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Abstract Source: JP-2002076391-A

(57) [Summary] [PROBLEMS] To achieve high photoelectric energy conversion
efficiency by improving photoelectric conversion capability. SOLUTION: An organic
semiconductor layer 1 is a co-deposited thin film comprising a metal-free
phthalocyanine pigment (H 5, Pc) and a perylene pigment (Me-PTC) at a mixing ratio
of 1: 1. On one surface of the organic semiconductor layer 1, a metal electrode 2
made of a translucent gold vapor-deposited film is formed, and on the other
surface of the organic semiconductor layer 1, an ITO vapor-deposited film, which is
a transparent electrode, is formed as a metal electrode 3. Have been.

PROBLEM TO BE SOLVED: To raise the photoelectric conversion power of an organic semiconductor thin
film solar cell to realize the high photoelectric energy conversion efficiency of the solar cell. SOLUTION: An
organic semiconductor layer 1is a codeposition thin film, which consists of a metal-free phthalocyanine
pigment (H2Pc) and a perylene pigment (Me-PTC) and is formed by mixing the H2Pc with the Me-PTC in
the mixing ratio of 1:1. A metallic electrode 2 consisting of a semitransparent gold deposition film is formed
on the surface of one side of the surfaces of the layer 1 and an ITO deposition film, which is a transparent
electrode, is formed on the other surface of the layer 1 as a metallic electrode 3.
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Description (Machine translation),

Detailed Description of the Invention

TECHNICAL FIELD The present invention relates to a solar cell incorporating an organic semiconductor thin film
having a photoelectric conversion function.

2. Description of the Related Art The present inventors have proposed, as a new solid-state solar cell, an organic
semiconductor thin-film solar cell having a structure in which co-deposited thin films of two kinds of organic
semiconductors are sandwiched between electrodes (M. Hir.

amoto, H. Fujiwara, and M. Yokoyama, Applied Physic

s Letters, 58, 1062 (1991)). The organic semiconductor co-deposited thin film used there is prepared by
simultaneously vapor-depositing two different types of organic semiconductors on the same substrate, but the
substrate temperature during vapor deposition is controlled at room temperature. It was deposited by. Therefore,
the fine composite structure of the obtained co-deposited thin film is not controlled at all.

In a solar cell incorporating such an organic co-deposited film, it was found that the photoelectric conversion
ability of the co-deposited thin film is decisively influenced by the fine mixed state of organic materials. Came.
However, until now, it remains unclear what kind of mixed state,

The photoelectric conversion abilities of the single thin film of each organic material component of co-deposition
and the co-deposition film of both have been comparatively evaluated. That is, it is very unlikely that the
conventional organic co-deposited thin film prepared under the condition that the substrate temperature is room
temperature is used in the optimum mixed state for the generation of photocarriers, and it is extremely high that it
should be possible originally. There is a possibility that the photoelectric conversion capability may not be
derived.

In contrast to the above-mentioned organic semiconductor thin-film solar cell having an uncontrolled fine
structure, the present invention is a solar cell incorporating an organic semiconductor layer, by positively
controlling the fine mixed state of the organic semiconductor layer. It is intended to improve photoelectric
conversion capacity and realize high photoelectric energy conversion efficiency.

In order to improve the photoelectric conversion capacity of the organic semiconductor layer so as to realize high
photoelectric energy conversion efficiency, the present invention uses two kinds of organic semiconductor layers.
It is a composite film composed of a class of organic semiconductors.

The body becomes crystalline fine particles, and the other organic semiconductor

It becomes a fast state, and one of the organic semiconductor crystal fine particles

The surface is covered with the amorphous layer of the other organic semiconductor.

Controlling the microstructure as a structure. One method for producing an organic semiconductor layer
composed of a plurality of types of organic semiconductors is a co-evaporation method in which those organic
semiconductors are simultaneously vapor-deposited on a common substrate. It was found that the co-
evaporation method can control the finely mixed state of the obtained organic semiconductor layer by controlling
the substrate temperature during vapor deposition by cooling or heating.

finelyan organic semiconductor crystal fine particle surface in the present invention the amorphous layer of the
other organic semiconductor is covered

By incorporating the organic semiconductor layer having the structure into the solar cell, it becomes possible to
perform highly efficient photoelectric energy conversion.

