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(57) ABSTRACT

Provided are a coating solution for a non-light-emitting
organic semiconductor device having high carrier mobility
that contains a compound represented by Formula (2) and a
solvent having a boiling point of equal to or higher than 100°
C., an organic transistor, a compound, an organic semicon-
ductor material for a non-light-emitting organic semicon-
ductor device, a material for an organic transistor, a method
for manufacturing an organic transistor, and a method for
manufacturing an organic semiconductor film.

Formula (2)

(In Formula (2), R"" and R'? each independently represent a
hydrogen atom, an alkyl group, an alkenyl group, an alkynyl
group, or an alkoxy group and may have a substituent, and
an aromatic portion in Formula (2) may be substituted with
a halogen atom.)

13b

SN




Patent Application Publication  Jan. 12,2017 Sheet 1 of 5 US 2017/0012220 A1

FIG. 1

15a 15b

J4a 34b

35

33

32

4 3




Patent Application Publication  Jan. 12,2017 Sheet 2 of 5 US 2017/0012220 A1

43\
FIG. 3A
42
FIG. 3B
43
FIG. 3C -




Patent Application Publication  Jan. 12,2017 Sheet 3 of 5 US 2017/0012220 A1

FIG. 4A




Patent Application Publication  Jan. 12,2017 Sheet 4 of 5 US 2017/0012220 A1

FIG. 5A

U
FIG. 5B
FIG. 5C z




Patent Application Publication  Jan. 12,2017 Sheet 5 of 5 US 2017/0012220 A1

FIG. 6




US 2017/0012220 Al

COATING SOLUTION FOR
NON-LIGHT-EMITTING ORGANIC
SEMICONDUCTOR DEVICE, ORGANIC
TRANSISTOR, COMPOUND, ORGANIC
SEMICONDUCTOR MATERIAL FOR
NON-LIGHT-EMITTING ORGANIC
SEMICONDUCTOR DEVICE, MATERIAL
FOR ORGANIC TRANSISTOR, METHOD
FOR MANUFACTURING ORGANIC
TRANSISTOR, AND METHOD FOR
MANUFACTURING ORGANIC
SEMICONDUCTOR FILM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2015/059298, filed on Mar.
26, 2015, which claims priority under 35 U.S.C. Section
119(a) to Japanese Patent Application No. 2014-063112
filed on Mar. 26, 2014 and Japanese Patent Application No.
2015-049035 filed on Mar. 12, 2015. Each of the above
applications is hereby expressly incorporated by reference,
in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a coating solution
for a non-light-emitting organic semiconductor device, an
organic transistor, a compound, an organic semiconductor
material for a non-light-emitting organic semiconductor
device, a material for an organic transistor, a method for
manufacturing an organic transistor, and a method for manu-
facturing an organic semiconductor film. Specifically, the
present invention relates to a compound having a thieno|3,
2f:4,5-fbis[ 1]benzothiophene skeletal structure and to a
coating solution for a non-light-emitting organic semicon-
ductor device, an organic transistor, an organic semiconduc-
tor material for a non-light-emitting organic semiconductor
device, a material for an organic transistor, a method for
manufacturing an organic transistor, and a method for manu-
facturing an organic semiconductor film which use a com-
pound having a thieno [3,2-f:4,5-f']bis[1] benzothiophene
skeletal structure.

[0004] 2. Description of the Related Art

[0005] Devices using organic semiconductor materials are
drawing great attention because they are expected to be
superior in various aspects to devices using inorganic semi-
conductor materials of the related art such as silicon.
Examples of the devices using organic semiconductor mate-
rials include a photoelectric conversion element such as an
organic thin-film solar cell or a solid-state imaging element
using organic semiconductor materials as photoelectric con-
version materials, an organic transistor (referred to as an
organic thin-film transistor in some cases) having non-light-
emitting properties (in the present specification, “non-light-
emitting” refers to properties by which a luminous efficiency
of equal to or less than 1 Im/W is obtained in a case where
electric currents are applied to a device at a current density
of 0.1 mW/cm? at room temperature in the atmosphere;
non-light-emitting organic semiconductor devices mean
organic semiconductor devices excluding light-emitting
organic semiconductor devices such as organic electrolumi-
nescence elements), and the like. Compared to the devices
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using inorganic semiconductor materials, the devices using
organic semiconductor materials are likely to make it pos-
sible to prepare large area elements at lower temperature and
lower costs. Furthermore, the characteristics of the materials
can be easily changed by varying the molecular structure
thereof. Therefore, the materials show a wide variation and
can realize functions or elements that cannot be obtained by
inorganic semiconductor materials.

