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(54) Display panel, method of manufacturing display panel, and display apparatus

(57) The invention seeks to provide a display panel
or the like which is easy of enlarging a size thereof. A
display panel comprising a first transparent electrode
layer 102 and a second transparent electrode layer 104
which are optically transparent, a conductivity-variable
layer 103 which is provided on the first transparent elec-
trode layer 102, and an electroluminescent layer 110
which is provided between the conductivity-variable lay-
er 103 and the second transparent electrode layer 104,
and which emits light by applying a voltage thereto,
wherein a predetermined voltage is applied between the
first transparent electrode layer 102 and the second
transparent electrode layer 104, the conductivity-varia-
ble layer 103 has its electrical conductivity changed in
accordance with the light quantity of control light L trans-
mitted through the first transparent electrode layer 102,
and the electroluminescent layer 110 emits the light in
such a way that the voltage in the predetermined voltage
as corresponds to the conductivity of the conductivity-
variable layer 103 is applied thereto when the conduc-
tivity of the conductivity-variable layer 103 has been
changed in accordance with the light quantity of the con-
trol light L transmitted through the first transparent elec-
trode layer 102.
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Description

[0001] The present invention relates to a display pan-
el, a method of manufacturing a display panel, and a
display apparatus, and more particularly to the technol-
ogy of a display panel for use in a display apparatus
which is controllable by light.
[0002] Heretofore, an organic electroluminescence
(hereinbelow, termed "EL") display, for example, has
been employed as an image display apparatus. As the
technology of the organic EL display, there has been,
for example, one proposed in "Organic EL materials and
Displays", CMC, ISBN: 4-88231-284-0 C3054, Chapter
19, "Driving method for Organic EL display", Shingo Ka-
washima, pp. 279-289
[0003] The organic EL display in the prior art is such
that thin film transistor (hereinbelow, termed "TFT") el-
ements made from low-temperature poly-silicon, amor-
phous silicon or the like are disposed in regions which
correspond respectively to pixels. Each TFT element
has its ON/OFF state controlled by access which em-
ploys current. The organic EL display can be driven in
such a way that the ON/OFF states of the respective
TFT elements are controlled by employing currents. In
a case of increasing the number of pixels, however,
when the TFT element is provided for every pixel, also
the number of TFT elements increases in accordance
with the increase of the number of pixels. When the
number of TFT elements increases, also the number of
electrical wiring lines for accessing the TFT elements
with currents increases. It can form a cause for the de-
crease of a yield that the construction of the organic EL
display becomes complicated. Accordingly, when the
number of pixels is increased in order to enlarge the size
of a screen, the manufacturing cost of the organic EL
display rises suddenly in some cases.
[0004] Since the increase of the number of TFT ele-
ments results in increasing also the number of electrical
wiring lines, it can form a cause for incurring the increase
of an electrical resistance. When the electrical resist-
ance increases, it becomes difficult to make the access-
es by causing sufficient currents to pervade all the TFT
elements. Further, it is very difficult to manufacture a
large-sized screen which is free from the dispersion of
the TFT elements. When the TFT elements of the
screen disperse, a display image becomes nonuniform.
In this manner, the uniform manufacture of the TFT el-
ements is difficult in addition to the possible sudden rise
of the manufacturing cost, so that the manufacture of
the large-sized screen is difficult. Thus, the prior-art or-
ganic EL display is problematic in the case of enlarging
the size of the screen, because of the difficulty in the
driving aspect in the accesses to the TFT elements, and
the difficulty in the manufacturing aspect. The present
invention has been made in view of the above problems,
and it has for its object to provide a display panel easy
of enlarging a size, a method of manufacturing the dis-
play panel, and a display apparatus employing the dis-

play panel.
[0005] In order to solve the above problems and to
accomplish the object, according to the present inven-
tion, it is possible to provide a display panel character-
ized by comprising a first transparent electrode and a
second transparent electrode which are optically trans-
parent; a conductivity-variable layer which is provided
on the first transparent electrode layer; and an EL layer
which is provided between the conductivity-variable lay-
er and the second transparent electrode layer, and
which emits light by applying a voltage thereto; wherein
a predetermined voltage is applied between the first
transparent electrode layer and the second transparent
electrode layer, and the conductivity-variable layer has
its electrical conductivity changed in accordance with a
light quantity of control light transmitted through the first
transparent electrode layer; and the EL layer emits the
light in such a way that the voltage in the predetermined
voltage as corresponds to the conductivity of the con-
ductivity-variable layer is applied thereto when the con-
ductivity of the conductivity-variable layer has been
changed in accordance with the light quantity of the con-
trol light transmitted through the first transparent elec-
trode layer.
[0006] The display panel of the present invention is
driven by entering the control light into the first transpar-
ent electrode layer.
[0007] When the control light is not entered, the con-
ductivity-variable layer functions as an insulating layer
whose electrical conductivity is substantially zero. Be-
sides, when the control light is entered, the conductivity-
variable layer has its electrical conductivity changed in
accordance with the light quantity of the control light
transmitted through the first transparent electrode layer.
When the predetermined voltage is held applied be-
tween the first transparent electrode layer and the sec-
ond transparent electrode layer, the voltage in the pre-
determined voltage as corresponds to the light quantity
of the control light can be applied to the EL layer. The
voltage corresponding to the light quantity of the control
light is applied to the EL layer, whereby this EL layer
emits the light in correspondence with the light quantity
of the control light. In this way, the display panel can
have its drive controlled by accessing it with the control
light (light addressing). Since the display panel of the
present invention is controllable by entering the control
light thereinto, it need not be provided with TFT ele-
ments. Whereas the TFT elements need to be disposed
in respective regions corresponding to pixels, the con-
ductivity-variable layer, first transparent electrode layer
and second transparent electrode layer can be formed
by forming films uniformly over the whole substrate, so
that the display panel of the present invention can be
manufactured with ease. Moreover, the respective pix-
els can be accessed by the construction which allows
the control light to scan, so that they need not be elec-
trically accessed. For this reason, electrical wiring lines
need not be laid for the respective pixels. Therefore, the
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display panel of the present invention can be made sim-
pler in construction than a prior-art EL display. Owing to
the simplified construction of the display panel, the yield
thereof can be increased to curtail a manufacturing cost.
[0008] With the TFT elements, as the number of pixels
increases by enlarging the size of a screen, it becomes
difficult to manufacture a display which is free from the
dispersion of the TFT elements. Besides, with the en-
largement of the size of the screen and the increase of
the number of pixels, also wiring lines for electrically
connecting the TFT elements increase, and hence,
there is the problem that an electrical resistance in-
creases. In contrast, the display panel of the present in-
vention can be manufactured by chiefly forming the films
of materials constituting the respective layers, uniformly
over the whole substrate, so that even a large-sized
screen is easy of manufacture. Besides, the display
panel of the present invention need not electrically ac-
cess the respective pixels, so that an electrical resist-
ance does not increase even when the number of pixels
is increased. Since the electrical resistance is not in-
creased even by the increase of the number of pixels,
even a large-sized display panel can have its drive con-
trolled with ease as long as the control light can be en-
tered into the whole display panel. Further, owing to the
non-increase of the electrical resistance and also to the
low dissipation power of the EL layer itself, dissipation
power in the case of enlarging the size of the display
panel can be decreased. Thus, the display panel easy
of enlarging the size is obtained.
[0009] Besides, according to a preferable aspect of
the present invention, the EL layer should desirably
have a structure in which it is divided into a plurality of
regions corresponding to pixels. Thus, it is possible to
obtain a display panel which can emit light for the re-
spective pixels in accordance with an image signal, so
as to display an image.
[0010] Besides, according to a preferable aspect of
the present invention, a display panel should desirably
comprise a light shield portion which is provided near a
surface of the first transparent electrode layer where the
control light is entered, and which is formed with open-
ings in correspondence with the pixels; wherein each of
the openings is arranged at a position through which the
control light is passed, thereby to be entered into a po-
sition of the first transparent electrode layer as corre-
sponds to a predetermined one of the pixels; and the EL
layer emits the light on the pixel basis in such a way that
the control light passed through the opening is entered
into only the part of the first transparent electrode layer
corresponding to the predetermined pixel. After having
passed through the openings provided in the light shield
portion, the control light is entered into the first transpar-
ent electrode layer. Each of the openings is arranged at
the position through which the control light is passed to
be entered into the part of the first transparent electrode
layer corresponding to the predetermined pixel. Thus,
the control light can be entered into only the part of the

first transparent electrode layer corresponding to the
predetermined pixel.
[0011] In a case where the control light has proceeded
toward the part of the first transparent electrode layer
corresponding to any pixel different from the predeter-
mined pixel, it is intercepted by the light shield portion.
In this manner, the light shield portion and the openings
corresponding to the pixels are provided, whereby the
control light can be prevented from erroneously entering
the region which corresponds to the pixel other than the
predetermined pixel. Besides, in a case where a plurality
of control lights are entered into regions which corre-
spond to pixels different from one another, it is allowed
to employ a construction in which the plurality of control
lights are passed through one opening. On this occa-
sion, the control lights are allowed to scan at a precision
enough to enter into the opening, whereby the control
lights can be precisely entered into only the parts of the
first transparent electrode layer corresponding to prede-
termined pixels even when the entrance positions of the
control lights are not controlled at a still higher precision.
Moreover, since the scanning speed of the control lights
need not be made slow, the light addressing can be pre-
cisely performed without degrading the quality of an im-
age. Thus, a precise control can be performed with
ease.
[0012] Besides, as a preferable aspect of the present
invention, the EL layer should desirably have a structure
in which it is divided into a plurality of regions corre-
sponding to the pixels, by a plurality of partition mem-
bers provided on the conductivity-variable layer. The EL
layer is made the structure in which it is divided into the
plurality of pixels, by providing the partition members on
the conductivity-variable layer. Thus, it is possible to ob-
tain a display panel which can emit light for the respec-
tive pixels in accordance with an image signal, so as to
display an image.
[0013] Besides, as a preferable aspect of the present
invention, it is desirable that the EL layer includes a re-
flection electrode which is provided in correspondence
with the pixels, on its surface on a side which lies in
touch with the conductivity-variable layer; and that the
reflection electrode has a region which is larger than a
region of the EL layer as corresponds to each of the pix-
els. The partition members are provided on the conduc-
tivity-variable layer.
[0014] Herein, when the control light has entered the
position of the first transparent electrode layer corre-
sponding to the partition member, the conductivity-var-
iable layer has its conductivity changed only under the
partition member. When the conductivity of the conduc-
tivity-variable layer changes only under the partition
member, it is sometimes impossible to apply a sufficient
voltage to the EL layer, so the EL layer fails to emit light.
Here, since the display panel of the present invention
dispenses with TFT elements, electric wiring lines need
not be laid under the partition members. Therefore, the
regions of the reflection electrode can be spread to
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spaces underlying the partition members.
[0015] When the peripheral part of the reflection elec-
trode is provided so as to be held between the partition
members and the conductivity-variable layer, the region
of the reflection electrode corresponding to each pixel
becomes larger than the part of the EL layer divided into
pixels by the partition members, to the amount of a re-
gion held between the partition members and the con-
ductivity-variable layer. Since the region of the reflection
electrode corresponding to each pixel can be made larg-
er than the region of the part of the EL layer divided by
the partition members, it is possible to utilize the control
light which has entered a larger area than in the case
where the reflection electrode is divided in correspond-
ence with the pixels similarly to the EL layer. Besides,
since the control light having entered the larger area can
be utilized, the control of the display panel can be sat-
isfactorily performed even when it is difficult to control
the entrance position of the control light at a high preci-
sion. Thus, the EL layer can be efficiently caused to emit
light.
[0016] Besides, as a preferable aspect of the present
invention, the conductivity-variable layer should desira-
bly have a structure in which it is divided into a plurality
of regions corresponding to the pixels. A region in which
the conductivity of the conductivity-variable layer chang-
es, tends to spread to the surroundings around the irra-
diation position of the control light in proportion to the
intensity of the control light and the irradiation time pe-
riod thereof. When the conductivity-variable layer is
made the structure in which, likewise to the structure of
the EL layer, it is divided into the plurality of regions cor-
responding to the pixels, the parts of the EL layer cor-
responding to predetermined pixels can be precisely
caused to emit light by the control light. Moreover, even
when it is difficult to control the entrance position of the
control light at a high precision, the control of the display
panel can be satisfactorily performed. Thus, a display
panel capable of precise control is obtained.
[0017] Besides, as a preferable aspect of the present
invention, it is desirable that the plurality of regions of
the EL layer are provided in correspondence with pixels
for first color light, pixels for second color light, and pix-
els for third color light; that each pixel aggregate is con-
structed of one of the pixels for the first color light, one
of the pixels for the second color light, and one of the
pixels for the third color light; and that a plurality of such
pixel aggregates are provided at substantially equal in-
tervals in two predetermined directions being substan-
tially orthogonal to each other. A full-color image is dis-
played by the pixels for the first color light, the pixels for
the second color light, and the pixels for the third color
light. When each pixel aggregate is constructed of the
pixel for the first color light, the pixel for the second color
light, and the pixel for the third color light, the pixels can
be densely arrayed. When the pixels can be densely ar-
rayed, the aperture percentage of the display panel is
enhanced, and a bright image is obtained. Further, since

