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(57) ABSTRACT

An organic semiconductor light emitting device wherein effi-
ciency of injecting a carrier from an organic semiconductor
active layer to an organic semiconductor light emitting part is
improved. The organic semiconductor light emitting device
includes the organic semiconductor active layer having a
source area and a drain area set at an interval of a channel
length, a source electrode joined to the source area, the
organic semiconductor light emitting part joined to the drain
area, a drain electrode joined to the organic semiconductor
light emitting part, and a gate electrode arranged to face the
organic semiconductor active layer with an insulating film
interposed. The organic semiconductor light emitting part
includes an organic semiconductor light emitting layer which
receives electrons and holes from the drain electrode and
holes from the drain electrode and the organic semiconductor
active layer and generates light by recombination of the elec-
trons and the holes.
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ORGANIC SEMICONDUCTOR LIGHT
EMITTING DEVICE AND DISPLAY DEVICE
USING THE SAME

TECHNICAL FIELD

[0001] The presentinvention relates to an organic semicon-
ductor device that comprises an organic semiconductor light-
emitting layer and a display using the same.

BACKGROUND ART

[0002] A device which is the combination of an organic
semiconductor transistor and an organic semiconductor light-
emitting element is seen in Patent Reference 1. This device
comprises a semiconductor layer formed of P3HT, a source
electrode and a drain electrode disposed apart from each other
on one surface of the semiconductor layer, a gate electrode
disposed on the other surface of the semiconductor layer
through an insulating film, a light emitting layer formed of
MEH-PPV laminated on the drain electrode, and a negative
electrode laminated on the light emitting layer. The drain
electrode also works as positive electrode of the light-emit-
ting element.

[0003] With this arrangement, current flows from the
source electrode to the drain electrode through the semicon-
ductor layer. Furthermore, supply of this current to the light
emitting layer allows the observation of light emission from
the light emitting layer. Patent Reference 1: Japanese Unex-
amined Patent Publication No. 2002-512451 (paragraph
0029, FIG. 2)

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0004] Inthearrangement of the prior art, a boundary of the
light emitting layer with metal, and a boundary of metal with
semiconductor layer are formed on the upper and lower sides
of the drain electrode, respectively. To improve the light emit-
ting efficiency by injecting carriers to the light emitting layer
efficiently, it is important to avoid boundaries form being
damaged as much as possible, and to lower contact resistance
as much as possible.

[0005] Application of the sputtering method or the vacuum
deposition method to form a drain electrode on the transistor
side semiconductor layer, however, semiconductor layer is
damaged. Furthermore, lamination of an organic layer of the
light emitting layer on a metal layer makes adhesion proper-
ties insufficient, and electric resistance at the boundary will
be high. It is thus difficult to achieve good electrical connec-
tion between the metal layer and the organic layer.

[0006] Moreover, since the drain electrode undertakes a roll
for receiving carriers from the transistor side semiconductor
layer and injecting the carriers to the light emitting layer, the
material of the drain electrode must be selected to have a high
carrier injection efficiency from semiconductor layer and a
high carrier injection efficiency to the light emitting layer.
Therefore, the drain electrode must be made of the material
having work function which conforms to both the transistor
side semiconductor layer and the light emitting layer,
severely narrowing the range of selection.

[0007] An object of the present invention is to provide an
organic semiconductor light-emitting device which is
capable of enhancing carrier injection efficiency from an
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organic semiconductor active layer of a transistor to an
organic semiconductor light emitting part, and a display using
the same.

Means for Solving the Problem

[0008] In one aspect of the present invention, there is pro-
vided an organic semiconductor light-emitting device com-
prising an organic semiconductor active layer as a transistor
active layer, having a source area and a drain area set at a
interval of a predetermined channel length, a source electrode
joined to the source area on the organic semiconductor active
layer, an organic semiconductor light emitting part joined to
the drain area on the organic semiconductor active layer, an
drain electrode joined to the organic semiconductor light
emitting part, and a gate electrode arranged in the organic
semiconductor active layer to face to at least a region between
the source area and the drain area with an insulating film
sandwiched for controlling transportation of carriers between
the source area and the drain area. The organic semiconductor
light emitting part includes an organic semiconductor light-
emitting layer which is supplied with either electrons or holes
from the drain electrode and is supplied with the other ones of
electrons or holes from the organic semiconductor active
layer, thereby generating light due to recombination of elec-
trons and holes.

[0009] According to the invention, the organic semicon-
ductor light emitting part is joined to the organic semicon-
ductor active layer as a transistor active layer, the boundary
therebetween is a joined surface of organic materials, and
there is no boundary of metal-organic semiconductor. The
boundary between the organic semiconductor active layer
and the organic semiconductor light emitting part thus is good
boundary with less damage, and good adhesion properties are
exhibited since it is organic-organic joint. This can enhance
carrier injection efficiency from the organic semiconductor
active layer to the organic semiconductor light emitting part,
enabling light emitting operation with high efficiency. As a
matter of course, there is no need to select an electrode mate-
rial taking into account of both the organic semiconductor
active layer and the organic semiconductor light emitting
part.

[0010] The organic semiconductor light-emitting layer can
comprise a hole transporting layer formed of an organic semi-
conductor material (P-type organic semiconductor material)
which can transport holes, an electron transporting layer
formed of an organic semiconductor material (N-type organic
semiconductor material) which can transport electrons, and a
light emitting layer formed of an organic semiconductor
material and interposed between the hole transporting layer
and the electron transporting layer. In this case, when a P-type
organic semiconductor material is used for the organic semi-
conductor active layer, the hole transporting layer is joined to
the organic semiconductor active layer in a drain area, and
when an N-type organic semiconductor material is used for an
organic semiconductor active layer, the electron transporting
layer is joined to the organic semiconductor active layer in the
drain area.

[0011] Furthermore, the organic semiconductor light-emit-
ting layer can have a laminated structure which includes a
hole transporting layer working as a light emitting layer and
an electron transporting layer, or can have a laminated struc-
ture which includes a hole transporting layer and an electron
transporting layer working as a light emitting layer.
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[0012] The organic semiconductor active layer can be
formed of a P-type organic semiconductor material, or can be
formed of an N-type organic semiconductor material. More-
over, the organic semiconductor active layer can be formed of
abipolar organic semiconductor material which can transport
both holes and electrons.

