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(57) ABSTRACT

A self light emitting display device having high level of the
external coupling efficiency and high grade image presen-
tation as no optical cross-talk or blur can be obtained by a
new light-emitting element. The device is constructed as
follows. A plurality of picture elements, each of which
picture elements has an organic layer composing light emit-
ting areas, a transparent electrode and a reflective electrodes,
are formed on a substrate. Between the picture elements, a
bank which has a tilted reflective surface is formed so that
the light emitting area is surrounded by the bank wherein the
transparent optical waveguide layer is formed as optically
isolated for each of the picture elements.
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LIGHT-EMITTING ELEMENT AND DISPLAY
DEVICE USING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a light-emitting
element and a display device that presents picture images by
controlling the light-emission operation of the light-emitting
element, especially, to a technology that can be effective to
such a light-emitting element as an organic light-emitting
diode and to a display device equipped with the organic
light-emitting diode.

BACKGROUND OF THE INVENTION

[0002] An organic light-emitting diode (abbreviated as
OLED hereinafter) is a device that converts electric energy
to light energy by injecting hole and electron to a light-
emitting layer constructed with an organic thin layer. A
display device constructed with OLED (abbreviated as
OLED display, hereinafter) features the thinness and light-
ness because no additional light as backlight is required due
to the self light-emitting capability. Furthermore, OLED
display has other features as wide viewing angle and quick
time-response in display characteristics.

[0003] FIG. 33 shows an example of a conventional
OLED construction and a substantial sectional view of the
drawing that explains the display operation. This OLED is
constructed with transparent electrode 200 functioning as an
anode, hole transporting layer 103, light-emitting layer 102,
an electron transporting layer 101, a reflective electrode 300
made of light-reflective metal that functions as a cathode on
a transparent substrate 400, layered in this order. Once a DC
voltage is applied between the transparent electrode 200 and
the reflective electrode 300, the holes injected through the
transparent electrode 200 travels in the hole transporting
layer 103, the electrons injected through the reflective elec-
trode 300 travels in the electron transporting layer 101, Both
holes and electrons reach the light-emitting layer 102 where
electron-hole recombination occurs and a light with certain
wave length is emitted. A part of the emitted light from the
light-emitting layer 102 is observed through the transparent
substrate 400 by a viewer 1000. The light that emits in
roughly parallel to the boundary surface of the layers or the
light that has larger incident angle against the boundary
surface than the critical angle between the two layers thereof
is propagated in parallel to the boundary surfaces and does
not travel to the viewer and therefore they are not effectively
used for display lights. The external coupling efficiency (the
ratio of amount of the light extracted to the viewer 1000 to
the emitted light from the light-emitting layer 102, that is to
say, the ratio of external quantum efliciency to internal
quantum efficiency) is generally estimated to be about 20%
on the basis of classical ray optics. The large amount of the
light generated at the light-emitting layers travels in parallel
to the boundary surface of the layers and become a loss in
the display system. Therefore, in order to realize low con-
sumption power and bright OLED, it is quite important to
reduce the light guiding loss and raise the external coupling
efficiency.

[0004] The references as patent 1 and patent 2 shown
below describe OLEDs that have reflection surfaces with the
tilted surfaces in order to reduce the guiding loss. For these
cases, the description says the light emitted from the light-
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emitting layers travels in parallel or substantially parallel to
the substrate or the layered film, is reflected at the tilted
reflective surface and changes the traveling direction, which
results into the reduction of light guiding loss and the
improvement of the external coupling efficiency.

REFERENCES
[0005] Patent 1: JP laid-open publication 2001-332388
[0006] Patent 2: JP domestic publication 2001-507503
[0007] FIG. 34 shows a cross sectional view of an example

of conventional OLEDs. As shown in FIG. 34, a portion of
the light which is emitted from the organic layer 100
including the light-emitting layer travels in parallel or sub-
stantially parallel to the substrate is reflected at the tilted
reflective surface (shown as the tilted surface of the elec-
trode 300) and then change the propagation direction to the
viewer 1000. However the light that is emitted from the
light-emitting layer and incidents to the tilted reflective
surface is a part of the light emitted from the light-emitting
layer, therefore large part of the light still is lost in the
traveling and not effectively used. Furthermore, a portion of
the light emitted from a pixel of the light-emitting layer does
not incident to the tilted reflective surface and travels into a
different pixel, then incident to the tilted reflective surface
formed in such a different pixel and change the direction to
the viewer. This may cause an optical cross-talk and a blur
of display. Furthermore, as shown in FIG. 34, when the tilted
reflective surface is used as an electrode for an element of
OLED, disconnection failure easily happens at the different
step level at the location where the electrode steps ride over
the tilted reflective surface.

[0008] The objective of this invention is to solve various
problems as described above and the light emitted from the
light-emitting layer contributes much to the display light and
realizes a bright display and then high quality picture is
provided as no blur is generated. Furthermore, other objec-
tives of this invention are to provide fault free OLED that
has no disconnection failure. The other purposes of this
invention will be clarified in the following descriptions.

SUMMARY OF THE INVENTION

[0009] In order to achieve the above purposes, the display
device according to the present invention is a display device
having plurality of light-emitting elements that construct
picture elements aligned on a substrate in a formation of a
matrix, wherein the light-emitting element comprising a flat
surface of a light-emitting layer made at least in a portion
therein and a tilted reflective surface at least in a portion
therein, of which the tilted reflective surface is made in the
peripheral areas surrounding said surface of a light-emitting
layer and has a tilt angle against the flat surface, wherein an
optical waveguide layer is filled in an area surrounded by
said tilted reflective surface on said light-emitting layer by
which light generated at said light emitting layer is guided
to the peripheral areas and wherein the optical waveguide
layer is optically isolated from each picture element by the
tilted reflective surface. Further more, the tilted reflective
surface is made on the surface of a slope formed by a bank
that is made on said substrate wherein cross sectional width
of said bank is narrower against distance farther from
surface of said substrate, therefore the said optical
waveguide layer has a cross sectional formation as a cross
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sectional width of said optical waveguide layer is wider
against distance farther from surface of the substrate.

[0010] In order to realize an optical waveguide layer that
is optically isolated from the other picture elements, the
height of the tilted reflective surface from the flat surface of
the light-emitting layer is larger than the maximum height of
the optical waveguide layer. Or the optical waveguide layer
is formed in a construction as the optical waveguide layer is
isolated from the other optical waveguide layers for each
picture element.

[0011] For this light-emitting element, we can use an
organic light-emitting diode constructed with a reflective
electrode that functions as an optical reflector, a light-
emitting layer consisting of an organic layer and a transpar-
ent electrode stacked in order from said substrate. In this
case, it is desirable that the refractive index of the optical
waveguide layer is larger than that of the air and lower than
that of the transparent electrode. Furthermore, a sealing
material that is transparent against visible light and has gas
barrier characteristics is set on a side of the light-emitting
layer made on the substrate wherein the substrate and the
sealing material are adhesively bound with a gap that has
substantially same refractive index as the air.

[0012] In the display device constructing as described
above, the light emitted from the light-emitting layer goes
into the optical waveguide layer as emitted or passing
through the transparent electrode after reflecting on the
reflective electrode. A part of light, among the light incident
to the boundary between the optical waveguide layer and the
air gap (we call the surface of the optical waveguide layer,
hereinafter) is reflected with the smaller incident angle than
the critical angle however the most of the light travels to the
viewer with passing through the air gap and the sealing
material. On the other hand, the part of the light, among the
light incident to the optical waveguide layer, which has a
larger incident angle to the surface of the optical waveguide
layer is totally reflected at the surface of the optical
waveguide layer and travels within the optical waveguide
layer in parallel to the substrate. The light traveling in the
optical waveguide layer comes up to the tilted reflective
surface in course of time, the propagation direction is
changed by the reflection thereon and the light that is
incident to the surface of the optical waveguide layer with a
smaller incident angle than the critical angle partly propa-
gates towards the viewer therefore is effectively used as the
display image light.

