spacers 13 on at least one of the
transfer substrate 12 and the element substrate 1, a plurality of
surrounding portions defined by the spacers 13 may be
formed on one primary surface of the substrate with spacers,
openings 21 may be formed in the surrounding surfaces 13a
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of the spacers 13 respectively surrounding the plurality of
surrounding portions, the plurality of surrounding portions
may communicate with each other via the openings 21, and at
least one of the openings 21 may be placed at an end of the
substrate with spacers so as to serve as an air outlet.”

[0170] FIGS. 16A-20B show specific examples. In the fig-
ures, reference character “22” represents a surrounding por-
tion. Although the spacers 13 may be provided on the transfer
substrate 12, the spacers 13 are provided on the element
substrate 1 (the substrate with spacers) in each of the
examples. The element substrate 1 is bonded with the transfer
substrate 12, whereby a plurality of spaces defined by the
surrounding surfaces 13a of the spacers 13 are formed
between the substrates.

[0171] In FIGS. 16A-16B, the spacers 13 are formed in a
linear shape, and are arranged parallel to each other in a stripe
pattern. One end 135 of each spacer 13 extends to the edge of
one side (the left side in the figures) of the element substrate
1. The other end 13¢ of each spacer 13 extends to a position
close to the edge of the other side (the right side in the figures)
of the element substrate 1.

[0172] In this example, the spacers 13 are arranged in a
stripe pattern, and the spacers 13 do not extend to the edge of
the element substrate 1 as shown on the right side of FIG. 16B.
In this case, if a load is applied, the openings 21 may be
narrowed because the end of the element substrate 1 become
closer to the end of the transfer substrate 12, or the openings
21 may be closed because the respective ends of the substrates
1, 12 contact each other. This makes it difficult to remove air
from the space between the substrates at the time of depres-
surization. Thus, by extending the ends of the spacers 13 to
the edges of the element substrate 1, the openings 21 (air
outlets 21a) through which air is removed can be secured at
the ends of the substrates 1, 12, whereby air can be removed
from the space between the substrates without difficulty.
[0173] It should be understood that the ends of the spacers
13 need not necessarily extend to the edges of the element
substrate 1 if the air outlets 21a can be secured. In this case, it
is preferable that the distance by which the ends of the spacers
13 are located inside the edge of the element substrate 1 be 1
mm or less.

[0174] The “spacers 13 may include an outer peripheral
spacer 13A provided in a peripheral portion of the substrate
with spacers so as to surround the substrate with spacers, and
the air outlet 21a may be provided in a surrounding surface
13a of the outer peripheral spacer 13A.”

[0175] Integrating the air outlets 21 increases convenience
in performing the treatment. In particular, in the case of seal-
ing the substrates 1, 12 by holding them together by the chuck
25, the substrates 1, 12 can be more easily sealed if the air
outlet 21a is smaller. The outer peripheral spacer 13A can be
provided in this case.

[0176] FIG. 17 shows a specific example. In this example,
the outer peripheral spacer 13A is formed in a U-shape as
viewed in plan, and the air outlet 21a is formed in one side of
the element substrate 1. Thus, in this case, only one side of the
element substrate 1 is sealed by the chuck 25.

[0177] As shown in FIG. 18, the air outlet 21a may be
formed in a groove shape that opens at one position in the
outer peripheral spacer 13A. This further facilitates sealing,
[0178] Itis preferable that “in the case where the substrate
with spacers is formed in a rectangular shape, the outer
peripheral spacer 13A is formed symmetrically with respect
to atleast one of imaginary axes of symmetry extending along
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sides of the substrate with spacers and extending through a
center of the primary surface.”

[0179] Whenbonding the substrates 1,12 and holding them
together, uniformity is required so that the gap between the
entire surfaces of the substrates is constant. Thus, symmetri-
cally placing the outer peripheral spacer 13A enables the
substrates to be held together in a well-balanced state,
whereby the uniformity can be ensured.

[0180] FIG. 19 shows a specific example. In the figure,
reference character “C” represents the center of a primary
surface 30, and reference characters “S1,” “S2” represent
imaginary axes of symmetry. In the outer peripheral spacer
13A of this example, air outlets 21a are provided at two
positions in a laterally symmetrical manner. The outer periph-
eral spacer 13A of F1G. 18 has a laterally asymmetrical shape,
whereas the outer peripheral spacer 13A of this example has
a vertically and laterally symmetrical shape. Thus, the uni-
formity can further be ensured.

[0181] Eveniftheouter peripheral spacer 13 A has an asym-
metrical shape, the symmetry can be complemented by pro-
viding dummy spacers. Specifically, the “outer peripheral
spacer 13A may be formed asymmetrically with respect to at
least one of the imaginary axes S1, S2 of symmetry extending
along the sides of the substrate with spacers and extending
through the center of the primary surface, and a dummy
spacer complementing line symmetry of the outer peripheral
spacer 13A may be provided in a periphery of the outer
peripheral spacer 13A.”

[0182] FIGS. 20A-20B show specific examples. In FIGS.
20A-20B, reference character “13B” represents a dummy
spacer. A groove-like air outlet 21a is provided at one position
in the outer peripheral spacer 13A in order to facilitate seal-
ing. In FIG. 20A, dummy spacers 13B having substantially
the same form as that of the air outlet 21a are provided in a
line symmetrical manner. In FIG. 20B, a multiplicity of
dummy spacers 13B, 13B, . . . are arranged in a line sym-
metrical manner in the periphery of the asymmetrical portion
of the outer peripheral spacer 13A. Arranging the multiplicity
of dummy spacers 13B, 13B, . . . in the line symmetrical
manner reduces the influence of the asymmetrical shape of
the outer peripheral spacer 13 A, whereby the overall symme-
try of the element substrate 1 can be ensured.

[0183] Thus, even if the outer peripheral spacer 13A has an
asymmetrical shape, symmetry can be ensured by providing
the dummy spacers 13B, whereby both uniformity and con-
venience can be obtained.

[0184] Theorganic EL element formed by this manufactur-
ing method can be formed to have an excellent structure that
improves its characteristics.

[0185] Specifically, the “spacers 13 are provided on the
element substrate 1, and an equal-thickness layer having sub-
stantially the same thickness both on the element substrate 1
and on the spacers 13 is included in the organic layer 4. As
used herein, the expression “substantially the same” means
that the average thickness on the spacers 13 is, e.g., 0.5 t0 1.0
times as large as that on the element substrate 1.

[0186] The spacers are typically formed on the element
substrate in order to maintain a constant distance between the
element substrate and a mask by the spacers when patterning
the light emitting layer in a mask deposition method. or in
order to prevent color mixture from being caused by the
spacers during patterning in an IJ method.

[0187] AsshowninFIG. 21, an organic film 101 formed by
these methods has a smaller thickness on the spacers 103 than
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on the element substrate 102. That is, the stacking material
that is injected by the IJ method has directionality, and the TS
distance is long in the vacuum deposition method, whereby
the sublimated stacking material flies with directionality.
Thus, almost no layer is formed on the spacers 103.

[0188] In such a case, leakage tends to occur between the
anode and the cathode, which may reduce luminous effi-
ciency.

[0189] On the other hand, according to this manufacturing
method, the stacking material flies with no directionality in
the small space surrounded by the spacers 13, the element
substrate 1, and the transfer substrate 12. Thus, as shown in
FIG. 22, a layer (the equal-thickness layer) is formed whose
thickness d1 on the element substrate 1 and thickness d2 on
the spacers 13 are substantially the same. Accordingly, leak-
age is less likely to occur, whereby an element structure
having high luminous efficiency can be formed.

[0190] Moreover, reliability of the organic EL element can
be improved. That is, a planarizing layer etc. that is provided
on the spacers 13 and the element substrate 1 is often com-
prised of a resin. In this case, water or gas is generated. If such
water etc. enters the light emitting layer, quality is reduced,
and reliability is reduced.

[0191] Accordingly, entrance of water etc. can be effec-
tively prevented if a layer is formed which has substantially
the same thickness both on the element substrate 1 and on the
spacers 13.

[0192] Tt is preferable that “in the case where a display
device is configured by the organic EL element manufactured
by this manufacturing method, an active matrix drive is used
in the display device.” In the case where a display device (an
organic EL display device) capable of displaying a color
image or a moving picture is configured by using an organic
EL element, a passive matrix drive or an active matrix drive is
typically used in the drive device.

[0193] In the passive matrix drive, light is emitted from
only one selected pixel. Thus, the light emission time is a
frame period (normally /60 seconds) divided by the number of
pixels. Thus, as the number of pixels is increased for higher
definition, the light emission time per pixel is reduced accord-
ingly. Thus, in order to obtain bright, high definition display,
a current having a high current density need be momentarily
applied in order to increase luminance per pixel. On the other
hand, in the active matrix drive, only a current having a low
current density need be applied because the light emission
time can be controlled by a semiconductor element.