[0013] The P-type organic semiconductor material
includes, for example, Pentacene, Tetracene, metal phthalo-
cyanine (Copper phthalocyanine, etc.), Oligothiophen(a.-
Sexithiophene, o.,m-Dihexyl-sexithiophene), polythiophene
(Poly(3-hexylthiophene), Poly(3-butylthiophene)), polyfluo-
rene, Anthracene, Oligophenylene, Oligophenylenevinylene,
Dihexyl-Anthradithiophene, Bis(dithienothiophene), Poly
(phenylenevinylene), Poly(thienylenevinylene), Polyacety-
lene, a,w-Dihexyl-quinquethiophene, TPD, a-NPD, m-MT-
DATA, TPAC, TCTA, Poly(vinylcarbazole), and so on.
[0014] The N-type organic semiconductor material
includes, for example, perylene skeletal diimide(C4-PTC,
Cs-PTC, C,,-PTC, C,;-PTC, Bu-PTC, F,Bu-PTC*,
Ph-PTC, FsPh-PTC*, PTCBI(3,4,9,10-perylene-tetracar-
boxylic-diimide), PTCDI(3,4,7,8-naphthalene-tetracarboxy-
lic-diimide)), naphthalene skeletal diimide(PTCDI(3,4,7,8-
naphthalene-tetracarboxylic-diimide), C4-NTC, C4-NTC,
C,,-NTC and fluorinated alkyl substitute of these), fluori-
nated phthalocyanine, fluorinated pentacene, fluorinated oli-
gothiophene, TCNQ, Cgy,fullerene, and so on.

[0015] Moreover, the bipolar organic semiconductor mate-
rial includes, for example, a-NPD, Alq,(Tris(8-hydrox-
yquinolinato)aluminum(IIl)), CBP(4,4'-Bis(carbazol-9-yl)
biphenyl), BSA-1m(9,10-Bis(3-cyanostilil)anthracene),
MEHPPV (Poly[2-Methoxy-5-(2-ethylhexyloxy)-1,4-phe-
nylenevinylene]), CN-PPP(Poly[2-(6-cyano-6-methylhepty-
loxy)-1,4-phenylene]), Bis(2-(2-hydroxyphenyl)-benz-1,3-
thiazolato)zinc  complex, Poly[(9,9-dihexylfluoren-2,7-
diyl)-co-(anthracen-9,10-diyl)], and so on.

[0016] The organic semiconductor material which forms
the light emitting layer of the organic semiconductor light
emitting part includes, for example, metal complex system
material exhibiting fluorescence such as Alq,, material doped
other fluorochrome such as DCM2, Rubrene, Coumarin,
Perylene to the metal complex material, or material doped
phosphorescence emitting colorant such as fac-tris(2-pheny-
pyridine)iridium(Ir(ppy),) to 4,4'-Bis(carbazol-9-yl)biphe-
nyl(CBP).

[0017] Furthermore, the hole transporting material
includes, for example, diamine system material such as
a-NPD and TPD, and m-TDATA, etc.

[0018] The gate electrode may be arranged on the opposite
side of the source electrode and the organic semiconductor
light emitting part with respect to the organic semiconductor
active layer, and at the same time extends to a region opposing
to the source area and the drain area.

[0019] With this arrangement, the gate electrode can con-
trol carrier movement, between the source and the drain, can
form an electric field, between the gate electrode and the
source electrode, for injecting carriers from the source elec-
trode to the organic semiconductor active layer and can form
an electric field, between the gate electrode and the drain
electrode, for injecting carriers from the drain area to the
organic semiconductor light emitting part as well as for
injecting carriers from the drain electrode to the organic semi-
conductor light emitting part. This further enhances carrier
injection efficiency to the organic semiconductor light emit-
ting part, dedicating to high efficient light emission.
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[0020] In addition, the gate electrode can comprise a first
gate electrode which is arranged to face to the source area, and
a second gate electrode which is electrically independent
from the first gate electrode and arranged to face to the drain
area.

[0021] With this arrangement, the gate electrode is divided
into the first gate electrode on the source area side and the
second gate electrode on the drain area side, and control
voltages can be individually applied to these electrodes.
Therefore, carrier injection from the source electrode to the
organic semiconductor active layer and carrier injection from
the drain area and the drain electrode to the organic semicon-
ductor light emitting part can be individually controlled. This
enables setting of appropriate carrier injection balance, so
that light emission with higher efficiency can be realized.

[0022] Tt is preferable that the space between the first and
second gate electrode is set to be shorter than the channel

length.

[0023] Either of the source area or the drain area can com-
prise a pair of regions set on both sides of the other one of the
source area or the drain area.

[0024] Distribution of carrier injection from the drain area
of'the organic semiconductor active layer to the organic semi-
conductor light emitting part is biased to the source area side.
Thus, adoption of the aforementioned arrangement can
ensure larger dimension of light emission.

[0025] Either the source area or the drain area is preferably
set to surround the other one of the source area or the drain
area on at least three sides. With this arrangement, further
larger dimension of light emission can be ensured. As a matter
of course, an arrangement where either source area or the
drain area is surrounded by another area from four sides is
possible. Furthermore, an arrangement where almost all the
circumference of either the source are or the drain area is
surrounded by the other area can be adopted.

[0026] The organic semiconductor light-emitting device
can further comprise a carrier dispersion film interposed
between the drain area and the insulating film, for dispersing
carriers. With this arrangement, since the carrier dispersion
film makes it possible to distribute carriers to wide region of
the drain area, carriers are injected to the organic semicon-
ductor light emitting part in the wide area of the drain area.
This can realize larger dimension of light emission.

[0027] At least either the gate electrode or the drain elec-
trode may include a transparent electrode layer. In this case, it
is preferable to provide a diffraction member adjacent to the
transparent electrode layer, for diffracting light which travels
in the transparent electrode layer toward the normal line
direction of the transparent electrode layer. With this arrange-
ment, since light concentrating on the transparent electrode
layer with high refractive index can be extracted toward the
normal line direction of the transparent electrode layer, light
extracting efficiency can be enhanced, implementing a light
emission device with higher luminance.