the plurality of pixel aggregates are arrayed at the sub-
stantially equal intervals in the two-dimensional direc-
tions, the distortion of an image can be reduced to pre-
cisely display the image. Thus, a bright and precise full-
color image is obtained.
[0018] Further, according to the present invention, it
is possible to provide a method of manufacturing a dis-
play panel, characterized by comprising a first-transpar-
ent-electrode-layer formation step of forming a first
transparent electrode layer on a substrate; a conductiv-
ity-variable-layer formation step of forming a conductiv-
ity-variable layer on the first transparent electrode layer
formed at the first-transparent-electrode-layer forma-
tion step; a partition-member formation step of forming
partition members in a predetermined pattern on the
conductivity-variable layer formed at the conductivity-
variable-layer formation step; an EL-layer formation
step of forming an EL layer among the partition mem-
bers formed at the partition-member formation step; a
second-transparent-electrode-layer formation step of
forming a second transparent electrode layer on the par-
tition members formed at the partition-member forma-
tion step, and an EL layer formed at the EL-layer forma-
tion step; and a protective-layer formation step of form-
ing a protective layer on the second transparent elec-
trode layer formed at the second-transparent-electrode-
layer formation step. Thus, the display panel stated be-
fore can be manufactured. Besides, since the display
panel stated before dispenses with TFT elements, the
layers of parts, which are other than the partition mem-
bers for defining the pixels and the EL layer provided in
correspondence with the pixels, can be formed by form-
ing films over the whole surface of the substrate. There-
fore, the display panel can be manufactured with ease.
[0019] Further, according to the present invention, it
is possible to provide a method of manufacturing a dis-
play panel, characterized by comprising a first-layered-
structure formation step of forming a first layered struc-
ture which has a first substrate, a first transparent elec-
trode layer and a conductivity-variable layer, the first-
layered-structure formation step including a first-trans-
parent-electrode-layer formation step of forming the first
transparent electrode layer on the first substrate; and a
conductivity-variable-layer formation step of forming the
conductivity-variable layer on the first transparent elec-
trode layer formed at the first-transparent-electrode-lay-
er formation step; a second-layered-structure formation
step of forming a second layered structure which has a
second substrate, a second transparent electrode layer,
partition members and an electroluminescent layer, the
second-layered-structure formation step including the
second-transparent-electrode-layer formation step of
forming the second transparent electrode layer on the
second substrate; a partition-member formation step of
forming the partition members in a predetermined pat-
tern on the second transparent electrode layer formed
at the second-transparent-electrode-layer formation
step; and an EL-layer formation step of forming the EL
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layer on those regions of the second transparent elec-
trode layer which are surrounded with the partition mem-
bers formed at the partition-member formation step; and
a sticking step of sticking to each other the conductivity-
variable layer formed at the first-layered-structure for-
mation step, and the EL layer formed at the second-lay-
ered-structure formation step, thereby to unite the first
layered structure formed at the first-layered-structure
formation step, and the second layered structure formed
at the second-layered-structure formation step.
[0020] In a case where a display panel is provided
with TFT elements, it needs to be manufactured so that
the positions of the electrodes of the TFT elements may
be registered with the positions of an EL layer corre-
sponding to pixels. In contrast, the display panel stated
before dispenses with the TFT elements. The EL layer
need not have its positions registered as in the case of
providing the TFT elements, and it may well be con-
structed in correspondence with pixels, on the conduc-
tivity-variable layer formed over the whole surface of the
first substrate. Therefore, the first layered structure
which is formable over the whole surface of the first sub-
strate, and the second layered structure which has the
structure corresponding to the pixels can be respective-
ly formed as separate members. Besides, the first lay-
ered structure and the second layered structure are
stuck to each other into the unitary structure, whereby
the display panel can be manufactured. In this case, the
second layered structure can be formed by successively
stacking the second transparent electrode layer and the
EL layer on the second substrate. When the second lay-
ered structure can be formed by successively stacking
the respective layers on a protective layer which is the
second substrate, the protective layer can be made a
more rigid member than in a case of forming the protec-
tive layer on the layered structure which corresponds to
the pixels. According to the present invention, the pro-
tective layer of the display panel can be made rigid, so
that the manufactured display panel can be used for a
long term.
[0021] Further, according to the present invention, it
is possible to provide a display apparatus characterized
by comprising a display panel; a power source which
applies a voltage to the display panel; and an optical
system for control light, which supplies the control light
to the display panel; wherein the display panel is the
display panel stated before, and the power source ap-
plies the voltage between the first transparent electrode
layer and the second transparent electrode layer of the
display panel; and the optical system for the control light
enters the control light into the first transparent elec-
trode layer of the display panel. The display apparatus
of the present invention is controlled by entering the con-
trol light from the optical system for the control light. The
voltage for causing the EL layer to emit light is applied
between the first transparent electrode layer and the
second transparent electrode layer. Since the voltage
for causing the EL layer to emit light is applied by the

power source, the intensity of the control light may be
to the extent of changing the electrical conductivity of
the conductivity-variable layer. Therefore, the optical
system for the control light can be used for the display
apparatus of the present invention even when it is diffi-
cult of generating control light of high intensity. Since the
control light of high intensity need not be generated, the
display apparatus can be used safely. Besides, since
the display panel stated before is used, dissipation pow-
er is low, and the enlargement of the size of the display
panel is easy.
[0022] Further, the optical system for the control light
scans the first transparent electrode layer with the con-
trol light of beam shape. The display apparatus of the
present invention does not require a vacuum tube as in,
for example, a display apparatus employing a CRT, so
that it can be made light in weight even when the display
panel is made large in size. Moreover, unlike in a case
of employing an electron beam, the control light can
have its proceeding direction deflected by a mirror and
can be fined by a lens. Therefore, even when the display
apparatus is thinned, the control light can scan over the
whole large-sized display panel by, for example, bend-
ing the proceeding direction of the control light with a
mirror. Further, by bending the proceeding direction of
the control light, the optical path of the control light be-
comes long with the display apparatus kept small in size.
Therefore, the scanning angle of the control light can be
narrowed. Thus, a display apparatus capable of easily
enlarging the size of the display panel is obtained.
[0023] Besides, as a preferable aspect of the present
invention, the optical system for the control light should
desirably pass the control light through each opening,
thereby to enter it into the position of the first transparent
electrode layer corresponding to the predetermined pix-
el. Each of the openings of the display panel is arranged
at the position through which the control light is passed
to be entered into the part of the first transparent elec-
trode layer corresponding to the predetermined pixel.
The optical system for the control light passes the con-
trol light through the opening, thereby to enter it into the
position of the first transparent electrode layer corre-
sponding to the predetermined pixel. Thus, the control
light can be precisely entered into the part of the first
transparent electrode layer corresponding to the prede-
termined pixel. Besides, in a case, for example, where
an EL layer for R-light, an EL layer for G-light and an EL
layer for B-light are driven by control lights different from
one another, it is also possible to employ a construction
in which the control lights to be entered into the EL layers
for the respective color lights are passed through one
opening. On this occasion, the control lights scan at a
precision enough to enter into the opening, whereby the
control lights can be precisely entered into the EL layers
for the respective color lights even when the entrance
positions of the control lights are not controlled at a still
higher precision. Thus, a precise control can be per-
formed with ease.
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[0024] Besides, as a preferable aspect of the present
invention, it is desirable that the optical system for the
control light includes a plurality of light source units for
the control lights; that each of the light source units for
the control lights consists of a first light source portion
for the control light as supplies the first control light to
the part of the first transparent electrode layer corre-
sponding to the pixel for the first color light, a second
light source portion for the control light as supplies the
second control light to the part of the first transparent
electrode layer corresponding to the pixel for the second
color light, and a third light source portion for the control
light as supplies the third control light to the part of the
first transparent electrode layer corresponding to the
pixel for the third color light; and that the plurality of light
source units for the control lights supply the first control
light, the second control light and the third control light
to different regions of the display panel, respectively.
[0025] The control lights are supplied in such a way
that the respective light source units for the control lights
take charge of the different regions of the display panel,
whereby distances from galvanomirrors to the display
panel can be shortened. Moreover, the control lights are
supplied by allotting the different regions of the display
panel to the light source units, whereby the scanning
angles of the control lights can be narrowed. Since the
scanning distances of the control lights are shortened,
an image display can be satisfactorily performed even
when the scanning speeds of the control lights are low-
ered. Thus, the display apparatus can be made small in
size, and besides, the control lights can be easily al-
lowed to scan.
[0026] Besides, as a preferable aspect of the present
invention, it is desirable to comprise a frame in which,
at least, the optical system for the control lights is ac-
commodated; wherein the display panel is mounted on
the frame. Since the display panel stated before is
mounted on the frame, the frame can be made light in
weight and thin in structure even when the display panel
is enlarged in size. Thus, a display apparatus which is
easy of enlarging the size of the display panel is ob-
tained.
[0027] Besides, as a preferable aspect of the present
invention, it is desirable that light from another image
display apparatus is employed as the control light. The
display panel is arranged with the first transparent elec-
trode layer thereof held in opposition to the display of
the other image display apparatus, and the light from
the display is entered into the first transparent electrode
layer of the display panel as the control light. The con-
ductivity-variable layer has its conductivity changed in
accordance with the light quantity of the light from the
display, at its position corresponding to that position of
the first transparent electrode layer into which the light
from the display has been entered. Therefore, even in
a case where the EL layer is provided uniformly over the
whole surface of the display panel, it can be caused to
emit light in accordance with the position and light quan-

tity of the light from the display as has been entered into
the first transparent electrode layer, thereby to display
an image. In this way, the display panel can be driven
by entering the light from the display into the first trans-
parent electrode layer.
[0028] Further, color filters are provided on the en-
trance side of the display panel for the light from the dis-
play and on the exit side of the display panel for the emit-
ted light, whereby a full-color image can be obtained in
the display panel. Thus, a display panel capable of dis-
playing the image of the other image display apparatus
is obtained with the simple construction.
[0029] Embodiments of the present invention will now
be described by way of further example only and with
reference to the accompanying drawings, in which:-