[0194] Depending on the kind of stacking material, appli-
cation of a current having a high current density may result in
reduction in luminous efficiency, formation of a leakage path,
reduction in quality associated with an increase in tempera-
ture, etc. Thus, the active matrix drive is preferably used in
high performance display devices.

[0195] In this case, high quality high performance display
devices can be implemented by forming a light emitting layer,
a charge transport layer, etc. by this manufacturing method.

[0196] The “stacking material may be comprised of a light
emitting material that forms the light emitting layer” In this
case, “in the transfer substrate fabrication step, multiple ones
of the film-forming solution may be used, and the multiple
ones of the film-forming solution may contain the light emit-
ting material with different emission wavelengths, respec-
tively.” Thus, “the transfer layer may be patterned on multiple
ones of the donor substrate by using the multiple ones of the
film-forming solution, respectively, thereby fabricating mul-
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tiple ones of the transfer substrate. The transfer substrate
fabrication step, the opposing arrangement step, the depres-
surization step, and the transfer step may be repeatedly per-
formed by using each of the multiple ones of the transfer
substrate.”

[0197] FIGS. 23A-23C show a specific example. In this
example, light emitting layers of three colors, namely red (R),
green (G), and blue (B), are formed as light emitting layers for
color display displays. In the figures, reference character
“12a” represents a transfer substrate for the red-light emitting
layer, reference character “12b” represents a transfer sub-
strate for the green-light emitting layer, and reference char-
acter “12¢” represents a transfer substrate for the blue-light
emitting layer. Reference characters “11a” to “11¢” represent
transfer layers of the three colors formed on the transfer
substrates 12a to 12¢, respectively. In the figures, these com-
ponents are shown together with the element substrate 1 in
order to facilitate understanding of the arrangement.

[0198] Thus, the transfer substrates 12a-12¢ are respec-
tively fabricated for different light emission materials, and
transfer to the element substrate 1 is repeatedly performed by
using the transfer substrates 12a-12¢, whereby the light emit-
ting layer of each color can be formed on a desired area of the
element substrate 1.

[0199] In this case, disadvantages such as misalignment
and color mixture can be prevented by using a configuration
that heats only the region where the transform layer 11 is
formed, as described above. Since it takes only a short time to
perform a series of repeated treatments, productivity is not
significantly reduced.

[0200] “In the transfer substrate fabrication step, multiple
ones of the film-forming solution may be patterned on differ-
ent areas of the single donor substrate 10, and the opposing
arrangement step, the depressurization step, and the transfer
step may be performed once by using the single donor sub-
strate 10.”

[0201] FIG. 24 shows a specific example. As shown in the
figure, a single transfer substrate 12 is used in this example.
The transfer layers 11a-11c of the three colors have been
patterned to predetermined different areas of the transfer
substrate 12. Thus, with this transfer substrate 12, the treat-
ments such as the transfer treatment need be performed only
once. This configuration is advantageous in terms of cost as
well, because it is not necessary to provide a plurality of
transfer substrates 12.

[0202] The “stacking material may be comprised of a
charge action material that forms a charge action layer.” The
“charge action layer” as used herein includes at least one of
the charge injection layer and the charge transport layer. The
term “charge” means holes or electrons.

[0203] In this case, it is preferable that “at least two layers
comprised of the charge action material and having different
thicknesses are formed on the plurality of pixel electrodes 20,
20...7

[0204] Light emitting materials for use in organic EL ele-
ments are organic materials. Thus, the light emitting materials
themselves have broad emissions spectrums, and the color
purity of the light emitting materials is not so high. Although
color reproducibility of, e.g., 100% or more in National Tele-
vision System Committee (NTSC) ratio is desired in many
display applications, color reproducibility of only up to about
70% in NTSC ratio can be achieved by the emission spec-
trums of the main light emitting materials.
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[0205] Each layer included in the organic layer 4 has a
thickness of about 10-60 nm. The overall thickness of the
organic layer 4 is typically about 100-150 nm, although the
optimal thickness of the organic layer 4 varies depending on
the color (RGB). Since the layer having a thickness in this
range is susceptible to interference of visible light, even a
slight change in thickness greatly changes the color reproduc-
ibility of the organic layer 4 (microcavity effect). In other
words, color purity can be improved by adjusting the thick-
ness of the organic layer 4.

[0206] The optical thickness of the sub pixels varies
depending on the color (RGB). Thus, in this manufacturing
method, color purity of each color can be improved by adjust-
ing the thickness of the electron transport layer 44 etc. for the
sub-pixels of each color.

[0207] Specifically, this adjustment can be performed in a
manner similar to that of the light emitting layer 43. “In the
transfer substrate fabrication step, multiple ones of the donor
substrate 10 may be used, and the transfer layer 11 may be
patterned with different thicknesses on the multiple ones of
the donor substrate 10, respectively, thereby fabricating mul-
tiple ones of the transfer substrate 12, and the transfer sub-
strate fabrication step, the opposing arrangement step, the
depressurization step, and the transfer step may be repeatedly
performed on each of the multiple ones of the transfer sub-
strate 12.”

[0208] Inthiscase, the sub-pixels of RGB are made to have
different thicknesses. Although the thickness of only one of
the layers in the organic layer 4 need be varied among the
sub-pixels of RGB, the thickness of two or more of the layers
in the organic layer 4 may be varied among the sub-pixels of
RGB.

[0209] “In the transfer substrate fabrication step, multiple
ones of the transfer layer 11 having different thicknesses may
be patterned on different areas of the single donor substrate
10, and the opposing arrangement step, the depressurization
step, and the transfer step may be performed once by using the
single donor substrate 10.”

[0210] Moreover, “atleast two layers, which are comprised
of different kinds of the stacking material from each other,
may be formed on the plurality of pixel electrodes 20.”
[0211] In order to display a color image, each pixel is typi-
cally divided into three sub-pixels. Materials having different
emission wavelengths are used for these three sub-pixels.
Since such materials having different emission wavelengths
have different bandgaps and different molecular structures,
an optimal charge transport material is often different
depending on the material. However, it is difficult to perform
patterning by the sub-pixels. Thus, regarding the layers other
than the light emitting layer, the same material is typically
formed on the entire surface.

[0212] On the other hand, in this manufacturing method,
patterning can be performed with short cycle time and at low
cost. Thus, a charge action material that is most suitable for
the light emitting material of each sub-pixel can be used. This
can improve element characteristics, whereby higher effi-
ciency, longer life, etc. can be achieved.

[0213] The “film-forming treatment may be performed by
using an electrospray method in which an electric field is
formed between a spray nozzle and the element substrate 1
having the lower electrode formed thereon, and in this state,
the film-forming solution that has been electrically charged is
sprayed from the spray nozzle toward the element substrate
1”
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[0214] The electrospray method is generally a method in
which droplets that are sprayed are electrically charged, and
are divided into smaller droplets by using the action of an
electric field, and these smaller droplets are caused to adhere
to a target (see FIG. 39). Examples of a method for electri-
cally charging the droplets include a method in which a film-
forming solution is electrically charged before spraying, and
a method in which droplets that have been sprayed are elec-
trically charged. The charged droplets are directed to an oppo-
sitely charged target (the lower electrode) due to the action of
the electric field. Thus, the droplets can be directed to a
predetermined target to form a film thereon. The charged
droplets repel each other, and change into fine particles. Thus,
very fine particles having a particle size of several tens of
nanometers etc. can be sprayed as compared to normal spray
injection or an 1J method. Since the droplets change into fine
particles, the surface area is increased, and the fine particles
become easily dry, whereby the drying treatment can be
reduced.

[0215] Thus, accurate patterning can be easily imple-
mented by using the electrospray method, and reduction in
manufacturing cost can be expected.

[0216] Alternatively, “a mask spray method may be used.
Specifically, a mask is attached to the donor substrate 10, and
the film-forming solution is sprayed through the mask.”
[0217] FIG. 25 shows a specific example. In the figure,
reference character “32” represents a spray configured to
spray the film-forming solution, and reference character “33”
represents a mask. As shown in the figure, a mask having an
opening formed so as to correspond to a desired patterning
shape is placed over the donor substrate 10. Then, the film-
forming solution is sprayed from a spray 32 to the mask 33,
whereby a film (the transfer film 11)is formed only in aregion
where the opening is formed on the donor substrate 10.
[0218] Such a mask spray method has the following advan-
tage over a mask deposition method. The mask deposition
method is normally performed with the side of the mask
facing downward (upward deposition). Thus, a misalignment
tends to occur due to the mask becoming slack etc. However,
the mask spray method is performed with the side of the mask
33 facing upward (downward deposition). Thus, the mask 33
closely contacts the donor substrate 10, and a misalignment is
less likely to occur. Moreover, the mask deposition method is
performed under vacuum conditions, whereas the mask spray
method is performed under atmospheric pressure conditions.
Thus, the mask spray method is highly productive.

