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(57) The present invention uses a substrate for an
optical element comprising a light scattering unit that
scatters visible light, and a light transmissive opening
that transmits the visible light in a light transparent sub-
strate transmitting the visible light, as a light extraction
substrate of the organic electroluminescence element.

With this, a substrate for an optical element, an organic
electroluminescence element, and an organic electrolu-
minescence display device are provided that improves
the light extraction efficiency to outside of the substrate
and also improves the light extraction efficiency by ob-
taining a high luminance organic electroluminescence
element.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Japanese
Patent Application No. 2003-282202, filed July 29,
2003, the disclosure of which is hereby incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a substrate for
an optical element that emits light of a specific wave-
length range by current driving, optical element using
the same andorganic electroluminescence display de-
vice used as a display device.

2. Description of the Related Art

[0003] An organic electroluminescence (organic EL)
device is an emissive device using a principle that a flu-
orescent material is emitted by recombination energy
between holes injected from an anode and electrons in-
jected from a cathode by applying the electric field.
Since C.W. Tang, et al. reported a low voltage driven
organic electroluminescence display with a stacked
type device (C.W. Tang, S.A. VanSlyke, Applied Physics
Letter, Vol. 51, p. 913, 1987), a research on the organic
electroluminescence element made of organic material
has widely conducted. Tang et al uses Tris(8-Qionolinol)
Aluminum in an emission layer and triphenyldiamine de-
rivatives in a hole transport layer.
[0004] Advantages of the stacked structure are to in-
crease hole injection efficiency toward the emission lay-
er, to block electrons injected from the cathode to in-
crease formation efficiency of an exciton formed by re-
combination, and to isolate the exciton formed in the
emission layer, etc.
[0005] As an organic electroluminescence element
described above, a two-layer type having a hole trans-
port (injection) layer and an electron transport emission
layer, or a three-layer type having a hole transport (in-
jection) layer, an emission layer, and an electron trans-
port (injection) layer are widely known. For such a
stacked type device, researches on structure and meth-
od of forming the device have been conducted in order
to increase recombination efficiency between the inject-
ed hole and electron. However, the organic electrolumi-
nescence has a limit to the probability of forming a sin-
glet due to dependency of spin statistics when recom-
bining carriers, and thus having an upper limit in lu-
monous efficiency. This upper limit value is about 25%.
[0006] Further, for a surface emitting device, such as
an organic electroluminescence element, light that has
an exit angle over a critical angle is totally reflected due
to a refractive index of a luminous body, so that it cannot

be emitted outward. Thus, it is expected that if the re-
fractive index of the luminous body is set to 1.6, only
20% of the total amount of luminescence will be availa-
ble. Therefore, the limit of the energy conversion effi-
ciency is about 5 %, including the singlets formation
probability, so that there cannot but be lower efficiency
(cf. Tetsuo TSUTSUI, "Present status of research and
development in organic electroluminescent devices" :
Monthly Display, Vol. 1, No. 3, p11, September 9, 1995.).
In an organic electroluminescence element having a
strong limitation in luminous efficiency, light extraction
efficiency undergoes fatal performance degradation.
[0007] A method of increasing this light extraction ef-
ficiency has been investigated with regard to a light-
emitting device having a structure, such as a conven-
tional inorganic electroluminescence element. For ex-
ample, a method of increasing efficiency by comprising
a light-focusing property in the substrate (Japanese Pat-
ent Application Laid-Open No. S63-314795), or a meth-
od of forming a reflective surface on a side of a device
(Japanese Patent Application Laid-Open No.
H01-220394) have been proposed. Further, introducing
a flat layer that has an intermediate refractive index be-
tween a substrate glass and a luminous body to form an
anti-reflection film (Japanese Patent Application Laid-
Open No. S62-172691) was also proposed.
[0008] Further, Japanese Patent Application Laid-
Open No. 2002-260844 discloses an organic electrolu-
minescence element comprising a waveguide formed
by a partition formed on a substrate adjacent to the pixel
used herein, wherein the partition is formed of transpar-
ent polymer and white corpuscles, or this polymer and
transparent corpuscles dispersed in the polymer, having
a refractive index different from that of the polymer. (Re-
ferring to Fig. 2 and Claims of said application)
[0009] Further, Japanese Patent Application Laid-
Open No. 2002-260866 discloses an organic electrolu-
minescence element comprising an anode that injects
a hole, an emission layer having a luminous zone, and
an cathode that injects an electron, and wherein at least
one of these electrodes is transmissive, and this trans-
missive electrode includes a means for changing an an-
gle of light emitted from the emission layer therein (Fig.
1, Detailed Description of the Invention, Paragraph
0026: Claim 1.)
[0010] Further, Japanese Patent Application Laid-
Open No. 2002-260845 discloses one or a plurality of
organic electroluminescence elements having a sub-
strate and a plurality of light converting means and
formed directly on one surface of the substrate or over
the sublayer, wherein each of the plurality of organic
electroluminescence elements comprises a plurality of
light angle changing means. This Laid-Open Publication
described that the light angle changing means has a
configuration such that the length direction of a shape
of transparent material, opaque particles or air layers
faces the thickness direction of the substrate. (Claim 8
in the above Publication)
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[0011] The conventional method has the following
problems. The method for increasing light extraction ef-
ficiency by making the substrate have a light-focusing
propertyor the method of forming a reflective surface on
a side of the device is effective for a device with a large
luminous area, however, in a device with a small pixel
area such as a dot matrix display, it is difficult to form a
lens for light-focusing property or the reflective surface
on a side, etc.,. Further, in the organic electrolumines-
cence element, a film thickness of an emission layer is
below several µm, so that it is difficult to perform taper
turning to form a reflective mirror on a side of a device
with the current processing technology for fine , thereby
significantly increasing cost.
[0012] Meanwhile, a method of introducing the flat
layer having an intermediate refractive index between a
substrate glass and a luminous body to form an anti-
reflection layer has an effect in improving light extraction
efficiency, however, it is difficult to prevent total reflec-
tion with this method. Therefore, while the effect of in-
creasing light extraction efficiency is valid for the inor-
ganic electroluminescence having a large refractive in-
dex, it is not valid for the organic electroluminescence
element having a small refractive index.
[0013] Further, transmission light toward a metal elec-
trode (cathode) surface in the organic electrolumines-
cence layer has great transmission loss due to the metal
electrode. Thus, to effectively extract the transmission
light, there is a need to place a partition in short interval.
Therefore, the invention disclosed in Japanese Patent
Application Laid-Open No. 2002-260844 reduces the lu-
minous area of a device, thus it does not have such great
improvement.
[0014] Further, in the invention disclosed in the Jap-
anese Patent Application Laid-Open No. 2002-260866,
the area where the electric field cannot be applied in-
creases so that there is no great improvement just like
the above invention.
[0015] Further, in the invention disclosed in the Jap-
anese Patent Application Laid-Open No. 2002-260845,
light having an exit angle over the critical angle cannot
be effectively extracted. Further, while Japanese Patent
Application Laid-Open No. 2002-260845 describes that
the performance is improved when the light angle
changing means are distributed all over the substrate
(Fig. 10 and Paragraph 0032 in the Description corre-
sponding to Fig. 10 in this publication), however, there
is a problem that if a plurality of scatters exist in the thick-
ness direction, the substrate becomes white, thus re-
ducing the color purity of the emitted light.
[0016] As described above, the light extraction of the
organic electroluminescence is still insufficient.