[0006] Regarding organic transistor materials, the use of
compounds having a fused ring in a semiconductor active
layer is examined so as to improve carrier mobility and to
improve transistor performances.

[0007] As materials for an organic transistor, compounds
having a thieno[3,2-f:4,5-f'bis[ 1 [benzothiophene (hereinaf-
ter, referred to as TBBT as well) structure on the inside
thereof are known. For example, Tetrahedron 66 (2010)
8778-8784 discloses a method for synthesizing a compound
C6-TBBT or C12-TBBT obtained by substituting thieno[3,
2-f:4,5-f'bis[1 benzothiophene with an alkyl group having
6 carbon atoms or an alkyl group having 12 carbon atoms
respectively, and discloses absorption/emission spectra and
cyclic voltammetry (CV) as physical properties of the com-
pound. Tetrahedron 66 (2010) 8778-8784 describes the
application of the compound to an organic transistor in the
introduction part of the document. However, the document
merely describes the measurement of the absorption/emis-
sion spectra or the oxidation-reduction potential of the
solution, but does not describe the formation of a film, the
physical properties of the film, the evaluation of organic
transistor characteristics such as carrier mobility, and the
like.

SUMMARY OF THE INVENTION

[0008] Under the circumstances described above, the
inventors of the present invention examined organic tran-
sistors using the compound described in Tetrahedron 66
(2010) 8778-8784. As a result, the inventors found that, even
if a coating film is formed using a solution, which is for
measuring the oxidation-reduction potential or absorption/
emission spectra by using the compound having a TBBT
structure on the inside thereof, as it is, carrier mobility
cannot be increased. The inventors found that, accordingly,
carrier mobility needs to be further improved.

[0009] An object of the present invention is to provide an
organic transistor having high carrier mobility.

[0010] As aresult of conducting intensive examination for
achieving the above object, the inventors obtained knowl-
edge that, by substituting a skeleton having a thieno[3,2f:4,
5-f'bis[ 1 ]benzothiophene (hereinafter, referred to as TBBT
as well) structure on the inside thereof with a specific
substituent, an organic transistor having high carrier mobil-
ity can be obtained, and accomplished the present invention.

[0011] The present invention as specific means for achiev-
ing the above object has the following constitution.

[0012] [1] A coating solution for a non-light-emitting
organic semiconductor device comprising a compound rep-
resented by the following Formula (2) and a solvent having
a boiling point of equal to or higher than 100° C.;
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Formula (2)

[0013] in Formula (2), R** and R'* each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2) may be
substituted with a halogen atom.

[0014] [2] The coating solution for a non-light-emitting
organic semiconductor device described in [1], in which the
compound represented by Formula (2) preferably satisfies
the following condition A, B, C, or D;

[0015] condition A: in Formula (2), R'" and R'* each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstitued linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0016] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom;

[0017] condition B: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms;

[0018] condition C: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent a substituted alkyl group having 1 or 2 carbon
atoms;

[0019] condition D: in Formula (2), R'" and R'? each
independently have 3 to 30 carbon atoms in total, and R"!
and R'? have different structures.

[0020] [3] The coating solution for a non-light-emitting
organic semiconductor device described in [2], in which the
compound represented by Formula (2) preferably satisfies
the following condition A;

[0021] condition A: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0022] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0023] [4] The coating solution for a non-light-emitting
organic semiconductor device described in [3], in which in
Formula (2), R* and R'? each preferably independently
have 3 to 30 carbon atoms in total and represent an unsub-
stituted linear alkyl group having an even number of carbon
atoms within a range of 8 to 10 carbon atoms or an
unsubstituted linear alkyl group having an odd number of
carbon atoms within a range of 3 to 15 carbon atoms, and
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[0024] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0025] [5] The coating solution for a non-light-emitting
organic semiconductor device described in [3] or [4], in
which in Formula (2), R'* and R'? each preferably indepen-
dently have 3 to 30 carbon atoms in total and represent a
linear alkyl group having 3 to 15 carbon atoms substituted
with a substituent through an ether structure or an ester
bond.

[0026] [6] The coating solution for a non-light-emitting
organic semiconductor device described in [2], in which the
compound represented by Formula (2) preferably satisfies
the following condition B;

[0027] condition B: in Formula (2), R** and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms.

