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DESCRIPTION

METHOD OF PRODUCING A DISPLAY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This is anapplicationbasedon the prescriptionof35U.S.C.
Section 111 (a) with claimin§ the benefit of filing date of U.S.
Provisional application Serial No.60/677,415 filed May 4, 2005
under the provision of 35 U.S.C. Section 111 (b), pursuant to 35

U.S.C. Section 119(e) (1).

TECHNICAL FIELD

The present invention relates to a method for producing
an organic electroluminescent display device, an organic
electroluminescent display device produced by the method and an
electronicequipment using thedisplaydevice. Morespecifically,
the present invention relates to a method for producing an organic
electroluminescent display device comprising forming an organic
electroluminescent layeroneachofmultiple electrodes toproduce
the display device composed of correspbnding multiple organic
electroluminescent elements, wherein a substrate having portions
between the electrodes and/or the surface of the electrodes which
have been subjected to water-repellent treatment is used and the
organicelectroluminescent layer (light-emittinglayer) is formed
on the electrodes, and further relates +to an organic
electroluminescent display device produced by the method and an

electronic equipment using the display device.
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BACKGROUND ART

An organic electroluminescent device has been recently
attracting attention as promising to realize a display device
having an extremely small thickness, a light weight, a small size,
a low power consumption and the like in the future. The organic
electroluminescent device is expected to be widely used in the
future. 1In particular, the combination of the device with a
low-temperature polycrystalline silicon thin film transistor
realizes further reductions in thickness, weight and size. An
organic electroluminescent device driven by a low-temperature
polycrystalline silicon thin film transistor can be one of the
ideal devices (T. Shimoda, M. Kimura, et al., Proc. Asia Display
98, 217 (1998), M. Kimura, et al., IEEE Trans. Elec. Dev., to
be published). '

Examples of a method of ©producing an organic
electroluminescent element include a vacuum process and a
liquid-phase process. In general, a vacuum process such as a
depositionmethodor a sputteringmethod is employed for producing
a low-molecular organic electroluminescent element (in the
present Specification, each pixel constituting a display panel
is referred to as an organic electroluminescent element).

On the other hand, letterpressprinting, intaglioprinting,
stencil printing, or a non-plate printing method is empioyed for
productionofahigh-molecularorganicelectroluminescent element.
A liquid-phase process such as a spin coating method, a squeegee
application method, an ink-jet method or a nozzle-coating method
is used in the non-plate printing method. In particular, the

ink-jet method where film formation and patterning for applying
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colors separately can be simultaneously performed is said to be
advantageous.

In ink-jet method, which is a method of forming as a pattern
thin films different from each other in properties on a single
substratethroughcoating,itisnecessarytoprovideaninsulating
layer as an element-separating structure between pixels, in order
to prevent problems that thin film materials get mixed with each
otheronthesubsfrateandthataadischargedliquidnmterialflows
out into a wrong pixel adjacent to the target area. (See
JP-A-2002-305077.)

The term"insulating layer" asusedhereinrefers toa structure
interposed between pixels for separating organic
electroluminescent elements of respective pixels.

However, a method of producing an organic
electroluminescent device including forming the insulating layer
involves drawbacks as described below.

Fig. 1 shows a sectional view of a conventional organic
electroluminescent device including as insulating layers a first
insulating layer and a second insulating layer as described in
Proc. Asia Display 98, 217 (1998), IEEE Trans. Elec. Dev., and
Figs. 2(a) to 2(d) show a method (steps) of producing the device.

The organic electroluminescent device of this conventional
example includes a first insulating layer 1 and a second insulating
layer 2 on an anode 3. After forming the first insulating layer
1 and the second insulating layer 2, organic electroluminescent
layers 4 are formed from compounds different depending on the
color which each of the layers targets by means of an ink-jet
process or the like. Then, a film of cathode 5 is formed on the

layers 4, whereby an organic electroluminescent device 1is
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completed.

The second insulating layer 2 1is controlled to be
liquid-repellent through an appropriate surface treatment,
whereby in applying the organic electroluminescent layer 4 to
each pixel, coiors can be prevented from mixing with each other.

However, controlling the second insulating layer 2 to be
liquid-repellent, which results in generation of thinner regions
6 of an organic electroluminescent layer 4 around edges of the
second insulating layer 2, leads to difficulty in uniform film
formation.

When the anode 3 and the cathode 5 are present in this
region 6, ‘short circuit occurs, with the result that a leakage
currentremarkablyincreases. Inviewof the foregoing, the first
insulating layer 1 is provided so that no short circuit occurs
éround the edge of the second insulating layer 2.

In the process shown in Figs. 2, the anode 3 is formed of
ITO, the first insulating layer 1 is formed of Si0O; through plasma
enhanced chemical wvapor depositiqn (PECVD) of ethyl silicate
(tetraethoxy silane: TEOS), and the second insulating layer 2
is formed of polyimide by means of a spin coating method.

In this conventional example, the first insulating layer
1 is formed on the anode 3 formed of ITO (Fig. 2(a)). Then,
patterning is performed in such amanner that openings are provided
at positions on the anode 3 which are predetermined to emit light
(Fig. 2(b)). Next, the second insulating layer 2 is formed by
means of a liquid-phase process (Fig. 2(c)). Patterning is
performed in such a manner that openings are provided at positions
on the anode 3 which are predetermined to emit light (Fig. 2(d)).

AscanbeseenfromFigs. 2, sincea filmhavingaconsiderably
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large thickness is used as the first insulating layer 1, the part
of the second insulating layer 2 on the opening portion of the
first insulating layer 1 is much thicker than other parts.

Therefore, inetching the second insulating layer 2, setting
the etching time in accordance with a thin portion may cause an
etching residue to generate at a thickportion. Referencenumeral
7 in Fig. 2 (d) denotes an etching residue thus produced in an
opening portion. In addition, setting an etching time in
accordance with a thick portion may cause a large side-etched
portion to generate at a thin portion.

In addition, since the first insulating layer 1 is formed
by means of a vacuum process, the surface of the first insulating
layer 1 is not flat. That is, undulations are present on the
surface according to the presence or absence of the anode 3
underneath. Furthermore, nonuniformity in thickness of the
second insulating layer 2 is present in correspondence with the
undulations of the surface. The etching residue of the second
insulating layer 2 may generate as a result of the nonuniformity
in thickness. Reference numeral 8 inFig. 2(d) denotes an etching
residue thus produced on an uneven surface. When attempts are.
made to éompletely remove the etching residue 8 from the uneven
surface, for example, a large side etch may generate at any other
site. Thus, reduction in performance of an organic
electroluminescent device which is a result of etching residue
or unevenness of the surface is a big problem.

Inaddition, inorder to improve the light-emitting property
of an organic electroluminescent (EL) element, a work function
or the like, in addition to the cleanliness and irregularities

of the surface on which an organic electroluminescence compound
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is formed into a film, must be controlled to an optimum value
in accordance with the organic electroluminescence compound (JP
2004-63210 A). Accordingly, procedures such as a step of
liquid-washing the surface onto which the organic
electroluminescence compound is tobe appliedor a step of removing
an impurity such as an organic substance adhering to a substrate
surface throughanoxygenplasma treatment arerequired. However,
it is extremely difficult to completely wash a substrate surface
on which the above-described insulating layer is present or to
uniformly perform a surface treatment (JP 2001-126867 A)

The reason why an organic electroluminescent device must
be produced still with an insulating layer in spite of such
disadvantages involved in the formation of an insulating layer
is that, since a conventional organic electroluminescent device
using a polymer organic electroluminescent compound basically
has a laminate structure composed of an anode/a hole-injecting
layer/an organic electroluminescent layer/a cathode, such an
organic electroluminescent device cannot be put into practical
use unless produced so as to include a hole-injecting layer
interposed between an anode and an organic electroluminescent
layer (JP 2000-516760 A).

Any kind of compound can be used for the hole-injecting
layer as far as the compound has a functionof efficiently injecting
a hole from the anode to the organic electroluminescence layer.
A water-soluble conductive polymer (BAYTRON (registered
trademark) manufactured by Starck Vitec. Co.) has been
conventionally widely used. One requirement of a compound to
be used for a hole-injecting layer is that the hole-injecting

layer must not be dissolved in an organic electroluminescent
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compound which is to be applied onto the hole-injecting layer.

Moreover, since an organic electroluminescent compound is
dissolved in an organic solvent and then applied, it is preferable
that a hole-injecting layer be insoluble in an organic solvent
(that is, water-soluble).

In other words, in a process where an organic
electroluminescent device is produced by means of an organic
electroluminescent compound requiring a hole-injecting layer,
it is necessary that awater-soluble hole-injecting layer be first
applied onto the surface of an anode; When the surface of the
anode is water-repellent, the hole-injecting layer is repelled
and cannot be applied.

Accordingly, it isnecessary tocontrol apart on the surface
of an electrode on which a hole-injecting layer is formed to be
hydrophilic and it is also necessary to form a pattern such that
a water-repellent insulating layer like a dike is formed on the
part between electrodes on which part a hole-injecting layer is
not to be formed. Therefore, formation of an insulating layer

is conventionally indispensable.

