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(57) ABSTRACT

A display device includes an organic light-emitting transistor
in each of a plurality of pixels forming an image. The organic
light-emitting transistor includes a source electrode 51, a
drain electrode 52 spaced from the source electrode 51, an
organic semiconductor layer 53 between the source electrode
51 and the drain electrode 52, and a gate electrode 50 posi-
tioned opposite the organic semiconductor layer 53. The
organic semiconductor layer 53 has a portion forming the
channel of the organic light-emitting transistor. The gate elec-
trode 50 applies, to the organic semiconductor layer 53, a
voltage for controlling light emission of the channel by
adjusting the amount of carriers passing through the channel.
The source electrode 51 and the drain electrode 52 have
light-reflective surfaces between which the organic semicon-
ductor layer 53 is sandwiched. The surfaces are inclined
toward the gate electrode 50 or toward the opposite side of the
gate electrode 50.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2015-021150 filed on Feb. 5, 2015, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the invention

[0003] The present invention relates to a display device.
[0004] 2. Description of the Related Art

[0005] Some display devices, such as organic electrolumi-

nescent (EL) display devices, control self-luminous ele-
ments, such as organic light-emitting diodes (OLEDs), using
switching elements, such as transistors, to display images.
Use of an organic light-emitting transistor (OLET) as such a
self-luminous element has been proposed. The organic light-
emitting transistor is a field effect transistor (FET) whose
channel is formed of an organic light-emitting layer.

[0006] JP 2011-060787 A discloses an organic light-emit-
ting transistor array including a plurality of organic light-
emitting transistors, whose gate electrode, drain electrode,
source electrode, and body electrode are coupled to different
lines, are arranged in a matrix.

SUMMARY OF THE INVENTION

[0007] In many cases, an organic light-emitting transistor
emits less light than an organic light-emitting diode when the
same degree of current flows through them, and the light-
emitting efficiency of the organic light-emitting transistor is
lower than that of the organic light-emitting diode. Several
tens of percent of light emitted from the organic light-emit-
ting transistor travels in a direction along a substrate but does
not reach a visible side, which is one of the factors that
decrease the light-emitting efficiency.

[0008] Itis an object of the present invention to provide a
display device that increases the lighting rate of light emitted
from an organic light-emitting transistor.

[0009] A display device according to an aspect of the
present invention includes an organic light-emitting transistor
in each of a plurality of pixels forming an image. The organic
light-emitting transistor includes a source electrode, a drain
electrode spaced from the source electrode, an organic semi-
conductor layer between the source electrode and the drain
electrode, and a gate electrode positioned opposite the
organic semiconductor layer. The organic semiconductor
layer has a portion forming the channel of the organic light-
emitting transistor. The gate electrode applies, to the organic
semiconductor layer, a voltage for controlling light emission
of the channel by adjusting the amount of carriers passing
through the channel. The source electrode and the drain elec-
trode have light-reflective surfaces between which the
organic semiconductor layer is sandwiched.

[0010] The surfaces are inclined toward the gate electrode
or toward the opposite side of the gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a perspective view of a display device
according to an embodiment of the present invention;
[0012] FIG. 2 is a wiring diagram of the display device
according to the embodiment of the present invention;
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[0013] FIG. 3 is a diagram showing an equivalent circuit of
apixel of the display device according to the embodiment of
the present invention;

[0014] FIG. 4 is a top view of pixels of the display device
according to the embodiment of the present invention;
[0015] FIG. 5 is a cross-sectional view of a pixel of the
display device according to the embodiment of the present
invention;

[0016] FIG. 6A is a top view of a pixel, for explaining the
direction of light emitted from an organic light-emitting tran-
sistor;

[0017] FIG. 6B is a first cross-sectional view of the pixel,
for explaining the direction of light emitted from the organic
light-emitting transistor;

[0018] FIG. 6C is a second cross-sectional view of the
pixel, for explaining the direction of light emitted from the
organic light-emitting transistor;

[0019] FIG. 7A is a top view of a pixel according to a first
modification;
[0020] FIG. 7B is a cross-sectional view of the pixel

according to the first modification;