[0028] [7] The coating solution for a non-light-emitting
organic semiconductor device described in [2], in which the
compound represented by Formula (2) preferably satisfies
the following condition C;

[0029] condition C: in Formula (2), R** and R'? each
independently have 3 to 30 carbon atoms in total and
represent a substituted alkyl group having 1 or 2 carbon
atoms.

[0030] [8] The coating solution for a non-light-emitting
organic semiconductor device described in [7], in which in
Formula (2), R'' and R'? each preferably independently
have 3 to 30 carbon atoms in total and represent an alkyl
group having 1 or 2 carbon atoms substituted with a sub-
stituent through an ether structure or an ester bond.

[0031] [9] The coating solution for a non-light-emitting
organic semiconductor device described in [2], in which the
compound represented by Formula (2) preferably satisfies
the following condition D;

[0032] condition D: in Formula (2), R'" and R'? each
independently have 3 to 30 carbon atoms in total, and R"*
and R'? have different structures.

[0033] [10] The coating solution for a non-light-emitting
organic semiconductor device described in [9], in which in
Formula (2), R™ and R'> each preferably independently
have 3 to 30 carbon atoms in total, R' preferably represents
an unsubstituted linear alkyl group, and R'> preferably
represents a substituted or unsubstituted linear or branched
alkyl group different from R™.

[0034] [11] The coating solution for a non-light-emitting
organic semiconductor device described in [10], in which in
Formula (2), R and R'? each preferably independently
have 3 to 30 carbon atoms in total and represent an unsub-
stituted linear alkyl group, and R™ and R'? preferably have
different structures.

[0035] [12] An organic transistor comprising a compound
represented by the following Formula (2) in a semiconductor
active layer;

Formula (2)

Rll/ \Rll
N
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[0036] in Formula (2), R** and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and

[0037] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0038] [13] The organic transistor described in [12], in
which the compound represented by Formula (2) preferably
satisfies the following condition A;

[0039] condition A: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0040] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0041] [14] A compound which is represented by the
following Formula (2) and satisfies the following condition
A, B,C orD;

Formula (2)

[0042] in Formula (2), R** and R'* each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and

[0043] an aromatic portion in Formula (2) may be substi-
tuted with an halogen atom;

[0044] condition A: in Formula (2), R" and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstitued linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0045] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom;

[0046] condition B: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms;

[0047] condition C: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent a substituted alkyl group having 1 or 2 carbon
atoms;

[0048] condition D: in Formula (2), R'" and R'? each
independently have 3 to 30 carbon atoms in total, and R™
and R'? have different structures.
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[0049] [15] The compound described in [14], in which the
compound represented by Formula (2) preferably satisfies
the following condition A;

[0050] condition A: in Formula (2), R and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstitued linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0051] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0052] [16] An organic semiconductor material for a non-
light-emitting organic semiconductor device containing the
compound described in [14] or [15].

[0053] [17] A material for an organic transistor containing
the compound described in [14] or [15].

[0054] [18] A coating solution for a non-light-emitting
organic semiconductor device containing the compound
described in [14] or [15].

[0055] [19] An organic transistor containing the com-
pound described in [14] or [15] in a semiconductor active
layer.

[0056] [20] A method for manufacturing an organic tran-
sistor, comprising a step of preparing a semiconductor active
layer by coating a substrate with the coating solution for a
non-light-emitting organic semiconductor device described
in any one of [1] to [11] and [18] and drying the coating
solution.

[0057] [21] A method for manufacturing an organic semi-
conductor film, in which in a state where a distance between
asubstrate A and a member B not being fixed to the substrate
A is kept constant or in a state where the substrate A and the
member B are caused to remain in contact with each other,
a coating solution, which contains a compound represented
by the following Formula (2) and a solvent having a boiling
point of equal to or higher than 100° C., is dropped onto a
portion within the surface of the substrate A such that the
coating solution contacts both of the substrate A and the
member B, and the dropped coating solution is slowly dried,
such that crystals of the compound represented by Formula
(2) are precipitated and a semiconductor active layer is
formed;

[0058] here, as long as the distance between the substrate
A and the member B is kept constant or as long as the
substrate A and the member B are caused to remain in
contact with each other, the positional relationship between
the substrate A and the member B may be maintained or
changed when the coating solution is dropped or dried;

Formula (2)
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[0059] in Formula (2), R** and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and