DISCLOSURE OF THE INVENTION

Therefore, an object of the present invention is to provide
a method for prbducing a stable and high-performance organic
electroluminescent device, without formation of an insulating
layer that impairs the cleanliness and smoothness of an element
surface which are necessary for improving the properties of the
organic electroluminescent device or with an insulating layer
formed much thinner than conventional one.

The inventors of the present invention have made extensive
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studies to achieve the above object. As a result, they have found
that it is possible to apply a polymer organic electroluminescent
compound without formation of an insulating layer that has been
conventionally necessary in applying the compound to form a film
or with an insulating layer formed to have amuch smaller thickness
than cdnventional one and found a production method of an organic
electroluminescent device‘ which can avoid reduction in
performance of the device due to an insulating layer.

That is, the inventors have found that, imparting water
repellency to the surface of a substrate on which a layer
containinganorganicelectroluminescent compoundis tobe applied
by forming a water-repellent thin film on the substrate surface
enables formation of -a film through patterning organic
electroluminescent compound layer, even without forming an
insulating layer or with a very thin insulating layer, and based
on the finding, further found out a method of producing an organic
electroluminescent device having good organic electroluminescent
properties, to thereby achieve the invention.

The present invention consists of the following items.
1. Amethod of producing an organic electroluminescent device
comprising applying a composition containing an organic
electroluminescent compound onto multiple electrodes to form an
organic electroluminescent layer on each of the electrodes,
wherein the substrate on which the composition is applied is
asubstratewiththeportionsbetweenelectrodes and/or the surface
of the electrodes having been subjected to water-repellent
treatment.

2. The method of producing an organic electroluminescent

device according to 1l above, wherein thewater-repellent treatment
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includes formation of a water-repellent thin film.

3. The method of producing an organic electroluminescent
device according to 2 above, wherein the water-repellent thin
film has a thickness of 0.2 to 30 nm.

4. The method of producing an organic electroluminescent
device according to 2 above, wherein an insulating layer having
a thickness of 0 to 3000 nm as measured from the substrate surface
is provided around each of multiple electrodes, ét an angle of
0 to 80 degrees as observed from the top surface of the electrodes.
5. The method of producing an organic electroluminescent
device according to 4 above, whereinaround themultipleelectrodes
on which the water-repellent thin film is formed, an insulating
layerhavingathicknessof Oto500nmasmeasured fromthe substrate
surface and having an angle of 0 to 30 degrees as observed from
the top surface of the electrodes is provided.

6. The method of producing an organic electroluminescent
device according to 1 or 2 above, wherein the organic
electroluminescent layer is a layer containing a polymer organic
electroluminescent compound.

7. The method of producing an organic electroluminescent
device according to 2 above, wherein the process of forming the
water-repellent thin film is a treatment of forming a fluoride
film on the surface of the substrate.

8. The method of producing an organic electroluminescent
device according to 7 above, wherein the fluoride film is formed
through a plasma treatment using a fluorocarbon-based compound'
as a reactant gas.

9. The method of producing an Jrganic electroluminescent

device according to 2 above, wherein the surface roughness of
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the water-repellent thin filmis 1 nmor less in terms of Ra value.
10. The method of producing an organic electroluminescent
device according to 2 above, wherein the height of the surface
protrusion of the water-repellent thin film is 10 nm or less.
11. The method of producing an organic electroluminescent
device according to 2 above, wherein the water-repellent thin
film is formed as an organic thin film by high frequency (RF)
plasma method using a gaseous organic compound.

12. The method of producing an organic electroluminescent
device according to 2 above, wherein after treating the anode
(surface) with high frequency plasma, a thin film formed is
subjected to optimization treatment to thereby become a
water-repellent thin film. |

13. The method of producing an organic electroluminescent
device according to 2 above, wherein after treating the anode
(surface) with high frequency plasma, a thin film is formed
through high frequency (RF) plasma method using a gaseous organic
compound and then the film is subjected to optimization treatment
to thereby become a water-repellent thin film.

14. The method of producing an organic electroluminescent
device according to 2 above, wherein the process of forming the
water-repellent thin film involves treatment of the substrate
surface by sputtering to thereby form a thin film of SiO:.
15. The method of producing an organic electroluminescent
device according to 12 or 13 above, wherein the optimization
treatment is washing treatment uSing a solvent.

16. The method of producing an organic electroluminescent
device according to 12 or 13 above, wherein the high frequency

(RF) plasma method is conducted in a gas containing one or more

10
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kinds selected from a group consisting of oxygen, argon and
fluorocarbon.

17. The method of producing an organic electroluminescent
device according to 2 above, wherein the contact angle of water
with respect to the water-repellent thin film is 30° or more.
18. The method of producing an organic electroluminescent
device accordingtolor2above, whereinthe compositioncontaining
the organic electroluminescent compound is applied onto the
multiple electrodes by means of letterpréss printing, intaglio
printing, stencil printing or a non-plate printing method.
19. The method of producing an organic electroluminescent
device according to 18 above, wherein the composition containing
the organic electroluminescent compound is applied by non-plate
printing through ink ejection process.

20. The method of producing an organic electroluminescent
device according to 18 above, wherein the composition containing
the organic electroluminescent compound is applied by a nozzle
coating method.

21. The method of producing an organic electroluminescent
device according to 1 or 2 above, wherein the organic
electroluminescent compound is a phosphorescent polymer compound.
22. The method Qf producing an organic electroluminescent
device according to 1 or 2 above, wherein the organic
electroluminescent compound is a fluorescent polymer compound
or a non-conjugated phosphorescent polymer.

23. Anorganic electroluminescent device produced by the method
described in any one of 1 to 22 above.

24, A substrate for anorganic electroluminescent device, which

is produced by a process included in the method described in any

11
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one of 1 to 22 above.

25. An electronic instrument including an organic
electroluminescent device described in 23 above.

26. The electronic instrument according to 25 above, which is
a surface emission light source, a backlight for a device, an
apparatus, a lighting apparatus or an interior or exterior
accessory.

According to the productionmethodof the present invention,
an organic electroluminescent compound can be applied even in
a state that no insulating layer is formed layer on the surface
of an anode substrate or that the insulating layer formed on the
substrate surface is extremely thin, so that a stable and

high-performance organic electroluminescent device can be

produced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a conventional organic
electroluminescent device having a first insulating layer and
a second insulating layer.

Figs. 2(a) to 2(d) show a method (process) of producing
the organic electroluminescent device shown in Fig. 1.

Fig. 3 is a schematic sectional view of a substrate to be
used for an organic electroluminescent device according to the
present invention.

Fig. 4 is a sectional view showing a production process
for the organic electroluminescent device (involving application
of electroluminescent layers by ink-jet method) according to the
present invention. |

Fig. 51is a schematic sectional view of a part of a substrate

12
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obtained by means of a method of the present invention involving
applying an organic electroluminescent compound by using a
substrate subjected to a water-repellent treatment.

Fig. 6 is a schematic sectional view of a part of an organic
electroluminescent device produced by means of the method of the
present invention.

Fig. 7 is a schematic sectional view of a substrate to be
used for an organic electroluminescent device according to a
conventional method.

Fig. 8 is a schematic sectional view of a part of a substrate
to which an organic electroluminescent compound is appliéd by
means of a conventional method (Comparative Example) involving
theuseof asubstratenot subjectedtoawater-repellent treatment.

Fig. 9 1is a sectional view showing a structure of the
insulating layer according to the present invention.

Fig. 10 is a schematic sectional view showing a production
process for the organic electroluminescent device (involving
appiication of electroluminescent layers by nozzle coating
method) according to the present invention.

Fig. 11 is a schematic view showing a process of applying
an electroluminescent compound by nozzle coating method in the
production process of the organic electroluminescent device.

Fig. 12 is schematic sectional view showing the section
of a part of a substrate to which an organic electroluminescent
compound is applied by means of a conventional method.

Fig. 13 is a schematic sectional view of a part of an organic
electroluminescent device produced by means of a conventional

method.

Fig. 14 shows emission spectra obtained from organic

13
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electroluminescent devices (a device B of Example and a device
C of Comparative Example) produced by means of the production
method of the present invention and a conventional production
method.

Fig. 15 is a graph showing the durability of each of the
organic _electroluminescent elements (the device B of Example and
the device C of Comparative Example) produced by means of the
production method of the present invention and the conventional
production method.

Fig. 16 1is an image taken by photoluminescence (PL)
microscope showing the surface condition of the anode substrate
2A prepared in Reference Example 2.

Fig. 17 is an image taken by photoluminescence (PL)
microscope showing the surface condition of the anode substrate
2B prepared in Reference Example 2.

Fig. 18 shows the result of surface profiler measurement
on the surface configuration of the anode substrate 2B prepared
in Reference Example 2.

Fig. 19 is a schematic sectional view of the anode substrate
2C prepared in Example 2.

Fig. 20 is an emission photograph of the organic

electroluminescent device 2C prepared in Comparative Example 2.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be described in
more detail with reference to drawings (Figs. 3 to 20) attached
hereto.