[0013] In short, the light guided in parallel to the substrate
therefore regarded as light loss in the conventional tech-
nologies is guided to the tilted reflective surface in a good
efficiency and the light extracting ratio is improved. In this
case, since the optical waveguide layer is completely iso-
lated from each other by each picture element, the light
emitted from the light-emitting layer is not guided to the
different picture elements therefore a display with high
picture-quality is realized without degrading picture-quality
seen in optical cross-talk or blur.

BRIEF DESCRIPTION OF THE DRAWING

[0014] FIG. 1is a cross sectional view of a picture element
explaining the first embodiment of the display device
according to the present invention.
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[0015] FIG. 2 is a plan view explaining the first embodi-
ment of the display device according to the present inven-
tion.

[0016] FIG. 3 is a cross sectional view explaining an
example of operation of the first embodiment of the display
device according to the present invention.

[0017] FIG. 4 is an explanatory schematic that shows the
estimation of the viewing angle characteristics of the light
intensity against the slope angle o.

[0018] FIG. 5 is an explanatory schematic of the light
traveling in the optical waveguide layer in the case that the
refractive index of the optical waveguide layer is smaller
than that of the transparent electrode.

[0019] FIG. 6 is an explanatory schematic of the light
traveling in the optical waveguide layer in the case that the
refractive index of the optical waveguide layer is larger than
that of the transparent electrode.

[0020] FIG. 7 is a block diagram showing the whole layout
of the embodiment of the display device according to the
present invention.

[0021] FIG. 8is an equivalent circuit diagram of the active
matrix that composes the display device shown in FIG. 7.

[0022] FIG. 9 is a layer drawing of the picture element of
the embodiment of the display device according to the
present invention.

[0023]
FIG. 9

[0024] FIG. 11 is a timing chart of the applied voltage to
the gate line.

[0025] FIG. 12 is an explanatory schematic of an example
of voltage status among the gate voltage, the data line
voltage and the voltage in the storage capacitor.

[0026] FIG. 13 schematically shows the process to fabri-
cate the bank of the display device according to the present
invention.

[0027] FIG. 14 is a schematic view explaining the bank of
the display device according to the present invention.

[0028] FIG. 15 schematically shows the process to fabri-
cate the organic layer of the device according to the present
invention.

[0029] FIG. 16 schematically shows the process to fabri-
cate the optical waveguide layer of the device according to
the present invention.

[0030] FIG. 17 is across sectional view of a picture
element explaining the second embodiment of the display
device according to the present invention.

[0031] FIG. 18 is a schematic view explaining the effect of
the optical waveguide layer in the second embodiment.

[0032] FIG. 19 is another schematic view explaining the
effect of the optical waveguide layer in the second embodi-
ment.

[0033] FIG. 20 is a cross-sectional view of a picture
element explaining the third embodiment of the display
device according to the present invention.

FIG. 10 is a cutaway view along B-B line shown in



US 2008/0030132 A1

[0034] FIG. 21 is a cross sectional view of a picture
element explaining the fourth embodiment of the display
device according to the present invention.

[0035] FIG. 22 is a cross sectional view of a picture
element explaining the fifth embodiment of the display
device according to the present invention.

[0036] FIG. 23 is a cross sectional view of a picture
element explaining the sixth embodiment of the display
device according to the present invention.

[0037] FIG. 24 schematically shows the fabrication pro-
cess of the display device regarding the sixth embodiment
shown in FIG. 23.

[0038] FIG. 25 schematically shows the fabrication pro-
cess of the display device regarding the sixth embodiment
shown in FIG. 23.

[0039] FIG. 26 is a cross sectional view of the picture
element explaining the six embodiment of the display device
according to the present invention.

[0040] FIG. 27 is a plan view of a picture element explain-
ing the seventh embodiment of the display device according
to the present invention.

[0041] FIG. 28 is a cutaway view along C-C line shown in
FIG. 27.

[0042] FIG. 29 is a cutaway view along C-C line shown in
FIG. 27 wherein the sixth invention shown in FIG. 23 is
applied to the invention embodied as shown in the FIG. 27.

[0043] FIG. 30 is a cross sectional view of a picture
element explaining the eighth embodiment of the display
device according to the present invention.

[0044] FIG. 31 is a plan view of a picture element explain-
ing the eighth embodiment of the display device according
to the present invention.

[0045] FIG. 32 is across sectional view of a picture
element explaining the ninth embodiment of the display
device according to the present invention.

[0046] FIG. 33 is a schematic to shown an example of the
construction and the display operation regarding the con-
ventional OLED.

[0047] FIG. 34 schematically shows an example of a cross
sectional view of the conventional OLED.

PREFERRED EMBODIMENT OF THE
INVENTION

[0048] Hereinafter, exemplary embodiments of this inven-
tion will be discussed in conjunction with the drawings as
needed.

The First Embodiment

[0049] FIG. 1 shows the cross sectional view of one
picture element explaining the first embodiment of this
invention. FIG. 2 shows another drawing explaining the first
embodiment. FIG. 1 corresponds to the cutaway view along
the line of A-A in FIG. 2. One color picture element consists
of three picture elements of red-light-emitting picture ele-
ment 20R, green-light-emitting picture element 20G and
blue-light-emitting picture element 20B which are arranged
in side-by-side as shown in FIG. 2 and the predetermined
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color is presented by additive color mixing of the lights
emitted from these three picture elements. In addition, these
picture elements 20R, 20G and 20B are called as unit picture
elements or sub-pixels and a unit picture element corre-
sponds to a mono-chromatic picture element for the case of
mono-chromatic display device.

[0050] For the display device according to the present
invention, wires, switching elements, storage capacitors and
insulating layers formed on the substrate as appropriate,
however they are not shown in the drawings. Reflective
electrodes 300 consisting of conduction material with opti-
cal reflecting characteristics that are formed on the substrate
in a form of an island as corresponding to the picture
element and banks 500 made of insulator material are
formed as covering edges of reflective electrodes 300 at the
peripheral areas thereof. The bank 500 has a cross sectional
formation in a shape as the width is getting narrow as getting
farther from the substrate 800 and has tilted surfaces at its
side areas. On the part of the tilted surface and the reflective
electrode, an organic layer 100 that includes the light-
emitting layer formed in each picture element in a form of
an island and furthermore a transparent electrode 200 is
formed thereon.

[0051] The transparent electrode 200 and the reflective
electrode 300 function as an anode (or cathode) and a
cathode (or anode), respectively and composes an organic
light emitting diode with an organic layer 100 formed on
these electrodes. The organic layer 100 is constructed in
three layered forms as an electron transporting layer, a
light-emitting layer and a hole transporting layer in order
from the cathode side or in two layered form as a single layer
functioning as light-emitting and electron transporting by
using a material of dual use. Furthermore, the construction
of the organic light emitting diode, that has an additional
anodic buffer layer between the anode and the hole trans-
porting layer, can be used.

[0052] Atilted reflective surface 700 consisting of optical
reflective metal is formed on the transparent electrode 200
and on the location corresponding to the surface of a slope
formed by a bank 500. Furthermore, an optical waveguide
layer 600 that is transparent to the visible lights and that is
composed by a material that has a larger refractive index
than that of the air is filled in the basin-like area surrounded
by the tilted reflective surface 700. Moreover, since the
organic layer 100 is usually degraded by the moisture
included in the air, it is desirable that it should be sealed by
a seal-off means from the open air so that it is not exposed
to the open air. In this case, a construction such that the bank
500 works as spacer and a seal-off material 900 and the
substrate 800 are fixed by an adhesive seal material
cemented in a frame-like form around the display portion of
the display device is shown.