SUMMARY OF THE INVENTION

[0017] The present invention is contrived to figure out
how emitting light having an angle more than a critical
angle and totally reflected at the air/glass interface can

be effectively scattered to emit at an angle less than the
critical angle.
[0018] The present invention provides an optical ele-
ment substrate (light emitting device substrate) that im-
proves light extraction efficiency of an organic electro-
luminescence element.
[0019] After reviewing the foregoing, the inventors
found that light extraction efficiency is improved by using
a substrate for an optical element comprising a light
scattering unit that scatters visible light and a light trans-
missive opening that transmits the visible light in the light
transparent substrate that transmits the visible light, as
a light extraction substrate of an organic electrolumines-
cence element. With this substrate for the optical ele-
ment, a luminance of the organic electroluminescence
element is increased.
[0020] In other words, the substrate for the optical el-
ement of the present invention is characterized in that it
comprises a light scattering unit that scatters visible light
and a light transmissive opening that transmits the vis-
ible light in the light transparent substrate that transmits
the visible light, and in that a length L of the light scat-
tering unit in the thickness direction of the substrate and
a width W of the light transmissive opening are found by
the following Eq. 1.

where, n1 indicates a refraction index of air, and n2 in-
dicates that of the light transparent substrate.
[0021] Specifically, it is preferable that one surface of
the light scattering unit is the same as the surface of the
light transparent substrate, and that the light transmis-
sive opening, segmented by at least one light scattering
unit, is formed in the light transparent substrate, and the
light transmissive openings are periodically placed in a
direction of substrate surface, and that the substrate for
the optical element is to form at least one display pixel
wherein the light scattering unit is extended in at least
one direction in the display pixel.
[0022] Further, it is preferable that the light scattering
unit is a wall structure that segments the display pixel,
and that the light transmissive opening formed by being
segmented by the wall structure is periodically placed
in the direction of substrate surface, and that the width
W of the light transmissive opening is more than 100nm
and less than 200 µm, and that the substrate for the op-
tical element, in which the light transmissive openings
are periodically placed in the direction of substrate sur-
face, comprises a light scattering unit that scatters vis-
ible light and a light transmissive opening that transmits
the visible light in one surface of the light transparent
substrate that transmits the visible light, wherein the
sum of the thickness of the segmented wall and the
width of one adjacent light transmissive opening is more
than 130nm and less than 25 µm, and that the light trans-
missive opening is isolated in a direction of substrate