[0021] FIG. 8A is a top view of a pixel according to a
second modification,

[0022] FIG. 8B is a cross-sectional view of the pixel
according to the second modification;

[0023] FIG. 9A is a top view of a pixel according to a third
modification;
[0024] FIG. 9B is a first cross-sectional view of the pixel

according to the third modification; and
[0025] FIG. 9C s a second cross-sectional view of the pixel
according to the third modification.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The following describes embodiments of the
present invention with reference to the accompanying draw-
ings. The disclosure herein is merely an example, and appro-
priate modifications coming within the spirit of the present
invention, which are easily conceived by those skilled in the
art, are intended to be included within the scope of the inven-
tion as a matter of course. In some drawings, the widths, the
thicknesses, the shapes, and other characteristics of various
parts are schematically shown for clarity of illustration, as
compared to actual configurations. However, such schematic
drawings are merely examples and are not intended to limit
the present invention. In the present specification and draw-
ings, some elements identical or similar to those previously
shown are denoted by the same reference signs as the previ-
ously-shown elements, and thus are not described in detail
herein as appropriate.

[0027] FIG. 1 is a perspective view of a display device 1
according to an embodiment of the present invention. The
display device 1 includes an upper frame 2, a lower frame 3,
and a display panel 10 fixed between the upper frame 2 and
the lower frame 3.

[0028] FIG. 2 is a wiring diagram of the display device 1
according to the embodiment of the present invention. The
display panel 10 controls pixels arranged in a matrix in a
display area 11 by using an image signal driver circuit 12 and
a scanning signal driver circuit 13, thus displaying images.
The image signal driver circuit 12 is an integrated circuit (IC)
that generates image signals to be sent to each pixel and sends
out the image signals. The scan signal driver circuit 13 is an IC
that generates scanning signals for a thin film transistor (TFT)
included in each pixel and sends out the scanning signals.
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FIG. 2 shows the image signal driver circuit 12 and the scan-
ning signal driver circuit 13 formed at two locations, but they
may be integrated into one IC or formed at three or more
separate locations.

[0029] FIG. 3 is a diagram showing an equivalent circuit of
apixel of the display device 1 according to the embodiment of
the present invention. A scan line 14 that transmits signals
from the scanning signal driver circuit 13 is electrically
coupled to the gate of a pixel transistor SST formed in the
pixel. The scan line 14 is common to pixel transistors
arranged in a row. A data line 15 that transmits signals from
the image signal driver circuit 12 is electrically coupled to the
source of the pixel transistor SST. The data line 15 is common
to pixel transistors arranged in a column. The drain of the
pixel transistor SST is electrically coupled to the gate of an
organic light-emitting transistor OLET and to one terminal of
a storage capacitor Cs. The other terminal of the storage
capacitor Cs is electrically coupled to a power line 16. The
source of the organic light-emitting transistor OLET is elec-
trically coupled to a ground line (common electrode) GND,
and the drain of the organic light-emitting transistor OLET is
electrically coupled to the power line 16.

[0030] A scanning signal applied to the scan line 14
switches the pixel transistor SST to an ON state. When the
pixel transistor SST is in the ON state, an image signal voltage
applied to the data line 15 is written to the storage capacitor
Cs. The image signal voltage, which is also applied to the gate
of the organic light-emitting transistor OLET, switches the
organic light-emitting transistor OLET to an ON state. A
power supply voltage for causing the organic light-emitting
transistor OLET to emit light is applied to the power line 16,
which is electrically coupled to the drain of the organic light-
emitting transistor OLET. When the organic light-emitting
transistor OLET is switched to the ON state, a current corre-
sponding to the magnitude of the image signal voltage flows
through the channel of the organic light-emitting transistor
OLET. The channel of the organic light-emitting transistor
OLET is made from a host material and a guest material that
emits light. When the current flows through the channel, the
recombination of holes and electrons occurs and thus excites
the guest material. The quest material emits light when tran-
sitioning to a low level. The display device 1 according to this
embodiment turns on or off the pixel transistor SST and the
organic light-emitting transistor OLET included in each pixel
through signal voltages generated by the image signal driver
circuit 12 and the scanning signal driver circuit 13, thus
displaying images.