[0219] Moreover, “the film-forming treatment may be per-
formed by providing a surface of the donor substrate 10 with
liquid repellency, and then causing droplets 35 of the film-
forming solution to adhere to a predetermined area of the
surface of the donor substrate 10.” In that case, it is particu-
larly preferable that “the film-forming treatment be pet-
formed by using an inkjet method.”

[0220] FIGS. 26A-26B show a specific example. In this
example, a glass substrate is used as the donor substrate 10,
and the heat generating layer 16 is comprised of molybdenum
(Mo). The heat generating layer 16 has been subjected to a
surface treatment to have liquid repellency to the film-form-
ing solution. Droplets 35, 35, . . . of the film-forming solution
are directed to predetermined positions and patterned on the
heat generating layer 16 by an inkjet method. The droplets 35
thus dropped have a dome shape due to the liquid repellency,
and a dot-shaped film (the transfer layer 11) is formed. Since
the dot-shaped film need only be formed on a predetermined
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area of the donor substrate 10, a complex surface treatment
such as providing a bank is not required. The shape of the film
(the transfer layer 11) is not limited to the dot shape. The
shape of the film (the transfer layer 11) may be a linear shape
etc., and can be selected as required.

[0221] Alternatively, “the film-forming treatment may be
performed by performing a treatment of increasing a lyo-
philic property of a predetermined area of the donor substrate
10 relative to a remaining area thereof, and then causing the
film-forming solution to adhere to the donor substrate 10.
[0222] Specifically, first, the predetermined area where a
film is to be formed is provided with the lyophilic property, or
the area other than the predetermined area is provided with
liquid repellency. For example, the predetermined area can be
provided with the lyophilic property etc. by a method in
which a lyophilic or liquid repellent material is patterned on
the donor substrate 10, a method in which wettability of the
donor substrate 10 is modified by light irradiation, a method
in which an ultra-liquid repelling phenomenon is cause to
occur by improvement of the surface structure (nanostruc-
ture), etc.

[0223] Then, a film is formed over the entire surface of the
donor substrate 10 provided with the lyophilic property etc.
by using a convenient method such as a spin coating method
or a dipping method. Thereafter, a drying treatment is pet-
formed, whereby the film can be formed only on the prede-
termined area. According to this method, operation is simpli-
fied, whereby lower cost and shorter cycle time can be
implemented.

EXAMPLES

[0224] Specific examples (first to fourteenth examples) will
be described below.

First Example
Structure of Organic EL Element

[0225] FIGS. 27 and 28A-28B show an organic EL element
of this example. This organic EL element forms a display
portion 50 of a color display device. The display portion 50 is
formed by a group of pixels 51, 51, . . . arranged in a grid
pattern. Each pixel 51 includes three sub-pixels 52, namely an
R sub-pixel 52a, a G sub-pixel 525, and a B sub-pixel 52¢.
[0226] As shown in FIG. 27, in this organic EL element, an
element layer 54 including thin film transistor (TFT) ele-
ments 55 is provided on a glass substrate 53, whereby an
element substrate 1 is formed. A lower electrode (an anode 2)
that is electrically connected to the TFT elements 55 via
through holes is formed on the element layer 54. The anode 2
is comprised of AL/ITO. The anode 2 is formed by a plurality
of pixel electrodes 20, 20, . . . patterned in a grid shape so as
to correspond to sub-pixels 52. A hole injection layer 41 and
a hole transport layer 42 having a thickness of 20 nm are
integrally formed on the anode 2.

[0227] The thickness of the hole injection layer 41 varies
among the sub-pixels 52 of RGB so that chromaticity can be
improved by light interference (microcavity effect) that is
caused between the electrodes. Light emitting layers 43a-43¢
of RGB are patterned on the hole injection layer 41 etc. Each
of the hole injection layer 41 and the light emitting layer 43 is
patterned by the predetermined method described above. This
will be described in detail later.

[0228] An electron transport layer 44 is formed with a
thickness of 20 nm on the light emitting layer 43. An upper
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electrode (a cathode 3) is formed on the electron transport
layer 44. The cathode 3 is comprised of LiF (1 nm)/MgAg (5
nm)/Al (3 nm). The cathode 3, the hole transport layer 42, and
the electron transport layer 44 of this example are formed over
the entire surface by a vacuum deposition method.

[0229] This color display device uses a reflective electrode
as the anode 2, and a semi-transparent electrode as the cath-
ode 3, and has a top emission structure in which emitted light
is output from the opposite side of the glass substrate.
[0230] Asshown in FIGS. 28 A-28B, the pixel electrodes 20
are patterned in a rectangular shape having a size of 100 pm
by 300 um so as to correspond to the sub-pixels 52a-52¢. The
sub-pixels 52a-52¢ are separated from each other by 20 um
both in the vertical and lateral directions.

[0231] An elongated wall-shaped spacer 13 is formed in
each gap between the sub-pixels 52a-52¢ of RGB. The spac-
ers 13 are arranged in a stripe pattern. The spacers 13 of this
example have a height of 5 um. The spacers 13 are comprised
of a photosensitive polyimide resin, and are patterned by a
photolithography process. The material of the spacers 13 is
not limited to the polyimide resin, and may be appropriately
selected as required. For example, the spacers 13 may be
comprised of an inorganic material.

[0232] The overall arrangement of the spacers 13 on the
element substrate 1 is as shown in FIG. 20B. An air outlet 21a
is formed so as to open at a position located 1 mm inside the
edge of the element substrate 1. Although the spacers 13 were
originally arranged as shown in FIG. 18, the arrangement of
the spacers 13 has been improved as shown in FIG. 20B
because pressure bonding was not sufficient in some cases in
the original arrangement. This improved arrangement
enables stable pressure bonding to be achieved.

[0233] General-purpose products are used as the TFT ele-
ments 55. As shown in FIG. 28B, inthe TFT element 55 ofthis
example, a drive circuit having two transistors and one
capacitor is provided for each sub-pixel 52a-52¢.

<Manufacturing Method of Organic EL Element>

[0234] FIGS. 29A-29F and 30A-30E show a manufactur-
ing flow of the organic EL element. This manufacturing flow
will be briefly described below.

[0235] As shown in FIG. 29A, an element substrate 1 is
fabricated. Then, as shown in FIG. 29B, a plurality of pixel
electrodes 20, 20, .. . are formed as an anode 2 on the element
substrate 1. As shown in FIG. 29C, spacers 13 are patterned
on the element substrate 1 (the spacer formation step). Then,
hole injection layers 41 having different thicknesses are pat-
terned as shown in FIGS. 29D-29F.

[0236] Thereafter, as shown in FIGS. 30A-30C, a hole
transport layer 42 is formed over the entire surface by vapor
deposition, and then light emitting layers 43a-43¢ of RGB are
patterned. Subsequently, as shown in FIGS. 30D-30E, an
electron transport layer 44 and a cathode 3 are deposited over
the entire surface.

[0237] This manufacturing method will be described in
detail below. Since the spacers 13, and the hole transport layer
42, the electron transport layer 44, and the cathode 3 that are
formed over the entire surface can be formed by using con-
ventional methods, detailed description thereof will be omit-
ted.

[0238] (Formation of Hole Injection Layer 41)

[0239] A treatment of patterning the hole injection layers
41 was performed by two methods, namely a method (indi-
vidual transfer) in which the hole injection layers 41 are
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separately patterned according to the thickness by using a
plurality of transfer substrates 12, and a method (batch trans-
fer) in which all the hole injection layers 41 are patterned at a
time by using a single transfer substrate 12.

[0240] (Individual Transfer)

[0241] A glass plate that allows light emitted from a halo-
gen lamp to pass therethrough was used as a donor substrate
10 forming a transfer substrate 12. A Mo film (a heat gener-
ating layer 16) that absorbs the emitted light was formed with
athickness of 1,000 A on the entire surface of the glass plate
by a sputtering method. The heat generating layer 16 is not
limited to Mo, and may be comprised of Ti or Al. In order to
provide the Mo film with liquid repellency, the surface of the
Mo film was modified by a plasma treatment. The glass plate
having the Mo film formed thereon was subjected to a pho-
tolithography process to pattern the Mo film into a stripe
pattern. Three donor substrates 10, 10, 10 (also referred to as
the “first donor substrates 10”") were fabricated in this manner.
[0242] As shown in FIGS. 31A-31B, the band-shaped Mo
films having a width of 120 pm are formed at intervals of 240
pm on the three first donor substrates 10, 10, 10. In these first
donor substrates 10, 10, 10, the band-shaped Mo films are
shifted by a predetermined width so as to correspond to the
sub-pixels 52a-52¢ of the element substrate 1.

[0243] A low molecular compound was used as a material
of the hole injection layers. The low molecular compound
was dissolved in a mixed solvent of THF and xylene to pro-
duce a film-forming solution. By using this film-forming
solution, transfer layers 11 were patterned on the first donor
substrate 10 by a known 1] method.