[0053] A glass plate, a plastic film post-processed for gas
barrier or a layered plate with thin glass and plastic film can
be used for the seal-off material 900. For this construction,
it is important to set a gap 950 which has the similar
refractive index to the air between the seal-off material 900
and the optical waveguide layer 600. Because if the seal-off
material 900 and the optical waveguide layer 600 contact
each other then the light emitted from the organic layer 100
and propagating in the optical waveguide layer 600 comes
into the seal-off material 900 and does not come up to the
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viewer 1000 as resulting in a loss or travels into other picture
element and comes up to the viewer 1000 thereafter as
resulting into problems of cross-talk and blur.

[0054] TInertgas as nitrogen gas may be enclosed in the gap
950, and the assembly is done as nitrogen gas is enclosed
and the seal-off material and the substrate 800 are bound in
air-tight. Furthermore, setting gap 950 implies that the
optical waveguide layer 600 does not contact to the seal-off
material 900 and preferably the gap 950 should be set larger
than the distance over which the light cannot travels from the
optical waveguide layer 600 to the seal-off material 900 due
to the tunneling phenomenon of photons. Since the tunnel-
ing phenomenon occurs for a gap shorter than the wave-
length of visible light and the gap 950 more than 1 pm is
sufficient.

[0055] Moreover, it is important to keep the height H2
from a flat surface 25 of the organic light emitting diode
which is from the reflective electrode 300 to the optical
waveguide layer 600 smaller than the height H1 at the upper
end of the tilted reflective surface 700. The reason is from
the optical cross-talk and blur that are caused by the phe-
nomena that the light emitted from the organic layer 100
traveling in the optical waveguide layer 600 may propagate
over the tilted reflective surface 700 for the case when the
height H2 of the optical waveguide layer 600 is larger than
the height H1 of the tiled reflective surface 700, invade into
different picture elements and then externally travel there-
from. Furthermore, for the case when the flat seal-off mate-
rial 900 is set as the bank 500 used as a spacer, the optical
waveguide layer 600 contacts the seal-off material 900
unless H1>H2 is kept then the light invading from the
optical waveguide layer 600 to the seal-off material 900
causes problems as reduction of the external coupling effi-
ciency, optical cross-talk and blur.

[0056] FIG. 3 is a cross sectional drawing to explain an
example of operation for the first embodiment of the display
device according to the present invention. Once DC voltage
is applied to the transparent electrode 200 and the reflective
electrode 300 in response to the picture signal, the holes
injected through the anode travel in the hole transporting
layer and electrons injected trough the cathode travel in the
electron transporting layer, respectively, and both holes and
electrons reach to the emitting layer. The recombination of
an electron and a hole occurs in the emitting layer and light
emission is taken place. The light emitted from the light
emitting layer that constructs the organic layer 100 comes
into the optical waveguide layer 600 through the transparent
electrode 200 as is emitted or after reflected at the reflective
electrode 300. The lights, among the lights coming into the
optical waveguide layer 600, that come to the boundary
between the optical waveguide layer 600 and the gap 950
with a smaller incident angle than the critical angle partly
reflects but mostly come up to the viewer after passing
through the gap 950 and the seal-off material 900 which is
not shown, and are used as display image lights 2000.

[0057] On the other hand, the lights coming onto the
surface of the optical waveguide layer 600 with a larger
angle than the critical angle is totally reflected at the surface
of the optical waveguide layer 600 and propagates in the
optical waveguide layer 600 in parallel to the surface of the
substrate 800. The light traveling in the optical waveguide
layer 600 finally comes to the tilted reflective surface 700,
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the direction of the propagation changes by the reflection, a
part of lights that come into the surface of the optical
waveguide layer 600 with smaller incident angle than the
critical angle comes to the viewer and are effectively used as
display image light 2001. In other wards, the light traveling
in parallel to the substrate 800 resulting in a loss in the
conventional technology is led to the tilted reflective surface
700 by the optical waveguide layer 600 and changes the
propagation direction by the reflection at the tilted reflective
surface 700. Then, since the light is effectively used as the
display image light, the external coupling efficiency has
been improved. For this case, since the optical waveguide
layer 600 is completely isolated, the light emitted from an
organic layer of a certain picture element does not propagate
in other different picture elements and no problem as optical
cross-talk or blur of presentation occurs.

[0058] The improvement of the external coupling effi-
ciency by suppression of light loss due to above propagation
becomes more as the ticker optical waveguide layer in
comparison to the area of the light-emitting portion is made.
In other words, though the portion of the flat surface 25 is
the light-emitting area, the thicker the optical waveguide
layer 600 is, the higher the external coupling efliciency can
be. The reason is as follows.

[0059] The light guided in the optical waveguide layer 600
mainly travels to the tilted reflective surface 700 with
repeating the reflection at the surface of the optical
waveguide layer 600 and that at the reflective electrode 300.
For this case, since the reflectance of the reflective electrode
300 is not 100%, usually, the light is partly absorbed and lost
by reflective electrode. Therefore, if the number of times for
the reflection at the reflective electrode 300 until the light
guided in the optical waveguide layer 600 comes to the tilted
reflective surface 700 can be reduced, the optical loss by the
reflective electrode 300 becomes less and high efficiency of
the light extraction from the display can be obtained. More-
ovet, since no guiding of the light in the optical waveguide
layer can provide no improvement of external coupling
efficiency, the thickness of the optical waveguide layer
should be larger than the wavelength of the light so that the
good propagation of the light is obtained. For this purpose,
the thickness of the optical waveguide layer should be larger
than 1 um.

[0060] As shown in FIG. 2, if the length H in the up-down
orientation is longer than the length W in the left-right
orientation in the plane of the emitting area, then the relation
as (H2/W)>(H2/H) is obtained. In this case the external
coupling efficiency for the left-right orientation is higher
than that for the up-down orientation and the viewing angle
is wider in right-left orientation than in up-down orientation.
This fact is useful because the wider viewing angle in the
right-left orientation is preferred than that of the up-down
orientation and the limited light has to be served to the
viewers. In other words, the conventional OLED display has
an isotropic viewing angle for the light intensity which is
uniform for every direction, however this invention can
control the viewing angle characteristics of the light inten-
sity by controlling the ratio of the thickness of the optical
waveguide layer to the length of the light emitting area for
the specific orientation. Therefore we can realize the opti-
mum light intensity characteristic for each particular appli-
cation of the display devices.
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[0061] In stead of this case, the viewing angle character-
istics against the light intensity can be controlled by the tilt
angle o of the tilted reflective surface 700 against the surface
(substrate surface) that is a flat surface 25 in this invention.
FIG. 4 shows the schematics diagram of the viewing angle
characteristics against the light intensity as a function of the
tilt angle a of the tilted reflective surface 700. FIG. 4 is
provided for the case of the ratio H2/W=0.1 for the length
W (see FIG. 2) of the light emitting area and the thickness
H2 of the optical waveguide layer 600 (see FIG. 1) and the
refractive index 1.5 for the optical waveguide layer and
shows the estimation results for two-dimensional model.
The horizontal axis shows the viewing angle and the vertical
axis shows the relative light intensity normalized to the light
intensity obtained at the front position (intensity at 0°
viewing angle) by the conventional OLED that has flat and
plane layered construction. As shown in this diagram, the
viewing angle characteristics of the light intensity can be
changed by changing the tilt angle o.. For example, we can
see the high light intensity at the front direction and the
adjacent direction is obtained for .=23°~30°, almost con-
stant light intensity characteristics for wide range of viewing
angle for a=45° and the viewing angle characteristics as
remarkably decreasing over 50° viewing angle for a=60°.