[0031] A conventional organic EL display device includes,
in each pixel, a pixel transistor, a driver transistor, and an
organic light-emitting diode coupled to the source or the drain
of the driver transistor. In the display device 1 according to
this embodiment, the use of an organic light-emitting transis-
tor, which integrates such a conventional driver transistor and
a conventional organic light-emitting diode into one element,
allows the circuit of each pixel to be simplified. Accordingly,
the pixels can be arranged more densely, and a higher defini-
tion display device is provided. In addition, such a simplified
pixel circuit allows the step of forming the display device to
be simplified. Consequently, display devices can be manufac-
tured in less time and at less cost.

[0032] FIG.4 isa top view of pixels of the display device 1
according to the embodiment of the present invention. The
display device 1 according to this embodiment includes an
organic light-emitting transistor in each of a plurality of pix-
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els forming an image. FIG. 4 shows an example where a white
pixel W, a blue pixel B, a green pixel G, and a red pixel R
together constitute one unit pixel. The luminescent color of
each pixel depends on what organic materials form the chan-
nel that acts as the light-emitting portion of the corresponding
organic light-emitting transistor. The power line 16 and the
ground line GND are each common to the white pixel W, the
blue pixel B, the green pixel G, and the red pixel R.

[0033] FIG. 5 is a cross-sectional view of a pixel of the
display device 1 according to the embodiment of the present
invention. FIG. 5 shows a cross section taken along line V-V
in FIG. 4. The bottom layer of the display device 1 is a
substrate 20 made of, for example, glass or an synthetic resin.
On the substrate 20, a first insulating layer 21 is formed of, for
example, SiN or Si0,. On the first insulating layer 21, a
semiconductor layer 30 is formed of, for example, low-tem-
perature polysilicon. The semiconductor layer 30 has a por-
tion forming the channel of the pixel transistor SST. On the
semiconductor layer 30 and the first insulating layer 21, a
second insulating layer 22 is formed of, for example, SiN or
Si0,. On the second insulating layer 22, a gate electrode 31 of
the pixel transistor SST is formed of metal. On the second
insulating layer 22, a capacitor electrode 40 of the storage
capacitor Cs is also formed of metal. The capacitor electrode
40 is formed to partially cover the semiconductor layer 30 via
the second insulating layer 22 and is coupled to the power line
16 at an area not shown. On the gate electrode 31, the second
insulating layer 22, and the capacitor electrode 40, a third
insulating layer 23 is formed of, for example, SiN or SiO,.
Through holes are formed through the third insulating layer
23 and the second insulating layer 22 to the semiconductor
layer 30. On the third insulating layer 23, a source electrode
and a drain electrode 33 of the pixel transistor SST are formed
of metal.

[0034] On the source electrode 32 and the drain electrode
33 of thepixel transistor SST and the third insulating layer 23,
a fourth insulating layer 24 is formed of, for example, SiN or
Si0,. A through hole is formed through the fourth insulating
layer 24 to the drain electrode 33 of the pixel transistor SST.
On the fourth insulating layer 24, a gate electrode 50 of the
organic light-emitting transistor OLET is formed of metal.
On the gate electrode 50 of the organic light-emitting transis-
tor OLET and the fourth insulating layer 24, a fifth insulating
layer 25 is formed of, for example, SiN or SiO,. On the fifth
insulating layer 25, a source electrode 51 and a drain elec-
trode 52 of the organic light-emitting transistor OLET are
formed of metal. The source electrode 51 is coupled to the
ground line GND at an area not shown. Thedrain electrode 52
is coupled to the power line 16 at an area not shown. An
organic semiconductor layer 53 is formed in a position
between the source electrode 51 and the drain electrode 52 of
the organic light-emitting transistor OLET. The organic semi-
conductor layer 53 has a portion forming the channel of the
organic light-emitting transistor OLET. In the example shown
in FIG. 5, the organic semiconductor layer 53a is an organic
layer containing a host material and a guest material that
emits green light. The organic semiconductor layer 535 is an
organic layer containing a host material and a guest material
that emits red light. On the organic semiconductor layer 53,
the source electrode 51, the drain electrode 52, and the fifth
insulating layer 25, a sealing layer 26 is formed of, for
example, an synthetic resin.