[0244] First, a transfer substrate 12 (an R transfer substrate
12) for R sub-pixels was fabricated. Droplets of a coating
solution were caused to adhere to the areas of the Mo films on
the R transfer substrate 12 so as to form a film on each area.
Thus, dot-shaped transfer layers 11 were formed on these
areas. Dimensions of the transfer layers 11 were adjusted so
that the dried transfer layers 11 had a diameter of 100 pm and
a height of 150 nm from the Mo film. The intervals between
the transfer layers 11 were adjusted to 10 pm. The R transfer
substrate 12 was heated to 120° C. during the film formation.
This allowed the solvent contained in the droplets to have
been evaporated by the time the film formation was com-
pleted.

[0245] The film-forming solution adhering to the Mo films
had a dome shape having a contact angle of substantially 90
degrees, and the dot-shaped transfer layers 11 were eventu-
ally able to be formed.

[0246] Next, a transfer substrate 12 (a G transfer substrate
12) for G sub-pixels and a transfer substrate 12 (a B transfer
substrate 12) for B sub-pixels were fabricated in a manner
similar to that of the R transfer substrate 12. Dimensions of
the transfer layers 11 were adjusted so that the dried transfer
layers 11 had a height of 70 nm from the Mo film on the G
transfer substrate 12, and a height of 40 nm from the Mo film
on the B transfer substrate 12. The time required for pattern-
ing was 20 sec for each substrate. The material utilization
efficiency was about 85%.

[0247] A series of film-forming treatments were performed
in a clean room. Dry air having a dew-point temperature of
-20° C. was supplied between an ink jet head and the first
donor substrate 10. The use of the dry air having a dew-point
temperature of -20° C. is advantageous in terms of cost
because such dry air can be easily supplied by using a com-
mon compressed air producing apparatus.
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[0248] In the individual transfer, transfer is separately per-
formed for each of the sub-pixels 52a-52¢ having different
thicknesses. Thus, the individual transfer is advantageous
especially when high accuracy is required. Although the
transfer treatment need be performed three times, the time
required for this is very short, and thus the overall manufac-
turing process is not affected.

[0249] (Batch Transfer)

[0250] A single donor substrate 10 (a second donor sub-
strate 10) was fabricated in a manner similar to that of the
individual transfer. In the second donor substrate 10, band-
shaped Mo films having a width of 110 um were formed at
intervals of 10 pm.

[0251] As shown in FIGS. 32A-32B, in the second donor
substrate 10, dot-shaped transfer layers 11 were formed on
the areas of the Mo films corresponding to the R sub-pixels
52a by causing droplets to adhere to these areas so that the
dried transfer layers 11 had a height of 150 nm from the Mo
film. Moreover, dot-shaped transfer layers 11 were formed on
the areas of the Mo films corresponding to the G sub-pixels
52b, so that the dried transfer layers 11 had a height of 70 nm
from the Mo film. Dot-shaped transfer layers 11 were also
formed on the areas of the Mo films corresponding to the B
sub-pixels 52¢, so that the dried transfer layers 11 had a height
of 40 nm from the Mo film. Dimensions of the transfer layers
11 were adjusted so that the dried transfer layers 11 had a
diameter of 100 pum. The transfer substrate 12 was heated
during the film formation. The time required for patterning
was 30 sec. The material utilization efficiency was about
85%.

[0252] Inthe batch transfer, the transfer treatment need be
performed only once. Thus, the number of transfer substrates
12 required is reduced. Accordingly, the batch transfer is
advantageous especially when cost advantages are required.
[0253] Each transfer layer 11 thus patterned was observed
by atomic force microscopy (AFM). According to the obser-
vation, the films formed were generally uniform, but agglom-
erates having a diameter of about 10 nm were recognized in

places.
[0254] (Transfer Step etc.)
[0255] Each transfer substrate 12 thus fabricated was

bonded with the element substrate 1 so that the surface of the
transfer substrate 12, which had the transfer layers 11 formed
thereon, faced the element substrate 1. In this state, the trans-
fer substrate 12 and the element substrate 1 were held in a
vacuum chamber 14, and a transfer treatment was performed.
[0256] The vacuum chamber 14 is configured as shown in
FIG. 12 described above. In this example, the vacuum cham-
ber 14 capable of maintaining high vacuum higher than 10~
Pa therein was used, and the degree of vacuum was 4x10~* Pa.
A halogen lamp was used as a heat source 15. Specifically, a
surface emission halogen lamp (“UHMA1-CL1000” made
by USHIO INC.) was used. The same treatment was repeated
for each of the three transfer substrates 12, 12, 12 fabricated
by the individual transfer.

[0257] Inthe vacuum chamber 14, the transfer substrate 12
was bonded with the element substrate 1 so that the gap
between the substrates 1, 12 was hermetically sealed. Spe-
cifically, as shown in FIGS. 33A-33B, a chuck 25 made of an
elastic material such as rubber, silicon, etc. was attached to a
portion where the air outlet 21a was located. Then, air was
gradually removed from the vacuum chamber 14 to depres-
surize the vacuum chamber 14. Since the space partitioned by
the spacers 13 between the substrates 1, 12 communicates
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with the inner space of the vacuum chamber 14 via the air
outlet 21a, this space can be depressurized similarly to the
vacuum chamber 14. Subsequently, the vacuum chamber 14
was depressurized to the above degree of vacuum, and then
the degree of vacuum in the vacuum chamber 14 was quickly
reduced. In this manner, the air outlet 21« is sealed by the
chuck 25, and the pressure in the gap between the substrates
1, 12 is relatively reduced, whereby the entire surfaces of the
substrates 1, 12 are uniformly brought into close contact with
each other.

[0258] The substrates 1, 12 may be bonded together after
placing the substrates 1, 12 in the vacuum chamber 14 and
depressurizing the vacuum chamber 14 to a predetermined
degree of vacuum. This is advantageous in that processing
can be performed in a short time because the vacuum chamber
14 is depressurized before bonding the substrates. In either
case, the substrates 1, 12 closely contact each other due to the
difference in pressure, whereby a uniform small gap (corre-
sponding to the TS distance) can be maintained between the
entire surfaces of the transfer substrate 12 and the element
substrate 1.

[0259] The substrates positioned in place were irradiated
with the halogen lamp from the side of the transfer substrate
12. The halogen lamp was heated until the surface tempera-
ture of the transfer substrate 12 reached 300° C. (10 sec).
Since high vacuum 1s maintained in the vacuum chamber 14,
the transfer layers 11 are sublimated and fly, thereby forming
films over the element substrate 1. The entire transfer layers
11 were transferred to the element substrate 1.

[0260] Specifically, films having a thickness of 140 nm
were formed over the element substrate 1 from the transfer
layers 11 corresponding to the R sub-pixels 52a. Films having
a thickness of 60 nm were formed over the element substrate
1 from the transfer layers 11 corresponding to the G sub-
pixels 52b. Films having a thickness of 30 nm were formed
over the element substrate 1 from the transfer layers 11 cor-
responding to the B sub-pixels 52c.

[0261] As shown in FIG. 22, each of the films was formed
over the element substrate 1 and the spacers 13, and the films
had substantially the same thickness. Since the films are thus
evenly formed over the element substrate 1, leakage between
the electrodes 2, 3 can be effectively prevented. Furthermore,
since the transfer layers 11 can be entirely transferred, the
material utilization efficiency can be significantly improved.
[0262] The films formed by the transfer were observed by
AFM. According to the observation, the agglomerates recog-
nized in the transfer layers 11 were not present in the films,
and the films had a uniform structure.

[0263] (Formation of Light Emitting Layer 43)

[0264] A mixture of a host material and a guest material
was used as a light emitting material. In this example, pig-
ments of Ir complexs that emit light of RGB, respectively,
were used as guest materials. These guest materials were
dissolved in mixed solvents of NMP and THF to produce
coating solutions for the sub-pixels of RGB, respectively. The
mixing ratio of each guest material to the host material was
about 5 wt %.

[0265] For the light emitting layer 43 as well, transfer sub-
strates 12 were fabricated by using both an individual transfer
method and a batch transfer method as in the case of the hole
injection layer 41. It should be noted that the thickness of the
transfer layers 11 was adjusted to 30 nm The time required for
patterning was 45 sec. The material utilization efficiency was
about 85%.
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[0266] A series of treatments and conditions in the subse-
quent transfer step etc. are similar to those of the hole injec-
tion layer 41 except that the time required for heating (to 300°
C.) was 5 sec. As aresult, predetermined light emitting layers
43a-43¢ each having a thickness of 20 nm were able to be
formed in the sub-pixels 52a-52¢ of RGB on the element
substrate 1, respectively.

[0267] Inthe batch transfer, adhesion of a small amount of
light emitting material was recognized between the sub-pix-
els 52a-52¢ of RGB although the level of adhesion was not so
high as to affect light emitting characteristics. Thus, the indi-
vidual transfer capable of preventing such adhesion is pref-
erably used for display devices for which high definition is
required.

[0268] (Characteristics of Organic EL. Element)

[0269] Characteristics of the organic EL element thus fab-
ricated were examined.