[0060] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0061] [22] A method for manufacturing an organic semi-
conductor film, in which in a state where a distance between
a substrate A and a member B not being fixed to the substrate
A is kept constant or in a state where the substrate A and the
member B are caused to remain in contact with each other,
a coating solution, which is prepared by dissolving the
compound described in [14] or [15] in a solvent, is dropped
onto a portion within the surface of the substrate A such that
the coating solution contacts both of the substrate A and the
member B, and the dropped coating solution is slowly dried,
such that crystals of the compound described in [14] or [15]
are precipitated and a semiconductor active layer is formed;
[0062] here, as long as the distance between the substrate
A and the member B is kept constant or as long as the
substrate A and the member B are caused to remain in
contact with each other, the positional relationship between
the substrate A and the member B may be maintained or
changed when the coating solution is dropped or dried.
[0063] The coating solution for a non-light-emitting
organic semiconductor device described in any one of [1] to
[11], in which the solvent having a boiling point of equal to
or higher than 100° C. is preferably a non-halogen-based
solvent.

[0064] The coating solution for a non-light-emitting
organic semiconductor device described in any one of [1] to
[11] and [18], in which the concentration of the compound
represented by Formula (2) is preferably equal to or greater
than 0.4% by mass.

[0065] The coating solution for a non-light-emitting
organic semiconductor device described in any one of [1] to
[11] and [18] that preferably contains two or more kinds of
compound represented by Formula (2).

[0066] The coating solution for a non-light-emitting
organic semiconductor device described in any one of [1] to
[11] and [18] that preferably has a viscosity of equal to or
higher than 10 mPa-s.

[0067] The coating solution for a non-light-emitting
organic semiconductor device described in any one of [1] to
[11] and [18] that preferably contains a polymer.

[0068] A coating film comprising a compound represented
by the following Formula (2);

Formula (2)

[0069] in Formula (2), R** and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and

[0070] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.
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[0071] A coating film comprising the compound described
in [14] or [15].
[0072] According to the present invention, it is possible to

provide an organic transistor having high carrier mobility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0073] FIG. 1is a schematic view showing a section of an
exemplary structure of an organic transistor manufactured as
a substrate for measuring FET characteristics in examples of
the present invention.

[0074] FIG. 2 is a schematic view showing a section of the
structure of the organic transistor manufactured as a sub-
strate for measuring FET characteristics in examples of the
present invention.

[0075] FIGS. 3A to 3C are schematic views showing an
example of a method for manufacturing an organic semi-
conductor film of the present invention. Specifically, FIGS.
3A to 3C are schematic views showing an aspect in which
in a state where a distance between a substrate A and a
member B not being fixed to the substrate A is kept constant,
a coating solution is dropped onto a portion within the
surface of the substrate A such that the coating solution
contacts both of the substrate A and the member B, and the
dropped coating solution is slowly dried in a state where the
positional relationship between the substrate A and the
member B is maintained.

[0076] FIGS. 4A to 4C are schematic views showing
another example of the method for manufacturing an organic
semiconductor film of the present invention. Specifically,
FIGS. 4A to 4C are schematic views showing an aspect in
which in a state where the substrate A and the member B
remain in contact with each other, a coating solution is
dropped onto a portion within the surface of the substrate A
such that the coating solution contacts both of the substrate
A and the member B, and the dropped coating solution is
slowly dried in a state where the positional relationship
between the substrate A and the member B is maintained.
[0077] FIGS. 5A to 5C are schematic views showing
another example of the method for manufacturing an organic
semiconductor film of the present invention. Specifically,
FIGS. 5A to 5C are schematic views showing an aspect in
which in a state where the substrate A and the member B
remain in contact with each other, a coating solution is
dropped onto a portion within the surface of the substrate A
such that the coating solution contacts both of the substrate
A and the member B, and the dropped coating solution is
slowly dried by changing the positional relationship between
the substrate A and the member B.

[0078] FIG. 6 is a schematic view showing an example of
the substrate A and the member B used in the method for
manufacturing an organic semiconductor film of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0079] Hereinafter, the present invention will be specifi-
cally described. The constituents described below will be
explained based on representative embodiments or specific
examples, but the present invention is not limited to the
embodiments. In the present specification, a range of
numerical values described using “to” means a range includ-
ing the numerical values listed before and after “to” as a
lower limit and an upper limit respectively.
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[0080] 1In the present invention, unless otherwise speci-
fied, a hydrogen atom used in the description of each
formula represents a hydrogen atom including an isotope
(deuterium atom or the like). Furthermore, an atom consti-
tuting a substituent represents an atom including an isotope
thereof.