The method of producing an organic electroluminescent

device according to the present invention is a method where an

14
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organic electroluminescent device is produced by applying an
organic electroluminescent compound onto a substrate having a
surface adjusted to be water-repellent through formation of a
water-repellent thin film on the surface or.the like, to thereby
form a film having a predetermined pattern shape, through
preferably, a nozzle coating process.
<<Constitution of organic electroluminescent device>>

First, the constitution of an organic electroluminescent
device will be described. As the first step, a film (3) is formed
from an anode material on the surface of a flat substrate (S in
Fig. 8). Here, as an example of the éubstrate used herein, a
glass substrate can be mentioned, however the substrate is not
limited thereto. Any insulating substrate can be used as far
as the substrate is transparent with respect to the emission
wavelength of the emitting material. Alternatively, the
substrate may be a substrate with a thin film transistor (TFT).
A known flexible material such as a transparent plastic such as
polyethylene terephthalate (PET) or polycarbonate can also be
used.
<<Anode>>

As the film to be formed as the anode on the substrate,
a conductive and optically transparent layer such as ITO (indium
tin oxide) is themost commonly used. When organic light emission
is observed through the substrate, the optical transparency of
the anode and the substrate is indispensable. However, in an
application where organic light emission is top emission, that
is, the organic light emission is observed through an upper
electrode, the transparency of the anode is not necessary. In

this case, an appropriate and arbitrarily selected material such

15
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as a metal or metallic compound having a work function of 4.1
eV or more can be used for the anode.

Forexamplergold,nickel,manganese,iridium,nwlybdenum,
palladium, platinum, and the like can be used in combination,
or each of them can be used alone. The anode can be selected
from the group consisting of the oxides, nitrideé, selenides,
and sulfides of ametal. In addition, any one of the above metals
formed into a thin film having a thickness of 1 to 3 nm on the
surface of ITO having good optical transparency so as not to impair
the optical transparency can also be used as the anode. Examples
of an available method of forming any one of the metals into a
film on the surface of an anode material include an electron beam
depositionmethod, a sputteringmethod, a chemical reactionmethod,
a coating method, and a vacuum deposition method. The thickness
of the anode is preferably 2 to 300 nm.
<<Water-repellent layer>>

In the present invention, a substrate having been subjected
water-repellent treatment so that the portion between the
electrodes and/or the surface of the electrode may be
water-repellent is used. By subjecting the portion between
electrodes towater-repellent treatment, no insulating layer like
a dike is necessary and further, by subjecting the surface of
the electrodes to water-repellent treatment, no hole-injecting
layer is required. A method using a substrate with either of
the portion between the electrodes or the surface of the electrode
having been subjected to water-repellent treatment is included
in the scope of the present invention, however it is preferable
that water-repellent treatment be given to both of the portion

between the electrodes and the surface of the electrodes.
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Description about water-repellent treatment will be made
by referring to an example using an ITO as the anode.

An ITO film formed on the substrate is formed through
patterning into electrodes each having a predetermined shape by
means of a photolithography technique. Thus, multiple ITO
electrodes each having a shape onto which an organic
electroluminescent compound of each color is to be applied are
formed on the surface of the substrate. |

Next, surface treatment for giving water repellency to the

“surface of the substrate onwhich ITO has been formed is conducted.

Typically, a water-repellent thin film (hereinafter, sometimes
referred to as “water-repellent layer”) is formed. Examples of
methods for forming a water-repellent thin film can be roughly
classified into wet-process methods where the material is
dissolved in a solvent and applied onto the substrate and
dry-process methods such as high—freqﬁency plasma treatment,
sputtering treatment, corona treatment, UV ozone irradiation
treatment, vacuum deposition method, laser transcription method
and oxygen plasma treatment. In either case, a single method
which is widely used may be employed or two or more kinds of
them can be émployed in combination.

The water-repellent thin film thus formed has a thickness

of preferably 0.2 to 30 nm, more prefefably 0.2 to 10 nm. The

compositionandchemical structureof anorganic substance forming
the thin film are not particularly limited. However, the organic
substancé after formed into the thin film is required to have
an appropriate water repellency which enables provision of an
appropriate thickness and an appropriate coating shape to a

light-emitting compound to be laminated thereon. Furthermore,
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examples of the properties of the organic subétance include a
property of not being dissolved by coating of the light-emitting
compound to be laminated thereon, apropertyof not being scattered
or diffused due tb physical impact at the time of the coating
step, good adhesiveness with the light-emitting compound and an
appropriate ionizationpotential. Anykindof compoundimparting
those properties to the anode substrate can be used.

As an example of a compound having good adhesiveness with
the light-emitting compound, a compound which has a partial
structure having a strong interaction with the light-emitting
compound is preferred. The compound desirably contains in an
appropriate manner, as the partial structure, especially an
aromaticring, alkylchain, fluorineor the likewhereahydrophobic
interaction can be expected. The compound does not necessarily
have to be an organic substance, and inorganic substances such
as a metal fluoride and a metal oxide may be used. Moreover,
a method where a compound containing silicon such as Si0; is
sputtered on a metal surface to thereby form a thin film is also
effective.

In addition, the appropriate ionizatioﬁ potential of the
water-repellent thin film, which depends on the kind of an organic
electroluminescent compound to be used, is preferably 4.5 to 6.0
eV, more preferably 4.8 to 5.5 eV.

In a case where the water-repellent thin film is formed
by awet process, optimizationtreatment isperformedafter forming
a film by a spin coating method, a casting method, a micro gravure
coating method, a gravure coating method, a bar coating method,
a roller coating method, a wire-bar coating method, a dip coating

method, a spray coating method, a screen printing method, a flexo
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printingmethod, an offset printingmethod and an ink-jet printing

method. That is, the film can be obtained by washing the surface

" with a solvent capable of dissolving components of the

light-emitting compound to improve or modify properties of the
film. Washing step with a solvent may be conducted by a method
such as a spin coating method, an ink-jet method and a dipping-
method, similarly as in the coating step of the water-repellent
thin film. In other words, the components which may disperse
or diffuse during the step of newly laminating-a light-emitting
compound on the water-repellent thin filmcanbe removed in advance
by washing the surface with a solvent. Furthermore, after the
water-repellent thin film completely covers the dents and
protrusions on the substréte surface, controlling the frequency
of washing the film surface with a solvent enables not only removal
of loose componentspresentonthe f(ilm surfacebut also achievement
of a water—repellent thin filmhaving a surface smoothness. ‘Also,

by treating the film surface with a solvent, the surface energy
can be controlled. On the basis of the status immediately after
the film is forméd, a water contact angle changes from 5 to 140°

by conducting washing treatment. Therefore, the surface energy
can be adjusted depending on polarity of the light-emitting
compound to be laminated. Besides, the similar effects can be

obtained by conducting annealing treatment on the thin film under

variqus atmosphere‘s, ion implantation, radiation treatment such

as UV radiation and UV ozone radiation or additional plasma

treatment with oxygen, nitrogen or hydrogen.

A compound to be used for the above-mentioned wet process
for forming the film is _not particularly limited so long as the

compound has good adhesiveness to both the anode surface and the
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light emitting compound contained in a layer formed thereon.
However, it is preferable to employ a conventional anode buffer
which has been generally used. Examples of the compound include
an electrically conductive polymer such as PEDOT (a mixture of
poly(3,4)-ethylenedioxythiophene and polystyrenesulfonic acid)
and PANI (amixture of polyaniline and polystyrenesulfonic acid).
Further, an organic solvent such as toluene and isopropyl alcohol
may be added to the electrically conductiée polymers. The
electrically conductive polymef may contain a third componént
such as a surfactant. Anexampleof the surfactant is asurfactant
containing .a group selected from a group consisting of an alkyl
group, alkyl aryl group, fluoro alkyl group, alkyl siloxane group,
sulphate,sulfonate,carbbxylate,amide,eabetainestructureand
quaternary ammonium group. A nonionic fluoride surfactant may.
also be used.

A water-repellent thin film can be also formed by a dry
process method such as high-frequency (RF) plasma treatment. In
particular, according to a radio-frequency plasma treatment
involving applying glow discharge to an organic substance gas
to thereby deposit the organic substance gas as a solidon a solid
layer, a filmexcellent in adhesiveness andhavinghighdurability
canbe obtained. Forexample,athinfilmcomposedoffluorocarbbn
can be formed on a substrate by: causing gaseous fluorocarbon
to perform glow discharge in RF plasma; andbringing the substrate
into contact with the fluorocarbon. A fluorocarbon thin film
can be formed by subjecting gaseous fluorocarbon to a plasma
treatment in an RF device house. The gaseous fluorocarbon can
be selected from the group consisting of CF;, Cs3Fy, C4Fi10, CHF3,
C,Fs and C4Fs.

Plasma can be generated by ‘applying (outputting) a
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radio-frequency (RF) voltage at an appropriate power level in
a device house. A reaction temperature varies depending on
parameters such as an output, a gas flow rate and a treatment
time. A film thickness is preferably ‘adjusted in an appropriate
manner with good reproducibility by placing a temperature
adjusting function in the device house. The contact angie of
the surfaceof the anode substrateonwhicha thin filmthus produced,
especially a thin film containing a fluofide is formed, can be
contro.lvled to be in the range of 30° to 170°. The contact angle
is preferably 40° to 150°,. or more preferably 60° to 120° so that
the subsequent step of applying an organic electroluminescent
compound can be performed well. Thus, the anode substrate ready
to be coated with organic electroluminescent compound of each
color is produced.