W/L ≤tan(arcsin(n1/n2)) (Eq. 1)
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surface in the pixel.
[0023] The organic electroluminescence element of
the present invention comprises a substrate for an op-
tical element of one of the above descriptions, at least
an anode, an organic layer made of an emission layer,
and a cathode.
[0024] The organic electroluminescence display de-
vice of the present invention comprises a plurality of the
organic electroluminescence element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other features and advantages
of the present invention will become more apparent to
those of ordinary skill in the art by describing in detail
preferred embodiments thereof with reference to the at-
tached drawings in which:

Figs. 1 and 2 are schematic cross-sectional views
of a substrate for an optical element of the present
invention;
Figs. 3 to 7 are schematic plan views of a substrate
of for an optical element of the present invention;
Figs. 8 to 11 are schematic cross-sectional views of
a substrate for an optical element of the present in-
vention;
Fig. 12 is a schematic cross-sectional view of a sub-
strate, illustrating one process of manufacturing the
substrate for an optical element of the present in-
vention;
Fig. 13 is a schematic view illustrating a process of
manufacturing a substrate for an optical element of
the present invention;
Fig. 14 is a schematic cross-sectional view of a
process of manufacturing a substrate for an optical
element of the present invention;
Figs. 15 and 16 are schematic views illustrating a
process of manufacturing a substrate for an optical
element of the present invention; and
Figs. 17 and 18 are schematic cross-sectional
views of an organic electroluminescence element
using a substrate for an optical element of the
present invention.
Figs. 19 to 21 are schematic cross-sectional views
Illustrating examples of an active matrix organic
electroluminescence display device that comprises
a substrate for an optical element.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which preferred embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in different forms and should not be construed
as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art. In the
drawings, the thickness of layers and regions are exag-
gerated for clarity. Like numbers refer to like elements
throughout the specification.
[0027] Fig. 1 is a schematic cross-sectional view illus-
trating a substrate for an optical element of the present
invention.
[0028] As shown in Fig. 1, the substrate for the optical
element of the present invention comprises a light scat-
tering unit 20 that scatters visible light and a light trans-
missive opening 30 that transmits the visible light, within
a light transparent substrate 10 that transmits the visible
light. Further, Fig. 1 shows a cross-sectional view cut in
a direction perpendicular to the substrate surface. For
the direction of the substrate surface, it is preferable that
the substrate has the shape illustrated in Figs. 3 to 7.
Further, Figs. 3 to 7 are just illustrations, and not limited
to these shapes, thus the present invention can be
formed such that each light scattering unit 22 to 26 or
each light transmissive opening 32 to 36 are isolated in
the direction of the substrate surface,
[0029] Since the light transparent substrate 10 of the
present invention serves as an optical element, it is nec-
essary to be at least optically transparent when in use.
That is, the light transparent substrate 10 of the present
invention that transmits visible light can transmit at least
some of the light whose wavelength is within 400 to
800nm, and can be formed of either inorganic or organic
material. For example, the inorganic material used for
this substrate can be glass, and the organic material can
be plastic, etc.
[0030] Preferable, the plastic described above can
employ engineering plastic, such as Polyethersulfone
(PES), Polyethylene Terephthalate (PET), or its deri-
vates. Further, the substrate can employ a plurality of
different materials, which can be either among inorganic
materials, or among organic materials, or even a mixture
between inorganic and organic materials. The substrate
can also be formed in a film shape using one or a plu-
rality of materials (a plurality of organic mixtures, inor-
ganic mixtures, and organic and inorganic mixtures),
and can also be formed by coating the fabricated film a
plurality of times.
[0031] For the light transparent substrate 10 of the
present invention, preferably, the light transmissive
opening 20 is isolated in the direction of the substrate
surface, and more preferably, in the direction of one sub-
strate surface (in the direction of one surface of the sub-
strate) as illustrated in Figs. 1, 2, 8, 9, 10, 17 and 18.
That is, in the present invention, the light transmissive
openings 20, 21, 27, 28, 29, 201, 202 isolated or inde-
pendently with the light scattering units 30, 31, 37, 38,
39, 301, 302 are formed. Further, it is preferable that the
light transmissive openings 20, 21, 27, 28, 29, 201, 202
are formed with the optically same material with the sub-
strate 10, where "optically same" means that light within
a wavelength (or any wavelength) has the same refrac-
tive index.
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[0032] The light scattering unit 20 of the present in-
vention scatters at least some light having a wavelength
of 400 to 800nm. The light scattering unit 20 can be
made of inorganic or organic material. Further, it can be
made of one or a plurality of components. Further, the
light transmissive opening 30 of the present invention
indicates a transparent portion observed in the normal
direction of the surface of the light transmissive sub-
strate 10 (in the direction perpendicular to the screen
when used as a display). As such, the substrate for the
optical element of the present invention is not such a
structure that the light scattering unit (the film, if the light
scattering unit is formed in a film type) covers all over
the substrate surface. For the substrate for the optical
element, light from the electrode of the organic electro-
luminescence element transmitted in the horizontal di-
rection (light that has a large component in the direction
of substrate surface) is efficiently scattered, thus im-
proving the luminance in the front direction of the sub-
strate.
[0033] To describe the present invention in more de-
tail, in the light transparent substrate of the present in-
vention, the light scattering unit 20 and the light trans-
missive opening 30 are placed (optically) alternatively
in the direction of the substrate surface. That is, seen in
the normal direction of the surface of the light transmis-
sive substrate (in the direction perpendicular to the sub-
strate surface), the light scattering unit 20 and the light
transmissive opening 30 are placed alternatively in the
direction of the substrate surface (in the direction of one
side of the substrate surface).
[0034] Although the alternative placements do not
necessarily need to be periodic, it is preferable that the
light scattering unit 20 and the light transmissive open-
ing 30 are periodically placed in the direction of the sub-
strate surface, preferably, in the surface direction of one
side of substrate surface (one side surface) due to the
design or manufacture convenience. Such a period can
be set arbitrarily, however, when the length is a refer-
ence, it is preferable that the sum of the thickness of the
segmented wall and the width of one adjacent light
transmissive opening 30 is 130nm to 25 µm.
[0035] Further, this period can be plural in the sub-
strate surface. The period can vary according to a place,
or according to a direction of the substrate surface. Fur-
ther, the width of the light transmissive opening 30 is
100 nm to 20 µm, and preferably, 110 nm to 10 µm.
[0036] Referring to Fig. 3, the configuration of the light
scattering unit that scatters the visible light used in the
present invention will now be described. The configura-
tion of the light scattering units can be a stripe type 22
shown in Fig. 3, a dot type 23, 24 shown in Figs. 4 and
5, and a wall type 25, 26 shown in Figs. 6 and 7. It is
preferable that an area of a light scattering unit in the
substrate surface is 0.5 to 60%, and more preferably, 5
to 30%. Further, the light scattering unit of the light trans-
missive substrate of the present invention scatters light,
but does not block the light.