[0028] A display in the present invention can be con-
structed by arranging a plurality of organic semiconductor
light-emitting devices as described above on a substrate. A
one-dimensional or two-dimensional display, of which each
image is composed of organic semiconductor light-emitting
devices, can be constructed by arranging such organic semi-
conductor light-emitting devices one-dimensionally or two-
dimensionally on a substrate.
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[0029] The above and other objects, characteristics, and
advantages of the present invention will be made clear by the
following description of the embodiments made in reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIGS. 1(a) and 1(b) are diagrams for describing an
arrangement and an operation of an organic semiconductor
light-emitting device according to one embodiment of the
present invention.

[0031] FIG. 2 is a schematic sectional view for describing
more specific arrangement of the organic semiconductor
light-emitting device in FIG. 1.

[0032] FIG. 3 is a schematic sectional view for showing an
arrangement to extract light to the opposite side of'a substrate.
[0033] FIG. 4(a) and FIG. 4(b) are diagrams showing fur-
ther another specific arrangement of the organic semiconduc-
tor light-emitting device.

[0034] FIG. 5is aplan view for describing an alternative of
the arrangement in FIG. 4.

[0035] FIG. 6 is a schematic plan view for describing
another alternative arrangement.

[0036] FIG. 7 is a schematic plan view for describing fur-
ther another alternative arrangement.

[0037] FIG. 8 is a schematic plan view for describing fur-
ther another alternative arrangement.

[0038] FIG. 9 is a schematic sectional view showing an
alternative arrangement of organic semiconductor light-emit-
ting device shown in FIG. 2.

[0039] FIG. 10 is a diagram showing an arrangement of the
organic semiconductor light-emitting device in FIG. 3 which
is altered similarly to the one in FIG. 9.

[0040] FIG. 11 is a schematic sectional view showing fur-
ther another alternative arrangement of the arrangement
shown in FIG. 2.

[0041] FIG. 12 is a schematic sectional view showing an
arrangement according to further another alternative arrange-
ment.

[0042] FIG. 13 is an electric circuit diagram of a display
configured by two-dimensionally arranging organic semicon-
ductor light-emitting devices with the arrangement shown in
any one from FIG. 1 to FIG. 12 on a substrate.

[0043] FIG. 14 is a schematic sectional view for describing
an arrangement of a capacitor which corresponds to FIG. 2.

[0044] FIG. 15 is a schematic sectional view for describing
an arrangement of a capacitor which corresponds to FIG. 3.

[0045] FIGS. 16(a) and 16(b) are diagrams for describing
the arrangement of an organic semiconductor light-emitting
device according to a second embodiment of the present
invention.

[0046] FIG. 17 is a diagram showing an example of poten-
tial respectively applied to a first and a second gate electrodes,
a source electrode and a drain electrode of the device in FIG.
16.

[0047] FIG. 18 is an electric circuit diagram of a display
configured by two-dimensionally arranging organic semicon-
ductor light-emitting devices shown in FIG. 16 on a substrate.

MODE FOR CARRYING OUT THE INVENTION

[0048] FIG. 1(a) is a schematic sectional view for describ-
ing an arrangement of an organic semiconductor light-emit-
ting device according to one embodiment of the present
invention. This organic semiconductor light-emitting device

Jun. 19, 2008

50 has the basic structure of a field-effect transistor with an
organic semiconductor active layer 1 as a transistor active
layer. More specifically, the organic semiconductor light-
emitting device 50 comprises a substrate 2, a gate electrode 3
formed on the substrate 2, a gate insulating film 4 laminated
on the gate electrode 3, and the aforementioned organic semi-
conductor active layer 1 laminated on the gate insulating film
4. On the organic semiconductor active layer 1, a source area
5 and a drain area 6 are disposed with space of a predeter-
mined channel length L from each other. A lamination struc-
ture of a source electrode 7 is formed on the source area 5, and
an organic semiconductor light emitting part 8 formed of an
organic semiconductor material is laminated on the drain area
6. A drain electrode 9 is formed by lamination on the organic
semiconductor light emitting part. In other words, this
organic semiconductor light-emitting device 50 has the basic
structure of a field-effect transistor (TFT: thin-film field-ef-
fect transistor), with organic semiconductor light emitting
part 8 interposed between the organic semiconductor active
layer 1 and the drain electrode 9.

[0049] The gate electrode 3 faces, via the gate insulating
film 4, to a channel area 10 between the source area 5 and the
drain area 6, while extending to an area directly below the
source area 5 and the drain area 6. In other words, the gate
electrode 3 faces to the source area 5 through the gate insu-
lating film 4, and faces to the drain area 6 through the gate
insulating film 4 at the same time. This generates an electric
field between the gate electrode 3 and the source electrode 7,
allowing efficient injection of carriers (either holes or elec-
trons) from the source electrode 7 to the organic semiconduc-
tor active layer 1. Moreover, the electric field generated
between the gate electrode 3 and the drain electrode 9 allows
carriers (either holes or electrons) of one polarity to be
injected from the organic semiconductor active layer 1 to the
organic semiconductor light emitting part 8 efficiently, and
allows carriers (the other ones of holes or electrons) of the
other polarity to be injected from the drain electrode 9 to the
organic semiconductor light emitting part 8 efficiently. This
can generate recombination of holes and electrons in the
organic semiconductor light emitting part 8 efficiently,
achieving highly efficient light emission.

[0050] For example, the case where the organic semicon-
ductor active layer 1 is formed of a P-type organic semicon-
ductor material which can transport holes is considered. In
this case, potentials shown in FIG. 1(b) are respectively
applied to the gate electrode 3, the source electrode 7, and the
drain electrode 9. In other words, voltage Vg (<0) is applied to
the gate electrode 3 with the source electrode 7 as a reference,
and voltage Vd (<0) is applied to the drain electrode 9 with the
source electrode 7 as a reference. This forms an electric field
F1 directing from the source electrode 7 to the gate electrode
3 between the gate electrode 3 and the source electrode 7, and
an electric field F2 directing from the gate electrode 3 to the
drain electrode 9 between the gate electrode 3 and the drain
electrode 9. Accordingly, the electric field Fl injects holes
from the source electrode 7 to the organic semiconductor
active layer 1. Furthermore, the electric field F2 injects holes
from the gate electrode 3 to the organic semiconductor light
emitting part 8, while electrons are injected from the drain
electrode 9 to the organic semiconductor light emitting part 8.
[0051] Holes injected from the source electrode 7 to the
organic semiconductor active layer 1 are transported from the
source area 5 to the drain area 6 through the organic semicon-
ductor active layer 1, and then are injected from the drain area
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6 to the organic semiconductor light emitting part 8. The
amount of transported holes from the source area 5 to the
drain area 6 can be controlled by voltage Vg applied to the
gate electrode 3. This can control on/off of light emission by
conducting/blocking the area between the source area 5 and
the drain area 6. In addition, by applying a voltage Vg that
varies in a stepwise or continuous manner to the gate elec-
trode 3, the amount of transported holes from the source area
5 to the drain area 6 can be changed in a stepwise or continu-
ous manner, and the amount of light emission thus can be
changed in a stepwise or continuous manner. That is, amount
of light emission can be modulated.