Fig. 1 is a schematic constructional view of a display
apparatus according to Embodiment 1 of the
present invention.
Fig. 2-1 is an explanatory view of an example of use
of a display panel.
Fig. 2-2 is an explanatory view of a construction in
which the image of a display is displayed on a dis-
play panel.
Fig. 3 is a schematic constructional view of a display
apparatus according to Embodiment 2 of the
present invention.
Fig. 4 is a schematic constructional view of a display
panel and an optical system for control lights.
Fig. 5 is an explanatory view of the relationship be-
tween openings and the optical system for the con-
trol lights.
Fig. 6-1 is an explanatory view of a layout example
of individual pixels for color lights.
Fig. 6-2 is an explanatory view of a layout example
of individual pixels for color lights.
Fig. 6-3 is an explanatory view of a layout example
of individual pixels for color lights.
Fig. 7-1 is an explanatory view of the procedure of
a first manufacturing method for the display panel.
Fig. 7-2 is an explanatory view of the procedure of
the first manufacturing method for the display panel.
Fig. 7-3 is an explanatory view of the procedure of
the first manufacturing method for the display panel.
Fig. 8-1 is an explanatory view of the procedure of
a second manufacturing method for the display
panel.
Fig. 8-2 is an explanatory view of the procedure of
the second manufacturing method for the display
panel.
Fig. 8-3 is an explanatory view of the procedure of
the second manufacturing method for the display
panel.
Fig. 9 is a schematic constructional view of a display
panel according to Embodiment 3 of the present in-
vention.
Fig. 10 is a schematic constructional view of a dis-
play panel according to Embodiment 4 of the
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present invention.
Fig. 11 is a schematic constructional view of a dis-
play apparatus according to Embodiment 5 of the
present invention.
Fig. 12 is a schematic constructional view of a dis-
play apparatus according to a modification to Em-
bodiment 5.

[Embodiment 1]

[0030] Fig. 1 shows the schematic construction of a
display apparatus 100 according to Embodiment 1 of the
present invention. In this embodiment, the construction
of the display apparatus 100 and a control by control
light will be first described, and practicable image dis-
plays based on the display apparatus 100 will be sub-
sequently described. The display apparatus 100 is con-
structed of a display panel 120, a power source 130,
and an optical system for control light, 140. The display
panel 120 displays an image by causing an organic EL
layer 110 to emit light.
[0031] A substrate 101 is a parallel flat plate which is
made of a glass member, a polymer member or the like
which is optically transparent. A first transparent elec-
trode layer 102 being optically transparent, and a con-
ductivity-variable layer 103 are successively stacked on
the substrate 101. The first transparent electrode layer
102 can be made of an ITO film. The conductivity-vari-
able layer 103 has its electrical conductivity changed by
the control light L transmitted through the first transpar-
ent electrode layer 102. Amorphous silicon (hereinbe-
low, termed "a-Si") or a photosensitive organic film, for
example, can be employed for the conductivity-variable
layer 103. The a-Si, for example, should desirably con-
tain hydrogen. Besides, the a-Si is formed by chemical
vapor deposition (CVD). In a state where the a-Si is not
irradiated with the control light L at all, it functions as an
insulating member whose electrical conductivity is sub-
stantially zero (that is, whose resistance value is infinite-
ly large). In contrast, when the a-Si is irradiated with the
control light L, the conductivity enlarges (that is, the re-
sistance value becomes small) in accordance with the
quantity of the light. That region of the conductivity-var-
iable layer 103 in which the conductivity changes corre-
sponds to that region of the first transparent electrode
layer 102 which has irradiated the a-Si with the control
light L.
[0032] The organic EL layer 110 is provided on the
conductivity-variable layer 103. The organic EL layer
110 is constructed in such a way that a reflection elec-
trode 111, an ITO film 112, a hole transport layer 113,
an organic light emission layer 114 and an electron
transport layer 115 are successively stacked from the
side of the conductivity-variable layer 103. The reflec-
tion electrode 111 can be constructed by evaporating a
metal, for example, aluminum (Al). The ITO film 112 is
provided in order to promote the emission of charges
from the reflection electrode 111 into the hole transport

layer 113. A triazole derivative, for example, can be em-
ployed as the material of the hole transport layer 113. A
benzothiazolic compound, for example, can be em-
ployed for the organic light emission layer 114. An elec-
tron-transmissive compound, for example, diphenylqui-
none derivative can be employed for the electron trans-
port layer 115. Since any of the hole transport layer 113,
organic light emission layer 114 and electron transport
layer 115 has a thickness on the order of several tens
nm, it is optically transparent. A second transparent
electrode layer 104 can be made of an ITO film likewise
to the first transparent electrode layer 102. A protective
layer 105 which is made of an optically transparent
member similar to the substrate 101, is provided on the
second transparent electrode layer 104. Herein, the dis-
play panel 120 has a voltage applied between the first
transparent electrode layer 102 and the second trans-
parent electrode layer 104 by the power source 130.
[0033] As methods for stacking the individual layers
which constitute the display panel 120, it is possible to
appropriately employ resistance-heating vacuum evap-
oration, electron-beam-heating vacuum evaporation,
sputtering, ion plating, casting, spin coating, and so
forth. Incidentally, the construction of the organic EL lay-
er 110 is not restricted to the above one. By way of ex-
ample, a bonding layer may well be provided for any of
the individual layers constituting the organic EL layer
110.
[0034] Besides, a hole transport material and an elec-
tron transport material may well be mixed into the or-
ganic light emission layer 114 by providing neither of the
hole transport layer 113 and the electron transport layer
115. If the charges of the reflection electrode 111 can be
sufficiently emitted into the hole transport layer 113, the
ITO film 112 may well be omitted.
[0035] The optical system for the control light, 140 is
constructed of a galvanomirror 144, and a light source
portion for the control light, 142. The optical system for
the control light, 140 is disposed for the display panel
120 and on the side of the substrate 101. The light
source portion for the control light, 142 supplies the con-
trol light L which is beam-shaped light, for example, la-
ser light. By way of example, a semiconductor laser el-
ement or a surface-light-emission laser element which
is furnished with a modulator can be employed for the
light source portion for the control light, 142. Herein, the
light source portion for the control light, 142 can modu-
late the intensity of the control light L in accordance with
an image signal from a control portion 148, so as to sup-
ply the modulated light. The control light L from the light
source portion for the control light, 142 is reflected to-
ward the display panel 120 by the galvanomirror 144.
Besides, the control light L reflected toward the display
panel 120 enters that surface of the display panel 120
which lies on the side of the substrate 101. The galva-
nomirror 144 can be fabricated by, for example, MEMS
(Micro Electro Mechanical Systems) technology. The
galvanomirror 144 turns about two predetermined axes
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being substantially orthogonal to each other, thereby al-
lowing the control light L to scan in two directions. The
turning of the galvanomirror 144 is controlled in accord-
ance with the image signal by the control portion 148.
In this way, the optical system for the control light, 140
scans that surface of the display panel 120 which lies
on the side of the substrate 101 with the control light L.
[0036] Employed as the control light L is light in a
wavelength region which is capable of changing the
electrical conductivity of the conductivity-variable layer
103. On this occasion, in a case where the control light
L has a wavelength region which is adapted to change
the electrical conductivity of the conductivity-variable
layer 103 most efficiently, the control light L in a small
light quantity can be employed. Besides, even in a case
where the control light L is in a wavelength region which
is not the wavelength region adapted to change the elec-
trical conductivity of the conductivity-variable layer 103
most efficiently, it can be employed for the control of the
display panel 120 by enlarging the light quantity of the
control light L. Thus, the display panel 120 can be con-
trolled by appropriately combining the wavelength and
light quantity of the control light L. Any of an ultraviolet
laser, a visible radiation laser and an infrared laser can
be employed for the control light L. Besides, not only the
laser light, but also the beam-shaped light, for example,
light from a light emitting diode element (LED) may well
be employed as the control light L.
[0037] Next, the control of the display apparatus 100
by the control light L will be described. The control light
L from the optical system for the control light, 140 is
transmitted through the substrate 101 and first transpar-
ent electrode layer 102 of the display panel 120, and it
enters the conductivity-variable layer 103. When the
control light L whose intensity corresponds to an image
signal has entered the conductivity-variable layer 103,
the electrical conductivity of this layer increases in ac-
cordance with the light quantity of the control light L as
to the part thereof at the entrance position of the control
light L. Incidentally, strictly speaking, a region where the
conductivity of the conductivity-variable layer 103
changes tends to spread to the surroundings around the
irradiation position in proportion to the intensity and ir-
radiation time period of the control light L. Here, the con-
trol shall be discussed assuming that the control light L
scans at high speed by the galvanomirror 144, and that
the conductivity changes only in and near the region ir-
radiated with the control light L.
[0038] Owing to the increase of the conductivity of the
conductivity-variable layer 103, one electrode of the
power source 130 as is connected with the first trans-
parent electrode layer 102 is electrically connected with
the reflection electrode 111 via the first transparent elec-
trode layer 102 and the conductivity-variable layer 103.
Since the conductivity of the conductivity-variable layer
103 changes in accordance with the light quantity of the
control light L transmitted through the first transparent
electrode layer 102, a voltage corresponding to the light

quantity of the control light L is applied to the reflection
electrode 111. Besides, the other electrode of the power
source 130 is held connected to the second transparent
electrode layer 104. When a voltage is applied between
the reflection electrode 111 and the second transparent
electrode layer 104, the charges of the reflection elec-
trode 111 are emitted into the hole transport layer 113
through the ITO film 112. When the charges are emitted
into the hole transport layer 113, holes are transmitted
from the hole transport layer 113 into the organic light
emission layer 114. Further, when the voltage is applied
between the reflection electrode 111 and the second
transparent electrode layer 104, electrons are transport-
ed from the electron transport layer 115 into the organic
light emission layer 114. In the organic light emission
layer 114, the holes from the hole transport layer 113
combine with the electrons from the electron transport
layer 115. The fluorescent substance of the organic light
emission layer 114 is excited by energy which is gener-
ated at the combination between the hole and the elec-
tron. Herein, when the excited fluorescent substance re-
verts into its ground state, a fluorescence phenomenon
occurs to emit light from the organic light emission layer
114.
[0039] The light from the organic light emission layer
114 proceeds in all directions around that position of the
organic light emission layer 114 which corresponds to
the entrance position of the control light L. The light
which has proceeded from the light emission position of
the organic light emission layer 114 toward the protec-
tive layer 105, is transmitted through the electron trans-
port layer 115, second transparent electrode layer 104
and protective layer 105 and exits from the display panel
120. Besides, the light which has proceeded from the
light emission position of the organic light emission layer
114 toward the substrate 101 is transmitted through the
hole transport layer 113 and ITO film 112 and is reflected
by the reflection electrode 111. The light reflected by the
reflection electrode 111 is transmitted through the indi-
vidual layers and proceeds toward the protective layer
105, and it exits from the display panel 120. An observer
observes the light which exits from the protective layer
105 of the display panel 120. Since the reflection elec-
trode 111 reflects the light proceeding toward the sub-
strate 101, toward the protective layer 105, the light from
the organic light emission layer 114 can be caused to
efficiently exit from the display panel 120.
[0040] In this manner, the display panel 120 is provid-
ed with the conductivity-variable layer 103, and the con-
trol light L is entered into the first transparent electrode
layer 102, whereby the voltage corresponding to the
light quantity of the control light L, in the voltage applied
between the first transparent electrode layer 102 and
the second transparent electrode layer 104, is applied
to the organic EL layer 110. Owing to the voltage corre-
sponding to the light quantity of the control light L, the
organic light emission layer 114 can be caused to emit
the light in accordance with the image signal. By the