When forming the water-repellent thin filmbya dry—proce'ss
method where high frequency plasma treatment is used, the surface
of the anode can be etched by controlling the conditions for plasma
genération. That is, by the high frequency plasma treatment,
smoothing of the anode surface by the effect of etching the anode
surface can be performed at the same time with the film formation.
As described above, for example, a silicon compound can be formed
into a thin film by sputtering.

The thus obtained thin film can be optimized similarly as
the water-repellent thin film obtéined by any one of the
above-mentioned coating methods. That is, the film properties
can be‘ improv_ed or modified by a further surface treatment, to
thereby be more appropriate. Specifically, by washing the film
surface with a solvent, the surface smoothness and the film

thickness can be adjusted to an appropriate range and durability
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of the film can be enhanced. Here, the term “smoothness of the
film” means the state including that the surface roughness (Ra
value) is 1 nm or less and that the height of the protrusions
present on the surfaceof the filmis 10 nfn or less. An“appropriate
filmthickness”meansathicknessrangeof0.2to30nm. Similarly,

the surface energy of the film can also be adjusted. Further,

" the similar effects can be obtained by annealing treatment under

various atmospheres; ion implantation, radiation treatment such
as UV radiation and UV ozone radiation; or an additional plasma
treatment with oxygen, nitrogen or hydrogen.

Before forming the water-repellent thin film, by conducting
pretreatment on the anode surface on which the water-repellent
thin film is to be formed, properties of the water-repellent thin
film (adhesiveness to an anode substrate, finished surface
smoothness, alleviation of the .hole injection barrier, etc.) méy
be improved, when necessary. Examples of pretreatment methods
include radio frequency plasma treatment, sputtering treatment, -
corona treatment, UV ozone treatment and oxygen plasma treatment.
<<Insulating layer>> |

In the present invention, formation of an insulating layer
(the term “insulating layer” means an insulating layer other than
the water-repellent thin film formed by the above water—repe‘lleht
treatment) between electrodes is unnecessary. However, it is
possible to provide an insulating layer. As described above,
an insulating layer is provided between pixels in order to isolate
the electroluminescent elements for each pixel. In the
electroluminescent device of the present invention, the thickness
of an insulating layer is much smaller than that in a conventional

device, for the purpose of keeping the cleanness of the substrate.
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Specifically, the thickness measured from the substrate surface
is preferably 0 to 500 nm, particularly preferably 0 to 206 nm.
The thickness of 0 nm means absence of an insulating layer.

As shown in Fig. 9(a); The gentler the incline of the
insulating layer from the edge down to the anode, the more
preferable. In this case, the preferable angle is from 0 to 30
degrees,andparticularlypféferredisfrom21x>lOdegrees. Here,'
the angle 0 degree means a case where the inéulating layers are
in contact with ITO to the same height, as shown in Fig. 9(b),
to thereby completely cover thé side surface of the ITO. As shown
in Fig. 9(c), the intervals between the ITO stripes may be filled
with insulating layer en suite.

Thus, it is preferable that, in the electroluminescent
device of the present invention, an insulating layer which is
much thinner than an insulating layer in a conventional
electroluminescent device be employed. In conventional
technique, without aninsulating layer havingasufficient height,
coatingoflightemittinglayercannotbeperformed; On the other
hand, in the present invention, by providing a watér—repellent
thin filmon the substrate surface, coatingto formalight emitting
layer can be favorably conducted.

Examples of compound for forming an insulationg layer
include CnFn and SiO,.
<<Step<yfformingen1organicelecgroluminescentcompoundlayer>>

Description will be given of a step of forming an organic
electroluminescent compound on the anode substrate. Examples
of an organic electroluminescent compound used for forming an
organic electroluminescent layer of the organic

electroluminescent device of the present invention include a
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low-molecular light-emitting compound and a high—mqlecular
light-emitting compound described inHiroshi Omori: AppliedPhys.,
vol 70, twelfth edition, p. 1419-1425 (2001). Of those, a
high-molecular light-emitting compound, which enables
simplification of a process for producing a device, is preferable,
and a phosphorescent compound is preferred for its high luminous
efficiency. Therefore,jjpparticulérJeaphosphorescent.polymer
compound is more preferred.

The structure of the phosphorescent polymer compound to
beusedasaiight—emittinglayeroftheorganicélectroluminescent_
element of the present invention is not particularly limited as
long as the compound is a polymer compound emittingphosphorescence
at room temperature. Specific examples of a polymer structure
include polymer structures each using any one of the conjugate
polymer structures such as poly(p-phenylenes),
poly(p-pheﬁylenevinylenes), polyfluorenés, polythiophenes,
polyanilines, polypyrroles and polypyridines as a skeleton and
haVing a phosphorescent site (a representative example thereof
includes a monovalent or divalent group of a transition metal
complex or rare earth metal complex to be described later) bonded
to the skeleton. In each of those polymer structures, the
phosphorescent site may be incorporated into a main chain or a
side chain.
| Other examples of the polymer structure of the
phosphorescent polymer compound include polymer structures each
using any one of the non-conjugate polymer structures such as
polyvinyl carbazole, polysilanes and polytriphenylamines as a
skeletonandhavinga}ﬂmmphorescentsitebondaﬂtotheskeleton.

In each of those polymer structures, the phosphorescent site may
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be incorporated'into a main chain or a side chain.

- Still other examples of the polymer structure of the
phosphorescent polymer compound include dendrimers each having
a phosphorescent site. In this case, the phosphorescent site
may be incorporated into any one of the central nucleus, branched
portion and terminal portion of the dendrimer.

In the above polymer structure, phosphoréscence is emitted
fromthephbsphorescentsitebondedtoaconjugateornon—donjugate
skeleton. Alternatively, the conjugate or non-conjugate
skeleton itself may emit phosphorescence.

A polymer using a non-conjugate polymer structure as a
skeleton and having a phosphorescent site bonded to the skeleton
>(hereinafterreferredtoasnon—conjugatephosphorescentpolymer)
is a preferable phosphorescent pdlymer compound to be used for
theorganicelectroluminescentelementcﬁfthepresentinventioh,
in that there is a high degree of freedom in material design,
that phosphorescenée can be relatively easily obtained, that the
polymer can be easily syntﬁesized and that the polymer has so
high solubility in a solvent that a coating solution can be easily
prepared.

The non-conjugate phosphorescent polymer is constituted
by a phosphorescent site and a carrier-transporting site.
Representative examples of polymer structures are classifiedinto
the following (1) to (4) by the bonding state of the phosphorescent
site and the carrier-transporting site: (1) a structure where both
the phosphorescent site and the carrier-transporting site are
present in the main chain of the polymer; (2) a structure where
the phosphorescent site is present at a side chain of the polymer

and the carrier-transporting site is present in the main chain
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of the polymer; (3) a structure where the phosphorescent site
is present in the main chain of the polymer and the
carrier-transportingsiteispresentatasidechainof thepolymer;
and (4) a structure where both the phosphorescent site and the
carrier-transporting site are present at side chains of the
polymef.

In addition, the above polymer structure may have a
crosslinking structure. Alternatively, the structure may be a
single polymer (homopolymer) structure in which each of a
hole—transportiﬁg compound, an electron-transporting compound,
and a light-emitting compound is independently present without
bonding to one another or the polymer may be a polymer obtained
by polymerizihg two kinds of compounds. Furthermore, a
polymerized compound may be one or more selected from three
compounds: a hole-transporting compound, an
electfon—transporting compound and a light-emitting compound.
The other compounds may be low-molecular compounds.

The above non-conjugate phosphorescent polymer may have
two or more kinds of phosphorescent sites (each of which may be
present in the main chain or at a side chain). 1In addition, the
polymer may have two or more kinds of carrier-transporting sites
(each of which may be present in the main chain or at a side chain,
or the sites does not have to be bonded thereto).

The weilght  average molecular weight of the above
non-conjugate phosphorescent polymer 1is preferably 1,000 to
1,000,000, more preferably 10,000 to 500,000.

Amonovalent group of a compound that emits phosphorescence

at room temperature or a polyvalent group having two or more

~valences of such a compound can be used as the above phosphorescent
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site. Amonovalentordivalent groupofatransitionmetal complex
or rare earth metal complex is preferable. Examples of the
transition metals used in the transition metal complex include:
the first series of transition elements in the periodic table,
that is, from Sc with an atomic number of 21 to Zn with an atomic
number of 30; the second series of transition elements in the
periodic table, that is, from Y with an atomic number of 39 to
Cd with an atomic number of 48; and the third series of transition
elements in the periodic table,, that is, from Hf with an atomic
number of 72 to Hg with an atomic number of 80. In addition,
examples of the rare earth metals used in the rare earth metal
complex include the lanthanoid series of elements in the periodic
table, that is, from La with an atomic number of 57 to Lu with
an étomic number of 71.