BEST MODE FOR CARRYING OUT THE INVENTION In such an organic semiconductor layer having a fine structure,
a large photocurrent is generated due to an electron transfer effect at the interface of different organic
semiconductors or an effect of promoting spatial separation of photogenerated electron-hole pairs. It is a
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convenient structure. In addition, it is preferable that the organic semiconductor layer having such a fine structure
has a structure in which different kinds of organic semiconductor heterojunctions forming a pn junction are spread
over the entire structure and the entire structure is active for photocarrier generation.

As the organic semiconductor used in the organic semiconductor layer in the present invention, it is preferable to
use a photoconductive organic semiconductor (organic semiconductor capable of generating carriers by light
irradiation). In particular, a combination of an organic semiconductor exhibiting p-type property (p-type organic
semiconductor) and an organic semiconductor exhibiting n-type property (n-type organic semiconductor) is
desirable. The main organic semiconductors used in the present invention are illustrated in FIG.

For n-type organic semiconductors, various types of perylene pigments and their derivatives (derivatives having
different substituents on the nitrogen atom) are known. For example, t-BuPh-PTC, P

Im that has high photoelectric conversion ability such as hEt-PTC

-There is also PTC. ), A naphthalene derivative (wherein the perylene skeleton of the perylene pigment is
naphthalene, for example, NTCDA), and C60.

The p-type organic semiconductor includes phthalocyanine pigments and their derivatives (MPc having various
metals at the center, H , Pc having no metal, and various substituents around it), quinacridone pigment ( DQ),
porphyrin, merocyanine and the like and derivatives thereof. When two kinds of organic semiconductors are
mixed, a combination of one of them being a photoconductive organic semiconductor and the other being a
carrier transport agent such as TPD is also preferable. A preferable example of the organic semiconductor layer is
a co-evaporated thin film of a phthalocyanine pigment and a perylene pigment.

The metal electrodes sandwiching the organic semiconductor layer are preferably made of metals having different
work functions. The organic semiconductor layer can be composed of a plurality of layers. In that case, the
organic semiconductor layer is sandwiched between n-type and p-type organic or inorganic semiconductor
layers, the metal electrodes are arranged outside the semiconductor layers, and the material of the metal
electrodes is in contact with the semiconductor layer. It is preferable that the structure is made of a metal capable
of forming an ohmic contact with

DESCRIPTION OF THE PREFERRED EMBODIMENTS Next, the present invention will be described with reference to
the drawings. FIG. 1is a schematic cross-sectional view showing an embodiment of the solar cell of the present
invention, showing a cell structure when an organic semiconductor layer is used as a single layer. 1is an organic
semiconductor layer, which is a metal-free phthalocyanine pigment (H , Pc) and a perylene pigment (Me-P).

It is a co-deposited thin film made of TC) with a mixing ratio of 1: 1. Here, the film thickness of the organic
semiconductor layer 1is 150 nm,

The film thickness can be changed. A metal electrode 2 made of a semi-transparent gold vapor deposition film
(film thickness 20 nm) is formed on one surface of the organic semiconductor layer 1, and ITO, which is a
transparent electrode as a metal electrode 3, is formed on the other surface of the organic semiconductor layer 1.
(Indium tin oxi

de) A vapor deposition film (film thickness is about 60 nm) is formed. The ITO vapor deposition film as the metal
electrode 3 is formed by vapor deposition on a transparent glass substrate (not shown).

In the organic semiconductor thin film solar cell having such a structure, an ITO vapor deposition film is formed as
a metal electrode 3 on a transparent glass substrate, and a metal-free phthalocyanine pigment and a perylene
pigment are placed on the ITO vapor deposition film at a predetermined temperature. It can be manufactured by
simultaneously vapor depositing under control and forming a metal vapor deposition film as the metal electrode 2
thereon.

In order to evaluate the performance of the solar cell of this example, artificial sunlight (100 mW /100 mW /

cm 2 and AM 1.5). Sunlight is irradiated from the ITO transparent electrode 3 side. If a metal having a high
reflectance, such as gold in this embodiment, is used as the electrode 2 on the opposite side, the light passing
through the organic semiconductor layer 1 is reflected by the electrode 2 and returns to the organic
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semiconductor layer 1 side. It is advantageous in increasing the size.