13 14



EP 1 517 376 A2

9

5

10

15

20

25

30

35

40

45

50

55

way, in the display panel 120 in this embodiment, the
organic EL layer 110 is not divided into pixels, and it is
provided uniformly over the whole surface of the display
panel 120. As stated above, the conductivity-variable
layer 103 has its conductivity changed only in and near
the region irradiated with the control light L. Owing to
the change of the conductivity of only the region irradi-
ated with the control light L, when the control light L is
entered into the organic light emission layer 114, this
layer can be caused to emit the light in correspondence
with the entrance position of the control light L. There-
fore, when the entrance positions of the control light L
are controlled using the optical system for the control
light, 140, the organic light emission layer 114 can be
caused to emit light on the pixel basis in accordance with
the image signal, thereby to display an image (light ad-
dressing).
[0041] The voltage for causing the organic light emis-
sion layer 114 is applied between the first transparent
electrode layer 102 and the second transparent elec-
trode layer 104 by the power source 130. In this embod-
iment, in the case of performing the light addressing with
the control light L, the intensity of the control light L may
be to the extent of changing the electrical conductivity
of the conductivity-variable layer 103. In this embodi-
ment, the control light L of lower intensity can be em-
ployed than in a case where light is emitted for image
display by directly employing the energy of the control
light L. For this reason, the light source portion for the
control light, 142 is usable for the display apparatus 100
even when it is difficult of generating control light L of
high intensity. Therefore, the light source portion for the
control light, 142 whose output power is low and which
is inexpensive may well be employed for the optical sys-
tem for the control light, 140. Moreover, since the control
light L of high intensity need not be generated, the safety
of the display apparatus 100 can be enhanced. Further,
the display apparatus 100 of this embodiment can use
visible radiation or the like as the control light L. Since
an electron beam, for example, need not be employed
as the control light L, a vacuum tube or the like member
as in a display apparatus including a CRT is not re-
quired. Since the vacuum tube or the like member is not
required, the display apparatus 100 can be made light
in weight even when the display panel 120 is enlarged
in size. This brings forth the advantage that the display
apparatus 100 which can easily enlarge the size of the
display panel 120 is obtained.
[0042] The display apparatus 100 controls the drive
of the display panel 120 with the control light L. Accord-
ingly, the display panel 120 in this embodiment need not
be provided with TFT elements. Whereas the TFT ele-
ments need to be disposed for the respective pixels, the
conductivity-variable layer 103, first transparent elec-
trode layer 102, organic EL layer 110 and second trans-
parent electrode layer 104 of the display panel 120 can
be formed by forming films uniformly over the whole sub-
strate 101, respectively. Therefore, patterning is unnec-

essary in the manufacturing process of the display panel
120, so that the manufacture of the display panel 120 is
easier than in the case of providing the TFT elements.
Moreover, the respective pixels can be accessed by the
construction which scans with the control light L, so that
they need not be electrically accessed. Since the re-
spective pixels need not be electrically accessed, elec-
trical wiring lines need not be laid for the respective pix-
els. Therefore, the display panel 120 in this embodiment
can be made simpler in construction than the prior-art
EL display. Owing to the simplified construction of the
display panel 120 and also the easy manufacture there-
of, the yield thereof can be improved to curtail a manu-
facturing cost.
[0043] Since the display panel 120 can be manufac-
tured by forming the materials of the respective layers
into the films uniformly over the substrate 101, the man-
ufacture is easy even in the case of enlarging the size
of the display panel 120. Besides, when the TFT ele-
ments are employed, the number of wiring lines for elec-
trically connecting the TFT elements increases with the
enlargement of the size of a screen. Therefore, the em-
ployment of the TFT elements poses the problem that
an electrical resistance increases with the enlargement
of the size of the screen. In contrast, the display panel
120 in this embodiment dispenses with the electrical ac-
cesses to the respective pixels, so that an electrical re-
sistance is not increased even by increasing the number
of pixels. Since the electrical resistance does not in-
crease, even a large-sized display panel 120 can have
its drive easily controlled as long as the control light L
can be entered into the whole display panel 120 by the
optical system for the control light, 140. Besides, a PDP
(plasma display panel), for example, dissipates more
power with the enlargement of its size. When the display
panel 120 is compared with the PDP, the organic EL lay-
er 110 dissipates low power even in the case of enlarg-
ing the size. In this manner, the electrical resistance
does not increase, and besides, the dissipation power
of the organic EL layer 110 itself is low, the dissipation
power of the display apparatus 100 can be lowered even
in the case of enlarging the size of the display panel 120.
This brings forth the advantage that the display panel
120 which is easy of enlarging its size is obtained.
[0044] Next, image displays based on the display ap-
paratus 100 of this embodiment will be concretely de-
scribed. In the display panel 120 of the display appara-
tus 100, the organic EL layer 110 is not divided into pix-
els, and it is provided uniformly over the whole surface
of the display panel 120. When light addressing is per-
formed using the optical system for the control light, 140,
the display panel 120 displays a monochromatic image
of identical color by light which has a wavelength corre-
sponding to energy generated when the fluorescent
substance excited by the organic light emission layer
114 reverts into its ground state. The display panel 120
is used for the display apparatus 100 which displays the
image by using the optical system for the control light,
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140 in this manner, and it can also be used for loading
the image of the display of another image display appa-
ratus thereinto and then displaying the loaded image.
[0045] Fig. 2-1 shows a schematic construction in
which the image of the display 210 of another image dis-
play apparatus is displayed by the display apparatus
100. A CRT display, for example, can be employed as
the display 210. The display panel 120 and the display
210 are arranged so that the display surface of the dis-
play 210 and the side of the substrate 101 (refer to Fig.
1) of the display panel 120 may be opposed to each oth-
er, and that their whole surfaces may be placed on each
other. The display 210 emits light for displaying the im-
age.
[0046] Here, let's consider a case where light which
corresponds to one pixel constituting the image of the
display 210 is entered into the display panel 120. When
the light from the display 210 is entered into the display
panel 120 as control light, the conductivity of the con-
ductivity-variable layer 103 (refer to Fig. 1) changes just
as in the case where the control light L is allowed to scan
by the galvanomirror 144. The conductivity-variable lay-
er 103 has the electrical conductivity changed in accord-
ance with the light quantity of the light from the display
210 as transmitted through the first transparent elec-
trode layer 102, at its position which corresponds to the
pixel of the display 210.
[0047] Owing to the change of the conductivity of the
conductivity-variable layer 103, that voltage of a prede-
termined voltage which corresponds to the conductivity
of the conductivity-variable layer 103 is applied to the
organic EL layer 110 (refer to Fig. 1). Consequently, the
organic EL layer 110 emits light in accordance with the
light quantity of the light from the display 210 as trans-
mitted through the first transparent electrode layer 102,
at the position corresponding to the pixel of the display
210. When lights from the respective pixels of the dis-
play 210 are entered and loaded into the display panel
120, the organic EL layer 110 emits lights in correspond-
ence with the positions of and light quantities from the
respective pixels of the display 210. Since the organic
EL layer 110 emits the lights in correspondence with the
positions of and light quantities from the respective pix-
els of the display 210, the image of the display 210 can
be displayed on the display panel 120. This brings forth
the advantage that the image of the display 210 of the
other image display apparatus can be displayed by the
simple construction.
[0048] As shown in Fig. 2-2, color filters may well be
disposed on the entrance side of the display panel 120
for the light from the display 210 and on the exit side of
the display panel 120 for the emitted light thereof. By
way of example, R-light transmitting color filters 221 and
231, G-light transmitting color filters 222 and 232, and
B-light transmitting color filters 223 and 233 are arrayed
on the surface of the substrate 101 of the display panel
120 and the surface of the protective layer 105 thereof,
respectively. At a part provided with the R-light transmit-

ting color filter 221, the light of an R-component in the
light emitted from the display 210 is transmitted through
this filter. In contrast, the lights of a G-component and a
B-component having entered the R-light transmitting
color filter 221 are absorbed without being transmitted
through this R-light transmitting color filter 221. That part
of the organic light emission layer 114 (refer to Fig. 1)
which corresponds to a part provided with the R-light
transmitting color filter 221, emits light in correspond-
ence with the light quantity of the R-component light
transmitted through this R-light transmitting color filter
221.
[0049] On this occasion, the emitted light in the dis-
play panel 120 is light in a color which corresponds to
energy that is generated when the fluorescent sub-
stance excited by the organic light emission layer 114
reverts into its ground state. Besides, the R-light trans-
mitting color filter 231 is disposed at a position corre-
sponding to the R-light transmitting color filter 221.
Therefore, only the light of the R-component in the emit-
ted light at the part provided with the R-light transmitting
color filter 221 is transmitted through the R-light trans-
mitting color filter 231. The light of the G-component and
that of the B-component are absorbed without being
transmitted through the R-light transmitting color filter
231. In this way, the R-light is generated from the part
provided with the R-light transmitting color filter 231, in
accordance with the light quantity of the R-component
light having entered the R-light transmitting color filter
221.
[0050] Likewise to the R-light stated above, G-light
and B-light are generated from parts provided with the
G-light transmitting color filter 232 and the B-light trans-
mitting color filter 233, respectively. Thus, a full-color im-
age can be obtained in the display panel 120. Inciden-
tally, the display 210 is not restricted to the CRT display,
but it may well be another display, for example, a liquid
crystal panel or a projector employing a micromirror ar-
ray device. Further, the present invention is not restrict-
ed to the case of employing the display 210, but a static
picture depicted on, for example, a transparent film may
well be projected on the display panel 120 by employing
a light source device. Thus, the static picture depicted
on the transparent film can be displayed by the display
panel 120.