[0062] The tilted reflective surface is not the slope surface
constructed in a complete flat surface for actual cases, the tilt
angle o tends not to be constant over the tilted reflective
surface and to constantly vary in accordance with the
location of the tilted reflective surface. Therefore, for the
application as the display device for portable phones which
a single person mostly uses at a time, wide viewing angle is
not requested but high intensity at the front direction is
preferred. Therefore the average angle values for the tilt
angle o should be set as 20°~30° and the higher intensity at
the front orientation in comparison to the inclined orienta-
tion against the front orientation is preferred, reversely, the
wider viewing angle and the brighter picture image are
preferred with the average value of o to approximately be
45° for the TV set applications wherein the display watched
by many people. In addition, since the present estimation is
the calculated result provided in a limited condition under a
simple two-dimensional model, the result cannot be used for
the exact quantitative evaluation but be effective for the
relative evaluation in a qualitative study.

[0063] Next, we explain the relation between the refrac-
tive indices of optical waveguide layer 600 and transparent
electrode 200. FIG. 5 and FIG. 6 are the schematics to
explain the effect against the external coupling efficiency.
FIG. 5 is for the case that the refractive index of the optical
waveguide layer is smaller than that of the transparent
electrode and FIG. 6 is for the case that the refractive index
of the optical waveguide layer is larger than that of the
transparent electrode. Once we define the refractive index of
the transparent electrode nl, that of the optical waveguide
layer n2, incidental angle 81 of the light from the transparent
electrode to the optical waveguide layer and refraction angle
02, we obtain sin 01/sin 62=n2/n1 from Snell’s law. There-
fore, for the case when the refractive index n1 of the optical
waveguide layer 600 is smaller than the refractive index n2
of the transparent electrode, the refraction angle 62 is larger
than the incident angle 61.

[0064] On the other hand, when the refractive index nl of
the optical waveguide layer 600 is larger than the refractive
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index n2 of the transparent electrode, the refraction angle 62
is smaller than the incident angle 61. Therefore, if we define
the propagation distance without reflection in the optical
waveguide layer 600 as L1 for the case of n1>n2 and 1.2 for
nl<n2, L1 is larger than [.2. The fact that the propagation
length without reflection of the light traveling in the optical
waveguide layer 600 is long implies that the times of
reflection at the reflective electrode 300 until the light
traveling up to the tilted reflective surface 700, therefore it
means the light loss by the absorption by the reflective
electrode becomes less. For this reason, it is desirable to
keep the refractive index of the optical waveguide layer less
than that of the transparent electrode for the purpose of
improving the external coupling efficiency. It should be
noted that a critical angle exists between the transparent
electrode 200 and the optical waveguide layer 600 and the
light with larger incident angle from the transparent elec-
trode to the optical waveguide layer is totally reflected and
cannot be led to the optical waveguide layer 600.

[0065] Reversely, the critical angle does not exist for the
case of nl<n2, therefore the incident angle which even
becomes to be the critical angle for the case of n1>n2, the
light can be led from the transparent electrode to the optical
waveguide layer. However, since such a light is totally
reflected at the surface of the optical waveguide layer 600
and returns back to the reflective electrode 300, the light is
repeatedly reflected by the surface of the optical waveguide
layer 600 and the reflective electrode 300 and is lost by the
decay. To prevent this phenomenon, it is necessary to
increase the thickness of the optical waveguide layer by
which the times of reflection of the light at the reflective
surface 300 can be reduced until the light reaches to the
tilted reflective surface 700 while traveling in the optical
waveguide layer. However, in general, the refractive index
of the transparent electrode 200 is rather high as 1.8 to 2.2
and it takes long time to form a transparent material (tita-
nium oxide, for instance) that has larger refractive index
than this in a thickness of an order of micron meters without
damage onto the organic layer therefore such formation is
not industrially desirable. Therefore, it is desirable that the
refractive index of the optical waveguide layer should be
larger than that of the air and less than that of the transparent
electrode and the optical waveguide layer be made of a
transparent plastic material that is relatively formed in ease.
For this purpose, it is practical and realistic to select the
refractive index of the optical waveguide layer be 1.3 to 1.7.

[0066] Next, we explain an embodiment of the display
device with reference to the schematics. FIG. 7 shows a
schematic of the whole layout of the embodiment. FIG. 8 is
an equivalent circuit of the active matrix constructed on the
display portion 2. As shown in FIG. 7, the display device 1
has a display portion 2 at the substantially center of the
substrate 800. In this display portion 2, a data driver circuit
to output the picture signals to a plurality of data lines 7 is
constructed in the upper part of the display portion and a
scan driver circuit to output the scan signals to a plurality of
gate lines 8. The driver circuits 3 and 4 comprise shift
register circuits, level shifter circuits and analogue circuits
which are composed of P channel and N channel TFTs (Thin
Film Transistors) in a complementary configuration. The
line 9 is a common voltage line.

[0067] In this display device 1, being same as active
matrix liquid crystal display devices, a plurality of gate lines
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and that of data lines are set in crossing over in the direction
of the expansion and the picture element 20 is set at each
cross point of gate lines G1, G2, . . ., Gm and data lines D1,
D2, . . ., Dn. Each picture element is composed of a
light-emitting element 24 consisting of an OLED, storage
capacitor 23, a switching transistor 21 of an N channel TFT
of which gate electrode is connected to the gate line, either
a source or a drain electrode to the data line and the other to
the storage capacitor 23 and a driver transistor 22 of an N
channel TFT of which the gate electrode is connected to the
storage capacitor 23, the source electrode is connected to the
common voltage line 9 extending in the same direction as
the data lines and the drain electrode is connected to the
cathode of an OLED that composes the light-emitting ele-
ment 24. Moreover, the anode of an OLED that constructs
a light-emitting element 24 is connected to a current supply
line commonly used for all picture elements and kept in the
same voltage Va. The light-emitting element 24 emits any of
red-, green- or blue-lights and is aligned in a predetermined
order in a matrix formation.

[0068] In the above construction, once the switching tran-
sistor 21 is “ON” state, then the picture signal is written in
the storage capacitor 23 through the switching transistor 21.
Therefore the gate electrode of the driver transistor 22 is
kept in a voltage corresponding to the picture signal by the
storage capacitor 23 even the switching transistor 21 is set
to be “OFF” state. The driver transistor 22 is kept in a source
follower mode which features constant current characteris-
tics and the light-emitting operation is maintained since the
current from the current supply line flows to the organic
light-emitting diode that constructs the light-emitting ele-
ment 24. For this case, the intensity of the emitted light
depends on the data written in the storage capacitor 23. The
cease of the emission is realized by setting the driver
transistor 22“OFF” state.

[0069] We explain the construction of the display device
regarding the first embodiment of this invention with refer-
ring to a combination of FIG. 9 and FIG. 10 and that of FIG.
1 and FIG. 2. FIG. 9 is a layer drawing of the picture element
showing the constructing layers. FIG. 10 shows a cutaway
view along the line B-B in FIG. 9. The display device in this
embodiment is constructed as that driver elements (thin film
transistors in this embodiment) as switching transistors and
driver transistors and elements connected to those driver
elements as gate lines, data lines, a common voltage line and
storage capacitor are formed on a flat substrate 800 as glass
and insulation layer 30 is formed thereover. On the insula-
tion layer 30, a reflective electrode 300 that works as a
cathode of the light-emitting element 24 is formed in a shape
of an island and the reflective electrode 300 is connected to
the drain electrode 26 of the driver transistor via a contact
hole 31 opened in the insulation layer 30.