[0270] First, a normal organic EL element and the organic
EL element of this example were compared with respect to
the NTSC ratio of white display. As a result, the NTSC ratio
of the normal organic EL element was 62% where R (0.67,
0.33),G(0.30,0.63),and B (0.15. 0.18), while the NTSC ratio
of the organic EL element of this example was 101% where R
(0.68,0.33), G (0.18,0.74), and B (0.13, 0.07).

[0271] In addition, organic EL elements were fabricated
under the same conditions except that a vacuum deposition
method and a mask deposition method were used (compara-
tive examples). An organic EL element (a first comparative
example) having spacers formed in a manner similar to that of
the example, and an organic EL element (a second compara-
tive example) having no spacers were fabricated as the com-
parative examples. Characteristics of these comparative
examples were compared with those of the organic EL ele-
ment of this example.

[0272] The result showed that no leakage current was rec-
ognized in the example and the second comparative example,
and the characteristics of the organic EL elements of the
example and the second comparative example were about the
same, whereas a leakage current was recognized in the first
comparative example. The luminous efficiency also
decreased by about 20% and light emission was not stable in
the first comparative example. It seems that in the first com-
parative example, leakage occurred at the edge portions of the
spacers.

Second Example

[0273] This example is similar to the first example except
that a heat source configured to emit pulsed radiation of
thermal energy was used as the heat source 15. Thus, differ-
ences between this example and the first example will be
described in detail below.

[0274] A xenon flash anneal lamp capable of emitting
pulsed radiation was used as the heat source 15. This xenon
lamp is a modified product of a lamp made by USHIO INC.
Light emitted from this xenon lamp is white light having a
wavelength of 200 to 1,100 nm with peak intensity at 450 to
500 nm The irradiation time can be controlled in the range of
1 msec or less. In this example, irradiation was controlled so
that the surface temperature of the transfer substrate 12
reached 300° C. by irradiation for | msec.

[0275] Theheat generating layer 16 was comprised of tita-
nium (T1). Ti is preferable as the heat generating layer 16 for
xenon lamps, because Ti absorbs more visible light than other
metals.
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[0276] Thus, using the pulsed irradiation of thermal energy
can limit the heated portion to the surface. Continuous irra-
diation may heat an unnecessary portion because thermal
energy is transmitted deep into the film or the substrate. As a
result, only the transfer layers 11 were able to be intensively
heated.

[0277] Since white light having a predetermined wave-
length was emitted, the heat generating layer 16 was able to be
intensively heated. This is because glass and metals reflect
white light. The halogen lamp of the first example heats glass
etc. as well because it emits infrared light.

[0278] In the first example, the time to cool the element
substrate 1 was required after the transfer treatment because
the temperature of the element substrate 1 increased by the
transfer treatment. In this example, however, the temperature
of the element substrate 1 was almost the same even imme-
diately after the transfer step. Thus, quick continuous transfer
can be performed, whereby the cycle time can be reduced.
[0279] Moreover, the drive threshold voltage of the TFTs
was reduced by 0.1 V as compared to the first example. This
seems to be because, as compared to continuous irradiation of
the halogen lamp, an adverse effect on the TFT elements was
reduced and characteristics were improved.

[0280] A surface emission pulsed laser may be used as the
heat source 15 configured to emit pulsed radiation. Pulsed
radiation may be mechanically provided by using a shutter
etc. capable of opening and closing in a pulsed manner a
halogen lamp or a surface emission laser that emit continuous
radiation.

Third Example

[0281] In this example, a titanium film having a thickness
of 100 pm was used as the donor substrate 10. This example
1s otherwise similar to the second example.

[0282] Using the titanium film as the donor substrate 10 can
simplify the manufacturing process because a titanium film
need not be formed on a glass plate. Moreover, the cost can be
reduced because no glass plate is used.

[0283] As shown in FIG. 34, since the titanium film can be
supplied in the form of a roll, the titanium film can be applied
to a roll-to-roll continuous manufacturing process. Thus, fur-
ther reduction in cycle time can be expected.

Fourth Example

[0284] In this example, a titanium film having a heating
preventing layer 17 formed thereon was used as the donor
substrate 10. This example is otherwise similar to the third
example. The heating preventing film 17 was comprised of,
e.g., amaterial such as SiN,_etc., and was formed by pattern-
ing with a thickness of 100 nm on a predetermined area of the
titanium film. The heating preventing layer 17 may be com-
prised of an inorganic material, an organic resin, etc.

[0285] FIGS. 35A-35B show the donor substrate 10 of this
example. This donor substrate 10 corresponds to the first
donor substrate 10 in the first example. The heating prevent-
ing layer 17 is provided in a portion other than predetermined
areas where the transfer layers 11 are to be formed.

[0286] As shown in FIG. 36, when patterning the transfer
layers 11 on the donor substrate 10, a film-forming solution
may adhere to an undesirable area. In this case, if the donor
substrate 10 is comprised only of the titanium film, the entire
donor substrate 10 is heated, and thus the film-forming solu-

Apr. 19,2012

tion that has excessively adhered to the donor substrate 10 is
also transferred. This may cause color mixture when forming
the light emitting layer.

[0287] Thus, the heating preventing layer 17 is provided in
the area where the transfer layers 11 are not to be formed, so
that the film-forming solution that has excessively adhered to
the donor substrate 10 is not heated. This allows only the
transfer layers 11 to be transferred, whereby color mixture
etc. can be prevented.

Fifth Example

[0288] In this example, the spacers 13 are provided on the
donor spacer 10 instead of the element substrate 1. This
example is otherwise similar to the first example.

[0289] In this example, no spacers 13 are provided on the
element substrate 1. Thus, this example is advantageous in
that the area of each sub-pixel 52 can be increased accord-
ingly, and that the aperture ratio can be increased. In the case
where the spacers 13 are provided on the element substrate 1,
the spacers 13 need be provided on all the element substrates
1. However, there is no such need in this example, whereby
the material cost and the facility cost can be reduced. Thus,
this example is also advantageous in terms of cost.

Sixth Example

[0290] Inthis example, the spacers 13 were comprised of a
material that absorbs thermal energy emitted from the heat
source 15. This example is otherwise similar to the second
example. Specifically, the spacers 13 were comprised of tita-
nium.

[0291] As shown in FIG. 6 described above, a group of
band-shaped titanium films arranged in a stripe pattern were
patterned with a thickness of 3 pm on the element substrate 1,
and then groove-like recesses 18 were formed in the upper
ends of the titanium films. The spacers 13 having a U-shaped
cross section were formed in this manner.

[0292] In this example, the spacers 13 function also as the
heat generating layer 16, the cost for members can be
reduced. Since the contact area between the heat generating
layer 16 and the transfer layer 11 can be increased, the transfer
layers 11 can be efficiently transferred.

Seventh Example

[0293] In this example, the spacers 13 were formed so as to
surround the pixel electrodes 20. This example is otherwise
similar to the first example.

[0294] Specifically, as shown in FIG. 37, auxiliary spacers
13Chaving a width of 10 pm and a height of 5 um were further
provided between ends of the shorter sides of the pixel elec-
trodes 20 forming the sub-pixels 52a-52¢ of RGB.

[0295] When forming the light-emitting layer 43 on the
element substrate 1 having the spacers 13 arranged in this
manner, the treatment was performed so that two dot-shaped
transfer layers 11 were formed on each sub-pixel 52a-52¢.
[0296] Since the sub-pixels 52a-52¢ are separated from
each other by the spacers 13, the area where the transfer layer
11 diffuses is divided into small areas, whereby unevenness
of the film thickness at the time of transfer can be reduced.

Eighth Example

[0297] This example is different from the first example in
that a small droplet spray method was used as a film-forming
treatment. Although the donor substrate 10 was heated in the
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film-forming treatment in the first example, the donor sub-
strate 10 is not heated in this example. Since there was no
possibility of thermal degradation, a film was formed under
the atmospheric pressure. In this example, the transfer layers
11 for the light emitting layer was patterned by using the
second donor substrate 10. The film thickness was adjusted so
that the dried transfer layers 11 had a thickness of 30 nm.
[0298] Inthisexample, the film-forming treatment was pet-
formed by the following two small droplet spray methods,
namely first and second small droplet spray methods. The
second small droplet spray method corresponds to a mask
spray method.

<First Small Droplet Spray Method>

[0299] A M3D aerosol jet system made by Optomec, Inc.
was used as a spraying apparatus. A film-forming solution
was injected from a small nozzle of the system, and the
film-forming solution in the form of an aerosol was directly
patterned on the donor substrate 10.

<Second Small Droplet Spray Method>

[0300] As shown in FIG. 38, patterning was performed on
the second donor substrate 10 by spraying a film-forming
solution by a spray 32 via a mask 33 having predetermined
openings formed in the same pattern as that of the Mo films.
A general-purpose spray apparatus can be used as the spray-
ing apparatus. STS-200 made by Produce Co., Ltd. was used
in this example. Since this method is of a downward deposi-
tion type, this method is advantageous over a vacuum depo-
sition method of an upward deposition type in that the mask
can closely contact the donor substrate 10 dueto the weight of
the mask itself.