Although the pseudo sunlight is white light, the wavelength dependence of the photocurrent is also measured in
the cell characteristic evaluation, so that irradiation with monochromatic light is also performed from the electrode
2 side or the electrode 3 side.

FIG. 3 is a photocurrent-voltage (JV) characteristic when irradiating pseudo sunlight from the ITO electrode 3
side. The first quadrant of this figure represents the photocurrent and voltage generated by sunlight irradiation.
The photocurrent when V = 0 V is called the short-circuit photocurrent Jsc, and the voltage when J = 0 mA / cm 2
is called the open-end voltage Voc. It can be seen that the photoelectric flow rate increases as the substrate
temperature during deposition of the co-deposited film shown in the figure decreases.

FIG. 4 shows the substrate temperature dependence of the short-circuit photocurrent Jsc during the deposition
of the co-deposited film. When manufactured at a substrate temperature of -167 ° C, 0.46 mA, which is about 15
times that at room temperature.

/ Cm 2 was reached.

FIG. 5 shows the irradiation light wavelength dependence of the Jsc photocurrent quantum yield. The quantum
yield represents the number of short-circuit photocurrent electrons flowing through the cell with respect to the
number of photons absorbed in the co-deposited film. The photocurrent quantum yield is 1.0 (ie 100

%) Is the maximum efficiency. The quantum yield is the substrate temperature -16.

When manufactured at 7 ° C, the wavelength that showed the maximum value (600n

15% was obtained in m). On the other hand, it is only about 1% at room temperature. For a solar cell with a co-
deposited single film, the quantum yield is 15%, which is a very large value.

An increase in photocurrent of 10 times or more is closely related to the microstructure of the co-deposited thin
film. FIG. 6 shows a schematic diagram of the ultrafine structure of the co-deposited thin film produced under
cooling the substrate. 10-2

It is considered to be a structure in which Me-PTC microcrystals having a size of about 0 nm are uniformly
covered with amorphous H , Pc molecules. The reason why a large photocurrent was obtained was that of Me-P.
By covering the surface of TC microcrystals with amorphous H , Pc, an interface with a large contact area is
formed, high-efficiency photocarrier generation occurs, and a route for separately extracting photogenerated
electrons and holes is formed. It is thought to be a tame.

FIG. 7 schematically shows a microstructure which can be formed from a co-deposited thin film whose substrate
temperature is controlled. First, the co-deposited thin film produced at room temperature is considered to have an
amorphous structure in which two pigment molecules are finely mixed at the molecular level, as shown in FIG. H 5
for Molecular level mixing

The number of contacts between Pc and Me-PTC molecules is the largest among the three structures in FIG. 7,
and the photocarrier generation efficiency is considered to be close to 100% due to the electron transfer effect
between different types of molecules (described later). There is no route to separate and extract holes spatially
separately, and it is very likely that the generated electrons and holes easily meet by the time they reach the
electrode, and disappear by recombination. Therefore, it is considered that the photocurrent quantum yield of the
co-deposited film formed at room temperature was a low value of 1%.

The co-deposited film produced under cooling (-167 ° C.) is in a mixed state of crystalline fine particles and an
amorphous layer as shown in FIG. 7 (b). In this case, as described above, the large number of contacts between
different kinds of molecules and the space separation and extraction of electrons and holes are compatible with
each other. High temperature (50 °C or more)

The co-deposited film prepared in (2) is a mixture of crystal fine particles, as shown in FIG. 7 (c). In this case,
contact between different kinds of molecules is the smallest among the three structures, but it is considered to be
advantageous for spatial separation and extraction of electrons and holes. From the above, it is estimated that the
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fine structure of FIG. 7B has the highest efficiency. In FIG. 4, the fact that the short-circuit photocurrent increases
at the substrate temperature of 50 ° C. indicates that good efficiency can be obtained even in the case of the fine
structure of FIG. 7C.

In a solar cell using a co-deposited film, H

Not limited to the combination of , Pc and Me-PTC, the structure of FIG. 7 can be freely produced by combining
molecules having strong crystallinity or amorphousness, and the photoelectric conversion ability can be
maximized. Further, the co-evaporation ratio of 1: 1 does not give the highest efficiency, and it is also necessary
to optimize the ratio according to each structure.