[0052] FIG. 2 is a schematic sectional view for describing
more specific arrangement of the organic semiconductor
light-emitting device 50 in FIG. 1(a). The organic semicon-
ductor light-emitting device 50 shown in FIG. 2 has an
arrangement for extracting light 11 to the substrate 2 side.
Specifically, the substrate 2 is formed of a transparent sub-
strate such as glass substrate, the gate electrode 3 is formed of
a transparent electrode film constituted of a transparent con-
ductive material such as ITO (indium tin oxide), IZO (indium
zinc oxide), or ZnO (zinc oxide), and the gate insulating film
4 is formed of a transparent insulating film such as silicon
oxide film. The organic semiconductor active layer 1 is
formed of, for example, pentacene which is a P-type organic
semiconductor material. The source electrode 7 is con-
structed by a metal material such as gold which can easily
inject holes to the organic semiconductor active layer 1.
[0053] The organic semiconductor light emitting part 8
comprises a organic semiconductor laminate film having a
hole transporting layer 81 disposed in contact with the
organic semiconductor active layer 1 and an electron trans-
porting layer 82 which works as a light emitting layer and is
laminated on the hole transporting layer 81. The hole trans-
porting layer 81 is formed of a material which can transport
holes, in other words, can inject holes and is formed of the
aforementioned P-type organic semiconductor material
which can transport holes therein. Moreover, the electron
transporting layer 82 is formed of the aforementioned N-type
organic semiconductor material which can transport elec-
trons therein and inject electrons.

[0054] Onthe electron transporting layer 82, the drain elec-
trode 9 which is a metal electrode is laminated. The drain
electrode 9 is formed of a metal material which can easily
inject electrons to the electron transporting layer 82, specifi-
cally including, for example, MgAg, Al, Al/Li, and Ca.
[0055] In the organic semiconductor light-emitting device
with such arrangement, light emission generates in a region
near the boundary between the electron transporting layer 82
and the hole transporting layer 81, and the generated light 11
is extracted to the transparent substrate 2 side.

[0056] FIG. 3 is a schematic sectional view for showing an
arrangement to extract the light 11 to the opposite side of a
substrate. In FIG. 3, portions corresponding to the respective
portions shown in FIG. 2 are provided with the same refer-
ence numerals as those of FIG. 2. With the arrangement in
FIG. 3, the gate electrode 3 is formed of a metal material such
as Al, and the substrate 2 is formed of silicon, for example.
The gate insulating film 4 is not necessary to be transparent,
but for example, is formed of silicon oxide. When the sub-
strate 2 is constructed by a semiconductor material such as
silicon, the gate electrode 3 can be formed of a conductive
layer constructed by an impurity diffusion layer formed on
the surface part of the substrate 2.
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[0057] The organic semiconductor active layer 1 is formed
of pentacene, for example, which is a P-type organic semi-
conductor material similarly to the arrangement in FIG. 2,
and the source electrode 7 which is formed in contact with the
source area 5 is ametal electrode formed of gold, for example.
The arrangement of the organic semiconductor light emitting
part 8 is similar to the one in FIG. 2. The drain electrode 9
which is laminated on the electron transporting layer 82 is
formed of a transparent electrode film in this embodiment.
The transparent electrode film can be formed of ITO, IZO, or
Zn0, for example.

[0058] With this arrangement, light emission generated in
the region near the boundary between the electron transport-
ing layer 82 and the hole transporting layer 81 in the electron
transporting layer 82 due to recombination of holes and elec-
trons is observed on the side of the drain electrode 9 formed
of a transparent electrode film.

[0059] FIG. 4(a) and FIG. 4(b) are diagrams showing fur-
ther another specific arrangement of the organic semiconduc-
tor light-emitting device 50. FIG. 4(a) is a schematic sectional
view and FIG. 4(b) is a schematic plan view of the arrange-
ment. In this arrangement, a source area 5 of an organic
semiconductor active layer 1 (the region with diagonal lines
which is not hidden by a source electrode 7 or a drain elec-
trode 9 in FIG. 4(b) has a pair of areas 5A, 5B set on the both
sides in respect to a predetermined direction of a drain area 6
where a laminated structure of an organic semiconductor light
emitting part 8 and a drain electrode 9 is formed. To be
commonly joined onto these areas SA, 5B, a source electrode
7 formed of a metal electrode is formed in generally U shape
in a plan view. In the embodiment, the organic semiconductor
active layer 1 is formed in band pattern which goes from one
area 5A of the source area 5 through the drain area 6 to the
other area 5B. In other words, the source electrode 7 is in
contact with the organic semiconductor active layer 1 in the
areas SA, 5B, but is in contact with a gate insulating film 4 in
other regions.

[0060] In the arrangement of FIG. 2 or FIG. 3, since holes
are transported from one side to the drain area 6, the location
oflight emission is concentrated on the source area 5 side, and
it is difficult to keep large dimension of light emission as a
result. In the arrangement shown in FIG. 4(a) and FIG. 4(5),
the source areas SA, 5B are disposed on the both sides of the
drain area 6 respectively, so that holes are transported from
the opposite two directions to the drain area 6. This enables
light emission in the large area of the organic semiconductor
light emitting part 8, increasing the dimension of light emis-
sion.