[0037] That is, when the light transmissive opening is
formed in the light transmissive substrate, segmented
by at least one light scattering unit, any pattern is ac-
ceptable. The specific configuration is not limited to the
detailed examples illustrated in the embodiments. Par-
ticularly, as shown in Figs. 3 or 6, it is preferable that the
light scattering unit 22, 25 is extended (successively
formed) in at least one direction within the display pixel.
Further, the interval between the light scattering units
and the ratio of the light scattering unit to the light trans-
missive opening can be arbitrarily set. Fig. 3 shows an
example that the light scattering unit is extended in at
least one direction within the display pixel. That is, the
light scattering unit 22 is extended in one-axis direction.
Further, Fig. 6 shows that the light scattering unit 25 is
crossed in the extended one-axis direction. As shown
in Fig. 6, a shape of one pixel segmented by being
crossed in the display pixel can be formed in polygon (a
rectangle: square (regular square, for example) or a reg-
ular polygon: regular pentagon, regular hexagon). Pref-
erably, the segmented one pixel is formed segmented
with the pixel adjacent to the wall structure. Preferably,
for the substrate of the present invention, this segment-
ed pixel (or its group) has a period in the direction of
substrate surface as shown in Figs. 3, 6 and 7. Further,
as described above, while this period can be arbitrarily
set, it is preferable that, when the length is a reference,
the sum of the thickness of the segmented wall and the
width of one adjacent light transmissive opening is
130nm to 25 µm. Further, there can be a plurality of pe-
riods within the substrate surface. The periods can vary
according to a place or a direction of the substrate sur-
face. Preferably, the width of the light transmissive
opening is 100nm to 20 µm, and more preferably, 100nm
to 10 µm.
[0038] Further, a shape of the light scattering unit can
be arbitrarily set according to the material employed in
the light transmissive substrate or the light scattering
unit. That is, as shown in Fig. 8, the surface of the light
scattering unit 27 in the depth direction does not neces-
sarily need to be formed vertically, so that it can have a
sloped surface against the light transparent substrate
surface, which is approximately flat. Further, as shown
in Fig. 9, an interface between the light scattering unit
28 and the light transparent substrate 13 does not nec-
essarily need to be flat, so that it can be uneven (prom-
inence and depression). At this case, the unevenness
can be formed to attribute to the scattering. For exam-
ple, the unevenness can be formed in this surface with
dry etching method that uses atom-shaped boron
formed by discharge or with wet etching method that us-
es etchant, such as HF, where those etching methods
are used in manufacturing a semiconductor. Further, the
light transmissive substrate of the present invention can
be formed with planarization layer 40 coating as shown
in Fig. 10, when used in the organic electrolumines-
cence element. Here, it is preferable that the interval be-
tween the anode 50 and the light scattering layer 29 is
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as small as possible, so that the thickness of the planari-
zation layer 40 is below 100nm, preferably.
[0039] The length in the thickness direction of the light
transparent substrate of the light scattering unit (in the
normal direction of the substrate surface) can be arbi-
trarily set. To improve the light extraction efficiency of
such an organic electroluminescence element, the
length in the thickness direction of the substrate of the
light scattering unit 200 can be set so as to scatter the
exit light 52 having an angle more than a critical angle
of the interface between the light transmissive substrate
15 and air as shown in Fig. 11, for example. At this case,
the critical angle depends on the refractive index of air
and that of the light transmissive substrate 15, and their
relationship can be represented as θc=arcsin(n1/n2),
where n1 and n2 indicate the refractive index of air and
that of the light transmissive substrate 15, respectively.
Further, it is preferable that they have a relationship ex-
pressed as W/L£an(arcsin(n1/n2)) in Eq. 1, where "L"
indicates the thickness 41 (length in the substrate direc-
tion), and "W" indicates the size of the light transparent
opening (light transmissive opening). Further, in Figs. 8
and 9, "L" indicates the length in the thickness direction
of the substrate of the light scattering units 27and 28
and "W" indicates the width of the light transmissive
openings 37and 38. Further, a height of the light scat-
tering unit, which is required for scattering the exit light
having an angle more than the critical angle, can be set
to the distance from the substrate surface of the light
transparent substrate to the light-emitting center. Par-
ticularly, as shown in Figs. 1, 8 and 9, it is preferable
that one side of the light scattering units 20, 27, 28 is a
surface (cross-sectional surface) of the light transparent
substrate 10, 12, 13.
[0040] When the organic electroluminescence ele-
ment is formed on the substrate for the optical element
of the present invention, it is preferable that the light
scattering unit is buried within the light transparent sub-
strate or that the end of the light scattering unit has the
same position as the surface of the light transparent
substrate, in order to obtain the substrate flatness.
[0041] A method of manufacturing the substrate for
the optical element comprising the light scattering unit
and the light transparent unit used herein will be further
described. As this method, there can be employed a
method of forming a groove in the substrate and then
burying light scattering material in the groove, or a meth-
od of depositing the light scattering material on the sub-
strate and then covering it with the light transparent ma-
terial (for forming the light transmissive opening).
[0042] When the method of forming the groove in the
pattern shape is employed as the method of forming the
groove, the known method, for example, the conven-
tional exposure process using photoresist, can be used.
Further, various photolithography processes can be
used as a method of forming the groove in the pattern
shape.
[0043] Fig. 12 shows an exposure process using a