The principle by which the organic semiconductor layer exhibits a high photoelectric conversion capacity is
summarized below, although there is some overlap with the discussion so far. First, there is an effect that the
photocarrier generation efficiency is improved by electron transfer between different kinds of molecules (organic /
organic interface) described below. FIG. 8 is a diagram showing an energy relationship of a combination of two
organic semiconductor molecules in which photocarrier generation efficiently occurs. 7 and 8 are HOMO (highest
occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) levels of the organic semiconductor
molecule A, and 9 and 10 are organic semiconductor molecule B.

HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) level. Reference
numeral 11 is photoexcitation of the organic semiconductor molecule A, 12 is electron transfer from the organic
semiconductor molecule B to the organic semiconductor molecule A, and 13 is electron energy. The black circles
are electrons and the white circles are holes left after the electrons are excited.

In the case of only a single organic semiconductor molecule, the excited state is localized in the excited molecule,
and the excited electrons and holes form Frenkel-type excitons bound by strong Coulomb attraction. Usually,
most excited states are deactivated, and the efficiency of generating free electrons and holes that become
photocurrent is very low. On the other hand, when two kinds of organic semiconductor molecules are combined
and the energy relationship is as shown in FIG. 8, electron transfer 12 occurs from the organic semiconductor
molecule B when the organic semiconductor molecule A is photoexcited, The electrons in the excited state of the
organic semiconductor molecule A can no longer be deactivated. As a result, electrons are formed in the organic
semiconductor molecule A and holes (holes) are formed in the organic semiconductor molecule B (charge transfer
(CT) type excitons), and the electrons and holes are separated. The production efficiency is greatly improved.
Although not shown in the figure, when the organic semiconductor molecule B is excited, LUMO

The electron excited to the level 10 is the LUM of the organic semiconductor molecule A

Since electrons are transferred to the O level 8, similarly, the organic semiconductor molecule A

Into the organic semiconductor molecule B and a hole into the organic semiconductor molecule B.

In the case of the combination of Me-PTC (organic semiconductor molecule A) and H , Pc (organic semiconductor
molecule B) in the example, the HOMO level of Me-PTC is H , Pc.

Although lower than the OMO level, the LUMO level of Me-PTC is at an energy position slightly higher than the
LUMO level of H , Pc, so an electron transfer effect occurs in Me-PTC excitation, but in H , Pc excitation. Electron
transfer may not occur often. 400-600 nm Me-PT in FIG.

Although the photocurrent quantum yield is large in the absorption region of C, 600n

It is possible that this is the reason why the quantum yield is not so large in the absorption region of H , Pc only
having a wavelength longer than m.

As described above, the HOMO level of the organic semiconductor molecule A is lower than the HOMO level of
the organic semiconductor molecule B in order for the sensitizing effect of photocarrier generation by electron
transfer to occur. , And the LUMO level of the organic semiconductor molecule A is the LUMO level of the organic
semiconductor molecule B.

It is necessary to be at an energy position lower than the level, and in co-evaporation by combining different kinds
of organic semiconductor molecules, in order to obtain high photocarrier generation efficiency, a group of organic
semiconductor molecule species that satisfies this energy relation is obtained. It is desirable to choose a match.
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Although the above discussion has been at the molecular level, the energy structure will be discussed here from
the viewpoint of a semiconductor, which is an aggregate of organic semiconductor molecules. Organic
semiconductor molecule A (Me-PTC) and organic semiconductor molecule B (H , P

When c) is microcrystallized or amorphized and exists as a molecular group (FIG. 7 (b) or (c)), Me-PTC exhibits an
n-type semiconductor behavior and H , Pc exhibits a p-type semiconductor behavior.

It can be considered that a pn junction is formed at the interface between the two.