Examples of a ligand that can be used for the transition

metal complex and rare earth metal complex include ligands

_described in G. Wilkinson (Ed.), Comprehensive Coordination

Chemistry (Plenum Press, 1987) and Akio Yamamoto "Yuki Kinzoku
Kagaku-Kiso to Oyo (Organic Metal Chemistry-Basis and
Application)" (Shokabo, 1982). Of those, a halogen ligand, a
nitrogen-containing heferocyclic ligand (such as a
phenylpyridine-based ligand, a benzoquinoline-based ligand, a
quinolinol-based ligand, a bipyridyl-based ligand, a
terpyridine-based ligand, of a phenanthroline-based ligand), a
diketone ligand (such as an acetylacetone ligand or a

dipivaloylmethane ligand), a carboxylic ligand (such as an acetic

ligand), a phosphorus ligand (such as a triphenylphosphine-based

ligandor aphosphiteester-basedligand), a carbonmonoxide ligand,

an isonitrile ligand, and a cyano ligand are preferable. One
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metal complex may contain multiple ligands. In addition, a
binuclear complex or a multinuclear complex can be used as a metal
complex.

As the carrier-transporting site, a monovalent group or
polyvalent group having two or more valences, which has either
one of hole-transporting property and electron-transporting
property or which has a bipolar property provided with both of
hole and.electron'transporting'functions, can be used. Examples
ofacmrrier—transportingsitehavinghole—transportingp;operty
include monovalent or divalent groups of carbazole,
triphenylamine, and
N,N'-diphenyl-N,N'- (3-methylphenyl)-1,1"'~biphenyl-4,4"'diamin
e (TPD). In addition, examples of a carrier-transporting site
having electron-transporting property include: monovalent or
divalent groups of a quinolinol derivative metal complex (sﬁch
as trisaluminumquinolinol (Alqgs)), an oxadiazole derivative, a
triazole derivative, an imidazole derivative,.and a triazine
derivative; and boron-based compounds. In addition, examples
of a carrier-transporting site having bipolar property include
amonovalent or divalent groupof 4,4'-N,N'-dicarbazole-biphenyl
(CBP) .

The light-emitting layer of the organic electroluminescent
element of the present invention can be formed only of the
phosphorescent polymer compound or of conjugate polymer described
above. Alternatively, for the purpose of supplementing the.
carrief—transporting property of the phosphorescent polymer
compound or conjugate polymer, the light-emitting layer can be
formed of a composition prepared by mixing the phosphorescent

polymer compound or conjugate polymer with other
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carrier-transporting compounds. That is, in a case where the
phosphorescent polymer compound has hole-transporting property,
an electron-transporting compound can be mixed. On the other
hand, in a case where the phosphorescent polymer compound has
electron—transportingproperty,ahole—transpbrtingcompoundcan
be mixed. Here, the carrier-transporting compound to be mixed
with the phosphorescent polymer compound may be either a
low-molecular compound or a polymer compound.
Examplesofalow-molecularhole-transporting compoundthat
can be mixed with the phosphorescent polymer éompound include
known hole-transporting compounds typified by triphenylamine
derivatives such as:
N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1'-biphenyl-4,4'diamin
e (TPD); 4,4'-bis[N- (l-naphthyl)-N-phenylaminolbiphenyl
(a-NPD) ; and
4,4",4"-tris (3-methylphenylphenylamino) triphenylamine
(m-MTDATA) . Inaddition,examplesofapolymerhole—transporting
compound that canbemixedwith the phosphorescent polymer compound
include polyvinyl carbazole- and triphenylamine-based
low-molecular compounds polymerizedby introducingpolymerizable
functional groups such as a polymer compound having a
triphenylamine skeleton disclosed in JP 08-157575 A.

On the other hand, examples of a low-molecular
electron-transporting compound -that can be mixed with the
phosphorescent polymer compound include a quinolinol defivative
ﬁetal complex (such' as trisaluminumquinolinol (Algs)), an
oxadiazole derivative, a triazole derivative, an imidazole
derivative, and a triazine derivative. In addition, examples

of a polymer electrdn—transporting compound that can be mixed
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with the phosphorescent polymer compound include the above
low-molecular electron-transporting compounds polymerized by
introducing polymerizable functional groups such as polyPBD
disclosed in JP 10-1665 A.

In addition, for the purpose of improving the physical
properties and the like of a film formed of the phosphorescent
polymer compound, a polymer dompound not directly involved in
the. light-emitting property of the phosphorescent‘ polymer
compound is mixed with the phosphorescént polymer compound to
prepare a composition, and the composition can be used as a
light-emitting compound. For example, polymethyl methacrylate
(PMMA) or polycarbonate can be mixed for imparting flexibility
to a film to be.obtained. 7

The thicknéss of the light-emitting layer is preferably
1 nmto 1l um, more preferably 5 nm to 300 nm, still more preferabiy
10 nm to 100 nm.

In the organic electroluminescent element of the present
invention, the electroluminescent layer may consist only of the
above light-emitting layer or may consist of combination of a
hole-transporting layer and an electron transporting layer.

Examples of a hole-transporting compound constituting the
hole-transporting layer include known low-molecular
hole-transporting compounds including: triphenylamine
derivatives such as
N,N'-dimethyl-N,N'- (3-methylphenyl)-1,1'-biphenyl-4,4'diamin
e (TPD), 4,4'-bis[N-(l-naphthyl)-N-phenylamino]lbiphenyl
(x=NPD), and
4,4';4"-tris(3—methylphenylphenylamino)triphenylamine

(m-MTDATA) ; and polyvinyl carbazolet
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A high-molecular hole-transporting compound is also
available, and examples thereof include polymer compounds
including: triphenylamine-based low-molecular compounds
polymerized by introducing polymerizable functional groups such
as a polymer compound having a triphenylamine skeleton disclosed
in JP 08-157575 A; polyparaphenylenevinylene; and
polydialkylfluorene. Each of those hole-transporting compounds
can be used alone, or may be used together with another
hole-transporting compound as a mixture or lamination. The
thickness of the hole-transporting layer is preferably 1 nm to
5 ym, more preferably 5 nm to 1 um, still more preferably 10 nm
to 500 nm.

Examples of an electron—transporting compound of which an
electron-transporting layer in the organic electroluminescent
element of the present invention is formed include known

low-molecular electron-transporting compounds such as a

- quinolinol derivative metal complex (such as

trisaluminumgquinolinol (Alqgs)), an oxadiazole derivative, a
triazole derivative, an imidazole derivative, and a triazine
derivative. In addition, a high-molecular
electron-transporting compound is also available, and examples
thereof include the above low-molecular electroﬁ—transporting
compounds polymerized by introducing polymerizable functional
groups such as polyPBD disclosed in JP'10-1665 A. Each of those
electron-transporting compounds can be used alone, or may be used
togetherwith another electron-transporting compound as amixture
or lamination. The thickness of the electron-transporting layer

is preferably 1 nm to 5 ym, more preferably 5 nm to 1 ym, or still

~ more preferably 10 nm to 500 nm.
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The above phosphorescent polymer compound used for the
light~emitting layer, the hole-transporting compound used for
the hole-transporting layer, and the electron-transporting
compound used for the electron-transporting layer may each form
each layer alone, or each layer may be formed by using a polymer

compound as a binder. Examples of the polymer compound to be

~used for the purpose include polymethyl methacrylate,

polycarbonate, polyester, polysulfone, and polyphenylene oxide.

As described above, it is necessary to provide between
electrodes an insulating layer like a dike or higher than the
electrode surface, 1in conventional technique. However,
according to the present invention, it is possible to provide
an organic electroluminescent layer on each of the electrodes
in a state that the organic electroluminescent layers are separate
from each other, without providing an insulating layer or oniy
by providing an insulating layer which is substantially as high
as or lower than the electrode surface. |

Each of the light-emitting layer (and if necessary, the
hole-transporting layer and the electron-transporting layer) can
be formedbymeans of, for example, aresistance heating deposition
method, an electron beam deposition method, a sputtering method,"
an ink-jet method, a spin coating method, a dip coating method,
a printing method, a spray method, a dispenser method or a
nozzle-coating method. A resistance heating deposition method
and an electron beam deposition method are mainly used in the
case of low-molecular compounds, while an ink-jet method, a spin
coating method, a nozzle-coating method, etc. are mainly used
in the case of polymer compounds.

Thus, the present invention is effective mainly in forming
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pixels by means of coating method, and moreover, 1is also
considerably effective in a case using low-molecule deposition
method in that production of defective pixels inherent in amethod
involving formation of insulating layer can be avoided.

In the present Description, ink ejection method mainly
includes inkjet method where coating solution is ejected in form
ofliquiddropletsandnozzlecoatingmethodwherecoatingsolution
is ejected in liquid column. Hereinbelow, these methods are
described specifically.

The inkjet method is a method where a solution containing
a material (in the present invention, an brganic
electroluminescent material) is ejected onto a substrate in form
of fine liquid droplets from nozzle holes provided in the end
of the ejection nozzle which is attached to a coating apparatus,
to thereby form a layer comprising the material.