[0061] In FIG. 4(b), the reason why the gate electrode 3 is
exposed in the region of the lower side of the diagram is to
provide the gate electrode 3 with a contact for external con-
nection, and as a matter of course, the contact for external
connection also can be provided by another arrangement.
[0062] FIG.5is aplan view for describing an alternative of
the arrangement in FIG. 4(a) and FIG. 4(b). In the arrange-
ment shown in FIG. 5, a source area 5 is provided so as to
surround a rectangular drain area 6 in U shape in plan view,
and then a similar U shape source electrode 7 is laminated on
the source area 5. In the arrangement, the source area 5
surrounds the drain area 6 on three sides (three directions
defined by 90 degree space in a plane which is parallel with
the organic semiconductor active layer 1), so that the dimen-
sion of light emission in the organic semiconductor light
emitting part 8 can be increased.
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[0063] FIG. 6 is a schematic plan view for describing fur-
ther another alternative arrangement. In the arrangement, a
source area 5 and a drain area 6 are respectively formed in
comb shape which engage with each other. In according to
this, a source electrode 7 is formed in comb shape with the
same pattern as the comb shape of the source area 5, while the
laminated structure of an organic semiconductor light emit-
ting part 8 and a drain electrode 9 have identical comb shape
pattern with the comb shape of the drain area 6.

[0064] With this arrangement, the whole length of the
opposing part (channel width) of the source area 5 and the
drain area 6 can be made long, while the dimension of light
emission can be increased.

[0065] FIG. 7 is a schematic plan view for describing fur-
ther another alternative arrangement. In this arrangement, a
drain area 6 is formed in rectangular (almost square), while an
organic semiconductor light emitting part 8 and a drain elec-
trode 9 are formed in rectangular. From one corner of the
rectangular drain electrode 9, a lead 9A is drawn. A source
area 5 is set to generally surround the drain area 6 on four
sides (four directions defined by space at an interval of 90
degree in a plane which is parallel with an organic semicon-
ductor active layer 1) while the lead 9A is not included, and
the source electrode 7 is formed on the source area 5 config-
ured by the rectangular surrounded area. With this arrange-
ment, holes can be supplied to the drain area 6 from almost all
directions of its circumference, so that the dimension of light
emission can be further increased.

[0066] FIG. 8 is a schematic plan view for describing fur-
ther another alternative arrangement. In the arrangement, a
drain area 6 is set in circular shape, and a circular organic
semiconductor light emitting part 8 and a drain electrode 9 are
laminated on the circular drain area 6. Furthermore, a lead 9A
is drawn from the circular drain electrode 9 in single direc-
tion. On the other hand, a source area 5 is formed so as to be
circularly surrounding on almost all sides of the circular drain
area 6, while the lead 9A is not included. A source electrode
7 with the same pattern is laminated on the circular source
area 5. With this arrangement, holes also can be supplied to
the almost all circumference of the drain area 6, so that large
dimension of light emission can be obtained.

[0067] Inthe arrangements in FIG. 4 to FIG. 8, the location
of the source area 5 and the drain area 6 can be reversed. In
other words, in the arrangement in FIG. 4(a) and 4(b), the
drain area 6 can be dispersedly disposed on both sides of the
source area 5, and in the arrangement in FIG. 5, the drain area
6 can be set in U shape so as to surround the source area 5 on
three sides. In addition, in the arrangements in FIG. 7 and
FIG. 8, the source area 5 can be positioned at the center and
the drain area 6 can be disposed so as to surround the source
area 5 on approximately whole circumference.

[0068] FIG. 9 is a schematic sectional view showing an
alternative arrangement of the organic semiconductor light-
emitting device 50 shown in FIG. 2.

[0069] In the arrangement, a diffraction gating 15 which is
a diffracting member is disposed on the transparent substrate
2 side near the boundary between a gate electrode 3 formed of
a transparent electrode film and the transparent substrate 2.
The diffraction gating 15 diffracts light 11 propagating
toward a end surface 16 of the substrate 2 in the gate electrode
3 formed of the transparent electrode film to a surface 2A side
ofthe transparent substrate 2 (that is, the normal line direction
of the gate electrode 3).
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[0070] The transparent electrode film formed of such as
ITO typically has a refractive index n: around 2, that is the
highest refractive index among a gate insulating film 4 (e.g.,
refractive index n=1.5) formed of a silicon oxide film, etc., a
transparent substrate 2 (e.g., refractive index n=1.5) formed
of glass substrate, etc., an organic semiconductor active layer
1 (e.g., refractive index n=1.7 to 1.8), ahole transporting layer
81 (e.g., refractive index n=1.7), and an electron transporting
layer 82 (e.g., refractive index n=1.7). Thus, light generated in
the organic semiconductor light emitting part 8 has tendency
to be locked in the gate electrode 3 formed of the transparent
electrode film.

[0071] Accordingly, by arranging the diffraction gating 15
on the transparent substrate 2 side which is light extracting
direction for the gate electrode 3 formed of the transparent
electrode film, light 11 propagating in the gate electrode 3 can
be efficiently extracted to the surface 2A side of the transpar-
ent substrate. Accordingly, an organic semiconductor light-
emitting device having enhanced light extraction efficiency
can be realized.

[0072] TItis preferable that a diffraction gating cycle A is set
to meet a relation to a light wavelength generating in the
organic semiconductor light emitting part 8, wherein A=k
(k=1,2,3,...). This enables more efficient light extracting.

[0073] FIG. 10 is a diagram showing an arrangement of the
organic semiconductor light-emitting device 50 in FIG. 3
which is altered similarly in FIG. 9. In this arrangement, a
diffraction gating 17 is formed on the surface of a drain
electrode 9 formed of a transparent electrode film. In the
arrangement of FIG. 3, light has a tendency to be locked in the
drain electrode 9 formed of the transparent electrode film, and
light 11 propagating in the drain electrode 9 can be extracted
outside in the normal line direction of the drain electrode 9 by
the diffraction gating 17. This can improve light extraction
efficiency.

[0074] In stead of the diffraction gating 15, 17, microdots
can be arranged in distributed manner to form a diffracting
member for diffracting light 11 propagating in the gate elec-
trode 3 or the drain electrode 9 toward radial directions of
those to extract the light. For example, in the arrangement of
FIG. 9, by printing microdots on the surface of the glass
substrate 2, and then coating the surface of the glass substrate
2 with glass, the glass substrate 2 embedded with the afore-
mentioned diffracting member can be obtained. When the
diffraction gating 15 is formed in the glass substrate 2, for
example, stripe pattern of the diffraction gating is formed by
printing, etc. on the surface of the glass substrate 2, and then,
glass coating may be applied on the pattern.