FIG. 9 shows an organic semiconductor layer having a composite structure in which a p-type organic
semiconductor and an n-type organic semiconductor are finely mixed as a group having a certain size, not at the
molecular level (FIG. 7 (a)) (see FIG. It is the figure which represented the energy structure of 7 (b), (c) typically.
14 is a p-type organic semiconductor, 15

Is an n-type organic semiconductor, 16 is sunlight, 17 is a heterogeneous organic pn

An electron-hole pair photogenerated at the junction interface, 18 is a photogenerated hole transported in a p-
type organic semiconductor, 19 is a photogenerated electron transported in an n-type inorganic semiconductor,
and 20 is a conduction band (in terms of molecules, LUMO level), 21 is a valence band (HOMO level when viewed
as a molecule), and 22 is electron energy. The organic semiconductor layers shown in FIGS. 7B and 7C have a fine
structure in which an n-type organic semiconductor and a p-type organic semiconductor are intertwined with
each other, and a pn junction formed at the interface between the two extends over the entire co-evaporated thin
film. It has a circular energy structure. The irradiated sunlight is absorbed by the organic semiconductor 6 or the
organic semiconductor 7, and photo-generates an electron-hole pair 17 at the junction interface. The
photogenerated electrons 19 are on the n-type inorganic semiconductor 15 side, and the photogenerated holes 18
are p.

The organic semiconductors 14 are separated and transported separately. The structure shown in FIG. 7A is a new
substance and can be regarded as an i (intrinsic) layer which is neither p-type nor n-type.

Secondly, the entire co-deposited thin film is active in generating photocarriers. That is, in a conventional organic
solar cell having a simple junction between a metal or inorganic semiconductor and an organic semiconductor,
photocarrier generation of the organic semiconductor occurs only in the active layer in the immediate vicinity of
the junction, and the organic semiconductor far from the junction is generated. Since the layer does not generate
carriers when absorbing light

It became a dead layer, and as a result, the photocarrier generation efficiency of the entire thin film was a very
low value. However, in the organic semiconductor layer of the present invention, the dead layer has a structure in
which heterogeneous molecular junctions (pn junctions) are spread over the entire film.

, The whole film is active for photocarrier generation,

Since all the light absorbed by the film contributes to the generation of carriers, a large photocurrent can be
obtained.

FIG. 10 shows the wavelength dependence of Jsc when irradiating from the Au electrode side and the ITO
electrode side of a solar battery cell using an organic co-evaporated film produced at a substrate temperature of
-167 ° C. for the same cell. It is shown together with the absorption spectrum of the co-deposited film. The peaks
and troughs of the photocurrent are almost the same as the peaks and troughs of the absorption, and the shape
of the photocurrent wavelength dependence does not change when light is irradiated from either side of the ITO
electrode and the Au electrode. This is the result of actually confirming that the entire co-deposited film is active
for the generation of photocarriers without a dead layer, as described above. When carriers are generated only
near the bonding interface with the Au electrode, the absorption and photocurrent spectra have the same shape
when irradiated with Au, but the masking effect (light absorbed in the vicinity of ITO is observed when irradiated
with ITO). Does not generate a photocurrent, the photocurrent is small when the absorption is strong, and the
photocurrent is large when the absorption is weak because the light enters near the Au interface.), The peak of
the absorption spectrum is the valley of the spectrum of the photocurrent. Therefore, the absorption intensity and
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the photoelectric flow rate should be turned over. If carriers are generated only in the vicinity of the interface with
the ITO electrode, it should be the reverse of the above. The photocurrent of the Au side irradiation is about 1/5
that of the ITO side irradiation because the transmittance of the Au electrode is about 20%.

Thirdly, since the generated free electrons and holes are spatially separated and transported, the recombination
of both is suppressed, and the final photocarrier generation efficiency of the thin film as a whole, that is, the
photoelectric flow rate. The effect of increasing the. This effect is disadvantageous in the structure of FIG. 7A as
discussed above, and is prominent in the fine structures of FIGS. 7B and 7C. This is considered to be the main
reason why the photoelectric flow rate of the co-deposited film produced at a low substrate temperature was 10
times or more that of the production at a low substrate temperature.

Next, the internal electric field will be discussed. In order to use the organic co-deposited film as a solar cell, it is
necessary to obtain a photocurrent by the built-in electric field incorporated in the cell. In the cell of the example,
Au shows a positive photovoltaic power (see FIG. 3), and the open-end voltage (Voc) value is 0.2 V (the difference
between the work function of Au and ITO) (Note: (The measured values are 4.9 eV for Au and 4.7 eV for ITO.)