[Embodiment 2]

[0051] Fig. 3 shows the schematic construction of a
display apparatus 300 according to Embodiment 2 of the
present invention. The same signs are assigned to the
same portions as in the display apparatus 100 of the
foregoing embodiment 1, and they shall not be repeat-
edly described. The display apparatus 300 of this em-
bodiment serves to observe light which is caused to exit
from a display panel 320 mounted on a frame 360. An
optical system for control lights, 340 is accommodated
in the frame 360. The display panel 320 features that an
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organic EL layer forms a structure in which it is divided
into a plurality of regions corresponding to pixels.
[0052] A first light source portion for control light, 341,
a second light source portion for control light, 342 and
a third light source portion for control light, 343 generate
the first control light L1, second control light L2 and third
control light L3, respectively. Besides, the control lights
L1, L2 and L3 are respectively reflected by galvanomir-
rors 344, 345 and 346, whereupon they proceed toward
a mirror 350 which is disposed in opposition to the dis-
play panel 320. The individual control lights L1, L2 and
L3 having proceeded toward the mirror 350 are reflected
by the mirror 350, and the reflected lights proceed to-
ward the display panel 320. Since each of the galva-
nomirrors 344, 345 and 346 turns about two predeter-
mined axes being substantially orthogonal to each oth-
er, each of the control lights L1, L2 and L3 scans the
display panel 320. The individual light source portions
for the control lights, 341, 342 and 343, and the individ-
ual galvanomirrors 344, 345 and 346 have the same
constructions as those of the light source portion for the
control light, 142 and the galvanomirror 144 in Embod-
iment 1, respectively. Incidentally, the present invention
is not restricted to the construction in which the individ-
ual control lights L1, L2 and L3 are respectively allowed
to scan by the galvanomirrors 344, 345 and 346, but it
may well employ, for example, a construction in which
all the control lights L1, L2 and L3 are simultaneously
allowed to scan using a single galvanomirror. When all
the control lights L1, L2 and L3 are allowed to scan using
the single galvanomirror, the turning operations of the
plurality of galvanomirrors need not be precisely syn-
chronized, and hence, the control of the display panel
320 can be facilitated.
[0053] Fig. 4 shows the schematic constructions of
the display panel 320 and the optical system for the con-
trol lights, 340. Here, the construction in which the indi-
vidual control lights L1, L2 and L3 are reflected by the
mirror 350 is omitted from illustration in order to concise-
ly explain the relationship between the display panel 320
and the optical system for the control lights, 340. The
display panel 320 is disposed with the side of the sub-
strate 101 facing to the interior of the frame 360 (refer
to Fig. 3) and with the protective layer 105 facing to the
exterior of the frame 360. A plurality of banks 425 being
partition members are disposed on the conductivity-var-
iable layer 103 of the display panel 320. Each of the
banks 425 is an electrical insulating member which is
provided to be rectilinear in two directions being sub-
stantially orthogonal to each other, on a region in a plane
being substantially parallel to the substrate 101. The
banks 425 can be formed by subjecting polyimide, for
example, to ink jetting or to etching and patterning.
When the display panel 320 is cut along a plane being
substantially perpendicular to the substrate 101, each
of the banks 425 is substantially in the shape of an equi-
lateral triangle as shown in Fig. 4.
[0054] On those regions of the conductivity-variable

layer 103 which are partitioned by the banks 425, a re-
flection electrode 411, an ITO film 412, a hole transport
layer 413, an organic light emission layer 414 and an
electron transport layer 415 are successively stacked
by ink jetting. The pixels are defined by the organic EL
layer 410 which is divided by the banks 425. Besides,
the individual pixels are arrayed in the shape of a matrix
on the substrate 101. In this manner, the display panel
320 forms the structure in which the organic EL layer
410 is divided into the plurality of regions corresponding
to the pixels. Incidentally, the reflection electrode 411,
ITO film 412, hole transport layer 413 and electron trans-
port layer 415 have the same constructions as those of
the reflection electrode 111, ITO film 112, hole transport
layer 113 and electron transport layer 115 in Embodi-
ment 1, respectively, except that they are divided into
the plurality of regions corresponding to the pixels, by
the banks 425.
[0055] Besides, the display panel 320 is provided with
a light shield portion 435 on that surface of the substrate
101 which lies on the side of the optical system for the
control lights, 340. The light shield portion 435 is formed
with openings 437 at its positions through which the con-
trol lights L1, L2 and L3 from the optical system for the
control lights, 340 pass. The light shield portion 435 can
be formed into the shape of a film by, for example, per-
forming metal evaporation on the substrate 101. The
openings 437 can be formed in such a way that the po-
sitions where these openings 437 are to be provided are
masked in the metal evaporation of the light shield por-
tion 435. Further, the light shield portion 435 and the
openings 437 may well be formed in such a way that a
light shield member provided with the openings 437 is
bonded to the substrate 101, apart from the employment
of the evaporation. Incidentally, the details of the posi-
tions of the openings 437 in the light shield portion 435
will be explained later.
[0056] The organic light emission layer 414 is provid-
ed in a state where it is divided by the banks 425 into
an organic light emission layer for R-light, 414R which
generates the R-light being first color light, an organic
light emission layer for G-light, 414G which generates
the G-light being second color light, and an organic light
emission layer for B-light, 414B which generates the B-
light being third color light. The organic light emission
layer for the R-light, 414R, the organic light emission
layer for the G-light, 414G, and the organic light emis-
sion layer for the B-light, 414B give rise to fluorescence
phenomena similarly to the organic light emission layer
114 in Embodiment 1. The organic light emission layer
for the R-light, 414R, the organic light emission layer for
the G-light, 414G, and the organic light emission layer
for the B-light, 414B emit the lights of different wave-
length regions in accordance with energies which are
generated when the fluorescent substances of the re-
spective layers revert into their ground states after hav-
ing been excited. Herein, owing to the emissions of the
lights of the different wavelength regions, the organic
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light emission layer for the R-light, 414R, the organic
light emission layer for the G-light, 414G, and the organ-
ic light emission layer for the B-light, 414B generate the
R-light, G-light and B-light, respectively. A pixel for the
R-light, 420R which is the pixel for the first color light
generates the R-light by the organic light emission layer
for the R-light, 414R. A pixel for the G-light, 420G which
is the pixel for the second color light generates the G-
light by the organic light emission layer for the G-light,
414G. A pixel for the B-light, 420B which is the pixel for
the third color light generates the B-light by the organic
light emission layer for the B-light, 414B. Incidentally, for
the brevity of description, Fig. 4 illustrates a construction
in which one pixel for the R-light, 420R, one pixel for the
G-light, 420G, and one pixel for the B-light, 420B in the
display panel 320 are paralleled.
[0057] Next, the control of the display panel 320 by
the control lights L1, L2 and L3 will be described with
reference to Figs. 4 and 5. As shown in Fig. 4, the optical
system for the control lights, 340 enters the first control
light L1, second control light L2 and third control light L3
into those positions of the first transparent electrode lay-
er 102 which correspond to the pixel for the R-light,
420R, the pixel for the G-light, 420G, and the pixel for
the B-light, 420B, respectively. The first control light L1
reflected by the galvanomirror 344 passes through the
opening 437, and enters only the part of the first trans-
parent electrode layer 102 corresponding to the pixel for
the R-light, 420R. The opening 437 is provided at such
a position that the first control light L1 reflected by the
galvanomirror 344 can be passed through this opening
437 and entered into only the first transparent electrode
layer 102. In other words, when the opening 437 is
viewed in the proceeding direction of the first control
light L1, only the part of the first transparent electrode
layer 102 corresponding to the pixel for the R-light, 420R
can be confirmed.
[0058] In a case where the first control light L1 pro-
ceeds toward any part other than the part of the first
transparent electrode layer 102 corresponding to the
pixel for the R-light, 420R, it is intercepted by the light
shield portion 435. Owing to the interception by the light
shield portion 435, the first control light L1 is prevented
from erroneously entering the pixel for the G-light, 420G
or the pixel for the B-light, 420B.
[0059] Likewise to the first control light L1, the second
control light L2 and the third control light L3 enter only
the parts of the first transparent electrode layer 102 cor-
responding to the pixel for the G-light, 420G and the pix-
el for the B-light, 420B, respectively. Incidentally, the po-
sition of the light shield portion 435 is not restricted to
the surface of the substrate 101 as long as it is a position
at which the respective control lights L1, L2 and L3 can
be precisely entered into the corresponding pixels. In-
sofar as the light shield portion 435 lies in the vicinity of
the first transparent electrode 102, it may well be ar-
ranged at, for example, a position which has a spatial
interval from the substrate 101, or the internal position