Fig.4iseasectionalviewforshowingtheproductionprocess
of the electroluminescent device (coating process of the
electrolgminescent layer by means of inkjet method) according
to the present invention. As shown in Fig.4, an inkjet coater
having a head part 11 smaller than substrate S is used and the
head part 11 is placed above the substrate S. From nozzle~15
(ejection orifice) provided in the lower part of the head part
11, coating solution is ejected with high accuracy in form of
fine dréplets, so that the solution droplets land on an anode
3. Afterlanding,thesolutiondropletsspreadaboutcnltheanode
according to the volume of the droplet. By controlling the volume
of the droplet, the droplets can land to cover the whole surface
of the anode.

Conventionally,suchaninkjetmethod,whicheasilyenables
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finepatterningusingpolymerasanmterial,hasbeenwidelyused.

The nozzle coating method is a method where a solution
containing a material (in the present invention, an organic
electroluminescent material) is ejected continuously and applied
onto a substrate from a nozzle hole provided in the end of the
ejectionnozzlewhichisattachedtoacoatingapparatus, tothereby

form a layer comprising the material.

The ejectionnozzle consists of amain body and an end member
which can be attached and removed at will. Accordingly, even
jj1acasewherefluiditycﬁftheéoatingsolutionchangesaccording
to the kind or concentration of the solvent or where the optimum
ejection rate of the coating solution changes according to the
width of the substrate or the like, by preparing multiple kinds
of nozzle end members having different nozzle hole diameters and
selecting an end member having an appropriate nozzle hole diameter
suitable for the coating conditions, uniform coating can be
conducted on the substrate S and the anodes 3 on through ejection
from the head part 11 in a state that the coating solution 12

is kept constantly ejected in form of liquid column as shown in

'Fig. 10, without ejecting the coating solution in droplets and

without ejecting the solution in unnecessarily too large an
ejection rate.
In the production method of the electroluminescent device

according to the present invention, a coater head having one or

more of such an ejection nozzle is prepared. As shown in Fig.

- 11, the coating solution is ejected and applied onto the substrate

to form stripes, and by moving the coater head in the longitudinal
direction (in the X-axis direction) with respect to the ITO
substrate, the electroluminescent layer is applied-on the ITO
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substrate.

Whenthecoaterheadreachestheendofthelongaxis(X—axis),
the coater head is moved in the short axis direction (Y-axis
direction) and again moved along the long axis in the reverse
directioh. By repeating these operations, the
electroluminescent material is applied sequentially on the ITO
substrate.

In this mechanism, for example, when the'width of the ITO
substrate is 140 um, by selecting a nozzle end member having a
nozzle hole diameter of 15 ym, i.e., by using'a:nozzlé end member
having a nozzle hole diameter smaller than the width of the
substrate, a wide margin can be obtained in positioning the nozzle
and the substrate. Accordingly, the coating solution containing
theelectroluminescentmaterialcanbeinjebtedontothesubstrate
without missing the substrate.

Thecoatermaybeequippedwithaninputdeviceandacﬁsplay
device. By inputting coating conditions into the input device,
aproper nozzle hole diameter is determined according to the input
information, and the optimum nozzle hole diameter is displayed
by the display device.

Further, the coater may be equipped with a memory device.
By storing information on coating conditions and relationship
between éoating conditions and proper nozzle hole diameters and
setting such that a proper nozzle hole diameter is displayed by
the display device upon input of a coating condition into the
input device, selection of an appropriate nozzle hole diameter
is easy.

A hole block layer may be arranged so as to be adjacent

to the side of the cathode of the light-emitting layer for the
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purpose of suppressing the passage of a hole through the
light-emitting layer in order that the hole may be efficiently
recombined with an electron in the light-emitting layer. A
compound whose level of the highest occupied.molecular orbital
(HOMO) level is deeper than that of the light-emitting compound
cmnbeusedfortheholeblocklayer,andexampleéthereofinclude
atriazolederivative,anoxadiazolederivative,aphenanthroline
derivative, and an aluminum complex.

Fuithermore, an exciton block layer may be arranged so as
to be adjacent to the side of the cathode of the light-emitting
layer for the purpose of preventing an exciton from being
deactivated by a cathode metal. A compound  having triplet
excitationenergylargerthanthatcﬁfthelight—emittingcompound
can be used for the exciton block layer, and examples thereof
include a triazole derivative, a phenanthroline derivative, énd
an aluminum complex.

Fig. 5 shows an example of the schematic sectional view
of an organic electroluminescent device obtained by forming an
organic electroluminescent layer on an anode glass substrate as
described above. Fig. 12 shows a conventional organic
electroluminescent device with an insulating layer and having
a hole-injecting layer. According to the present invention, an
organic electroluminescent layer can be subjected to patterning
without the formation of an insulating layer. There are mainly
three reasons why the patterning is effective in producing an
organic electroluminescent device.

The first reason is that adjusting the water repellency
of a substrate surface prevents an applied organic

electroluminescent compound fromspreadingunnecessarilyand from
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overlappin.g an adjacent pattern. The second reason is that the
patterning is a surface treatment in which light can be emitted
only by applying a single layer of an organic electroluminescent
compound without the use of awater-soluble hole-injecting layer.
The third reason is that the strong tendency that the edge portion
of the coating film becomes thicker than the other portions when
the applied polymer compound dries to forma film is advantageous.
By usving the advantages, the organic electroluminescent layer
formed at the edge portion of ITO can be thicker.

<<Cathode>> ‘

Next, a cathode (denoted by reference numeral 5 in Fig.
6) to be laminated on an organic electroluminescent layer will
be described in detail. As a cathode material for the organic
electroluminescent device of the present inver_ltion,‘ a chemically
stable material which has a low work function is used. Exampl.es
of such matefial include known cathode materials including: Al;
an MgAg alloy; and an alloy of Al and an alkali metal such as
AllLi or AlCa. In consideration of chemical stability, a work
function is preferably 2.9 eV or more. A resistance heating
deposition method, an electron beam deposition method, a
sputtering method, an ion plating method, or the like can be used
as a method of forming each of.those cathode materials into a
film. The thickness of the cathode is preferébly 10 nm to 1 um,
or more preferably 50 nm to 500 nm.

In add.ition, for the purpose of reducing a barrier for
electron ihj ection fromthe cathode to the organic layer to thereby
increaseefficiencyof injectinganelectron, ametal layer havinér
a work function lower than that of a cathode may be interposed

as a cathode buffer layer between the cathode and an organic layer

37



10

15

20

25

WO 2006/115283 PCT/JP2006/308797

adjacent to the cathode. Examples of a metal having a low work
function that can be used for such purpose include alkali metals
(Na, K, Rb, ahd Cs), alkali earth metals (Sr and Ba), and rare
earthmetals (Pr, Sm, Eu, andYb). Inaddition, analloyormetallic
compound having a work function lower than that of the cathode
is aLso‘available. A deposition method, a sputtering method,
or the like can be used as a method of forming such cathode buffer

layer. The thickness of the cathode buffer layer is preferably

0.05 to 50 nm, more preferably 0.1 to 20 nm, still more preferably

0.5 to 10 nm.

Furthermore, the cathode buffer layer can be formed as a
mixture of the above substance having a low work function and
an electron-transporting compound. An organic compound to be
used for the above-described electfon—transporting layerAcan.be
used as the electron-transporting compound to be used in this
case. A co-depositionmethod canbe used as a film forming method
in this case. When.a film can be formed by applying a solution,
various film forming methods such as a spin coating method, a
dip coating method, and a spray method may be used in addition
to the nozzle coating method according to the present invention
as long as the solution is applied to the entire surface. The
thickness of the cathode buffer layer in this case is preferably
O.ltolOOnm,morepfeferablyO.StoSOnm,orstillmorepreferably
1 to 20 nm.

Fig. 6 shows an organic electroluminescent device thus
completed, and Fig. 13 shows a device obtained by means of a

conventional method.

The constitution of the organic electroluminescent element

. of the present invention is not limited to the example shown in

~
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Fig. 5. Examples of device constitution include

an element structure inwhich 1) a light-emitting polymer compound
layer/anelectron-transportinglayer, 2) alight-emittingpolymer
compound layer composed of a hole-transporting site énd a
light-emitting site/an electron-transporting layer, .3) a
light-emitting polymer compound layer containing a
hole-transporting compound, a light-emitting compound and an
electron-transporting compound, 3) a layer containing a
hole-transporting compoﬁnd and avlight—emitting compound, and
4) a layer containing a light-emitting compound and an

electron-transporting compound are sequentially interposed

~between an anode and a cathode. Although the organic

electroluminescent layer shown in Fig. 4 is composed of a single
layer, two or more light-emitting layers may be arranged. In
the Specification, unless otherwise stated, a compound.obtaiﬁed
bypolymerizingalloroneormorekindsofanelectron—transporting
site, a hole-transporting site, and a light-emitting site, or
a compound obtained by mixing ail or one or more kinds of a
hole-transporting compound, an electron-transporting compound,
and a light-emitting compognd,is referred to as a light-emitting
polymer compound, and a layer formed of such compound is referred
to as a light—emitting compound layer.

As described above, the present invention relates to an
organic electroluminescent device and also includes electronic
devices such as a surface emission light source, a backlight for
a device, an apparatus, a lighting apparatus or an interior or
exterior accessoryprovidedwith this organic electroluminescent

device.
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E XAMPLE S

Hereinafter, the present invention will be described in
moredetailbywayofExampleSandComparativeExamples. However,
the present invention is by no means limited to the description
of these Examples. In the following Examples, materials and
layersformedofthemareabbréviatedasfollowsforsimplification
of description.