[0070] In this embodiment, the reflective electrode 300
functions as a cathode. For the cathode, the metals of low
work function as aluminum, magnesium, magnesium-silver
alloy, aluminum-lithium alloy, etc. can be used. Since the
configuration of a single metal layer using as aluminum
needs high driving voltage and the life-time of the display
device is short, a ultra-thin film of Li compound (as lithium
oxide Li20, lithium fluoride LiF) formed between the
reflective electrode and the organic layer may be used which
equivalently works as aluminum-lithium alloy. Alterna-
tively, the cathode surface contacting with the organic layer
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is doped with high reactive metal as lithium or strontium and
then low drive voltage may be obtained. In addition, the
reflective electrode is desired to be made of highly optical
reflective material in order to obtain the high usage effi-
ciency of the light for viewing image.

[0071] Inthe area on which the driver elements and signal
lines are formed, a bank 500 which overlays these elements
and lines and surrounds the flat area of the reflective
electrode 300 is formed thereon. In this case, the bank 500
1s formed to cover the contact hole 31. In other words, the
contact hole is desired to be aligned and formed underneath
the bank. This helps to be effective to realize higher intensity
of light emission because the step difference exists on the
contact hole 31 resulting in no use area against light emitting
area and we can obtain the wider light-emitting area by
arranging the no light emitting area under the bank area.
Moreover, it is desirable that the bank is formed to overlay
the peripheral part of the reflective electrode 300. Because
the organic layer 100 and the transparent electrode 200 are
cracked by the step difference of the reflective electrode 300
at the peripheral part so that the transparent electrode 200 is
electrically broken and/or the reflective electrode 300 and
the transparent electrode 200 are electrically shorted. Instead
of these problems, the overlay forming of the bank, there-
fore, prevents such incidental troubles.

[0072] The bank 500 can be formed by patterning an
insulator material with photolithography technology. Inor-
ganic material as silicon oxide, silicon nitride or dielectric
material such as acrylic resin and polyimide resin may be
used. In addition, it is preferred that the height of the bank
is more than a few micron meters in order to realize high
external coupling efficiency since the dimension of the bank
500 determines the height of the tilted reflective surface 700
and the thickness of the optical waveguide layer 600. The
organic material is realistic and preferred for such dimen-
sional height of the bank formed in short time processing.
The cross sectional view of the bank 500 has a trapezoidal
shape so that the horizontal width is less while the height is
farther from the substrate and the side surfaces of the bank
has an arrangement into a tilted surface against the substrate
surface. Moreover, the bank 500 may be made by other
processes provided we can obtain the designed tilted surface
as screen printing method and direct printing such as the
ink-jet printing.

[0073] The organic layer 100 that has light-emitting layer
emitting each of red, green and blue lights is patterned in
each predetermined position for each picture element in a
shape of an island. A transparent electrode 200 functioning
as an anode is formed over the display portion 2. The
transparent electrode material that has high work function,
for example, ITO (Indium Tin Oxide) is preferable and IZO
(Indium Zinc Oxide) is usable.

[0074] The transparent electrode 200 is connected with the
current supply line. For the organic layer 100, a material that
emits the light in a designed color is used and the construc-
tion of three layers as an electron transporting layer, a
light-emitting layer and a hole transporting layer or two
layers as using a material which supports both a light-
emitting layer and an electron transporting layer and a hole
transporting layer.

[0075] For a red light emitting material, for instance, E we
can use triphenyldiamine derivative TPD (N,N'-bis(3-meth-
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ylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine)  or
o-NPD (4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl)
and DCM-1  (4-dicyanomethylene-G-(p-dimethylami-
nostyryl)-2-methyl-4-H-pyran)  distributed ~ Alq3  (tris
(8-quinolinolate) aluminum) for the electron transporting
light-emitting layer (dual usage for an electron transporting
layer and a light emitting layer).

[0076] For green light emitting material, for instance, we
can use triphenyldiamine derivative TPD or a-NPD for hole
transporting layer and Alg3 or quinacridon-doped Alg3 or
Bebq (bis(8-hydroxy quinolinate)beryllium) for the electron
transporting light-emitting layer (dual usage for an electron
transporting layer and a light emitting layer).

[0077] For blue light emitting material, for instance, triph-
enyldiamine derivative TPD, a-NPD for the hole transport-
ing layer and DPVBi (4,4'-bis (2,2-diphenylvinyl)biphenyl)
or a material consisting of DPVBi and BCzVBi (4,4'-bis(2-
carbazolevinylene)biphenyl) or a material doped with
distyrylallylene derivative as a host and distyrylamine
derivative as a guest for the light emitting layer and Alq3 for
the electron transporting layer. We can use Zn (0xz)2(2-(0-
hydroxyphenyl)-benzoxazole zinc complex) for the electron
transporting light emitting layer (dual usage for an electron
transporting layer and a light emitting layer).

[0078] Moreover, we can use materials of polymer system
in stead of the above material of a low molecular-weight
system. As for the polymer base materials, we can use
multiple-layer film of PEDT/PSS (a mixed layer of Poly-
ethylene dioxy thiophene and Polystyrene sulphonate) and
PPV (poly(p-phenylene vinylen)) for the hole transporting
layer and the light emitting layer. Also we can use green ink
blended PPV for green color light emission, rhodamine 101
blended green ink as a dopant for red-color light emission
and F8 (Poly(dioctylfluorene)) for a blue color light emitting
layer. In addition, F8 can function as an electron transporting
layer. We can use dye containing polymer such as PVK
(poly(N-vinylcarbazole)). Each layer of the multiple layer
film is in the order of several tens of nano meters which is
less than the wave length of the light.

[0079] As for the pattering of the organic layer 100 in each
predetermined position for each picture element in a fashion
of an island, we can use a published technology as pattered-
film forming technology used for deposited organic layer
through shadow masks (for instance, S. Miyaguchi, et al.:
“Organic LED Fullcolor Passive-matrix display”, Journal of
the SID, 7, 3, pp 221-226 (1999)). In this process, the bank
500 can be used as a spacer of the shadow masks. When the
organic layer 100 is composed by a material of a polymer
system, we can use published ink-jet technology (for
example, T. Shimoda, et al.: “Multicolor Pixel Patterning of
Light-Emitting Polymers by Ink-Jet Printing”, SID 99
DIGEST, 376 (1999)). In this process, the bank 500 func-
tions as a torus isolating the picture element area.

[0080] A tilted reflective surface 700 is formed on the
surface of the slope of the bank 500, which must be on is the
transparent electrode 200. The tilted reflective surface 700 is
formed by high reflective metal such as aluminum, silver or
chrome in the process of deposition through masks or in the
photolithographic patterning processing. In addition, the
following effect can be obtained when the tilted reflective
surface is composed by a metal film. In general, the trans-
parent electrode has higher electrical resistivity than a metal
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electrode. Therefore, the display device which has a large
display size tends to have the voltage difference due to the
electrical resistivity between the location close to the power
supply and that far to it. Due to this voltage difference, the
electric current flowing into the OLEDs composing the
picture element differs among those close to the power
supply and far from it, that results in the lack of uniformity
in the intensity of emitted light. For this problem, by forming
the tilted reflective electrodes made of a metal that directly
contacts to the transparent electrodes, the tilted reflective
electrodes works as low resistive electrodes arranged
thereon like as a meshed formation and the effect to suppress
such lack of uniformity can be obtained.