[0035] FIG. 6A is a top view of a pixel, for explaining the
direction of light emitted from the organic light-emitting
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transistor OLET. For simplicity of illustration, FIG. 6 A shows
only asingle organic light-emitting transistor OLET and does
not show the connection between the organic light-emitting
transistor OLET and the power line 16, the connection
between the organic light-emitting transistor OLET and the
ground line GND, and the like. The organic light-emitting
transistor OLET has the source electrode 51 and the drain
electrode 52 spaced from the source electrode 51. The organic
light-emitting transistor OLET has the organic semiconduc-
tor layer 53, which has the portion forming the channel of the
organic light-emitting transistor OLET, in a position between
the source electrode 51 and the drain electrode 52. The source
electrode 51 and the drain electrode 52 have a shape that
surrounds at least part of the organic semiconductor layer 53,
in a plan view along the direction in which the gate electrode
50 faces. Specifically, the source electrode 51 and the drain
electrode 52 each have an f-shape and surround at least part
the organic semiconductor layer 53. The organic semicon-
ductor layer 53 is not formed at portions (an upper-left portion
and a lower-right portion in FIG. 6 A) where the source elec-
trode 51 and the drain electrode 52 are closest 10 each other.
The reason is that the organic semiconductor layer 53 formed
at the portions might cause electric field concentration and
current concentration. A buffer layer may be formed at the
interface between the source electrode 51 or the drain elec-
trode 52 and the organic semiconductor layer 53. The forma-
tion of the buffer layer increases the efficiency of carrier
injection. The buffer layer may be formed of a semiconductor
or an insulator. When the buffer layer is formed of an insula-
tor, carriers are injected by a quantum tunneling effect.

[0036] FIG. 6B is a first cross-sectional view of the pixel,
for explaining the direction of light emitted from the organic
light-emitting transistor OLET. FIG. 6B is a diagram showing
across section taken along line VIB-VIB in FIG. 6A.FIG. 6C
is a second cross-sectional view of the pixel, for explaining
the direction of light emitted from the organic light-emitting
transistor OLET. FIG. 6C is a diagram showing a cross sec-
tion taken along line VIC-VIC in FIG. 6A.

[0037] The gate electrode 50 of the organic light-emitting
transistor OLET is positioned opposite the organic semicon-
ductor layer 53 via the insulating layer 25. The gate electrode
50 applies, to the organic semiconductor layer 53, a voltage
for controlling light emission of the channel by adjusting the
amount of carriers passing through the channel. Specifically,
the gate electrode 50 applies an image signal voltage gener-
ated by the image signal driver circuit 12 to the organic
semiconductor layer 53. The source electrode 51 and the
drain electrode 52 have light-reflective surfaces between
which the organic semiconductor layer 53 is sandwiched. The
light-reflective surfaces are inclined toward the gate electrode
50 or toward the opposite side of the gate electrode 50. In this
embodiment, the source electrode 51 and the drain electrode
52 both made of metal give light reflectivity to the surfaces,
between which the organic semiconductor layer 53 is sand-
wiched. The surfaces of the source electrode 51 and the drain
electrode 52, between which the organic semiconductor layer
53 is sandwiched, are inclined toward the opposite side of the
gate electrode 50. That is, the source electrode 51 and the
drain electrode 52 have inclined side surfaces that faces each
other across the organic semiconductor layer 53. The incli-
nations of these side surfaces are formed to redirect light
emitted from the organic semiconductor layer 53, which is
sandwiched between the source electrode 51 and the drain
electrode 52, toward an observer.
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[0038] 1Inthis embodiment, the gate electrode 50 is made of
metal. Consequently, light that is generated in the channel of
the organic semiconductor layer 53 and then emitted toward
the gate electrode 50 is reflected by the gate electrode 50 and
redirected toward the visible side (toward the visible side ina
plan view along the direction in which the gate electrode 50
faces, that is, upward in FIGS. 6B and 6C). In this way, the
light that is generated in the organic semiconductor layer 53
and then emitted toward the gate electrode 50 can also be
extracted. In this embodiment, the source electrode 51 and the
drain electrode are also made of metal. Consequently, light
that is generated in the channel of the organic semiconductor
layer 53 and then emitted in a direction along the substrate 20
is reflected by the inclined surface of the source electrode Si
or the inclined surface of the drain electrode 52 and then
emitted toward the visible side. In this way, light that could
leak into adjacent pixels is emitted toward the visible side. As
described above, the display device 1 according to this
embodiment increases the lighting rate of light emitted from
the organic light--emitting transistor OLET.