mask 72, when forming such a groove. The exposure
process using the mask 72 can arbitrarily design the ra-
tio of a pitch or line to a space (groove, width, and groove
interval) of a target groove.
[0044] Fig. 13 is an example of forming a groove with
a two-optical-flux interference exposure process of la-
ser. It is possible for the two-optical-flux interference ex-
posure process of the laser to perform exposure of a
large area in a short time, and is especially effective to
form the light scattering unit in the periodic configura-
tion. For this method, the pitch d of the periodic config-
uration has the following relationship: d=(λ/2)/[sin(θ/2)],
where "λ" indicates a laser wavelength used in this ex-
posure, and "θ" indicates a crossing angle of the 2 light
flux of the laser for irradiating a photoresist material 74
on the substrate. As θ gets larger, d becomes smaller,
and when the crossing angle is 180°, d becomes λ/2 of
the minimum value. For example, when a laser of
488nm (λ) is irradiated using an argon-ion laser, d〉
244nm. That is, the pitch can be simply set with any val-
ue more than 244nm, by simply adjusting the crossing
angle.
[0045] The laser light employed in the two-optical-flux
interference exposure process randomly uses a light
source, though not limited, such as solid laser, gas laser,
semiconductor laser, and color laser, etc. to appropri-
ately set the value d.
[0046] When used in forming the diffraction grating in-
cluded in the organic electroluminescence element, it is
preferable to use the laser light source in the same
range of wavelength as the visible light. For this, the light
source for use in this process is, for example, a YAG
laser, a YAG laser multiple wave, a YAG laser triple
wave, a color laser, a HE-Ne laser, a Ar ion laser, a Kr
ion laser, a Cu vapor laser, a He-Cd laser, and N2 laser,
etc.
[0047] The photoresist material for use in forming pat-
terns can be appropriately selected among a positive
type resist material, and a negative type resist material
and the like. After forming the pattern in the photoresist
material 74 shown in Fig. 14, an etching process is per-
formed to get a groove 90 shown in Fig. 15. This etching
process can be selected among the known methods,
such as wet etching, reactive ion etching, and ion mill-
ing, in order to form the groove.
[0048] Subsequently, a method of filling the groove 90
with the light scattering material 91 will now be de-
scribed. For this method, there can be employed either
a wet process, such as sol-gel process, or a vacuum
process, such as sputtering, deposition or CVD process.
Here, the light scattering material 91 can be filled only
in the groove 90, and after forming a layer with the light
scattering material 91 all over the substrate surface as
shown in Fig. 16, the light scattering material 91 formed
on the light transmissive portion by a polishing process
(e.g. CMP process) can be removed. The light scatter-
ing material 91 can use a mixture that has different re-
fractive index materials. The mixture can be either a sol-
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id/air mixture, such as porous SiO2 layer, or a solid/solid
mixture, such as SiO2/TiO2 (the mixture can have a layer
shape) layer. Meanwhile, when the wall of the groove
90 is uneven, the light scattering material 91 is not nec-
essarily needed, and when filled, a solid material is pref-
erable as a filling material. However, gas, such as nitro-
gen, or liquid is also available, and it is preferable to
have scattering characteristics.
[0049] The organic electroluminescence element of
the present invention comprises a substrate for an op-
tical element, an anode, an organic layer made of at
least emission layer, and a cathode. As a specific ex-
ample of the device configuration of the organic electro-
luminescence element according to the present inven-
tion, Figs. 17 and 18 show that organic layers 510, 530,
540 are stacked either one layer or stacked layer more
than two layers between electrodes 520, 500, 501. For
example, there can be employed anode/emission layer/
cathode configuration, anode/hole transport layer/
emission layer/electron transport layer/cathode config-
uration, anode/hole transport layer/emission layer/cath-
ode configuration, and anode/ emission layer/electron
transport layer/cathode configuration. Further, the or-
ganic electroluminescence element of the present in-
vention can be either a small molecular type or a high
molecular type.
[0050] The hole transport material used in the present
invention is not specifically limited, and thus, if it is typ-
ically used as the hole transport material, any compound
is acceptable. As a specific example of the hole trans-
port material, there can be employed a triphenyl diamine
group or a starburst molecule type, such as bis(di(P-
trile)aminophenyl-1,1-cyclohexan, N-N'-diphenyl-N-N'-
bis(3-methylphenyl)-1-1'-biphenyl-4-4'-diamine, N-N'
diphenyl-N-N-bis(1-naphthyl)-1,1'-biphenyl)-4-4'-di-
amine.
[0051] The electron transports material used in the
present invention is not specifically limited, and thus, if
it is typically used as the electron transport material, any
compound is acceptable. As a specific example of the
electron transport material, there can be employed ox-
adiazol derivatives, triazol derivatives, quinolinol metal
complex, such as 2-(4-biphenyl)-5-4(t-buthylphenyl)-1,
3, 4-oxadiazol, bis{2-(4-t-buthylphenyl)-1,3,4-oxadia-
zol}-m-phenylene.
[0052] The light-emitting material used in the present
invention is not specifically limited, and thus, if it is typ-
ically used as the light-emitting material, any compound
is acceptable. As a specific example of the light-emitting
material, there can be employed distyril-arylene deriva-
tives (Japanese Patent Application Laid-Open Nos.
H2-247278 and H5-17765), coumarin derivatives, dicy-
ano-methylene-pyran derivatives and perylene deriva-
tives (Japanese Patent Application No. S68-264692),
aromatic ring system material (Japanese Patent Appli-
cation Laid-Open Nos. H8-298186 and H9-268284), an-
thracene group (Japanese Patent Application Laid-
Open Nos. H9-157643, H9-268283, and H10-72581),