[0081] For the tilted reflective surface 700, a multiple
layered film using transparent dielectrics material such as
silicon oxide, silicon nitride or titanium oxide may be
formed for the reflective surface. For this case, we obtain a
feature of loss less reflective surface against the light reflec-
tion but drawbacks as longer manufacturing process and the
reflectivity dependence against the wavelength and the tilt
angle that are subject to the issues to be studied. In the flat
surface surrounded by the tilted reflective surface 700, an
optical waveguide layer 600 is formed with a transparent
material. The optical waveguide layer 600 should be made
of lower refractive material than that of the transparent
electrode 200. For this case, after liquid-repellent process to
the tilted reflective surface 700 corresponding to the space
between two picture elements, the optical waveguide layer
600 is formed by a film-forming of the material consisting
of binder resin and solvent by means of spin coating,
blade-coating, etc. and finish-processing in dry solidifica-
tion. A selective film-forming by using ink-jet printing
technology for such a flat surface 25 surrounded by the tilted
reflective surface 700 can be used before the dry solidifica-
tion.

[0082] The binder resin that composes the optical
waveguide layer 600 is not necessary to be self-polymeriz-
ing but merely dry-solidified or polymerize-solidified after
film coating. For this last material, higher durability and
tighter contact than that for dry solidification. However,
since polymerize-solidification needs UV light or X ray
exposing or thermal heating, it is necessary to select the least
damage process against the organic layer. For the optical
waveguide layer 600, one of resins or mixed with the
plurality of them as transparent acrylic resin, benzocy-
clobutene resin, polyimide resin, epoxy resin, polyacryl
amide resin, polyvinyl alcohol, etc. or photoresist is usable.
It is important to keep the height H2 of the optical
waveguide layer 600 be less than the height H1 after
solidification of the optical waveguide layer from the pre-
vious reason.

[0083] On the optical waveguide layer 600, a seal-off
material 900 is set via the gap 950. For the seal-off material
900, a glass plate, plastic films which are enhanced for
gas-barrier characteristics using inorganic layers, complex
layered material using thin glass plates and plastic films. The
seal-off material can keep a gap 950 against the optical
waveguide layer 600 with using the bank 500 as a spacer and
is fixed with the substrate 800 by adhesive seal material
formed around the peripheral of the display portion 2 in a
form of a frame. For this fixing, a gap 950 is filled with inert
gases as nitrogen and kept as sealed-off by cementing the
seal-off material 900 to the substrate 800 in air tight manner.
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In addition, desiccant is preferable to be put between the
seal-off material 900 and the substrate 800 on necessity
without degrading the display capability.

[0084] Next, we explain the display operation of the
display device 1 using FIG. 8, FIG. 11 and FIG. 12. FIG. 11
is a timing chart of the voltage VG1, VG2, . . . , VGm
applied to the gate line G1, G2, . . ., Gm in order. FIG. 12
shows the voltage status of the gate voltage VG, the data
voltage VD1 and the voltage of the storage capacitor 23. As
shown in FIG. 11, to the lines G1, G2, . . . , Gm, the VG1,
V@2, ..., VGm that turn-on the switching transistor 21 are
applied to the gate line G1, G2, .. ., Gm in order. When the
V@1, which turns on the switching transistor 21, is applied
to the gate line G1 at the time t=t,, the next turn-on voltage,
after one vertical sweep of scanning with one frame term Tf,
is applied to the gate line G1 at the time t=t,+Tf. For this
driving scheme, the time duration to apply the turn-on
voltage to the one gate line is less than Tf/m. In general the
time duration as Yeo second is used for Tf time value.

[0085] Once a turn-on voltage is applied to a gate line, all
transistors that are connected to the gate line turn into
turn-on status and a synchronous data voltages responding to
picture signals are applied to the data lines. This is called as
progressive line scanning method. Focusing to the picture
element locating at the cross point of the first column and the
first row, we explain the gate voltage V(G1, the data voltage
VD1 and the voltage status of the storage capacitor 23 with
reference to FIG. 12. We assume the value d1 for the data
voltage VD1 which is in synchronous to VG1 and the value
d2 for the data voltage at the time of the next frame t=t,+11.
In this case, these data voltages are stored in the storage
capacitor 23 while the turn-on voltage is being applied to the
gate line G1 and these voltages are kept in about values for
one frame term. These voltages determine the gate voltage
of the driver transistor 22 and the current though the
transistor is controlled by the gate voltage. The voltage and
that given by these and common voltage line and the voltage
Va applied to the transparent electrode determines a electric
current which flows into the light-emitting element.

[0086] In other words, in synchronous to the turn-on
voltage applied to the gate lines corresponding to the picture
elements of which light intensity should be controlled, it is
possible to control the light emission of the picture element
by applying the voltage corresponding to the image infor-
mation through the data lines. Therefore, it is possible to
present a predetermined image by controlling the light
emission from the plural picture elements that compose the
display portion 2. Moreover, the response time of starting
light emission after applying the voltage between the cath-
ode and anode of the light-emitting element is generally less
than 1 ps, therefore it is possible to display the picture image
which is high-speed moving picture. Intense light emission
1s generally obtained for bright picture presentation by large
current that flows through the organic light emitting diode
but electric power consumption becomes large and life time
of the diode (for example, defined as the life at the half
intensity as the initial one) becomes shorter as increasing of
the current.

[0087] As described above, the present invention can use
the light as the image light with good efficiency although the
light is lost in the propagation for the past conventional
technology. Therefore, the display devices that have more
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intensity of light emission and the brighter picture presen-
tation than those in the conventional technologies. The lower
power consumption due to less current flowing into the
light-emitting element and longer life time can be realized
for the same intensity of light in a display device. Moreover
in the display device according to the present invention, the
optical waveguide layer is separated for each picture ele-
ment, no picture degrading such as optical cross talk or blur
of presentation due to no light is guided to other picture
element, resulting into a display with clear images and high
quality images.

[0088] Moreover, we have presented an embodiment
wherein the light emitting area is on the flat plane of the
substrate and has no step differences due to the presence of
the driving devices or wiring lines thereon and wherein the
step differences due to the driving devices and wiring lines
are covered by the banks, however the embodiments are not
confined in such configuration. For example, on the sub-
strate on which the driving devices and the wiring lines are
formed, all of the display portion including the step differ-
ences due to the driving device and wiring lines is covered
by a planarizing layer consisting of an insulating material,
on which flat surface those constructing elements of this
invention as the reflective electrodes and banks or the like
can be formed. For an organic planarizing layer material as
acryl base resin, benzocyclobutene resin or polyimide base
resign can be used. By the film forming method using
spin-coating of these materials, the surface of these films can
be easily flattened. By utilizing the surface on the wiring
lines and driving devices after film forming by planarizing
layer such as the light emitting area, then we can obtain
extensive light emitting area even though we have no
sufficient area for the flat area due to relatively large area
necessary for wiring lines and driving devices against the
physical size of the picture elements therefore we can realize
bright display device.

[0089] In the above embodiment, we have explained the
active matrix drive scheme, however this invention is not
limited in this specific embodiment. For example, we can
apply the present invention to a passive matrix driving
display device where the electrodes are directly connected to
the vertical scanning lines and horizontal scanning lines.
Moreover the arrangement of picture elements can be either
of a stripe arrangement, a mosaic arrangement or a delta
arrangement and we can select an appropriate arrangement
to be compliant to the requirement specifications of the
display devices.

[0090] Next, we explain the manufacturing method of the
first embodiment of this invention referring to FIG. 13 to
FIG. 16. FIG. 13 shows the process to manufacture the
banks in this manufacturing method of the display device
according to the present invention. As shown in FIG. 134,
driving devices (such as thin film transistors, hereinafter)
and wiring lines are formed on the substrate 800 and on top
of the substrate an insulating layer 890 is formed and
electrode layer 310 to be used for the reflective electrode 300
consisting of aluminum, magnesium, magnesium-silver
alloy or aluminum-lithium alloy is formed. It should be
noted that thin film transistors and wiring lines are omitted
in the drawings. The electrode 310 for the reflective elec-
trode 300 is electrically connected to the thin film transistors
for drivers. Next, we coat the photoresist on the electrode
layer 310 for the reflective electrode 300 and make patterns
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of photoresist by means of photo-lithography. We etch the
electrode layer 310 by using the patterns of the photoresist
and obtain the island-shaped reflective electrode 300 corre-
sponding to the picture element as shown in FIG. 13B after
removing unnecessary photoresist.