[0301] In either method, the distance between an injection
head and the donor substrate 10 was controlled so that
sprayed droplets had been almost dried at the time the drop-
lets reached the donor substrate 10. The film thus formed had
a structure in which fine particles having a particle size of
about 1 um were continuously bonded together.

[0302] The light emitting layer 43 was formed over the
element substrate 1 by performing a treatment in a manner
similar to that of the first example by using the transfer sub-
strate 12 thus obtained. The light emitting layer 43 thus
formed had a uniform structure with no particle-like structure
recognized therein. Degradation in characteristics due to
water etc. was not recognized, either. Moreover, in this
example, the time required for transfer was reduced by 20%
as compared to the first example. This seems to be because the
transfer layers 11 having the structure in which fine particles
are continuously bonded together has a larger surface area
and thus can be more easily heated, as compared to the trans-
fer layers 11 having a uniform structure. Thus, reduction in
cycle time can be implemented by using such a small droplet
spray method as the film-forming treatment.

Ninth Example

[0303] This example is different from the first example in
that an electrospray method was used as a film-forming treat-
ment.

[0304] In the electrospray method, an electric field is typi-
cally formed between a target object on which a film is to be
formed and a spray nozzle, and in this state, a charged film-
forming solution is sprayed from the spray nozzle. Thus,
droplets of the charged film-forming solution are guided to

Apr. 19,2012

the target object by the electric field, thereby forming a film.
Since the droplets that are sprayed from the spray nozzle are
divided into smaller droplets due to their own electrostatic
force, very small droplets can be formed as compared to
spraying using a common spray, or spraying by using an 1J
method.

[0305] In the case of using the electrospray method in the
film-forming treatment of this manufacturing method,
desired Mo films can be selected and films can be formed
thereon by controlling the potential of each Mo film formed
on the donor substrate 10.

[0306] FIG. 39 is a conceptual diagram of this example. In
the figure, reference character “61” represents an electro-
spray apparatus, reference character “62” represents a capil-
lary, reference character “63” represents a stage, and refer-
ence character “64” represents a high voltage power source. A
capillary 62 contains a film-forming solution. The film-form-
ing solution is negatively charged by a high voltage power
source 64. The high voltage power source 64 has an ability to
form an electric field of 1 KV per centimeter. A stage 63 is
slidable in the vertical and horizontal directions. A donor
substrate 10 having Mo films (the heat generating layer 16)
formed thereon is placed on the upper surface of the stage 63.
Each Mo film on the donor substrate 10 can be electrically
connected to the high voltage power source 64 via a terminal.
The amount of voltage that is applied to each Mo film and the
application time of the voltage can be controlled by a control
apparatus.

[0307] A general-purpose product produced by extending
and processing a glass tube having an inner diameter of about
1 mm can be used as the capillary 62. The reason for this is
that the droplets that are sprayed are electrically charged, and
thus are divided into smaller droplets, and therefore the cap-
illary 62 need not have such a fine nozzle hole as in the 1J
method. Thus, the electrospray method is advantageous in
that clogging with a coating solution is less likely to occur.

[0308] In this example, the transfer layers 11 for the light
emitting layer were patterned by using the second donor
substrate 10. The distance between the tip end of the capillary
62 and the donor substrate 10 on the stage 63 was adjusted to
5 cm. The film-forming solution was positively charged by
applying a voltage of +5 KV thereto. On the other hand, on the
side of the donor substrate 10, those Mo films on which the
transfer layers 11 are to be formed are connected to the
ground so as to be relatively negatively charged. Those Mo
films on which the transfer layers 11 are not to be formed are
connected to the high voltage power source 64, and a voltage
of +7V is applied to these Mo films. Thus, these Mo films are
positively charged like the film-forming solution.

[0309] This allows the film-forming solution that is sprayed
from the capillary 62 to be directed only to the predetermined
Mo films. Thus, by changing a stacking material and switch-
ing connection of the Mo films for each color of RGB, the
transfer layers 11 were formed on predetermined Mo films. In
this case, the transfer layer 11 is formed on the entire surface
of each Mo film.

[0310] The transfer layers 11 having a structure in which
fine particles having a nano-level particle size were continu-
ously bonded together were formed in this example. This
eliminates the need for a drying treatment, thereby facilitating
patterning. The time required for transfer was able to be
reduced by 30% as compared to the first example. This seems
to be because the surface area of the transfer films 11
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increased due to the film structure, and thus heating of the
transfer films 11 was facilitated.

Tenth Example

[0311] This example is different from the first example in
that a method in which wettability of the surface of the donor
substrate 10 is modified to allow a film-forming solution to
adhere thereto is used as a film-forming treatment.

[0312] In this example, the first donor substrate 10 was
used, and TiO, gel was formed with a thickness of 100 nm on
the entire surface of the first donor substrate 10, Then, those
areas having no Mo film formed thereon were irradiated with
an ultraviolet (UV) lamp. Thus, the areas irradiated with UV
light were provided with a hydrophilic property due to a
photocatalyst function of titanium oxide. Then, the first donor
substrate 10 thus modified was coated with the film-forming
solution by using a spin coating method or a dipping method.
Thus, a film was able to be formed only on those areas having
the Mo films formed thereon and thus having been subjected
to no hydrophilic treatment.

Eleventh Example

[0313] This example is different from the second example
in that the heat treatment in the transfer step was changed.
Specifically, multiple irradiation was conducted.

[0314] As shown in FIG. 40B, the element substrate 1 used
in this example is the same as that of the second example, and
has a size of 30 cm by 40 cm. An effective area M of the
organic EL element on the primary surface of the element
substrate 11s 25 cm by 35 ecm. The dimensions of the transfer
substrate 12 are similar to those of the element substrate 1.
[0315] In the second example, twenty xenon flash lamps
having a width of 1 cm and a length of 20 cm were arranged
to form theheat source 15. The intensity of light radiated from
the xenon flash lamps is relatively uniform in the lateral
direction of the lamps, but tends to be lower in end portions in
the longitudinal directions of the lamps. In particular, the
difference in intensity tends to increase with time. Thus, the
irradiation amount may become uneven even if the xenon
flash lamps are evenly arranged.

[0316] Thus, this example was designed so as to implement
uniform irradiation by radiating light while shifting the light
source 15.

[0317] Specifically, as shown in FIG. 40A, ten xenon flash
lamps were arranged next to each other to form the light
source 15. In this case, an area of the heat source 15 capable
of uniformly radiating light had a size of 15 em by 10 cm. The
heat source 15 was configured to be movable in the vacuum
chamber 14 by sliding parallel to the transfer substrate 12.
[0318] With the heat source 15 thus configured, irradiation
was performed four times each way while reciprocating the
heat source 15 in the longitudinal direction of the transfer
substrate 12, and shifting the position of the heat source 15 in
the lateral direction of the transfer substrate 12 when chang-
ing the moving direction in the longitudinal direction, as
shown by arrow in FIG. 40B. The entire surface of the effec-
tive area of the organic EL element was irradiated in this
manner. The irradiation time per irradiation was about 100
msec, and all the irradiations were completed in about 5
seconds. The irradiated areas partially overlapped each other,
but this did not cause any problem.

[0319] In this manner, different areas of the transfer sub-
strate 12 are heated by the heat source 15, and transfer is
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performed a plurality of times, whereby the transfer can be
uniformly and efficiently performed without significantly
reducing the cycle time. Since the heat source 15 is reduced in
size, the cost for members and the running cost can be
reduced.

[0320] (Modification)

[0321] FIGS. 41A-41B show a modification of the eleventh
example. In this modification, as shown in FIG. 41A, thirty
xenon flash lamps having a width of 1 cm and a length of 10
cm were arranged next to each other to form the heat source
15. In this case, an area in the heat source 15 capable of
uniformly radiating light had a size of 5 cm by 25 cm. The
heat source 15 was configured to be movable parallel to the
transfer substrate 12 along the longitudinal direction thereof
in the vacuum chamber 14.

[0322] With the heat source 15 thus configured, irradiation
was performed a total of six times while shifting the heat
source 15 by 5 cm at a time from one longitudinal end to the
other longitudinal end of the transfer substrate 12, as shown
by arrow in FIG. 41B. The entire surface of the effective area
of the organic EL element was irradiated with light in this
mannet.

Twelfth Example

[0323] This example is different from the first example in
that the pressure bonding apparatus 27 shown in FIGS. 13A-
13B was used in the depressurization step in order to bring the
transfer substrate 12 into close contact with the element sub-
strate 1.

[0324] In this example, the transfer substrate 12 and the
element substrate 1 facing each other were placed on the
platform 27¢. Then, the vacuum chamber 14 was depressur-
ized to a predetermined degree of vacuum. Thereafter, the
platform 27¢ was lifted to bring the transfer substrate 12 into
close contact with the heat source 15, and was further lifted to
press the substrates 1, 12 with a load of 1 kg/cm?.