and quinacridone derivatives (Japanese Patent Appli-
cation Laid-Open No. H5-70773).
[0053] The anode of the organic electroluminescence
plays a role injecting holes into the hole transport layer,
and is effective that it has above 4.5eV work function. A
specific example of anode material used in the present
invention is ITO, NESA, gold, silver, platinum, and cop-
per, etc. Further, the cathode is to inject electrons into
electron transport band or emission layer, preferably, it
is a low work function material. The cathode material is
not particularly limited, and specifically, there can be
used In, Al, Mg, Mg-In alloy, Mg-Al alloy, Al-Li alloy, Al-
Sc-Li alloy, and Mg-Ag alloy, etc. Further, the organic
electroluminescence element of the present invention
can be used for passive drive, and for active drive by
adding an active element, such as thin film transistors
TFT. A method of forming each layer of the organic elec-
troluminescence element of the present invention is not
particularly limited, and can be selected among the
known methods. For example, there can be employed
vacuum deposition, molecular bean etching (MBE), or
a method of dipping solvent or dispersion into solution
or emulsion, spin coating, casting, bar coating, and roll
coating.
[0054] Further, the organic electroluminescence dis-
play device of the present invention comprises a plural-
ity of organic electroluminescence elements. The meth-
od of driving this display device can be either an active
type or a passive type, and not particularly limited.
[0055] Figs.19 and 20 Illustrate examples of an active
matrix organic electroluminescence display device that
comprises a substrate for an optical element.
[0056] Referring to Fig.19 and 20, a light transparent
substrate 600 having light emitting region and pixel driv-
ing circuit region is provided. A light scattering unit 650
and a light transmissive opening 651 may be formed in
light emitting region of a light transparent substrate 600
as shown in Fig. 19. On the other hand, a light scattering
unit 650 and a light transmissive opening 651 may be
formed in light emitting region and pixel driving circuit
region of a light transparent substrate 600 as shown in
Fig. 20. The light scattering unit 650, the light transmis-
sive opening 651 and the light transparent substrate 600
constitute a substrate for an optical element. A buffer
layer 601 is formed on the substrate for an optical ele-
ment. The substrate for an optical element has the same
configuration as in the above-stated embodiment.
[0057] A TFT and a capacitor 620 are formed on the
buffer layer 601 of the pixel driving circuit region. The
TFT comprises n or p type semiconductor layer 602; a
gate insulating film 603 burying the semiconductor layer
602; a gate electrode 604 corresponding to the semi-
conductor layer 602; a first insulating layer 605 burying
the gate electrode 604; a drain electrode 607a and a
source electrode 607b. The drain electrode 607a and
the source electrode 607b are connected to both sides
of the semiconductor layer 602 via contact holes 606a
and 606b, respectively, wherein the contact holes 606a
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and 606b are formed in the first insulating layer 605 and
the gate insulating film 603. The capacitor 620 has a
lower electrode 621 buried by the first insulting layer 605
and a upper electrode 622 opposing to the lower elec-
trode 621, wherein the upper electrode 622 is connected
to the source electrode 607b and formed on the first in-
sulating layer 605.
[0058] A second insulating layer 608 is formed on the
first insulting layer 605. A first electrode layer 609 is
formed on the second insulating layer 608 to electrically
connect to the drain electrode 607a. A planarization film
610 having an opening exposing the first electrode layer
609 is formed. The opening is positioned on the light
emitting region. An organic layer 611 is stacked on the
first electrode layer 609. A second electrode layer 612
is formed on the organic layer 61 1and the planarization
film 610.
[0059] Meanwhile, in the bottom emitting organic
electroluminescence display comprising the first elec-
trode layer 609 formed of ITO being a transparent con-
ductive material and comprising the light transparent
substrate 600, the buffer layer 601, the gate insulting
film 603, and the first and second insulating layers 605
and 608 each formed of a transparent material.
[0060] At this time, the position where the light scat-
tering unit 650 and the light transmissive opening 651
is to be formed is not limited to those embodiments and
may be between layers with high refractive index. For
example, the light scattering unit 650 and the light trans-
missive opening 651 may be formed in light emitting re-
gion of a second insulting layer 608.
[0061] Examples of the present invention will now be
described in more detail. However, the present invention
is not limited to these examples, and the specific scope
is described with reference to the other parts of detailed
description and accompanying drawings. Further, in the
example of the present invention, measurement of lu-
minescence characteristics of the organic electrolumi-
nescence element is performed at a light-focusing angle
of 0.1 degree using a photometer TOPCON BM-5A
placed in the normal direction of the substrate.