[0075] Inthe arrangement of FIG. 10, to form a diffraction
gating 17 or a diffusion pattern which is formed of the micro-
dot diffusion pattern described above on the surface of a drain
electrode 9, stripe pattern of the diffraction gating or diffusion
dot pattern may be printed on the surface of the drain elec-
trode 9.

[0076] FIG. 11 is a schematic sectional view showing fur-
ther another alternative of the arrangement shown in FIG. 2.
In the arrangement, a source electrode 7 is formed on a gate
insulating film 4 in contact, and an organic semiconductor
active layer 1 is formed so as to cover the source electrode 7.
In other words, the source electrode 7 has a so-called bottom
contact type configuration. With this arrangement, an opera-
tion which is similar to the arrangement in FIG. 2 is also
possible.
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[0077] Asamatter of course, in any arrangements shown in
FIG. 3 to FIG. 10, similar alteration is possible.

[0078] FIG. 12 is a schematic sectional view showing an
arrangement regarding further another alternative. In the
arrangement, a source electrode 7 formed of a metal electrode
is laminated on a source area 5 and in contact with a gate
insulating film 4, while a current dispersion film 40 as a
carrier dispersion film in contact with gate insulating film 4 is
laminated on a drain area 6. The organic semiconductor active
layer 1 contacts the gate insulating film 4 in a channel area 10
between the source electrode 7 and the current dispersion film
40, covering the upper surface of the source electrode 7,
furthermore, covering the upper surface of the current disper-
sion film 40. The drain area 6 is positioned at the upper region
of'the current dispersion film 40 in the organic semiconductor
active layer 1, and on the drain area 6, the organic semicon-
ductor light emitting part 8 and the drain electrode 9 are
laminated.

[0079] With this arrangement, holes led from the source
electrode 7 to the drain area 6 through the organic semicon-
ductor active layer 1 are dispersed by the current dispersion
film 40, and then are injected to the organic semiconductor
light emitting part 8. This can generate recombination of
holes and electrons in large dimension in the organic semi-
conductor light emitting part, so that the dimension of light
emission can be increased.

[0080] As described above, according to the arrangement
of the embodiment, in the drain area 6, the hole transporting
layer 81 which is the organic semiconductor layer is lami-
nated on the surface of the organic semiconductor active layer
1. Therefore, since there is no need to form a metal film on the
surface of the organic semiconductor active layer 1 in the
drain area 6, the organic semiconductor active layer 1 in the
drain area 6 is not affected by damage, for example, which is
caused in forming a metal film by the sputtering method.
Additionally, the hole transporting layer 81 formed of an
organic semiconductor material like the organic semiconduc-
tor active layer 1 can be laminated on the organic semicon-
ductor active layer 1 with good adhesion properties. The
contact resistance between the organic semiconductor active
layer 1 and the organic semiconductor light emitting part 8,
accordingly, is low, so that carriers are efficiently injected
from the organic semiconductor active layer 1 to the organic
semiconductor light emitting part 8. Insertion of an appropri-
ate buffer layer between the organic semiconductor light-
emitting layer 1 and the organic semiconductor light emission
part 8 can further enhance injection efficiency.

[0081] Inthe sourcearea5, the source electrode 7 formed of
the metal material is in contact with the organic semiconduc-
tor active layer 1, but the condition of the boundary between
the source area 5 and the source electrode 7 does not signifi-
cantly affect light emission in the organic semiconductor light
emitting part 8 arranged at the drain area 6 side. Therefore, the
source electrode 7 can be laminated on the organic semicon-
ductor active layer 1 by, for example, the sputtering method
without problem.

[0082] The drain electrode 9 is laminated on the organic
semiconductor light emitting part 8, but for example, inter-
posing of an appropriate buffer layer either in between the
organic semiconductor light emitting part 8 and the drain
electrode 9, or in between the organic semiconductor active
layer 1 and the organic semiconductor light emitting part 8
can enhance carrier injection efficiency from the drain elec-
trode 9 to the organic semiconductor light emitting part 8. In
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this case, the buffer layer enhances carrier injection efficiency
by loosening the energy barrier between the drain electrode 9
and the organic semiconductor light emitting part 8. Specifi-
cally, the buffer layer can comprise Copper phthalocyanine
(CuPc), m-MTDATA, PEDOT/PSS, Polyaniline, etc., in the
case of holes injection, and a layer of electrons transportable
organic semiconductor such as Tris(8-hydroxyquinoline)alu-
minum(1Il) (Alqs), 4,7-Dipenil-1,10-phenanthroline(Batho-
phenanthroline), which is doped alkali metal such as lithium
(Li), cesium(Cs), alkali metal/alkaline earth metal fluoride
including lithium fluoride (LiF), germanium oxide(GeQO,),
aluminum oxide (Al,0;) and so on, in the case of electrons
injection.

[0083] FIG. 13 is an electric circuit diagram of a display 60
configured by two-dimensionally arranging organic semicon-
ductor light-emitting devices 50 with the arrangement shown
in any one from FIG. 1 to FIG. 12 on a substrate 2. In other
words, the display device 60 has the aforementioned organic
semiconductor light-emitting devices 50 respectively
arranged in matrix-arrayed pixels P11, P12, . . ., P21, P22, .
.., and makes it possible to achieve two-dimensional display
by selecting the organic semiconductor light-emitting
devices 50 that are to emit light in these pixels and by con-
trolling light intensity (luminance) of the organic semicon-
ductor light-emitting devices 50 in these respective pixels.
[0084] Each organic semiconductor light-emitting device
50 is a P-channel type field-effect transistor(FET) which is
integrally formed with the organic semiconductor light emit-
ting part 8, of which a drain electrode 9(D) is supplied with
bias voltage Vd (<0), and of which a source electrode 7(S) is
set at ground potential (=0). To the gate electrode 3(G), a
selective transistor T, for selecting each pixel and a capacitor
C for preserving data are connected in parallel.

[0085] The pixels P11, P12, ...;P21,P22 . .. are aligned
in rows. In these pixels, the selective transistors T, in each line
have gates respectively connected as a group to their common
scanning lines LS1, L.S2, . . .. The pixels P11, P21 ... ; P12,
P22 ... arealigned in columns. In these pixels, on the opposite
side of the organic semiconductor light-emitting device 50,
the selective transistors T have gates connected respectively
to their common data lines LD1, LD2, etc.