[0091] Next, we coat the photoresist in a certain predeter-
mined thickness by spin-coating over on the substrate 800
on which the reflective electrode 300 has been formed. The
thickness of the photoresist can be controlled by the viscos-
ity by adjusting density of the resist since it is solved in a
solvent and further controlled by the spinning rotation speed
of the substrate in the film forming process. After coating the
photoresist, photoresist film 510 is formed by heating and
evaporating the solvent. The photoresist film 510 is exposed
to the light through photo masks 810 (FIG. 13C) and is
developed into the shape of banks 500 between the picture
elements as shown in FIG. 13D. There are two kinds of
photoresists; as negative one and positive one. Since no
light-exposed portion is solved in the development for the
negative type resist, the cross sectional shape of the photo-
resist tends to be rectangular or close to trapezoid. For the
positive type resist, the cross sectional shape of the resist
after development tends that the side surface of the resist is
decreasing in accordance with the location of the side
surface apart from the surface of the substrate. The selection
should be done by considering the features such that the
shapes closer to the desired ones are obtained.

[0092] For the negative type resist, we can use cinnamic
acid base resist or rubber base resist as cyclized rubber
added with bisazide compound for photosensitive radical.
For the positive type resist, we can use a mixed material of
naphtoquinonediazido compound for photosensitive agent
and alkali-soluble phenolic resin. A concrete example of the
positive type resist, there is a commercial product call
“OPTOMER PC” (manufactured by ISR Corporation). This
resist is a mixture of acryl base resin and naphtoquinonedi-
azido compound. The viscosity is, for example for the use of
“OPTOMER PC403”, controlled as 3.5 um thick film is
formed when it is coated in the spinning speed of 700 rpm.

[0093] For this case, we coat the photoresist on the sub-
strate, dry by thermal heath and photo-expose by using a
photo mask so that the areas of the banks are exposed. By
these processes as exposure, development and heating, we
obtain the bank 500 in a cross sectional shape as exampled
in FIG. 14. The tilt angle §§ of the side surfaces of the bank
at the nearest to the substrate surface is from 30° to 60°
depending upon the process condition and it continuously
decreases according to being apart from the substrate sur-
face. For example, we obtain the angle f about 60° and the
tilt angle is 20° at the height of 3 um for the bank that has
3.5 um height. This bank can be used for this embodiment.
We can use photosensitive polyimide as a positive type
photoresist product of which code is HD8010XF2 (Hitachi
Chemical Co. Ltd.).

[0094] As for the photo mask 810, we use ultra-violet
light-transmissive fused silica substrate on which shadow
pattern is formed by the metal film. We can use a photo mask
that has light control capability by controlling the thickness
of the shadow metal or the area of the plural small open hole
at the location of the shadow masks that are effective to the
transparency change in continuous manner. We have dis-
cussed the process to use photoresist for making the banks
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because we can manufacture the banks of several micron
meters height in a practical processing time.

[0095] However this invention does not exclude inorganic
material as silicon oxide or silicon nitride for the use of
banks. For the case of using silicon nitride, we can form the
bank by the silicon nitride layer formed by CVD (Chemical
Vapor Deposition) on the substrate and patterned by etching
through the resist pattern made photo-lithography technol-
ogy and removing the unnecessary photoresist thereon. By
varying the density conditions of the NH3 and SiH4 sup-
plied for the film forming process, we can control the shape
of the tilted surface of the bank after etching due to multiple
layers of silicon nitride with different film properties. Any
forming method, for example screen printing method or
direct drawing of the ink-jet, is exploited to form the bank
500 as far as the required tiled surfaces are obtained.

[0096] FIG. 15 shows the process to manufacture the
organic layer portion of the display device according to the
present invention. We make the bank 500 in the previously
described process, and then we form the organic layer 100
on the part of the tilted surface of the bank 500 and on the
reflective electrode 300 in the area surrounded by the bank
500. As shown in FIG. 15A, the forming of the organic layer
100 is done by depositing the organic material via a metal
mask which has the open areas corresponding to the loca-
tions of the light emitting areas. For this case, the bank can
be used as a spacer to suspend the mask. For the case when
the organic layer is polymer type, the film forming is done
by blowing the solution of solvent and the organic material
from the ink-jet head 830 using the control method with a
piezo device, as so-called ink-jet patterning technology as
shown in FIG, 15B. For this method, the banks 500 can work
as dams to store the ink-droplet.

[0097] After forming the organic layer, the transparent
electrode 200 is formed on all of the display portions. For the
transparent electrode, electrically conductive transparent
film as ITO or IZO can be used and it is formed by vacuum
evaporation or sputtering process (see FIG. 15C). However,
it is difficult to form low resistive transparent film by using
the conventional deposition method and damages are made
in the organic layer 100 resulting into degradation of the
characteristics in the case of using sputtering method. There-
fore an ion plating device or a counter target sputtering
device, wherein plasma does not directly contact onto the
surface of the substrate, is better to be used in forming the
transparent electrode 200 in order to makes less damage as
possible. We can form a thin metal deposition film through
which the light transmits directly onto the organic layer
before forming the transparent conductive film. We may
exploit the transparent conductive film deposited on this thin
metal deposition film for the transparent electrode. For this
case, the thin metal deposition film works as a blocking
layer, it is possible to reduce the damage onto the organic
layer when the transparent conductive film. For this block-
ing layer, we can use the metal as gold, platinum or chrome
that has a high work function in the thickness of about 10
nm.

[0098] FIG. 16 shows the process to manufacture the
optical waveguide layer of the display device according to
the present invention. As shown in FIG. 16A, we form the
tilted reflective surface 700 by selectively deposited high
reflective metal such as aluminum using a metal mask that
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has the open holes corresponding to the banks 500 made in
the process described above. Afterwards; we blow the com-
pound material for the optical waveguide layer to the basin
area surrounded by the bank 500 through the ink-jet head
850 as shown in FIG. 16B. The compound material consists
of solvent and the binder resin which is transparent for
visible light. We form the optical waveguide layer 600 which
is slightly lower than the top end of the tilted reflective
surface as shown in FIG. 16C in such a way that the
compound material of the optical waveguide layer is stacked
up to the height similar to that of the bank or slightly low
than that of the bank, is kept for a mean time enough to get
wet with the transparent electrode 200 and the tilted reflec-
tive surface 700 and to obtain leveling and then dried and
solidified. We may form the predetermined optical
waveguide layer by repeating to blow the compound mate-
rial for the optical waveguide layer, dry and solidify.

[0099] For the binder resin to compose the optical
waveguide layer 600, a binder resin that has no polymer-
ization property but is merely dried for solidification is
usable and another binder resin that is solidified by a
polymerizing process after film forming is usable, as well.
The resin that can be solidified by polymerizing process has
tighter contact and higher durability than the simple dry and
hardening process, however it needs an optimization of the
process for exposing to ultraviolet light or electron beam or
that for heating in order to obtain the least damage to the
organic layer.

[0100] We can use a resin or a complex mixture of resins
from acrylic resin, benzocyclobutene resin, polyimide resin,
epoxy resin, polyacryl amide resin, polyvinyl alcohol, etc.
By using such material for the optical waveguide layer 600,
it is possible to make an optical waveguide layer that has
smaller refractive index than such transparent electrodes as
ITO and 170 and larger one than the air.