(Example 1)

[0062] A positive resist material was formed on the
quartz substrate (refractive index: 1.457) in a thickness
of 4000 Å using a spin coater, as a photoresist material,
and then the resist material was patterned using a pho-
tomask.
[0063] As a light source, an Hg-Xe lamp (wavelength:
250nm) was used. Here, a stripe type mask pattern was
used with a period of 1.0 µm, a line width of 0.75 µm,
and a space width of 0.25 µm. With this mask, after ex-
posed one time, the mask was rotated 90°, and was ex-
posed again with the same condition. After such expo-
sure, the mask was processed with alkali developer to
form the resist pattern. As a result of SEM observation,
it was confirmed that a target grating pattern could be

manufactured. The quartz substrate attached to the
manufactured resist pattern was etched by reactive gas
etching (Samuco, RIE1ONR). Etching was performed
under the condition of 100W output, using CF4(4Pa,
20SCCM). The etching was performed to make a
groove of 10000 Å in the quartz substrate during 2080
seconds.
[0064] Subsequently, the formed groove was proc-
essed with dilute hydrofluoric acid, and the unevenness
was formed in the groove. After removing the resist ma-
terial with a remover, dispersion used in the sol-gel proc-
ess, by which TiO2 is formed, was applied to the formed
groove, and the filling-up of TiO2 was performed by the
low temperature plastic sol-gel process. Subsequently,
the substrate surface was flattened by polishing the sub-
strate surface using the chemical-mechanical polishing
(CMP) method. Measuring the flatness of the substrate
surface, Ra was 2nm. This substrate showed good scat-
tering characteristics by TiO2/quartz interface and TiO2
itself. ITO was formed in a layer on the substrate using
a sputtering process so that the sheet resistance be-
comes 20Ω/h. An ITO layer was 100nm thick.
[0065] Subsequently, the following two layers were
formed as an organic layer on the formed ITO. First, as
a hole transport layer, N, N'-bis(3-methylpenyl)-N, N'
-diphenyl -[1,1'-biphenyl]-4,4'-diamine was formed in a
thickness of 50nm using the vacuum deposition method,
and then tris(8-quinolinol)aluminum was formed as the
emission layer in a thickness of 70nm using the vacuum
deposition method. Next, Mg-Ag alloy was deposited as
the cathode in a thickness of 150nm, using the vacuum
deposition method at a deposition speed ratio 9:1 (atom
weight ratio) to manufacture the organic electrolumines-
cence element. The luminous area was 4 mm2.
[0066] When a current of 5mA/cm2 was applied to this
manufactured device, a luminance of 275cd/m2 was ob-
tained. It was confirmed that the luminous efficiency was
improved compared to the organic EL device of the first
comparative embodiment.

(Comparative example)

[0067] Except for not having the light scattering unit,
an organic electroluminescence element was manufac-
tured identical to that of the first example. When a cur-
rent of 5mA/cm2 was applied to this device, a luminance
of 190cd/m2 was obtained.