of the substrate 101 other than the surface thereof.
[0060] As shown in Fig. 4, the optical system for the
control lights, 340 emits the control lights L1, L2 and L3
toward the display panel 320 so that the proceeding di-
rections of these control lights may intersect in the vi-
cinity of the opening 437 which is provided in corre-
spondence with the pixels for the color lights, 420R,
420G and 420B in one set. When the opening 437 and
the optical system for the control lights, 340 are ar-
ranged in this way, the control lights L1, L2 and L3 can
be precisely entered into the pixels for the color lights,
420R, 420G and 420B, respectively. Herein, the first
control light L1 is entered into the part of the first trans-
parent electrode layer 102 corresponding to the pixel for
the R-light, 420R, whereby the organic EL layer for the
R-light, 414R generates the R-light in a light quantity
which corresponds to the light quantity of the first control
light L1. In this way, the pixel for the R-light, 420R emits
the R-light from the surface of the protective layer 105
in accordance with an image signal. The pixel for the G-
light, 420G and the pixel for the B-light, 420B emit the
G-light and B-light from the protective layer 105, respec-
tively, similarly to the pixel for the R-light, 420R.
[0061] Fig. 5 shows a construction in which the control
lights L1, L2 and L3 enter pluralities of pixels for the R-
light, 420R, pixels for the G-light, 420G and pixels for
the B-light, 420B, respectively. Here, among the plurality
of pixels of the display panel 320, the pixels for the re-
spective color lights, 420R, 420G and 420B in five sets
are illustrated for description. As shown in Fig. 5, the
openings 437 are provided in correspondence with the
respective sets of pixels for the color lights, 420R, 420G
and 420B. The light shield portion 435 is provided with
the openings 437, and the control lights L1, L2 and L3
are passed through each of the openings 437. The con-
trol lights L1, L2 and L3 pass through each opening 437
from positions different from one another, and they enter
those selected parts of the first transparent electrode
layer 102 (refer to Fig. 4) which correspond to the pixels
for the color lights, 420R, 420G and 420B. In this way,
the control lights L1, L2 and L3 can enter only the pixel
for the R-light, 420R, the pixel for the G-light, 420G and
the pixel for the B-light, 420B, respectively. Incidentally,
the display panel 320 is not restricted to the construction
in which one opening 437 is provided for one set of pix-
els for the color lights, 420R, 420G and 420B. Insofar
as the control lights L1 - L3 can be precisely entered into
the respective pixels for the color lights, 420R, 420G and
420B, the positions and number of the openings 437 for
the pixels are appropriately alterable.
[0062] With, for example, a construction in which the
light shield portion 435 is not provided, the optical sys-
tem for the control lights, 340 must enter the control
lights L1, L2 and L3 precisely in correspondence with
only the positions of the respective pixels for the color
lights, 420R, 420G and 420B. In contrast, with the con-
struction in which the openings 437 are provided in the
light shield portion 435, the optical system for the control
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lights, 340 can be used for the display apparatus 300 as
long as it can enter the control lights L1, L2 and L3 into
the openings 437 provided in correspondence with the
pixels 420R, 420G and 420B for the color lights. Thus,
the optical system for the control lights, 340 need not
enter the control lights L1, L2 and L3 at a high precision
up to the level of the positions of the individual pixels,
but it may enter the control lights L1, L2 and L3 at a
precision up to the level of the positions of the individual
openings 437. The control lights L1, L2 and L3 can also
be modulated and allowed to scan in accordance with
the image signal in their irradiating states left intact.
[0063] In this manner, the control of the display panel
320 is facilitated owing to the facts that the order of the
entrance position level of the control lights L1, L2 and
L3 from the optical system for the control lights, 340 be-
comes large, and that the control lights L1, L2 and L3
are modulated in accordance with the image signal in
their irradiating states left intact. Moreover, even when
the scanning speed of the control lights L1, L2 and L3
is not lowered, light addressing can be performed pre-
cisely. Therefore, even when the control lights L1, L2
and L3 are allowed to scan at a speed necessary for
displaying an image of high quality, the control lights L1,
L2 and L3 can be precisely entered into the respective
pixels for the color lights, 420R, 420G and 420B. Fur-
ther, a precise control can be easily performed even for
a large-sized display panel 320. This brings forth the ad-
vantage that the precise control can be easily performed
without degrading the quality of an image.
[0064] Unlike the case of employing an electron
beam, the control lights L1, L2 and L3 can have their
proceeding directions deflected by the mirror 350 as in
the display apparatus 300, and they can be fined by
lenses. When the proceeding directions of the control
lights L1, L2 and L3 can be bent by the mirror 350, the
control lights L1, L2 and L3 can scan over the whole
large-sized display panel 320 even in the case of the
thinned structure of the display apparatus 300. In a case
where the mirror 350 is not disposed, the optical system
for the control lights, 340 needs to be disposed at a po-
sition which is substantially perpendicular to the en-
trance surface of the display panel 320. With the con-
struction in which the control lights L1, L2 and L3 are
deflected by the mirror 350 so as to enter the display
panel 320, the optical system for the control lights, 340
need not be disposed at the position being substantially
perpendicular to the entrance surface of the display pan-
el, and it can be arranged at any position inside the
frame 360. Therefore, the frame 360 can be thinned.
[0065] Further, when the control lights L1, L2 and L3
are deflected by the mirror 350, optical paths from the
respective galvanomirrors 344, 345 and 346 to substan-
tially the central part of the entrance surface of the dis-
play panel 320 can be made longer. Owing to the longer
optical paths to the display panel 320, scanning angles
based on the galvanomirrors 344, 345 and 346 can be
made narrower with the size of the frame 360 kept small.

Therefore, the control lights L1, L2 and L3 can be easily
allowed to scan over the whole entrance surface of the
display panel 320. Especially, even for the large-sized
display panel 320, the control lights L1, L2 and L3 can
be easily allowed to scan. This brings forth the advan-
tage that the display panel 320 can be easily enlarged
in size.
[0066] Next, the layout of the pixels for the R-light,
420R, the pixels for the G-light, 420G and the pixels for
the B-light, 420B will be described with reference to
Figs. 6-1, 6-2 and 6-3. Figs. 6-1, 6-2 and 6-3 show the
array of the individual pixels with the display panel 320
(refer to Fig. 4) viewed from the side of the protective
layer 105. Fig. 6-1 shows an example in which a pixel
for the R-light, 610R, a pixel for the G-light, 610G and a
pixel for the B-light, 610B each being in a rectangular
shape are arrayed substantially in the shape of a regular
square. The pixels for the R-light, 610R, the pixels for
the G-light, 610G and the pixels for the B-light, 610B
constitute pixel aggregates 650 each of which is sub-
stantially in the shape of the regular square. Besides,
the plurality of pixel aggregates 650 are laid out at sub-
stantially equal intervals in the predetermined two-di-
mensional directions of a surface which is substantially
parallel to the substrate 101 (refer to Fig. 4).
[0067] Since the individual pixels are arrayed so as to
constitute the pixel aggregates 650 each being substan-
tially in the shape of the regular square, they can be
densely arrayed. When the pixels are densely arrayed,
the aperture percentage of the display panel 320 is en-
hanced, and a bright image can be obtained. Further,
the pixel aggregates 650 are shaped substantially into
the regular squares and are arrayed at the substantially
equal intervals in the two-dimensional directions,
whereby the distortion of an image is reduced, and the
image can be displayed in precise correspondence with
an image signal. This brings forth the advantage that a
full-color image can be displayed brightly and precisely.
Besides, as shown in Fig. 6-2, the array of the individual
pixels and the layout of the pixel aggregates 650 as
shown in Fig. 6-1 may well be shifted by one pixel. Fur-
ther, as shown in Fig. 6-3, it is also allowed that each of
pixels is made circular, whereupon the individual pixels
are arrayed so as to constitute pixel aggregates 660
each being substantially in the shape of a regular trian-
gle. The pixel aggregates 660 are arrayed by alternately
changing their directions, whereby the pixels can be
densely arrayed as in the array of the pixels shown in
Fig. 6-1. Therefore, a full-color image can be displayed
brightly and precisely.
[0068] Next, a first manufacturing method and a sec-
ond manufacturing method for the display panel 320 of
this embodiment will be described. Figs. 7-1, 7-2 and
7-3 show the procedure of the first manufacturing meth-
od for the display panel 320. First, at a step a which is
a first-transparent-electrode-layer formation step, a first
transparent electrode layer 102 is formed on a substrate
101. Subsequently, at a step b which is a conductivity-
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variable-layer formation step, a conductivity-variable
layer 103 is formed on the first transparent electrode lay-
er 102 formed at the step a. The first transparent elec-
trode layer 102 and the conductivity-variable layer 103
can be formed by forming films uniformly over the whole
substrate 101, respectively. Subsequently, at a step c
which is a partition-member formation step, banks 425
are formed in a predetermined pattern on the conduc-
tivity-variable layer 103 formed at the step b. The banks
425 can be formed by performing, for example, ink jet-
ting, or etching and patterning. Individual pixels on the
display panel 320 can be constructed by the partitions
of the banks 425. Therefore, the pattern of the banks
425 can be altered in accordance with the shape of each
pixel.
[0069] Next, at an EL-layer formation step, an organic
EL layer 410 is formed among the banks 425 formed at
the step c. At the EL-layer formation step, a reflection
electrode 411 is first provided at a step d. The reflection
electrode 411 can be formed by evaporating a metal
such as aluminum. Subsequently, the reflection elec-
trode 411 provided at the step d is overlaid with an ITO
film 412 at a step e, a hole transport layer 413 at a step
f, and an organic light emission layer 414 at a step g in
succession. The respective layers of the reflection elec-
trode 411, ITO film 412, hole transport layer 413 and
organic light emission layer 414 can be stacked by em-
ploying ink-jet technology. Especially, at the step g, or-
ganic light emission layers for R-light, 414R, organic
light emission layers for G-light, 414G, and organic light
emission layers for B-light, 414B (refer to Fig. 4) can be
formed selectively at desired positions by the ink-jet
technology. Besides, at a step h, an electron transport
layer 415 is formed on the banks 425 formed at the step
c, and on the organic light emission layer 414 formed at
the step g. In this way, the organic EL layer 410 is formed
at the steps d - h.
[0070] The respective layers of the reflection elec-
trode 411, ITO film 412, hole transport layer 413 and
organic light emission layer 414 may well be fabricated
by print technology based on transfer, a photo process,
or the like without resorting to the ink jetting. By way of
example, a hole transport layer 413, an organic light
emission layer 414, etc. which are patterned can alter-
natively be stacked by metal evaporations. It is also al-
lowed that a pattern which is inversely tapered in corre-
spondence with pixels is prepared on the conductivity-
variable layer 103 which is formed uniformly, whereupon
the respective layers of the organic EL layer 410 are uni-
formly formed on inversely-tapered resist portions pre-
pared. The respective layers formed on the inversely-
tapered resist portions become a structure in which they
are electrically isolated every resist portion, so that the
organic EL layer 410 can be provided in correspond-
ence with the respective pixels without disposing the
banks 425.
[0071] Subsequently, at a step i which is a second-
transparent-electrode-layer formation step, a second

transparent electrode layer 104 is formed on the elec-
tron transport layer 415 formed at the step h. The elec-
tron transport layer 415 at the step h and the second
transparent electrode layer 104 at the step i can be
formed by forming films uniformly over the whole sur-
face of the substrate 101. Lastly, at a step i which is a
protective-layer formation step, the upper surface of the
second transparent electrode layer 104 formed at the
step i is sealed by a protective layer 105. In the above
way, the display panel 320 of this embodiment can be
manufactured. Besides, the display panel 320 dispens-
es with TFT elements. Since the TFTs are dispensed
with, the layers of the parts except the banks 425 for
constructing the pixels, and the organic EL layer 410
provided in correspondence with the pixels, can be
formed by forming the films over the whole surface of
the substrate 101. Therefore, the display panel 320 can
be manufactured with ease.
[0072] Figs. 8-1, 8-2 and 8-3 show the procedure of
the second manufacturing method for the display panel
320.
[0073] The second manufacturing method for the dis-
play panel 320 differs from the first manufacturing meth-
od in the point that a first layered structure and a second
layered structure are fabricated as separate members,
and that they are thereafter stuck to each other. The first
layered structure is constructed of a substrate 101 being
a first substrate, a first transparent electrode layer 102,
and a conductivity-variable layer 103. First, at a first-lay-
ered-structure formation step which consists of a step a
and a step b, the first layered structure constructed of
the substrate 101, first transparent electrode layer 102
and conductivity-variable layer 103 is formed. The step
a being a first-transparent-electrode-layer formation
step, and the step b being a conductivity-variable-layer
formation layer are respectively the same as the step a
and step b of the first manufacturing method stated be-
fore. At the first-layered-structure formation step, the re-
spective layers can be formed uniformly over the whole
surface of the substrate 101.
[0074] Subsequently, at a second-layered-structure
formation step which consists of a step c - a step i, there
is formed the second layered structure which is con-
structed of a protective layer 105 being a second sub-
strate, a second transparent electrode layer 104, banks
425 being partition members, and an organic EL layer
410. At the second-layered-structure formation step, re-
spective layers are stacked successively from the pro-
tective layer 105, reversely to the step d - the step j in
the procedure of the first manufacturing method. At the
step c which is a second-transparent-electrode-layer
formation step, the second transparent electrode layer
104 is formed on the protective layer 105. Likewise to
the substrate 101, the protective layer 105 is a parallel
flat plate which is made of an optically transparent mem-
ber. Besides, at the step d, an electron transport layer
415 is provided on the second transparent electrode lay-
er 104 formed at the step c. The second transparent
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electrode layer 104 at the step c, and the electron trans-
port layer 415 at the step d can be formed uniformly over
the whole surface of the protective layer 105.
[0075] Subsequently, at the step e which is a partition-
member formation step, the banks 425 are provided in
a predetermined pattern on the electron transport layer
415 provided at the step d. The formation of the banks
425 is the same as that in the first manufacturing meth-
od. Besides, at the step f - the step i which constitute an
EL-layer formation step, an organic light emission layer
414, a hole transport layer 413, an ITO film 412 and a
reflection electrode 411 are successively stacked
among the banks 425 formed at the step e. In this way,
the organic EL layer 410 is constructed of the electron
transport layer 415 which has been formed at the step
d, and the organic light emission layer 414, hole trans-
port layer 413, ITO film 412 and reflection electrode 411
which have been formed at the step f - the step i. At the
second-layered-structure formation step, the respective
layers of the organic EL layer 410 are stacked succes-
sively from the side of the protective layer 105.
[0076] Excepting that the stacking sequence of the re-
spective layers is reversed, the details of the stacking
of the respective layers of the organic EL layer 410 are
the same as the procedure at the steps d - j of the first
manufacturing method. In this way, the second layered
structure corresponding to pixels can be formed at the
second-layered-structure formation step.
[0077] Subsequently, at a step j, a bonding layer 850
being electrically conductive is provided on the reflec-
tion electrode 411 formed at the step i. Besides, at a
step k which is a sticking step, the second layered struc-
ture formed at the second-layered-structure formation
step is stuck onto the first layered structure formed at
the first-layered-structure formation step, into a unitary
structure as the display panel 320. On this occasion, the
first and second layered structures are stuck together
so that the conductivity-variable layer 103 of the first lay-
ered structure, and the banks 425 as well as the bonding
layer 850 of the second layered structure may be placed
on each other. When the bonding layer 850 has intruded
between the bank 425 and the conductivity-variable lay-
er 103 at the step k, the parts of the reflection electrode
411 corresponding to the adjacent pixels are electrically
connected with each other by the bonding layer 850 hav-
ing intruded. When the parts of the reflection electrode
411 corresponding to the adjacent pixels are electrically
connected with each other, it becomes difficult to control
the drive of the display panel 320 in accordance with an
image signal. At the step k, accordingly, the bonding lay-
er 850 needs to be prevented from intruding between
the banks 425 and the conductivity-variable layer 103.
Further, at the step j, the bonding layer 850 should de-
sirably be provided on only regions surrounded with the
banks 425, by employing ink jetting. In this way, the
bonding layer 850 is prevented from intruding between
the banks 425 and the conductivity-variable layer 103,
and the display panel 320 which can be precisely con-