[0086] To scanning lines LS1,L.S2, ..., ascandrive signal
is given from a scanning line driving circuit 51 that is con-
trolled by a controller 53. The signal circulates pixels P11,
P12,...;P21,P22...ineach row and sequentially selects a
plurality of pixels in a row collectively. More specifically, the
scanning line driving circuit 51 sequentially scans each line
and determines which line to be conducted or blocked and
generates scan drive signal. With the signal, the selective
transistors T in a plurality of pixels in a selected line are made
conductive. The selective transistors T, in a plurality of pixels
in a non-selected line are blocked.

[0087] On the other hand, to data lines LD1,LD2, ..., a
signal is input from a data line driving circuit 52. To the data
line driving circuit 52, a control signal corresponding to
image data is input from the controller 53. The data line
driving circuit 52 transmits a light emission control signal
corresponding to gradation of light of each pixel in the
selected line to the data lines LD1, LD2, . . ., in parallel, at the
time when the scanning line driving circuit 51 selects a plu-
rality of pixels in each line collectively.

[0088] Consequently, in each pixel of the selected line, a
light emission control signal is transferred to the gate elec-
trode 3(G) through the selective transistor T, allowing the
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organic semiconductor light-emitting device 50 of the
selected pixel to emit light (or distinguish light) at gradation
in accordance with the light emission control signal. Since the
light emission control signal is preserved at a capacitor C, the
electric potential of the gate electrode G is preserved even
after the line selected by the scanning line driving circuit 61
moves to other line, thus preserving the lighting state of the
organic semiconductor light-emitting device 50. In this man-
ner, two-dimensional display is enabled.

[0089] FIG. 14 and FIG. 15 are schematic sectional views
for describing arrangements of the aforementioned capacitor
C.FIG. 14 corresponds to the arrangement in FIG. 2, and FIG.
15 corresponds to the arrangement in FIG. 3. In the arrange-
ment of FIG. 14, a transparent conductive film 21 formed of
ITO, etc. and a transparent insulating film 22 formed of sili-
con oxide, etc. are interposed between a transparent substrate
2 and a gate electrode 3 formed of a transparent electrode film.
The transparent conductive film 21 is disposed on the trans-
parent substrate 2 side, and the transparent insulating film 22
is disposed on the gate electrode 3 side. This results in that a
capacitor C which is interposed with the transparent insulat-
ing film 22 between the transparent conductive film 21 and
the gate electrode 3 is formed.

[0090] Inthe arrangement of FIG. 15, a conductive film 31
made of metal, etc. and an insulating film 32 formed of'silicon
oxide, etc. are interposed between a substrate 2 and a gate
electrode 3. The conductive film 31 is disposed on the trans-
parent substrate 2 side, and the insulating film 32 is disposed
at the gate electrode 3 side. This results in that a capacitor C
which is interposed with the insulating film 32 between the
conductive film 31 and the gate electrode 3 is formed. For
example, when the substrate 2 is a semiconductor substrate
such as silicon, the conductive film 31 can be formed of a
conductive layer which is configured by a impurity diffusion
layer formed on the surface of the substrate 2.

[0091] FIGS. 16(a) and 16(b) are diagrams for describing
the arrangement of an organic semiconductor light-emitting
device 50A according to a second embodiment of the present
invention. FIG. 16(a) is a schematic sectional view of the
arrangement, and FIG. 16(5) is a plan view of the arrange-
ment. With the arrangement in FIG. 16, portions correspond-
ing to the respective portions shown in FIG. 2 are provided
with the same reference numerals as those of FIG. 2.

[0092] Intheembodiment, a gate electrode 3 is divided into
a first gate electrode G1 arranged on a source area 5 side and
a second gate electrode G2 arranged on a drain area 6 side.
The first gate electrode G1 faces to almost full area of the
source area 5 via a gate insulating film 4, and extends to a
channel area 10 side. Similarly, the second gate electrode G2
faces to almost full area of the drain area 6 via the gate
insulating film 4 and extends to the channel area 10 side. A
space A between the first gate electrode G1 and the second
gate electrode G2 is set so as to be shorter than a channel
length L which is a space between the source area 5 and the
drain area 6.

[0093] FIG. 17 is a diagram showing an example of poten-
tials respectively applied to a first gate electrode G1, a second
gate electrode G2, a source electrode 7 and a drain electrode
9. The first gate electrode G1 and the second gate electrode
G2 are electrically insulated from each other, to which volt-
ages Vgl, Vg2 can be applied independently. This allows
individual control of the amount of holes injected from the
source electrode 7 to the organic semiconductor active layer
1, and the amount of electrons injected from the drain area 6
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to the organic semiconductor light emitting part 8. Conse-
quently, the balance of carriers being injected can be con-
trolled, which can further enhance light emission efficiency in
the organic semiconductor light emitting part 8.

[0094] FIG. 18 is an electric circuit diagram of a display
60A configured by two-dimensionally arranging organic
semiconductor light-emitting devices S0A shown in FIG. 16
on a substrate 2. In FIG. 18, portions corresponding to the
respective portions shown in FIG. 13 are provided with the
same reference numerals as those of FIG. 13.

[0095] The drain electrode 9(D), which is an electrode of
the side where the organic semiconductor light emitting part
8 is arranged, is supplied with bias voltage Vd (<0), and the
source electrode 7(S) is set at ground potential (=0). Further-
more, the first gate electrode G1 is applied with a certain
control voltage Vgn (<0). On the other hand, to the second
gate electrode G2, a selective transistor T for selecting each
pixel and a capacitor C for preserving data are connected in
parallel. Other arrangements are similarly to the one in FIG.
13.

[0096] According to this arrangement, in each pixel of the
selected line, a light emission control signal is transferred to
the second gate electrode G2 through the selective transistor
T,, allowing the organic semiconductor light-emitting device
50A ofthe selected pixel to emit light (or distinguish light) at
gradation in accordance with the light emission control sig-
nal.

[0097] In addition, by applying an light emission control
signal from the data line LD1, LD2, . . . to the first gate
electrode G1 with the potential of the second gate electrode
(G2 set to be fixed, similar operation can be enabled. Further-
more, individually controlling a control voltages applied to
the first and the second gate electrodes G1, G2 according to
image data allows display of more gradation.