[0325] This example is advantageous in that the depressur-
ization process can be performed in a shorter time than in the
first example.

Thirteenth Example

[0326] This example is different from the first example in
that the film-forming solution is produced by dispersing a
stacking material in a solvent.

[0327] Some stacking materials are less likely to dissolve in
organic solvents, and some stacking materials are not suitable
for low boiling-point solvents. Such stacking materials can
also be used by dispersion in the film-forming solution.
[0328] Specifically, as a stacking material for forming the
hole injection layer 41, a material insoluble in ethanol was
dispersed in ethanol to produce a film-forming solution. In
order to prevent formation of agglomerates, an ionic dispet-
sion additive was added to facilitate dispersion. A surfactant
may be added to form a micellar structure. In this example, in
order to further improve dispersibility, dispersion was caused
by using an ultrasonic homogenizer (“S-250D” made by
Branson Ultrasonics Div. of Emerson Japan, Ltd.), whereby a
dispersion with a small particle size was able to be obtained.
[0329] A film-forming treatment was performed in a man-
ner similar to that of the first example by using the dispersion
thus produced. A large number of agglomerates having a
diameter of about several micrometers were present in the
resultant transfer layers 11. However, the hole injection layer
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41 subsequently transferred to the element substrate 1 had a
substantially uniform structure. It seems that such a uniform
structure was formed when the transfer layers 11 were trans-
ferred in the subsequent transfer step.

[0330] In the transfer step, heating in the vacuum chamber
14 evaporated the additive, and no additive was contained in
the hole injection layer 41.

Fourteenth Example

[0331] This example is different from the first example in
that the material of the electron transport layer 44 formed in
the B sub-pixels 52¢ is different from that of the R sub-pixels
52a and the G sub-pixels 525.

[0332] The light emitting layers 43a-43¢ of each sub-pixel
are different from each other in bandgap, highest occupied
molecular orbital (HOMO) level, and lowest unoccupied
molecular orbital (LUMO) level. Thus, using the same mate-
rial for the charge (hole, electron) injection layers etc. of the
sub-pixels 52a-52c¢ is not necessarily optimal for all the light
emitting layets.

[0333] The LUMO level of a light emitting material that
emits blue light is higher by 0.3 eV than that of a light emitting
material emitting light of other colors. Thus, electrons are not
successfully injected, and a light emission voltage becomes
relatively high.

[0334] Thus, when forming the electron transport layer 44
in this example, the electron transport layer 44 was first
formed only in the R sub-pixels 52a and the G sub-pixels 525.
Then, the electron transfer layer 44 was formed only in the B
sub-pixels 52¢ by using an electron transport material differ-
ent from that of the other sub-pixels 52a, 525. The transfer
layers 11 for these electron transport layers may either be
separately formed by using the first donor substrate 10, or
may be formed at a time by using the second donor substrate
10, as in the first example.

[0335] In the organic EL element thus formed, the optimal
electron transfer layer 44 is formed in the B sub-pixels 52c as
well. Thus, charge injection was facilitated, and the light
emission voltage was able to be reduced.

[0336] Optimal different materials may be used for the
electron transport layers 44 of the R sub-pixels 524 and the G
sub-pixels 525, in addition to the B sub-pixels 52¢. Similarly,
different materials may be used for the hole injection layer 41
and the hole transport layer 42, in addition to the electron
transport layer 44. Moreover, a stacked structure of specific
sub-pixels 52 may be changed.

INDUSTRIAL APPLICABILITY

[0337] Theorganic EL element of the present invention can
be used in various apparatuses. For example, the organic EL.
element of the present invention is preferable not only for
display devices for personal computers (PCs) or televisions
(TVs), but also for camcorders, digital cameras, navigation
systems, audio playback apparatuses (car audio systems,
audio components, etc.), game machines, portable informa-
tion terminals (mobile computers, mobile phones, portable
game machines, electronic books, etc.). It should be under-
stood that the present invention is also applicable to various
lighting apparatuses.

DESCRIPTION OF REFERENCE CHARACTERS

[0338]
[0339]

1 Element Substrate
2 Anode
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[0340] 3 Cathode

[0341] 4 Organic Layer

[0342] 5 Organic Film

[0343] 10 Donor Substrate

[0344] 11 Transfer Layer

[0345] 12 Transfer Substrate

[0346] 13 Spacer

[0347] 13a Surrounding Surface
[0348] 13A Outer Peripheral Spacer
[0349] 13B Dummy Spacer

[0350] 14 Vacuum Chamber

[0351] 15 Heat Source

[0352] 16 Heat Generating Layer
[0353] 17 Heating Preventing Layer
[0354] 20 Pixel Electrode

[0355] 21 Opening

[0356] 21a Air Outlet

[0357] 24 Hermetically Sealed Space
[0358] 27 Pressure Bonding Apparatus
[0359] 32 Spray

[0360] 33 Mask

[0361] 41 Hole Injection Layer
[0362] 42 Hole Transport Layer
[0363] 43 Light Emitting Layer
[0364] 44 Electron Transport Layer
[0365] 50 Display Portion

[0366] 51 Pixel

[0367] 53 Glass Substrate

[0368] 54 Element Layer

[0369] 55 TFT Element

[0370] 61 Electrospray Apparatus
[0371] 62 Capillary

[0372] 63 Stage

[0373] 64 High-Voltage Power Source
[0374] C Center

[0375] S Axis of Symmetry

1. A method for manufacturing an organic EL element

including an element substrate,

a pair of electrodes comprised of an anode and a cathode
and provided over the element substrate, and

an organic layer formed between the electrodes and includ-
ing a light emitting layer that emits light in response to
application of a voltage, comprising:

a lower electrode formation step of forming a lower one of
the pair of electrodes on the element substrate;

a transfer substrate fabrication step of patterning a transfer
layer by performing a film-forming treatment of forming
afilmon at least one donor substrate by using at least one
film-forming solution including a stacking material
forming the organic layer, thereby fabricating at least
one transfer substrate;

an opposing arrangement step of arranging the transfer
substrate and the element substrate so as to face each
other with spacers interposed therebetween, such that a
surface of the transfer substrate, which has the transfer
layer formed thereon, faces the element substrate having
the lower electrode formed thereon;

adepressurization step of holding the transfer substrate and
the element substrate, which face each other, under
vacuum conditions; and

a transfer step of heating the transfer substrate under the
vacuum conditions by a heat source to transfer the trans-
fer layer to the element substrate.
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2. The method of claim 1, wherein

the transfer layer is comprised of a low molecular organic
material.

3. The method of claim 1, wherein

the donor substrate is comprised of a material that allows
thermal energy emitted from the heat source to pass
therethrough, and

a heat generating layer that absorbs the thermal energy is
provided on a surface of the donor substrate, on which
the transfer layer is to be provided.

4. The method of claim 3, wherein

the heat generating layer is patterned in substantially a
same area as a patterning area of the transfer layer so as
to overlap the patterning area of the transfer layer.

5. The method of claim 1, wherein

the donor substrate is comprised of a material that absorbs
thermal energy emitted from the heat source.

6. The method of ¢laim 5, wherein

a heating preventing layer configured to prevent heating is
formed in an area other than the patterning area of the
transfer layer on the donor substrate.

7. The method of claim 1, wherein

the spacers are provided on the element substrate.

8. The method of claim 1, wherein

the spacers are provided on the donor substrate.

9. The method of claim 1, wherein

the spacers are comprised of a material that absorbs ther-
mal energy emitted from the heat source.

10. The method of claim 1, wherein

the stacking material is comprised of a light emitting mate-
rial that forms the light emitting layer.

11. The method of claim 10, wherein

in the transfer substrate fabrication step, multiple ones of
the film-forming solution are used, and

the multiple ones of the film-forming solution contain the
light-emitting material having different emission wave-
lengths, respectively.

12. The method of claim 11, wherein

in the transfer substrate fabrication step, multiple ones of
the donor substrate are used, and the transfer layer is
patterned on the multiple ones of the donor substrate by
using the multiple ones of the film-forming solution,
respectively, thereby fabricating multiple ones of the
transfer substrate, and

the transfer substrate fabrication step, the opposing
arrangement step, the depressurization step, and the
transfer step are repeatedly performed on each of the
multiple ones of the transfer substrate.

13. The method of claim 11, wherein

in the transfer substrate fabrication step, the multiple ones
of the film-forming solution are patterned on different
areas of the single donor substrate, and

the opposing arrangement step, the depressurization step,
and the transfer step are be performed once by using the
single donor substrate.

14. The method of claim 1, wherein

the organic layer further includes a charge action layer
including at least one of a charge injection layer and a
charge transport layer, and

the stacking material is comprised of a charge action mate-
rial that forms the charge action layer.
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15. The method of claim 14, wherein

the lower electrode formation step includes a treatment of
patterning an electrode material into a grid shape to form
aplurality of pixel electrodes as the lower electrode, and

at least two layers comprised of the charge action material
and having different thicknesses are formed on the plu-
rality of pixel electrodes.