[0039] As shown in FIGS. 6B and 6C, in this embodiment,
the source electrode 51 and the drain electrode 52, which
surround the organic semiconductor layer 53, have surfaces
between which the organic semiconductor layer 53 is sand-
wiched, and the surfaces are inclined toward the opposite side
ofthe gate electrode 50, for all directions. Consequently, light
emitted in any direction parallel to the substrate 20 is reflected
by the inclined surface of the source electrode 51 or the
inclined surface of the drain electrode 52 and then emitted
toward the visible side. Thus, the lighting rate of light emitted
from the organic light-emitting transistor OLET increases.
[0040] In this embodiment, the organic semiconductor
layer 53 is made from a host material and a guest material that
emits light of a single color. Alternatively, the organic semi-
conductor layer 53 may be made from a host material and a
plurality of guest materials that emit light of a plurality of
different colors. For example, three types of guest materials
that emit light ofred, green, and blue may be used for forming
the organic semiconductor layer 53 to provide an organic
light-emitting transistor that emit white light. In that case, a
color filter and a black matrix may be disposed on the sealing
film 26 to allow for full-color display. For a typical organic
light-emitting transistor, electrons recombine with holes in a
limited area. Thus, the brightness is high in the limited area
butlow in the other area. That is, unevenness in the brightness
occurs. To correct this unevenness, the concentration of the
guest material may be reduced in the area with higher bright-
ness and may be increased in the area with lower brightness.
[0041] FIG. 7A is a top view of a pixel according to a first
modification. This modification differs from the embodiment
shown in FIG. 6A in that an inter-electrode insulating layers
54 are formed at portions (an upper-left portion and a lower-
right portion in FIG. 7A) where the source electrode 51 and
the drain electrode 52 are closest to each other.

[0042] FIG. 7B is a diagram showing a cross section taken
along line VIIB-VIIB in FIG 7A. The inter-electrode insulat-
ing layers 54 are each arranged to be sandwiched between the
source electrode 51 and the drain electrode 52. This arrange-
ment prevents electric fleld concentration at the portions
where the source electrode 51 and the drain electrode 52 are
closest to each other, thus extending the life of the display
device 1. The organic semiconductor layer 53 in this modifi-
cation is arranged in the region surrounded by the source
electrode 51, the drain electrode 52, and the inter-electrode
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insulating layers 54, in a plan view (the plan view shown in
FIG. 7A) along the direction in which the gate electrode 50
faces. For this modification, the inter-electrode insulating
layers 54 protect the portions where the source electrode 51
and the drain electrode 52 are closest to each other, which
eliminates the need for patterning the organic semiconductor
layer 53 so as to avoid the portions and facilitates formation of
the organic semiconductor layer 53. Accordingly, the display
device 1 can be manufactured in less time and at less cost.
[0043] FIG. 8A is a top view of a pixel according to a
second modification. This modification differs from the
embodiment shown in FIG. 6A in that reflective wails 55 are
provided.

[0044] The reflective wails 55 have light reflectivity and
reflect light generated in the organic semiconductor layer 53
toward the visible side. Specifically, the reflective walls 55 in
this modification are made of metal and thus have light reflec-
tivity. The organic semiconductor layer 53 is arranged in the
region surrounded by the source electrode 51, the drain elec-
trode 52, and the reflective walls 55, in a plan view (the plan
view shown in FIG. 8A) along the direction in which the gate
electrode 50 faces. In this modification, the organic semicon-
ductor layer 53 is formed to cover the source electrode 51, the
drain electrode 52, and the reflective wails 55. The region
surrounded by the source electrode 51, the drain electrode 52,
and the reflective walls 55 forms the channel of the organic
light-emitting transistor OLET.