It is considered that the built-in electric field is due to the contact potential difference of the electrode metal.
Moreover, the photocarriers are equally generated regardless of which side of the ITO electrode or the Au
electrode is irradiated (see the result of FIG. 10), as shown in FIG. It is considered to mean that a built-in electric
field is applied. The built-in electric field of the embodiment is 0.2

It is a small value of V, which can be quite large. Despite such a small built-in electric field,

Since the short-circuit photocurrent quantum yield of nearly 15% was obtained, there is a large room for
increasing the photoelectric flow rate by increasing the built-in electric field. The photocurrent-voltage
characteristic of FIG. 3 is a non-optimized rudimentary result in the above sense.

In order to increase the built-in electric field, it is necessary to sandwich the organic co-deposited film with a
material having a large work function (Fermi level) difference (FIG. 11B). The first method is

It is to select one having a large work function difference as a combination of metals used for the electrodes.
Specifically, in the cell structure of FIG. 1, a metal having a large work function (small) is used as the metal
electrode 2, and a metal having a small work function (large) is used as the metal electrode 3. However, one metal
is preferably a transparent electrode such as ITO that does not absorb sunlight.

The second method is to form a structure as shown in FIG. 12 in which an organic co-evaporated film is
sandwiched between p-type and n-type semiconductors having different Fermi levels. 23 is an organic
semiconductor layer, 24 is an n-type semiconductor, 25 is a p-type semiconductor, 26 is a transparent electrode,
27

Is a metal electrode and 28 is sunlight. For example, it is conceivable to use a single layer of Me-PTC and H , Pc
as the n-type and p-type semiconductors, but generally, the n-type layer 24 and the p-type layer 25 are n-type
and p-type organic semiconductors. , N-type, p-type inorganic semiconductors, and metals may be freely
selected and combined. It is desirable that the metal of the electrode 26 form an ohmic contact with the n-type
layer 24. The metal of the electrode 27 is the p-type layer 25

What forms an ohmic contact with is desirable. Electrode 26

In the case of irradiating sunlight from the side, the electrode 26 is preferably a transparent electrode, and the
layer of the n-type layer 24 does not have absorption in the visible region and has a high efficiency of generating
photocarriers. It is desirable to absorb the photons of.

The film thickness of the co-evaporation needs to be optimized so that most of incident sunlight can be absorbed
and the photocarrier generation quantum yield does not decrease. When the film thickness is increased, all the
light can be absorbed and the light utilization efficiency (absorptivity) is improved, but the built-in electric field
strength is reduced, so there is a high possibility that the photocarrier generation efficiency will be reduced.
Therefore, optimization is necessary.
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It is desirable that the co-deposited film be capable of absorbing throughout the solar spectrum. That is, as a
combination of organic semiconductors, a combination having absorption in the same wavelength region is not
desirable, and a combination having absorption in a complementary wavelength region and covering the entire
visible region is preferable. In the co-deposited thin film of the example, Me-PTC was 400-600 nm and H , Pc was
4

It has absorption at wavelengths shorter than 00 nm and at wavelengths longer than 550 nm, and the absorption
covers the entire visible region (see the lower diagram of FIG. 10), which is a very good combination. It is also
possible to cover the entire spectrum with a combination of three or more organic materials.

As described above, the present invention has two types.

Which is a composite film made of an organic semiconductor of

The body becomes crystalline fine particles, and the other organic semiconductor

It becomes a fast state, and one of the organic semiconductor crystal fine particles

The surface is covered with the amorphous layer of the other organic semiconductor.

Since the organic semiconductor layer having_the structure is incorporated in the solar cell, highly efficient
photoelectric energy conversion can be performed.

[Brief description of drawings]

FIG. 1is a schematic cross-sectional view showing a cell structure of a first embodiment of the present invention
in which an organic semiconductor layer is used alone.

FIG. 2 is a chemical structural formula showing a main organic semiconductor used in the present invention.
FIG. 3 is a photocurrent-voltage (JV) characteristic in the example.
FIG. 4 is a substrate temperature dependency of a short circuit photocurrent Jsc in the example.