16. The method of claim 15, wherein

in the transfer substrate fabrication step, multiple ones of
the donor substrate are used, and the transfer layer is
patterned with different thicknesses on the multiple ones
of the donor substrate, respectively, thereby fabricating
multiple ones of the transfer substrate, and

the transfer substrate fabrication step, the opposing
arrangement step, the depressurization step, and the
transfer step are repeatedly performed on each of the
multiple ones of the transfer substrate.

17. The method of claim 15, wherein

in the transfer substrate fabrication step, multiple ones of
the transfer layer having different thicknesses are pat-
terned on different areas of the single donor substrate,
and

the opposing arrangement step, the depressurization step,
and the transfer step are performed once by using the
single donor substrate.

18. The method of claim 1, wherein

the spacers are arranged in a stripe pattern.

19. The method of claim 1, wherein

the lower electrode formation step includes a treatment of
patterning an electrode material into a grid shape to form
a plurality of pixel electrodes as the lower electrode,

the spacers are arranged so as to surround each of the
plurality of pixel electrodes, and

openings are formed in surrounding surfaces of the spacers
surrounding each of the pixel electrodes.

20. The method of claim 18, wherein

in the transfer substrate fabrication step, the transfer layer
is patterned inside an area defined by the spacers, and
has a smaller size than the area, as viewed in plan.

21. The method of claim 20, wherein

the transfer layer is formed in a spot shape at least one
position in the area.

22. The method of claim 1, wherein

the lower electrode formation step includes a treatment of
patterning an electrode material into a grid shape to form
aplurality of pixel electrodes as the lower electrode, and

in the transfer substrate fabrication step, the transfer layer
is formed so as to be located inside an area correspond-
ing to each of the pixel electrodes, as viewed in plan.

23. The method of claim 1, wherein

in the transfer substrate fabrication step, the transfer layer
is formed to have a film-like structure in which fine
particles are continuously bonded together.

24. The method of claim 1, wherein

in the transfer substrate fabrication step, a low boiling-
point material is used as a solvent of the film-forming
solution.

25. The method of claim 1, wherein

in the transfer substrate fabrication step, the film-forming
solution is produced by dispersing the stacking material
in a solvent.

26. The method of claim 25, wherein

the film-forming solution contains an additive that
enhances dispersibility of the stacking material.
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27. The method of claim 26, wherein

a treatment of thermally decomposing the additive is per-
formed in the transfer substrate fabrication step.

28. The method of claim 23, wherein

the film-forming treatment is performed by using a small
droplet spray method in which the film-forming solution
is divided into droplets and sprayed.

29. The method of claim 1, wherein

the transfer substrate fabrication step is performed under
atmospheric pressure conditions.

30. The method of claim 1, wherein

the transfer substrate fabrication step is performed under
such conditions that a dew-point temperature is =20° C.
or less.

31. The method of claim 1, wherein

in the transfer substrate fabrication step, a treatment of
heating the donor substrate is performed while the trans-
fer layer is being patterned.

32. The method of claim 1, wherein

the transfer step is performed under such conditions that a
degree of vacuum is 1107 Pa or less.

33. The method of claim 1, wherein

in the depressurization step, a treatment of forming a her-
metically sealed space between the transfer substrate
and the element substrate is performed, and a pressure
inside the hermetically sealed space is adjusted so as to
be lower than that outside the hermetically sealed space.

34. The method of claim 1, wherein

in the depressurization step, a treatment of physically
bringing the transfer substrate into close contact with the
element substrate is performed by a pressure bonding
apparatus.

35. The method of claim 1, wherein

the transfer substrate includes a heat generating layer,

a light emitting apparatus is used as the heat source, and

the heat generating layer generates heat by absorbing light
that is emitted from the light emitting apparatus.

36. The method of claim 1, wherein

alight emitting apparatus that emits infrared light is used as
the heat source.

37. The method of claim 1, wherein

the heat source emits pulsed radiation of thermal energy.

38. The method of claim 1, whetein

in the transfer step, at least two different regions of the
transfer substrate are heated by the heat source to per-
form transfer a plurality of times.

39. The method of claim 28, wherein

the film-forming treatment is performed by using an elec-
trospray method in which an electric field is formed
between a spray nozzle and the element substrate having
the lower electrode formed thereon, and in this state, the
film-forming solution that has been electrically charged
is sprayed from the spray nozzle toward the element
substrate.

40. The method of claim 28, wherein

the film-forming treatment is performed by using a mask
spray method in which a mask is attached to the donor
substrate, and the film-forming solution is sprayed
through the mask.

41. The method of claim 1, whetein

the film-forming treatment is performed by providing a
surface of the donor substrate with liquid repellency, and
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then causing droplets of the film-forming solution to
adhere to a predetermined area of the surface of the
donor substrate.

42. The method of claim 1, wherein

the film-forming treatment is performed by performing a
treatment of increasing a lyophilic property of a prede-
termined area of the donor substrate relative to a remain-
ing area thereof, and then causing the film-forming solu-
tion to adhere to the donor substrate.

43. The method of claim 41, wherein

the film-forming treatment is performed by using an inkjet
method.

44. The method of claim 1, wherein

a substrate with spacers is formed by providing the spacers
on at least one of the transfer substrate and the element
substrate,

a plurality of surrounding portions defined by the spacers
are formed on one primary surface of the substrate with
spacers,

openings are formed in the surrounding surfaces of the
spacers respectively surrounding the plurality of sur-
rounding portions,

the plurality of surrounding portions communicate with
each other via the openings, and

at least one of the openings is placed at an end of the
substrate with spacers so as to serve as an air outlet.

45. The method of claim 44, wherein

the spacers include an outer peripheral spacer provided in
aperipheral portion of the substrate with spacers so as to
surround the substrate with spacers, and

the air outlet is provided in a surrounding surface of the
outer peripheral spacer.

46. The method of claim 45, wherein

the substrate with spacers is formed in a rectangular shape,
and

the outer peripheral spacer is formed symmetrically with
respect to at least one of imaginary axes of symmetry
extending along sides of the substrate with spacers and
extending through a center of the primary surface.

47. The method of claim 45, wherein

the substrate with spacers 1s formed in a rectangular shape,
and

the outer peripheral spacer is formed asymmetrically with
respect to at least one of imaginary axes of symmetry
extending along sides of the substrate with spacers and
extending through a center of the primary surface, and

a dummy spacer complementing line symmetry of the
outer peripheral spacer is provided in a periphery of the
outer peripheral spacer.

48. The method of claim 1, wherein

the lower electrode formation step includes a treatment of
patterning an electrode material into a grid shape to form
aplurality of pixel electrodes as the lower electrode, and

at least two layers, which are comprised of different kinds
of the stacking material from each other, are formed on
the plurality of pixel electrodes.

49. An organic EL element that is manufactured by the

method of claim 1, comprising:

the spacers provided on the element substrate, wherein

an equal-thickness layer having substantially a same thick-
ness both on the element substrate and on the spacers is
included in the organic layer.

50. An organic EL display device, comprising:

the organic EL element of claim 49, wherein

an active matrix drive is used in the display device.

L T



patsnap

TRAFROE) BYELTH , EFEREUREVELE REE
NIF(2E)E US20120091482A1 K (2E)R 2012-04-19
RS US13/380608 iR 2010-06-03
IR EEFRAGGE) EEHRALH
BE (T RR)AGE) EEH®RK &4
A HFEAOAGE) EEHNaH
[$R] & B8 A UCHIDA HIDEKI
UMEDA TOKIYOSHI
SONODA TOHRU
KB A UCHIDA, HIDEKI
UMEDA, TOKIYOSHI
SONODA, TOHRU
IPCH#E H01L27/32 HO1L51/52 HO1L51/56
CPCH#E HO1L27/3211 HO1L2251/558 HO1L51/0013 HO1L27/3246 C23C14/048
£ 5 2009157449 2009-07-02 JP
H N FF 3Tk US9093648
ShEBEEEE Espacenet  USPTO
HE(R) 3
1E A EAR TSR ARL, B 5 A S T B HUR 43RO HE B A 0 PR ] 3 42 44
B, ERAERI0OLEREUERENE1 , W& % NERE

BERATAERRAERELEN , EEEAGRNENI3 , £E% 433
EVEAR 120 RE ( B ERREREDEN ) EX A TR0 AR | 430 43b

1o B ERRMR2. RLENORBER AT AR RS EER R4

To EEPRATESARISHARBER2 , SUTHBEVIRBIR J

HER1,

AV VWY M



https://share-analytics.zhihuiya.com/view/e790f639-a13f-4934-81a1-091c9e0bcbec
https://worldwide.espacenet.com/patent/search/family/043410690/publication/US2012091482A1?q=US2012091482A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120091482%22.PGNR.&OS=DN/20120091482&RS=DN/20120091482