[0045] The reflective walls 55 include a first reflective wall
(shown in the upper part of FIG. 8A) and a second reflective
wall (shown in the lower part of FIG. 8A). The first and
second reflective walls are spaced from each other. In this
modification, the direction from the first reflective wall to the
second reflective wall is perpendicular to the direction from
the source electrode 51 to the drain electrode 52. In addition,
the first reflective wall and the second reflective wall are each
spaced from the source electrode 51 and the drain electrode
52. In this modification, use of such a configuration keeps the
distance between the source electrode 51 and the drain elec-
trode 52 (the channel length) constant and provides a uniform
light-emitting area. Moreover, unlike the embodiment shown
in FIG. 6A, there is no relatively short distance between the
source electrode 51 and the drain electrode 52. Thus, the
organic semiconductor layer 53 can be formed on the entire
surface to cover the source electrode 51, the drain electrode
52, and the reflective walls 55. Consequently, the organic
semiconductor layer 53 is formed more easily and the display
device 1 can be manufactured in less time and at less cost.
Three or more reflective walls may be provided so that the
source electrode 51, the drain electrode 52, and a plurality of
reflective walls 55 surround the organic semiconductor layer
53. The direction from one of the plurality of reflective walls
to another may also be freely selected.

[0046] FIG. 8B is a diagram showing a cross section taken
along line VIIIB-VIIIB in FIG. 8A. In this modification, the
surfaces of the source electrode 51 and the drain electrode 52,
between which the organic semiconductor layer 53 is sand-
wiched, are inclined toward the opposite side of the gate
electrode 50, and the side surfaces that the reflective walls 55
have and that arc-in contact with the organic semiconductor
layer 53 are also inclined toward the opposite side of the gate
electrode 50. Consequently, light that is generated in the
organic semiconductor layer 53 and then emitted toward the
reflective walls 55 is reflected by the reflective walls 55 and
then emitted toward the visible side. Thus, the display device
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1 according to this modification increases the lighting rate of
light emitted from the organic light-emitting transistor OLET.
[0047] FIG. 9Ais a top view of a pixel according to a third
modification. This modification differs from the embodiment
shown in FIG. 6A in that one of the source electrode 51 and
the drain electrode 52 has a first toothed edge and that the
other has a second toothed edge.

[0048] The first toothed edge of one of the source electrode
51 and the drain electrode 52 interdigitates with the second
toothed edge of the other electrode. The organic semiconduc-
tor layer 53 is arrange to be sandwiched between the first and
second toothed edges. In this modification, the source elec-
trode 51 and the drain electrode 52 each have a comb-like
shape and are arranged so that the first toothed edge interdigi-
tates with the second toothed edge with a gap between each
other. In this modification, the organic semiconductor layer
53 is formed to cover the source electrode 51 and the drain
electrode 52. The portion of the organic semiconductor layer
53 that is sandwiched between the source electrode 51 and the
drain electrode 52 forms the channel of the organic light-
emitting transistor OLET. Use of such a configuration lowers
the voltage (the source-drain voltage of the organic light-
emitting transistor OLET, that is, the potential difference
between the ground potential of the ground line GND and the
power supply potential of the power line 16) required to
obtain a specific brightness level, thus extending the life of the
display device 1. The brightness of the organic light-emitting
transistor OLET depends on the source-drain current. The
source-drain current is proportional to the channel width and
inversely proportional to the channel length. The source elec-
trode 51 and the drain electrode 52 that are formed as
described in this modification enable the channel width to be
greater than that in the embodiment shown in FIG. 6A, thus
increasing the source-drain current. The source electrode 51
and the drain electrode 52 that are formed close to each other
shorten the channel length, thus also increasing the source-
drain current.