FIG. 5 is a diagram showing irradiation light wavelength dependence of photocurrent quantum yield of short-
circuit photocurrent in the example.

FIG. 6 is a schematic view showing an ultrafine structure of a co-deposited thin film produced under cooling a
substrate.

FIG. 7 is a diagram schematically illustrating an ultrafine structure of a heterogeneous pigment co-deposited thin
film, where (a) is a mixture at a molecular level, (b) is a mixture of a fine crystalline particle phase and an
amorphous phase, and (c) is a mixture. It is a mixture of crystal particles.

FIG. 8 is a diagram showing an energy relationship between two organic semiconductor molecules showing high
photocarrier generation.

FIG. 9 is a diagram schematically showing the energy structure of an organic semiconductor layer (FIGS. 7B and
7C) in which p-type and n-type organic semiconductors are finely mixed.

FIG. 10 is a diagram showing wavelength dependence of short-circuit photocurrent of a cell using an organic
semiconductor layer manufactured at a substrate temperature of =167 ° C. and an absorption spectrum of a co-
deposited film.

FIG. 11 is a diagram showing a built-in electric field distribution in a co-deposited thin film.

FIG. 12 is a schematic cross-sectional view showing the structure of a three-layer structure cell in which an
organic co-evaporated film is sandwiched between p-type and n-type semiconductors having different Fermi
levels.

[Explanation of symbols]
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1, 23 Organic semiconductor layer 2, 3, 26, 27 Metal electrode 4, 16, 28 Sunlight 7 HOMO (highest occupied
molecular orbital) level of organic semiconductor molecule A 8 LUMO (lowest unoccupied molecular orbital) of
organic semiconductor molecule A ) Level 9 HOMO (highest occupied molecular orbital) level of organic
semiconductor molecule B 10 LUMO (lowest unoccupied molecular orbital) level of organic semiconductor
molecule B 11 Photoexcitation of organic semiconductor molecule A 12 From organic semiconductor molecule B to
organic semiconductor molecule Electron transfer to A 13, 23 Electron energy 14 p-type organic semiconductor 15
n-type organic semiconductor 17 Electron-hole pair photogenerated at a different organic pn junction interface 18
Photogenerated hole 19 n transported in p-type organic semiconductor -Type electrons transported in a type
inorganic semiconductor 20 conduction band 21 valence band 24 n-type semiconductor 25 p-type semiconductor
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Claims (Machine translation)

(57) [Claims]

1. A organic semiconductor thin-film solar cell sandwiched organic semiconductor layer with a metal electrode,
the organic semiconductor layer is a composite film composed of two types of organic semiconductor

One of the organic semiconductors is in the state of crystalline fine particles, and the other is

One of the organic semiconductors becomes amorphous and

The surface of the crystalline fine particles of the organic semiconductor of

A solar cell having a fine structure in which an amorphous layer of the body is covered .

2. The organic semiconductor layer has a structure capable of generating a large photocurrent due to an
electron transfer effect at the interface between different organic semiconductors or an effect of promoting
spatial separation of photogenerated electron-hole pairs. 1. The solar cell accordingto 1.

3. Wherein the organic semiconductor layer according to claim 1 as a whole has an organic semiconductor
heterojunction is run throughout the entire structure to form a pn junction has a structure acting active optical
carrier generation

The solar cell according to.

4. Wherein said organic semiconductor solar cell according to any one of claims 1 comprising a
photoconductive organic semiconductor 3.

5. Wherein said organic semiconductor solar cell according to any of claims 1to 4 including a p-type organic
semiconductor and the n-type organic semiconductor.

6. The solar cell according to claim 5, wherein the organic semiconductor layer is a co-evaporated thin film of
a phthalocyanine pigment and a perylene pigment.

7. A solar cell according to any one of claims 1to 6 consisting of different metals of said organic semiconductor
layer metal electrode work functions from each other sandwiching.

8. The organic semiconductor layer is sandwiched between n-type and p-type organic or inorganic
semiconductor layers in a sandwich form, and the metal electrode is arranged outside the semiconductor
layers.

The material of the metal electrode is made of a metal capable of forming an ohmic contact with the
semiconductor layer in contact therewith.

7. The solar cell according to any one of 7 .
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