[0101] As for forming the optical waveguide layer, the
film forming of the optical waveguide layer compound
material is done by coating over the substrate using a
spin-coater drying for hardening besides selectively depos-
iting the compound in the area of the basin surrounded by
the banks by using ink-jet. In this case, the substrate is
exposed to 02 plasma and then CF4 plasma after forming
the tilted reflective surface but before forming the layer of
the optical waveguide layer compound material. In this case,
the tilted reflective surface made of aluminum which is only
fluorinated has liquid-repellency and the transparent elec-
trode which is not fluorinated keeps wettable surface char-
acteristics to the optical waveguide layer compound mate-
rial. Therefore the optical waveguide layer compound
material stays on the area to which the transparent electrode
surface expose and not on the tilted reflective surface. This
results in the optical waveguide layers isolated by the tilted
reflective surface for each of the picture element.

[0102] Tt is desirable that the optical waveguide layer is
completely isolated by the tilted reflective surface, however
each the isolated waveguide layer it connects to that on the
adjacent picture element beyond the tilted reflective surface.
For this case, in the area where the optical waveguide layer
is thinnest, mostly at the ridgeline of the bank, the thickness
of the optical waveguide layer is less than the visible light
wavelength and waveguide modes are so limited that only
little amount of lights leaks to the next picture element.
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Therefore, even though the optical waveguide layer has
continuity to that in the area of the adjacent picture elements,
the optical waveguide layer is practically isolated provided
the thinnest optical waveguide layer is less than the visible
light wave length. Therefore this invention does not neces-
sarily exclude such continuity of the optical waveguide
layer.

[0103] As shown in FIG. 1, the seal-off material is fixed
with the substrate 800 with adhesive sealing cement formed
in a frame shape around the peripheral area of the display
portion by keeping the gap 950 between the seal-off material
900 and the optical waveguide layer 600 with the bank 500
as a spacer. The gap 950 has an equivalent refractive index
to the air by filling the inert gas as nitrogen with the gap 950
between the seal-off material 900 and the substrate 800. As
for the seal-off material 900, we can use that of transparent
for visible light and gas-barrier capable plates such as a glass
plate, a plastic film processed for gas barrier, a multi-layer
with glass plates and the plastic films.

The Second Embodiment

[0104] Next, we will explain another embodiment of the
display device regarding to this invention. FIG. 17 shows a
cross sectional view of another embodiment of the display
device. In this display device, the height H3 of the optical
waveguide layer locating at the central area of the basin area
surrounded by the bank 500 is continuously larger as being
closer to the bank 500. Besides the height H4 of the optical
waveguide layer 600 on the tilted reflective surface 700 is
larger than H3, we will use the same signs and notations for
the same portions and omit the detailed explanation.

[0105] Forthe optical waveguide layer 600 which satisfies
the relation of these heights, we can form it by controlling
the dry out speed of the coated optical waveguide layer
compound material when we coat the optical waveguide
layer compound consisting of binder resin and solvent with
taking the boiling point and the vapor pressure of the solvent
in the room temperature into account. In other words, we can
obtain the optical waveguide layer in a form that the height
is low in the central area surrounded by the bank and is high
on the tilted reflective surface 700, in accordance with the
volume shrinkage after coating the optical waveguide layer
compound, leveling the coated film and drying for solvent
evaporation. In this case, the surface of the optical
waveguide layer 600 is not parallel but declines to the
surface of the substrate.

[0106] Next, we will explain the effect of the optical
waveguide layer 600 described above. FIG. 18 and FIG. 19
show the cases of the optical waveguide layer 600 has the
different height for each locations that is, the surface of the
optical waveguide layer 600 is not parallel to the substrate.
FIG. 18 shows the case where the height of the optical
waveguide layer on the upper location of the light 2100
which is emitting the light at location 190 is lower than the
height of the layer at the location 690 where the light 2100
reflects on the surface of the optical waveguide layer. We
assume the incident angle and reflection angle of the light
2100 at the surface of the optical waveguide layer against the
surface parallel to the substrate as 03 and 04, respectively.
Then the relation 83>64 is satisfied, the light reflected on the
surface of the optical waveguide layer is more parallel to the
substrate. Therefore, the times of reflecting on the reflective
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electrode 300 until the light traveling until reaching to the
tilted reflective surface in the optical waveguide layer
decrease and the light loss by absorbing the light at the
reflective electrode, that results into improving the external
coupling efliciency.

[0107] On the other hand, FIG. 19 shows the case where
the height of the optical waveguide layer on the upper
location of the light 2100 which is emitting the light at
location 190 is higher than the height of the layer at the
location 690 where the light 2100 reflects on the surface of
the optical waveguide layer. We assume the incident angle
and reflection angle of the light 2100 which is totally
reflected at the surface of the optical waveguide layer
against the surface parallel to the substrate as 63 and 64,
respectively. Then the relation 03<04 is satisfied, the light
reflected on the surface of the optical waveguide layer is
more vertical to the substrate. Therefore, the totally reflected
light on the optical waveguide layer surface at the first time
has the smaller incident angle when the light again incidents
to the surface of the optical wavegnide layer. If the incident
angle is smaller than the critical angle, then the light comes
out to an outer viewer before the light comes up to the tilted
reflective surface. Therefore when the outer surface of the
optical waveguide layer tilts to the substrate, higher external
coupling efficiency is obtained than in the case where the
optical waveguide layer is parallel to the substrate.

The Third Embodiment

[0108] Next, we will further explain another embodiment
of the display device regarding to this invention. FIG. 20
shows a cross sectional view of a picture element in this
another embodiment. For this embodiment of the display
device, the thickness of the optical waveguide layer has the
maximum at the center of the area surrounded by the bank
500 and is continuously less as being closer to the bank.
Since the fundamental construction is same as the embodi-
ment described above besides the shape of the optical
waveguide layer is convex, we mark with the same signs and
notations to the same portions and avoid the explanation.
This shape of the optical waveguide layer is made by making
the tilted reflective surface 700 liquid-repellent and the
transparent electrode 200 exposing to the optical waveguide
layer liquid-wettable before coating the optical waveguide
layer compound material consisting of binder resin and
solvent. As a concrete process, the substrate is exposed to
oxygen plasma and CF4 plasma in order before coating the
optical waveguide layer compound material.

[0109] In this case, if the tilted reflective surface is made
of aluminum then the surface is fluorinated and has liquid-
(water)-repellent characteristics, however the transparent
electrode is not fluorinated and keeps wettable surface
characteristics against the optical waveguide layer com-
pound material. In stead of these processes, we can make the
tilted reflective surface liquid-repellent and the transparent
electrode exposing to the optical waveguide layer selectively
liquid-wettable by coating all over the substrate with a
transparent wettability-converted layer which is not shown
in the figures. The wettability-converted layer can be formed
by coating a solution in which the binder resign, the pho-
tocatalyst and the necessary additives are dispersed, drying
and fixing the photocatalyst in the hardened resin. If the
thickness of the wettability-converted layer is large, then it
allows guiding the light and causes the optical cross-talk by
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light leak to other picture elements. Therefore it is desirable
that the particle size of the photocatalyst should be less than
10 nm and the layer being less than 300 nm. We can exploit
titanium oxide for the photocatalyst and organosiloxane
polymer for the binder resin. After forming the wettability-
converted layer and photo-exposing with the tilted reflective
surface blocked off from the exposure and the transparent
electrode exposing to the optical waveguide layer through
the photo mask, the exposed wettability-converted layer
turns to be high liquid-wettability and the non-exposed one
maintains to be liquid-repellent.

[0110] After making the tilted reflective surface 700 lig-
uid-repellent a