[0049] FIG. 9B is a diagram showing a first cross section
taken along line IXB-IXB in FIG. 9A. FIG. 9C is a diagram
showing a second cross section taken along line IXC-IXC in
FIG. 9A. In this modification, the surfaces that the first and
second toothed edges of the electrodes 51 and 52 have and
between which the organic semiconductor layer 53 is sand-
wiched are inclined toward the opposite side of the gate
electrode 50. Consequently, light that is generated in the
organic semiconductor layer 53 and then emitted in any direc-
tion along the substrate 20 is reflected by the source electrode
51 or the drain electrode 52 and then emitted toward the
visible side. Thus, the lighting rate of light emitted from the
organic light-emitting transistor OLET increases.

[0050] Thoseskilled in the art can appropriately modify the
design of the display device 1 described above as embodi-
ments of the present invention and implement other display
devices, and all such display devices also fall within the scope
of the invention as long as they come within the spirit of the
invention. For example, the surfaces of the source electrode
and the drain electrode, between which the organic semicon-
ductor layer is sandwiched, may be inclined toward the gate
electrode. In that case, the gate electrode may be made of a
transparent conductive material so that light generated in the
organic semiconductor layer can pass out through the gate
electrode.

[0051] Various other variations and modifications can be
conceived by those skilled in the art within the spirit of the
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present invention, and it will be understood that all such
variations and modifications also fall within the scope of the
invention. For example, those skilled in the art can appropri-
ately modify the above embodiments by addition, deletion, or
design change of components, or by addition, omission, or
condition change of steps, and all such modifications also fall
within the scope of the invention as long as they come within
the spirit of the invention.
[0052] TItwill also be understood that other effects produced
by an aspect of the embodiment, which are apparent from the
description herein or can be appropriately conceived by those
skilled in the art, are produced by the present invention as a
matter of course.
[0053] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claim cover all
such modifications as fall within the true spirit and scope of
the invention.
What is claimed is:
1. A display device comprising
an organic light-emitting transistor in each of a plurality of
pixels forming an image,
the organic light-emitting transistor comprising:
a source electrode;
a drain electrode spaced from the source electrode;
an organic semiconductor layer between the source elec-
trode and the drain electrode, the organic semicon-
ductor layer having a portion forming a channel of the
organic light-emitting transistor; and
a gate electrode, wherein
the gate electrode and the organic semiconductor layer are
positioned oppositely each other,
the source electrode and the drain electrode each have a
light-reflective surface,
the organic semiconductor layer is sandwiched between
the surfaces, and
the surfaces are inclined toward the gate electrode or
toward an opposite side of the gate electrode.
2. The display device according to claim 1, wherein
the surfaces of the source electrode and the drain electrode,
between which the organic semiconductor layer is sand-
wiched, are inclined toward the opposite side of the gate
electrode.
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3. The display device according to claim 1, wherein

the source electrode, the drain electrode, and the gate elec-
trode are made of metal.

4. The display device according to claim 1, further com-

prising

reflective walls having light reflectivity, wherein

the organic semiconductor layer is arranged in a region
surrounded by the source electrode, the drain electrode,
and the reflective walls, in a plan view along a direction
in which the gate electrode faces,

the reflective walls each have a side surface in contact with
the organic semiconductor layer, and

the side surfaces are inclined toward the opposite side of
the gate electrode.

5. The display device according to claim 4, wherein

The reflective walls include first and second reflective
walls spaced from each other, and

adirection from the first reflective wall to the second reflec-
tive wall is perpendicular to a direction from the source
electrode to the drain electrode.

6. The display device according to claim 1, wherein

the source electrode and the drain electrode have a semi-
conductor layer, in a plan view along a direction in
which the gate electrode faces.

7. The display device according to claim 6, further com-

prising

insulating layers each arranged to be sandwiched between
the source electrode and the drain electrode,

wherein the organic semiconductor layer is arranged in a
region surrounded by the source electrode, the drain
electrode, and the insulating layers, in the plan view.

8. The display device according to claim 1, wherein

one of the source electrode and the drain electrode has a
first toothed edge,

the other electrode has a second toothed edge,

the first toothed edge interdigitates with the second
toothed, and

the organic semiconductor layer is arranged to be sand-
wiched between the first and second toothed edges.

9. The display device according to claim 1, wherein

the organic semiconductor layer is made from a host mate-
rial and a plurality of guest materials, and

the guest materials emit light of different colors.
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