ITO: Indium tin oxide (anode),

ELP: Phosphorescent polymer ,

(poly((di[4-(3,5-dimethylbiphenyl)]-2, 6~dimethyl-4-sty
rylphenylborane-co-N,N,N’-tris (3-methylphenyl)-N’-(4-vinylph
enyl)-1,1"-(3,3"-dimethyl)biphenyl-4,4’'-diamine-co-(2-(4-vin

ylphenyl)pyridine)bis (2-phenylpyridine)iridium (III)))

Reference Example 1:

As shown in Fig. 3, transparent electrodes (3) with indium
tin oxide (ITO) were patterned in stripes on a substrate 'S (the
substrate is hereinafter referred to as an anode substrate). The
ITO of the anode substrate had a size of 30 um and a height of
1,3OO>AJ The pixels were continuously arranged at a pitch of
80 um. |
[Surface treatment for substrate]

First, the anode substrate was washed with a liquid. That
is, the anode substrate was subjected to ultrasonic cleaning by
meansof acommerciallyavailabledetergent, andwas then subjected
to washing under running ultrapure water, to thereby produce an
anode substrate A. The contact angle of the anode substrate A
with respect to water was 10°.

The anode substrate A dried after the liquid washing was
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placed in a plasma generator. Treatment of irradiating oxygen
plasmaonto the ITO substrate for 30 seconds under an inner pressure
of 1 Pa and an electric power supply of 150 W was conducted.

Next, the gas to be introduced was switched from oxygen
to a CHF; gas, the flow rate of the gas was controlled, and the
pressure was set to 7 Pa. The substrate was treated for 10 seconds
in a PE mode with an ipput electric power of 300 W. The anode
substrate after the treatment showed water repellency, and had
a contact angle of 80° with respect to water. The anode substrate
having water repellency thus produced was defined as an anode
substrate B. |

Each of the following solutions (1) to (3) was applied onto
substrate A and substrate B by inkjet method, and the state of
the solution spreadingtowardtheperipheryof the ITOwasobserved.

(1)BAYTRON : a solution prepared by diluting BAYTRON.
(poly(3,4-ethylenedioxythiophene)polystyrene sulfonic acid
(manufactured by Bayer)) as a hole-injecting compound with IPA
at a ratio of 1 : 1

(2) ELP-H: a solution prepared by dissolving 60 mg of ELP, .
as a coating solution for forming a light-emitting compound layer,
into 1940 mg of anisole (manufactured by Wako Pure Chemical
Industries, Ltd., extra-pure) and filtering the resultant
solution through a filter having a pore size of 0.2 um

(3) ELP-L: a solution prepared by dissolving 30 mg of ELP,
as a coating solution for forming a l1ight-emitting compound layer,
into 1970 mg of anisole (manufactured by Wako Pure Chemical
Industries, Ltd., extra-pure) and filtering the resultant
solution through a filter having a pore size of 0.2 um

After applying each of the solutions, solvent was removed
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in a vacuum (1 torr) and at room temperature over 30 minutes.
After drying, the shape of each film obtained was observed with
a PL microscope. Assuming that the distance between ITO

electrodes eachdenotedbyl3inFig. 4is1l, Tablel shows comparison
between the cases using solution (1) to (3) with respect to the

distance along which each of the films spread.

Table 1
Anode substrate A |Anode substrate B
(1) BAYTRON 2 -0.2
(2) ELP-L 0.6 0.3
(3) ELP-H 0.5 0.3

As shown in Table 1} on the hydrophilic anode substrate
A, all'of the three solutions (1) to (3) spread to contact with
the skirts of the solution applied onto an adjacent ITO anode.
In particular, hydrophilic BAYTRON (1) spread farther to the
surface of the adjacent ITO anode, and in the cases using ELP,
thé tendency of spreading around was particularly remarkable in
ELP-L (2) having a low concentration.

On the other hand, on the anode substrate B subjected to
a water-repellent treatment,‘hydrophilic BAYTRON (1) remained
in a spherical form on the ITO surface and did not spread. In
the cases where ELP was applied, the length of the skirts of bbth
films of (2) and (3) waswithinapitchinterval betweenelectrodes,
and neither of the films contacted with the skirts of the solution

épplied onto an adjacent ITO stripe.

Exémple 1 and Comparative Example 1:
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Fig. 7 shows a state where an insulating layer (14) was
formed by etching a polyimide layer through photolithography on
the anode substrate S on which the ITO (3) was patterned. The
opening of the insulating layer is 30 um. The substrate has those
pixels continuously arranged at a pitch of 80 um. The substrate
was washed with a liquid. The anode substrate dried after the
washing with a liquid was placed in a plasma producing device
and subjected to treatment of oxygen plasma irradiation for 5
seconds at a pressure of 1 Pa with an input electric power of
50 W.

Next, the kind of a gas to be introduced was switched from
oxygen to a CHF3; gas, the flow rate of the gas was controlled,
and the pressure was set to 7 Pa. The substrate was treated for
10 seconds in a PE mode with an input electric power of 300 W.
When compared with a Separately prepared substrate which wés
providedwithpolyimide thereonwithoutwater-repellent treatment,
it was confirmed that the polyimide layer constituting the
insulating layer after the treatment showed a contact angle with
respect to water of 95°. |

The anode substrate having a water-repellent insulating
layer thus produced was defined as anode substrate C.

Then, the solution (1) prepared in Reference Example 1 was

applied to the anode substrate C by means of an ink-jet method,

and the whole was dried at room temperature for 20 minutes. After

that, the resultant was dried in a no-atmospheric condition at
150 °C for 1 hour. Furthermore, the solution (3) prepared in
Reference Example 1 was applied by means of an ink-jet method
andlaminatédonthelayerofthesolution(l)f The anode substrate

C having formed thereon a light-emitting layer was placed in a
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deposition device, and calcium was deposited from the vapor at
a deposition rate of 0.01 nm/s to have a thickness of 10 nm.
Subsequently, aluminum was formed into a film having a thickness
of 150 nm to.serve as a cathode through sputtering. Finally,
the resultant was sealed with an epoxy resin.

Similarly, after a light-emitting layer was formed by
applying the solution (3) prepared in Reference Example 1 on the
anode substrate B produced in Reference Example 1, a cathode was
formed. The devices thus produced by using anode substrates C
and B respectively were defined as organic electroluminescént
device Candanorganicelectroluminescent deviceB, respectively.

With respect to 100 pixels prepared in parallel on each
of the organic electroluminescent device, about 32 pixels which
had defects such as short circuit were observed in the organic
electroluminescent device C, and about 7 defective pixels wére
observed in the organic electroluminescent device B.

Fig. 14 shows the emission spectra obtained by allowing
the pixels in the organic électroluminescent devices C and B to
emit light. As shown by the results, both of the obtained devices
showed good green light emission.

In addition, Fig. 15 shows a graph obtained by comparing
the 1lighting duration times of the pixels in organic
electroluminescent devices C and B. Those results show that the
organic electroluminescent device B produced without an
insulating layer nor a hole-injecting layer is expected to provide
improved yield and improved durability as compared to the organic
electroluminescent device C using an insulating layer and a

hole-injecting layer.
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Reference Example 2:

As shown in Fig. 3, transparent electrodes (3) with indium
tin oxide (ITO) were patterned in stripes on a substrate S (the
substrate is hereinafter referred to as an anode substrate 2).
The ITO on the anode substrate 2 had a width of 140 pym and a height
of 1,300 A. The pixels were continuously arranged at a pitch
of 130 um.

[Surface treatment for substrate]
Firét, the anode substrate was washed with a liquid. That

is, the anode substrate was subjected to ultrasonic cleaning by

means of a commerciallyavailabledetergent, andwas thensubjected

to washing under running ultrapure water, to thereby produce an
anode substrate 2A. The contact angle of the anode substrate
2A with respect to water was 10°.

The anode substrate 2A dried after the liquid washing wés

placed in a plasma generator and subjected to treatment of

irradiating oxygen plasma for 30 seconds under an inner pressure

of 1 Pa with an electric power supply of 150 W.

Next, the gas to be introduced was switched from oxygen
to a CHF3; gas, the flow rate of the gas was controlled, and the
pressure was set to 7 Pa. The substrate was treated for 10 seconds
in a PE mode with an input electric power of 300 W. The anode
substrate after the treatment showed water repellency, and had
a contact angle of 80° with respect towater. The anode substrate
having water repellency thus produced was defined as an anode
substrate 2B.