(Example 2)

[0068] A positive resist material was formed on the
quartz substrate (refractive index: 1.457) in a thickness
of 4000 Å by a spin coater, as a photoresist material,
and then the formed photoresist layer was exposed by
two-optical-flux laser interference exposure system. As
a laser light source used in this two-optical-flux laser in-
terference exposure, an Ar-ion laser (wavelength:
488nm) was employed to make exposure under the fol-
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lowing conditions.
[0069] Laser light was branched into 2 light flux with
a beam splitter, and interference exposure was per-
formed with a mirror such that a crossing angle becomes
about 31 degree on the substrate surface (laser illumi-
nation intensity: 100mA/cm2, exposure time: 15 sec-
onds). After such exposure was performed one time, the
substrate was rotated 90° and exposed again with the
same condition.
[0070] After exposure, it was processed by alkali de-
veloper AZ300MIF (manufactured by Clariant Japan
Co.) to form the grating pattern. As a result of SEM ob-
servation, the periodic structure in about 475 nm was
obtained. A ratio of a line to a space (ratio of pattern
interval to pattern width) was almost 3 to 1. The quartz
substrate attached to the manufactured resist pattern
was etched using the reactive gas etching (Samuco,
RIE-1ONR) process. The etching was performed under
the condition of 100W output, using CF4(4Pa,
20SCCM). The groove was etched to 5000 Å in the
quartz substrate during 1040 seconds. Subsequently,
the formed groove was processed by dilute hydrofluoric
acid, and the unevenness was formed in the groove.
Next, the resist material was removed by a remover.
Further, by the sol-gel process, the groove is filled up
and flattened using TiO2 porous layer. Subsequently,
TiO2 was polished by the CMP process. By this polish-
ing, the periodic structure of TiO2 can be manufactured
on the quartz substrate. Measuring the flatness of the
substrate surface under the same conditions as the first
example, Ra was 2nm. This substrate shows slight scat-
tering characteristics through TiO2/quartz interface and
TiO2 itself. ITO is formed in a layer on the substrate us-
ing a sputtering process so that the sheet resistance be-
comes 20Ω/h. An ITO layer was 100nm thick.
[0071] Subsequently, two layers were formed as an
organic layer on the formed ITO. First, as a hole trans-
port layer, N,N'-bis(3-methylpenyl)-N,N'-diphenyl -[1,1'-
biphenyl]-4,4'-diamine was formed in a thickness of
50nm using the vacuum deposition method, and then
tris(8-quinolinolat)aluminum was formed as the emis-
sion layer in a thickness of 70nm using the vacuum dep-
osition method. Next, Mg-Ag alloy was deposited as the
cathode in a thickness of 150nm, using the vacuum dep-
osition method at a deposition speed ratio 9:1 to manu-
facture the organic electroluminescence element. The
luminous area was 4 mm2. When a current of 5mA/cm2

was applied to this device, a luminance of 275cd/m2 was
obtained. As described above, according to the sub-
strate of the present invention, the luminance in the front
direction of the substrate is improved, and the organic
electroluminescence having good visibility can be pro-
vided

Claims

1. A substrate for an optical element comprising

a light scattering unit that scatters visible light,
and a light transmissive opening that transmits the
visible light in a light transparent substrate transmit-
ting the visible light;

wherein a length L of the light scattering unit
in a thickness direction of the substrate and a width
W of the light transmissive opening is found by the
following equation:

where n1 indicates a refractive index of air
and n2 indicates a refractive index of the light trans-
parent substrate.

2. The substrate according to claim 1,
wherein the one surface of the light scattering

unit has the same surface as the light transparent
substrate.

3. The substrate according to claim 1,
wherein the light transmissive opening is

formed in the light transparent substrate, by being
segmented by at least the light scattering unit, and

wherein the light transmissive opening is pe-
riodically placed in a direction of the substrate sur-
face.

4. The substrate according to claim, wherein the sub-
strate for the optical element is for forming at least
one display pixel, and the light scattering unit is ex-
tended in at least one direction in the display pixel.

5. The substrate according to claim 4, wherein the light
scattering unit is a wall structure that segments the
display pixel.

6. The substrate according to claim 5, wherein the light
transmissive opening segmented by the wall type
structure is periodically placed in the direction of the
substrate surface.

7. The substrate according to claim 1, wherein the
width W of the light transmissive opening is 100nm
to 20 µm.

8. The substrate according to claim 3, wherein the light
transmissive opening is periodically placed in the
direction of the substrate surface, and the sum of
the thickness of the segmenting wall and the width
of one light transmissive opening adjacent to the
segmenting wall is 130nm to 25 µm.

9. An organic electroluminescence element compris-
ing the substrate for an optical element of the claim
1, an anode, an organic layer made of at least an
emission layer, and a cathode.

W/L £an(arcsin(n1/n2))

15 16



EP 1 503 438 A2

11

5

10

15

20

25

30

35

40

45

50

55

10. An organic electroluminescence display comprising
a plurality of the organic electroluminescence ele-
ment of the claim 9.
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