trolled in accordance with the image signal is obtained.
[0078] In a case where an organic EL display is pro-
vided with TFT elements, it needs to be manufactured
so that the positions of the electrodes of the TFT ele-
ments may be registered with the positions of the parts
of an organic EL layer corresponding to pixels. In con-
trast, the display panel 320 dispenses with the TFT el-
ements. The organic EL layer 410 need not have its po-
sitions registered as in the case of providing the TFT
elements, but it may well be constructed in correspond-
ence with the pixels, on the conductivity-variable layer
103 formed over the whole surface of the substrate 101.
Therefore, the first layered structure which can be
formed over the whole surface of the substrate 101, and
the second layered structure which structurally corre-
sponds to the pixels can be respectively formed as the
separate members. Besides, the first layered structure
and the second layered structure are stuck together into
the unitary structure, whereby the display panel 320 can
be manufactured.
[0079] When the second layered structure is formable
as the member separate from the first layered structure,
it can be formed by successively stacking the second
transparent electrode layer 104 and the organic EL layer
410 on the protective layer 105. When the second lay-
ered structure can be formed by successively stacking
the respective layers on the protective layer 105, the
protective layer 105 can be made a more rigid member
than in the case of forming the protective layer 105 on
a layered structure corresponding to pixels. Therefore,
this manufacturing method brings forth the advantage
that the protective layer 105 of the display panel 320 can
be made rigid, so the manufactured display panel 320
can be used for a long term. Incidentally, a method in
which a plurality of unitized display panels are arrayed
in the shape of tiles may well be adopted as a method
of manufacturing a large-sized display panel 320. Thus,
the display panel 320 of large size and high definition
can be manufactured with ease.

[Embodiment 3]

[0080] Fig. 9 shows the schematic construction of a
display panel 920 according to Embodiment 3 of the
present invention. The same signs are assigned to the
same portions as in the display apparatus 300 of the
foregoing embodiment 2, and they shall not be repeat-
edly described. The display panel 920 in this embodi-
ment features that the region of a reflection electrode
911 corresponding to each pixel is larger than the region
of the part of an organic EL layer 910 as is partitioned
by banks 925. The organic EL layer 910 is constructed
of the reflection electrode 911, an ITO film 412, a hole
transport layer 413, an organic light emission layer 414
and an electron transport layer 415. Likewise to the re-
flection electrode 111 in Embodiment 1, the reflection
electrode 911 can be constructed by evaporating a met-
al, for example, aluminum (Al). Likewise to the bank 425
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in Embodiment 2, the bank 925 is an electrical insulating
member which is provided to be rectilinear in two direc-
tions being substantially orthogonal to each other, on a
region in a plane being substantially parallel to the sub-
strate 101. The banks 925 can be formed by subjecting
polyimide, for example, to ink jetting or to etching and
patterning.
[0081] When the display panel 920 is cut along a
plane being substantially perpendicular to a substrate
101, each of the banks 925 has such a shape that, as
shown in Fig. 9, the peripheral parts 911a of the reflec-
tion electrode 911 lie in two places near the base of a
substantially equilateral- triangular shape. The ITO film
412, hole transport layer 413, organic light emission lay-
er 414 and electron transport layer 415 which are the
portions of the organic EL layer 910 other than the re-
flection electrode 911, are divided into regions corre-
sponding to a plurality of pixels by the parts of the slant-
ing surfaces of the banks 925 in the substantially equi-
lateral-triangular shape. In contrast, the reflection elec-
trode 911 is provided so that the peripheral parts 911a
thereof may be held between the banks 925 and the re-
gions 903a of a conductivity-variable layer 103. There-
fore, when the reflection electrode 911 is viewed from
the side of a protective layer 105, it has the region which
is larger than the region of the organic EL layer 910 di-
vided by the slanting surface parts of the banks 925.
[0082] It is assumed by way of example that control
light L has entered the region 903a of the conductivity-
variable layer 103 as shown in Fig. 9. Supposing that
the region of the bank 925 occupies the position of the
peripheral part 911a, a voltage cannot be sufficiently ap-
plied to the reflection electrode 911 even in a case where
the conductivity of the region 903a has been changed
by the control light L. Therefore, the control light L can-
not satisfactorily contribute to the drive of the display
panel 920. In contrast, since the region of the reflection
electrode 911 is made larger in correspondence with the
region of the peripheral part 911a, the voltage can be
sufficiently applied to the reflection electrode 911 in the
case where the conductivity of the region 903a has been
changed by the control light L. Accordingly, the control
light L having entered the region 903a can satisfactorily
contribute to the drive of the display panel 920.
[0083] In this manner, the region of the reflection elec-
trode 911 provided in correspondence with each pixel is
enlarged, whereby the control light L having entered a
larger area than in the case where the reflection elec-
trode 911 is divided into the region of the same size as
that of the region of the organic EL layer 910 can be
utilized, so that the utilization efficiency of the control
light L is enhanced. Besides, since the control light L
having entered the larger area can be utilized, the con-
trol of the display panel 920 can be satisfactorily per-
formed even when the entrance position of the control
light L is difficult to be controlled at a high precision.
[0084] This brings forth the advantage that the organ-
ic EL layer 910 can be efficiently caused to emit light.

[0085] Incidentally, when the parts of the reflection
electrode 911 corresponding to the adjacent pixels
come into touch with each other, they are electrically
connected with each other. When the parts of the reflec-
tion electrode 911 are electrically connected with each
other, the organic light emission layer 414 becomes dif-
ficult to emit light in accordance with an image on a pixel
basis. Therefore, the size of each region of the reflection
electrode 911 needs to be to the extent that the parts of
the reflection electrode 911 corresponding to the adja-
cent pixels do not come into touch with each other. Each
bank 925 is located in the space between the adjacent
parts of the reflection electrode 911 as in this embodi-
ment, whereby the parts of the reflection electrode 911
corresponding to the adjacent pixels can be prevented
from being electrically connected with each other. Thus,
the display panel 920 can be precisely controlled in ac-
cordance with the image signal.

[Embodiment 4]

[0086] Fig. 10 shows the schematic construction of a
display panel 1020 according to Embodiment 4 of the
present invention. The same signs are assigned to the
same portions as in the display apparatus 300 of the
foregoing embodiment 2, and they shall not be repeat-
edly described. The display panel 1020 features that a
conductivity-variable layer 1003 has a structure in which
it is divided into a plurality of regions corresponding to
pixels. The details of this embodiment are the same as
in the foregoing embodiment 2 except the point that,
likewise to an organic EL layer 410, the conductivity-
variable layer 1003 is divided in correspondence with
the pixels by banks 425. A manufacturing method for
the display panel 1020 is the same as the manufacturing
method for the foregoing display panel 320 except the
point that the banks 425 are provided on a first trans-
parent electrode layer 102, whereupon the conductivity-
variable layer 1003 is stacked on the first transparent
electrode layer 102 partitioned by the banks.
[0087] The conductivity-variable layer 1003 tends to
spread a region where its conductivity changes, to the
surroundings around the irradiation position of control
light L in proportion to the intensity of the control light L
and the irradiation time period thereof. Likewise to the
organic EL layer 410, the conductivity-variable layer
1003 is divided into the plurality of regions in corre-
spondence with the pixels, whereby the parts of an or-
ganic light emission layer 414 corresponding to prede-
termined pixels can be precisely caused to emit light by
the control light L. Moreover, even when it is difficult to
control the entrance position of the control light L at a
high precision, the display panel 1020 can be satisfac-
torily controlled. This brings forth the advantage that the
drive of the display panel 1020 can be precisely control-
led.
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[Embodiment 5]