As coating solution for forming a light-emitting layer on
anode substrate 2A and anode substrate 2B, solution (3) as prepared

in Reference Example 1, that is, a solution was prepared by
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dissolving 60 mg of ELP into 1940 mg of anisole (manufactured
by Wako Pure Chemical Industries, Ltd., extra-pure) and filtering
the resultant solution through a filter having a pore size of
0.2 uym. This solution was applied onto anode substrate 2A and
anode substrate 2B by nozzle-coating method. The conditions for
nozzle coating are nozzle diameter of 15 pm, flow rate of 180
1l /min and operation speed of 3m/second. Only in anode substrate
24, évery other ITO stripe waé'coated. After coating, the

substrates were heat-dried at 100 °C for 15 minutes and the film
thickness as measured was 800 A. |

Light of 340 nm was irradiated onto the substrates 2A and
2B after coatingwith solution for forminga light-emitting layer,
to thereby allow ELP to emit light, and the state of the surface
was observed with a PL microscope. The results are shown in Figs.
l6and17. Inanodesubstrate2A(Fig.16),apparentlyELPsprawied
to cover the surface of adjacent ITO electrodes. On the other
hand, in anode substrate 2B (Fig. 17), the ELP film could be formed
in good straight lines.

Also, the result of measurement on surface shapes of the
substrate 2B after coating ELP as observed in a direction
perpendicular to ITOstripeswithasurfaceprofiler (manufactured
by KLA-TENCOR CORPORATION) is shown in Fig.18. According to the
result, ELP films did not overlap each other between adjacent
ITO strips and apparently were disconnected. Moreover, the films
were thicker at the film edge, so that prevention of short circuit

at the edge portion can be expected.

Example 2 and Comparative Example 2:

Fig. 19 shows a state where an .insulating layer (14) was
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formed on both sides of ITO electrodes by etching a polyimide
layer through photolithography on the anode substrate S on which
the ITO (3) was patterned, so that the insulating layer was formed
parallel to the ITO. '

The openingof the insulating layer was 80 um. The substrate

had the pixels éontinuously arranged at a pitch of 80 ym. After

the substrate was washed with a liquid and dried, the substrate
was placed in a plasma producing device and subjected to treatment
of oxygen plasma irradiation for 5 seconds at a pressure of 1
Pa with an input electric power of 50 W.

Next, the kind of a gas to be introduced was switched from

- oxygen to a CHF; gas, the flow rate of the gas was controlled,

and the pressure was set to 7 Pa. The substrate was treated for
10 seconds in a PE mode at an input electric power of 300 W;

When compared with a separately prepared substrate which
was provided with polyimide thereon without water-repellent
treatment, it was confirmed that the polyimide layer cbnstituting

the insulating layer after the treatment showed a contact angle

"with respect to water of 95°.

The anode substrate having a water-repellent insulating
layer thus produced was defined as anode substrate 2C. Then,
the solution (2) prepared in Reference Example 1 was applied to
the anode substrate 2C by means of nozzle-coating method. The
thus prepared substrate 2C was placed in a deposition apparatus,
and calcium was deposited at a deposition rate of 0.01 nm/s to
have a thickness of 10 nm. Subsequently, aluminum was formed
into a film having a thickness of 150 nm to serve as a cathode

through sputtering. Finally, the resultant was sealed with an

epoxXy resin.
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Similarly, a light-emitting layer was formed by applying
the solution (2) prepared in Reference Example 1 on the anode
substrate 2B produced in Reference Example 2, to thereby form
a cathode.

Devices produced using the anode substrates 2C and 2B were
défined as organic electroluminescent device 2C and an organic
electroluminescent device 2B, respectively.

With respect to lQO pixels produced in parallel on each
of the organic electroluminescent devices, in the organic
electroluminescent device 2C, about 20 pixels which had defects
such as short circuit were observed, and in the organic
electroluminescent device 2B, about 3 defective pixels were
observed. Fig. 20, which is an emission photograph of organic
electroluminescent device 2C, shows that the emitting portions

are non-uniform in width.

Example 3: Example of sputtering method

An ITO anode subst.rate was placed in a DC sputtering device
(manufactured by Canon ANELVA Corporation) and the substrate
surface was subjected to sputtering for 1 minute. The sputtering
conditions were using Si0, as target, an input power of 0.3 kw,
using nitrogen gas and a sputtering pressure of 1 Pa. The
water-repellent anode substrate was defined as anode substrate
3. The contact angle of the substrate with respect to water was
70 °.

After coating the substrate with ELP in the same manner
as inExample 2, a cathode was formed, to thereby produce anorganic

electroluminescent device 3.
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INDUSTRIAL APPLICABILITY

According to themethod of the present invention, anorganic
electroluminescentlight—emittingcompoundcanbeappliedwithout
the formation of an insulating layer on the surface of an anode
substrate, the formation being indispensable to a conventional
method, and hence a stable and high-performance organic

electroluminescent device can be produced.
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CLAIMS

1. A method of producing an organic electroluminescent device
comprising applying a composition containing an organic
electroluminescent compound onto multiple electrodes to form an
organic electroluminescent layer on each of the electrodes,
wherein the substrate on which the composition is applied is
asubstratewiththeportionsbetweenelectrodes and/or the surface
of the electrodes having been subjected to water-repellent

treatment.

2. The method of producing an organic electroluminescent

‘device accordingtoclaiml, wherein thewater-repellent treatment

includes formation of a water-repellent thin film.

3. The method of producing an organic electroluminescent
device according to claim 2, wherein the water-repellent thin

film has a thickness of 0.2 to 30 nm.

- 4. The method of producing an organic electroluminescent’

device according to claim 2, wherein an insulating layer having
a thickness of 0 to 3000 nm as measured from the substrate surface
is provided around each of multiple electrodes, at an angle of

0 to 80 degrees as observed from the top surface of the electrodes.

5. The method of producing an organic electroluminescent
deviceaccordingtoclaim4, whereinaroundthemultipleelectrodes
on which the water-repellent thin film is formed, an insulating

layerhavingathicknessof O to500nmasmeasured fromthe substrate
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surface and having an angle of 0 to 30 degrees as observed from

the top surface of the electrodes is provided.

6. The method of prodﬁcing an organic electroluminescent
device according to claim 1 or 2, wherein the organic
electroluminescent layer is a layer containing a polymer organic

electroluminescent compound.

7. The method of producing an organic electroluminescent
device according to claim 2 , wherein the process of forming the
water-repellent thin film is a treatment of forming a fluoride

film on the surface of the substrate.

8. The method of producing an organic electroluminescent
device according to claim 7, wherein the fluoride film is formed
through a plasma treatment using a fluorocarbon-based compound

as a reactant gas.

9. The method of producing an organic electroluminescent
device according to claim 2, wherein the surface roughness of

the water-repellent thin filmis 1 nmor less in terms of Ra value.

10. The method of producing an organic electroluminescent
device according to claim 2, wherein the height of the surface

protrusion of the water-repellent thin film is 10 nm or less.

11. The method of producing an organic electroluminescent
device according to claim 2, wherein the wdter—repellent thin

film is formed as an organic thin film by high frequency (RF)
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plasma method using a gaseous organic compound.

12. The method of producing an organic electroluminescent
device according to claim 2, wherein after treating the anode
(surface) with high frequency plasma, a thin film formed is
subjected to optimization treatment to thereby become a

water-repellent thin film.

13. The method of produciﬁg an organic electroluminescent
device according to claim 2, wherein after treating the anode
(surface) with high frequency plasma, a thin film is formed
through high frequency (RF) plasma method using a gaseous organic
compound and then the film is subjected to optimization treatment

to thereby become a water-repellent thin film.

14. The method of producing ah organic electroluminescent
device according to claim 2, wherein the process of forming the
water-repellent thin film involves treatment of the substrate

surface by sputtering to thereby form a thin film of SiO,.

15. The method of producing an organic electroluminescent
device according to claim 12 or 13, wherein the optimization

treatment is washing treatment usihg a solvent.

le6. The method of producing an organic electroluminescent
device according to claim 12 or 13, wherein the high frequency
(RF) plasma method is conducted in a gas containing one or more

kinds selected from a group consisting of oxygen, argon and

. fluorocarbon.
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17. The method of producing an organic electroluminescent
device according to claim 2, wherein the contact angle of water

with respect to the water-repellent thin film is 30° or more.

18. The method of producing an organic electroluminescent
deviceaccordingtoclaimlor 2, whereinthe compositioncontaining
the organic electroluminescent compound is applied onto the
multiple electrodes by means of letterpress printing, intaélio

printing, stencil printing or a non-plate printing method.

19. The method of producing an organic electroluminescent
device according to claim 18, wherein the composition containing
the organic electroluminescent compound is applied by non-plate

printing through ink ejection process.

20. The method of producing an organic electroluminescent
device according to claim 18, wherein the composition containing
the organic electroluminescent compound is applied by a nozzle

coating method.

21. The method of producing an organic electroluminescent
device according to claim 1 or 2, wherein the organic

electroluminescentcompoundisaphosphorescentpolymercompound.

22. The method of producing an organic electroluminescent
device according to claim 1 or 2, wherein the organic
electroluminescent compound is a fluorescent polymer compound

or a non-conjugated phosphorescent polymer.
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23. An organic electroluminescent device produced by the method

described in any one of claims 1 to 22.

24. A substrate for anorganic electroluminescent device, which
is produced by a process included in the method described in any

one of claims 1 to 22.

25. An electronic instrument including an organic

electroluminescent device described in claim 23.

26. The electronic instrument according to claim 25, which is
a surface emission light source, a backlight for a device, an
apparatus, a lighting apparatus or an interior or exterior

accessory.
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