[0098] The two embodiments of the present invention were
described above, but this invention can be implemented in
other embodiments. For example, in the above embodiments,
the organic semiconductor light-emitting device having the
basic form of a P-channel type field-effect transistor by use of
the P-type organic semiconductor material for the organic
semiconductor active layer 1 is described. As a matter of
course, the organic semiconductor active layer 1 can be
formed of the N-type organic semiconductor material which
transports electrons. In this case, the organic semiconductor
light-emitting device having the basic form of an N-channel
type field-effect transistor is configured. In other words, elec-
trons are injected from the source electrode 7 to the organic
semiconductor active layer 1, while holes are injected from
the drain electrode 9 to the organic semiconductor light emit-
ting part 8. In this case, thus, when the organic semiconductor
light emitting part 8 is configured with the hole transporting
layer 81 and the electron transporting layer 82, the hole trans-
porting layer 81 is arranged on the drain electrode 9 side,
while the electron transporting layer 82 is arranged on the
organic semiconductor active layer 1 side.

[0099] Inaddition, a so-called bipolar organic semiconduc-
tor material which can transport both electrons and holes can
be used for the organic semiconductor active layer 1.
Examples of applicable bipolar organic semiconductor mate-
rial are described above.

[0100] The displays which can display two-dimensionally
is shown in FIG. 13 and FIG. 18, but one-dimensional display
also can be constructed by arranging pixels one-dimension-
ally.
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[0101] Though the embodiments according to the present
invention have been described in detail above, these are
merely specific examples used to clarify the technical details
of the present invention. The present invention should thus
not be interpreted as being restricted to these specific
examples and the spirit and the scope of the present invention
are restricted only by the appended claims.

[0102] The present application corresponds to Japanese
Patent Application No. 2004-250601 submitted to the Japan
Patent Office on Aug. 30, 2004, the entire disclosure of which
is incorporated herein by reference.

1. An organic semiconductor light-emitting device com-
prising:

an organic semiconductor active layer as a transistor active

layer, having a source area and a drain area set at an
interval of a predetermined channel length;

a source electrode joined to the source area on the organic

semiconductor active layer;

an organic semiconductor light emitting part joined to the

drain area on the organic semiconductor active layer;
an drain electrode joined to the organic semiconductor
light emitting part; and
a gate electrode, arranged in the organic semiconductor
active layerto face to at least aregion between the source
area and the drain area with an insulating film sand-
wiched, for controlling transportation of carriers
between the source area and the drain area, wherein

the organic semiconductor light emitting part includes an
organic semiconductor light-emitting layer which is
supplied with either electrons or holes from the drain
electrode and is supplied with the other ones of electrons
or holes from the organic semiconductor active layer,
thereby generating light due to recombination of elec-
trons and holes.

2. The organic semiconductor light-emitting device
according to claim 1, wherein the gate electrode is arranged
on the opposite side of the source electrode and the organic
semiconductor light emitting part for the organic semicon-
ductor active layer, and extends to a region opposed to the
source area and the drain area.

3. The organic semiconductor light-emitting device
according to claim 1, wherein the gate electrode comprises a
first gate electrode which is arranged to face to the source
area, and a second gate electrode which is electrically inde-
pendent from the first gate electrode and arranged to face to
the drain area.

4. The organic semiconductor light-emitting device
according to claim 1, wherein either of the source area or the
drain area comprises a pair of regions set on both sides of the
other one of the source area or the drain area.

5. The organic semiconductor light-emitting device
according to claim 1, wherein either the source area or the
drain area is set to surround the other one of the source area or
the drain area on at least three sides.

6. The organic semiconductor light-emitting device
according to claim 1, further comprising a carrier dispersion
film interposed between the drain area and the insulating film,
for dispersing carriers.

7. The organic semiconductor light-emitting device
according to claim 1, wherein at least either the gate electrode
or the drain electrode includes a transparent electrode layer,
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the organic semiconductor light-emitting device further com-
prising a diffraction member adjacent the transparent elec-
trode layer, for diffracting light propagating in the transparent
electrode layer in the normal line direction of the transparent
electrode layer.

8. A display comprising a plurality of the organic semicon-
ductor light-emitting devices according to claim 1 arranged
on a substrate.

9. The organic semiconductor light-emitting device
according to claim 2, wherein the gate electrode comprises a
first gate electrode which is arranged to face to the source
area, and a second gate electrode which is electrically inde-
pendent from the first gate electrode and arranged to face to
the drain area.

10. The organic semiconductor light-emitting device
according to claim 2, wherein either of the source area or the
drain area comprises a pair of regions set on both sides of the
other one of the source area or the drain area.

11. The organic semiconductor light-emitting device
according to claim 3, wherein either of the source area or the
drain area comprises a pair of regions set on both sides of the
other one of the source area or the drain area.

12. The organic semiconductor light-emitting device
according to claim 2, wherein either the source area or the
drain area is set to surround the other one of the source area or
the drain area on at least three sides.

13. The organic semiconductor light-emitting device
according to claim 3, wherein either the source area or the
drain area is set to surround the other one of the source area or
the drain area on at least three sides.

14. The organic semiconductor light-emitting device
according to claim 2, further comprising a carrier dispersion
film interposed between the drain area and the insulating film,
for dispersing carriers.

15. The organic semiconductor light-emitting device
according to claim 3, further comprising a carrier dispersion
film interposed between the drain area and the insulating film,
for dispersing carriers.

16. The organic semiconductor light-emitting device
according to claim 2, wherein at least either the gate electrode
or the drain electrode includes a transparent electrode layer,
the organic semiconductor light-emitting device further com-
prising a diffraction member adjacent the transparent elec-
trode layer, for diffracting light propagating in the transparent
electrode layer in the normal line direction of the transparent
electrode layer.

17. The organic semiconductor light-emitting device
according to claim 3, wherein at least either the gate electrode
or the drain electrode includes a transparent electrode layer,
the organic semiconductor light-emitting device further com-
prising a diffraction member adjacent the transparent elec-
trode layer, for diffracting light propagating in the transparent
electrode layer in the normal line direction of the transparent
electrode layer.

18. A display comprising a plurality of the organic semi-
conductor light-emitting devices according to claim 2
arranged on a substrate.

19. A display comprising a plurality of the organic semi-
conductor light-emitting devices according to claim 3
arranged on a substrate.
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