[0088] Fig. 11 shows the schematic construction of a
display apparatus 1100 according to Embodiment 5 of
the present invention. The same signs are assigned to
the same portions as in the display apparatus 300 of the
foregoing embodiment 2, and they shall not be repeat-
edly described. An optical system for control lights, 1140
in the display apparatus 1100 features that it has two
light source units for the control lights, 1150 and 1160.
The light source unit for the control lights, 1150 includes
a first light source portion for the control light, 1151, a
second light source portion for the control light, 1152 and
a third light source portion for the control light, 1153. The
first light source portion for the control light, 1151 sup-
plies first control light L4 to the part of a first transparent
electrode layer 102 (refer to Fig. 4) corresponding to a
pixel for R-light, 420R. The second light source portion
for the control light, 1152 supplies second control light
L5 to the part of the first transparent electrode layer 102
(refer to Fig. 4) corresponding to a pixel for G-light,
420G. The third light source portion for the control light,
1153 supplies third control light L6 to the part of the first
transparent electrode layer 102 (refer to Fig. 4) corre-
sponding to a pixel for B-light, 420B. The control lights
L4, L5 and L6 scan the first region 1121 of a display pan-
el 1120 by galvanomirrors 1154, 1155 and 1156 which
are disposed in correspondence with the light source
portions for the respective control lights, 1151, 1152 and
1153.
[0089] The light source unit for the control lights, 1160
includes a first light source portion for the control light,
1161, a second light source portion for the control light,
1162 and a third light source portion for the control light,
1163. The first light source portion for the control light,
1161 supplies first control light L7 to the part of the first
transparent electrode layer 102 (refer to Fig. 4) corre-
sponding to a pixel for R-light, 420R. The second light
source portion for the control light, 1162 supplies second
control light L8 to the part of the first transparent elec-
trode layer 102 (refer to Fig. 4) corresponding to a pixel
for G-light, 420G. The third light source portion for the
control light, 1163 supplies third control light L9 to the
part of the first transparent electrode layer 102 (refer to
Fig. 4) corresponding to a pixel for B-light, 420B. The
control lights L7, L8 and L9 scan the second region 1122
of the display panel 1120 by galvanomirrors 1164, 1165
and 1166 which are disposed in correspondence with
the light source portions for the respective control lights,
1161, 1162 and 1163. In this manner, the light source
units for the control lights, 1150 and 1160 supply the
control lights L4 - L6 and L7 - L9 to the first region 1121
and second region 1122 being the different regions of
the display panel 1120, respectively.
[0090] The light source units for the control lights,
1150 and 1160 supply the respective control lights L4 -
L6 and L7 - L9 while taking charge of the different re-
gions of the display panel 1120. It is therefore possible

to shorten distances from the individual galvanomirrors
1154, 1155, 1156, 1164, 1165 and 1166 to the display
panel 1120. Moreover, since the light source units sup-
ply the control lights L4 - L9 while taking charge of the
different regions of the display panel 1120, the scanning
angles of these control lights L4 - L9 can be narrowed.
Since the scanning distances of the control lights L4 -
L9 are shortened, an image can be satisfactorily dis-
played even when the scanning speeds of the control
lights L4 - L9 are lowered. This brings forth the advan-
tages that the display apparatus 1100 can be made
small in size, and that the control lights L4 - L9 can be
allowed to scan with ease. Incidentally, although the dis-
play apparatus 1100 of this embodiment employs the
two light source units for the control lights, 1150 and
1160, control lights may well be supplied by disposing
three or more light source units for the control lights and
dividing the display panel 1120 into three or more re-
gions.
[0091] Fig. 12 shows the schematic construction of a
display apparatus 1200 which is a modification to the
display apparatus 1100 of this embodiment. Here, the
same signs are assigned to the same portions as in the
display apparatus 1100, and they shall not be repeatedly
described. The display apparatus 1200 features that
three galvanomirrors 1254, 1255 and 1256 are dis-
posed. First control lights L4 and L7 from first light
source portions for the control lights, 1151 and 1161 in
light source units for control lights, 1150 and 1160 scan
a first region 1121 and a second region 1122 by the gal-
vanomirror 1254, respectively. Second control lights L5
and L8 from second light source portions for the control
lights, 1152 and 1162 scan the first region 1121 and the
second region 1122 by the galvanomirror 1255, respec-
tively. Third control lights L6 and L9 from third light
source portions for the control lights, 1153 and 1163
scan the first region 1121 and the second region 1122
by the galvanomirror 1256, respectively. Owing to the
construction in which each single galvanomirror allows
the plurality of control lights to scan in this manner, the
number of components can be decreased.
[0092] Incidentally, although the organic EL layer is
employed for the display panel in each of the foregoing
embodiments, the present invention is not restricted
thereto as long as light is emitted by applying a voltage.
By way of example, the organic EL layer may well be
replaced with an inorganic EL layer. Besides, in each of
the foregoing embodiments, the display apparatus per-
forms an analog control which displays a continuous
change magnitude by the control light L modulated in
accordance with the image signal. However, this is not
restrictive, but a digital control may well be performed
using the control light L. By way of example, only two
discontinuous values may well be taken in accordance
with the ON and OFF states of the control light L, so as
to represent a gradation by employing subframe drive.
[0093] As described above, a display apparatus ac-
cording to the present invention is useful for presenta-
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tion and in case of displaying a dynamic image, and it
is suited especially in the case of displaying a projection
image.

Claims

1. A display panel characterized by comprising:

a first transparent electrode and a second
transparent electrode which are optically trans-
parent;
a conductivity-variable layer which is provided
on said first transparent electrode layer; and
an electroluminescent layer which is provided
between said conductivity-variable layer and
said second transparent electrode layer, and
which emits light by applying a voltage thereto;

wherein a predetermined voltage is applied
between said first transparent electrode layer and
said second transparent electrode layer, and said
conductivity-variable layer has its electrical conduc-
tivity changed in accordance with a light quantity of
control light transmitted through said first transpar-
ent electrode layer; and

said electroluminescent layer emits the light
in such a way that the voltage in the predetermined
voltage as corresponds to the conductivity of said
conductivity-variable layer is applied thereto when
the conductivity of said conductivity-variable layer
has been changed in accordance with the light
quantity of the control light transmitted through said
first transparent electrode layer.

2. A display panel as defined in claim 1, character-
ized in that said electroluminescent layer has a
structure in which it is divided into a plurality of re-
gions corresponding to pixels.

3. A display panel as defined in claim 2, character-
ized by comprising:

a light shield portion which is provided near a
surface of said first transparent electrode layer
where the control light is entered, and which is
formed with openings in correspondence with
the pixels;

wherein each of the openings is arranged at
a position through which the control light is passed,
thereby to be entered into a position of said first
transparent electrode layer as corresponds to a pre-
determined one of the pixels; and

said electroluminescent layer emits the light
on the pixel basis in such a way that the control light
passed through the opening is entered into only the
part of said first transparent electrode layer corre-

sponding to the predetermined pixel.

4. A display panel as defined in claim 2 or 3, charac-
terized in that said electroluminescent layer has a
structure in which it is divided into a plurality of re-
gions corresponding to the pixels, by a plurality of
partition members provided on said conductivity-
variable layer.

5. A display panel as defined in any of claims 2 to 4,
characterized in:

that said electroluminescent layer includes a
reflection electrode which is provided in corre-
spondence with the pixels, on its surface on a
side which lies in touch with said conductivity-
variable layer; and
that said reflection electrode has a region
which is larger than a region of said electrolu-
minescent layer as corresponds to each of the
pixels.

6. A display panel as defined in any of claims 2 to 5,
characterized in that said conductivity-variable
layer has a structure in which it is divided into a plu-
rality of regions corresponding to the pixels.

7. A display panel as defined in any of claims 2 to 6,
characterized in:

that the plurality of regions of said electrolumi-
nescent layer are provided in correspondence
with pixels for first color light, pixels for second
color light, and pixels for third color light;
that each pixel aggregate is constructed of one
of the pixels for the first color light, one of the
pixels for the second color light, and one of the
pixels for the third color light; and
that a plurality of such pixel aggregates are
provided at substantially equal intervals in two
predetermined directions being substantially
orthogonal to each other.

8. A method of manufacturing a display panel, char-
acterized by comprising:

a first-transparent-electrode-layer formation
step of forming a first transparent electrode lay-
er on a substrate;
a conductivity-variable-layer formation step of
forming a conductivity-variable layer on the first
transparent electrode layer formed at said first-
transparent-electrode-layer formation step;
a partition-member formation step of forming
partition members in a predetermined pattern
on the conductivity-variable layer formed at
said conductivity-variable-layer formation step;
an electroluminescent-layer formation step of
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forming an electroluminescent layer among the
partition members formed at said partition-
member formation step;
a second-transparent-electrode-layer forma-
tion step of forming a second transparent elec-
trode layer on the partition members formed at
said partition-member formation step, and the
electroluminescent layer formed at said elec-
troluminescent-layer formation step; and
a protective-layer formation step of forming a
protective layer on the second transparent
electrode layer formed at said second-trans-
parent-electrode-layer formation step.

9. A method of manufacturing a display panel, char-
acterized by comprising:

a first-layered-structure formation step of form-
ing a first layered structure which has a first
substrate, a first transparent electrode layer
and a conductivity-variable layer, said first-lay-
ered-structure formation step including:

a first-transparent-electrode-layer forma-
tion step of forming the first transparent
electrode layer on the first substrate; and
a conductivity-variable-layer formation
step of forming the conductivity-variable
layer on the first transparent electrode lay-
er formed at said first-transparent-elec-
trode-layer formation step;
a second-layered-structure formation step
of forming a second layered structure
which has a second substrate, a second
transparent electrode layer, partition mem-
bers and an electroluminescent layer, said
second-layered-structure formation step
including:

a second-transparent-electrode-layer
formation step of forming the second
transparent electrode layer on the sec-
ond substrate;
a partition-member formation step of
forming the partition members in a pre-
determined pattern on the second
transparent electrode layer formed at
said second-transparent-electrode-
layer formation step; and
an electroluminescent-layer formation
step of forming the electroluminescent
layer on those regions of the second
transparent electrode layer which are
surrounded with the partition members
formed at said partition-member for-
mation step; and
a sticking step of sticking to each other
the conductivity-variable layer formed

at said first-layered-structure forma-
tion step, and the electroluminescent
layer formed at said second-layered-
structure formation step, thereby to
unite the first layered structure formed
at said first-layered-structure forma-
tion step, and the second layered
structure formed at said second-lay-
ered-structure formation step.

10. A display apparatus characterized by comprising:

a display panel;
a power source which applies a voltage to said
display panel; and
an optical system for control light, which sup-
plies the control light to said display panel;

wherein said display panel is the display panel
as defined in any of claims 1 to 7, and said power
source applies the voltage between the first trans-
parent electrode layer and the second transparent
electrode layer of said display panel; and

said optical system for the control light enters
the control light into said first transparent electrode
layer of said display panel.

11. A display apparatus as defined in claim 10, char-
acterized in that said optical system for the control
light passes the control light through said each
opening, thereby to enter the control light into only
the position of said first transparent electrode layer
corresponding to the predetermined pixel.

12. A display apparatus as defined in claim 10 or 11,
characterized in:

that said optical system for the control light in-
cludes a plurality of light source units for the
control lights;
that each of said light source units for the con-
trol lights consists of a first light source portion
for the control light as supplies the first control
light to the part of said first transparent elec-
trode layer corresponding to the pixel for the
first color light, a second light source portion for
the control light as supplies the second control
light to the part of said first transparent elec-
trode layer corresponding to the pixel for the
second color light, and a third light source por-
tion for the control light as supplies the third
control light to the part of said first transparent
electrode layer corresponding to the pixel for
the third color light; and
that said plurality of light source units for the
control lights supply the first control light, the
second control light and the third control light
to different regions of said display panel, re-

35 36



EP 1 517 376 A2

20

5

10

15

20

25

30

35

40

45

50

55

spectively.

13. A display apparatus as defined in any of claims 10
- 12, characterized by comprising:

a frame in which, at least, said optical system
for the control lights is accommodated;

wherein said display panel is mounted on said
frame.

14. A display panel as defined in claim 1, character-
ized in that light from another image display appa-
ratus is employed as the control light.
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