[0081] [Coating Solution for Non-Light-Emitting Organic
Semiconductor Device/Organic Transistor/Compound)]
[0082] A first aspect of a coating solution for a non-light-
emitting organic semiconductor device of the present inven-
tion contains a compound represented by the following
Formula (2) and a solvent having a boiling point of equal to
or higher than 100° C,;

Formula (2)

[0083] in Formula (2), R** and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and

[0084] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0085] A second aspect of the coating solution for a
non-light-emitting organic semiconductor device of the
present invention is a coating solution for a non-light-
emitting organic semiconductor device containing a com-
pound of the present invention that will be described later.
[0086] A first aspect of an organic transistor of the present
invention contains a compound represented by the following
Formula (2) in a semiconductor active layer.

Formula (2)

[0087] In Formula (2), R and R'* each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2) may be
substituted with a halogen atom.

[0088] In the first aspect of the organic transistor of the
present invention, the semiconductor layer may contain the
compound represented by Formula (2) and a solvent having
a boiling point of equal to or higher than 100° C. or may
contain the compound represented by Formula (2) (here, a
compound satisfying a condition A, B, C, or D is excluded)
and a solvent having a boiling point of equal to or higher
than 100° C.

[0089] Furthermore, in the first aspect of the organic
transistor of the present invention, the semiconductor active
layer is preferably manufactured using a solution containing
the compound represented by Formula (2) and a solvent
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having a boiling point of equal to or higher than 100° C., and
is more preferably manufactured using a solution containing
the compound represented by Formula (2) (here, a com-
pound satisfying a condition A, B, C, or D is excluded) and
a solvent having a boiling point of equal to or higher than
100° C.

[0090] A second aspect of the organic transistor of the
present invention is an organic transistor containing a com-
pound of the present invention that will be described later in
a semiconductor active layer.

[0091] By adopting the aforementioned constitution, the
organic transistor of the present invention exhibits high
carrier mobility. In addition, the coating solution for a
non-light-emitting organic semiconductor device of the
present invention can provide the organic transistor of the
present invention having high carrier mobility. Presumably,
though the presumption is not restricted by any theory, in the
first aspect, if the compound represented by Formula (2)
having a specific substituent is used, an organic transistor
having high carrier mobility is obtained even though the
reason has not yet been clarified in detail (the improvement
of solubility or the like is considered to exert an influence).
In the first aspect, in order to rapidly dry the solution at the
time of forming a film, it is preferable to use a solvent having
a higher boiling point. Particularly, in a case where the
compound represented by Formula (2) (here, a compound
satisfying a condition A, B, C, or D is excluded) is used in
the semiconductor active layer, an organic transistor having
high carrier mobility is more easily obtained. Furthermore,
presumably, in the second aspect, if a compound of the
present invention having a specific substituent that will be
described later is used, an organic transistor having high
carrier mobility is obtained, even though the reason has not
vet been clarified in detail (the improvement of solubility or
the like is considered to exert an influence).

[0092] It cannot be said that being useful as a material of
an organic electroluminescence (EL) element means being
useful as a semiconductor material for an organic transistor.
This is because the characteristics required for an organic
compound vary between an organic EL element and an
organic transistor. A mobility of about 10~ em?/Vs is
enough for driving an organic EL element, and for improv-
ing organic EL characteristics, it is more important to
improve luminous efficiency than to improve charge trans-
port properties. Therefore, an element having high luminous
efficiency and resulting in uniform in-plane luminescence is
required. Generally, organic compounds having high crys-
tallinity (high mobility) cause luminescence defectiveness
such as non-uniform in-plane field intensity, non-uniform
luminescence, and quenching of luminescence. Therefore,
as materials for an organic EL element, those having low
crystallinity but having high amorphousness (low mobility)
are desirable. In contrast, in a semiconductor material for an
organic transistor, extremely high mobility is desired.
Accordingly, an organic compound showing highly ordered
molecular arrangement and having high crystallinity is
required. Furthermore, for the expression of high carrier
mobility, a m-conjugate plane is preferably upright against a
substrate.

[0093] First, the coating solution for a non-light-emitting
organic semiconductor device of the present invention that
can also be used as a coating solution in a method for
manufacturing an organic semiconductor film of the present
invention that will be described later will be explained.
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[0094] Hereinafter, the first and second aspects of the
coating solution for a non-light-emitting organic semicon-
ductor device of the present invention will be comprehen-
sively described.

[0095] <Compound represented by Formula (2)>

[0096] The compound represented by the following For-
mula (2) will be described.

Formula (2)

[0097] In Formula (2), R" and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2) may be
substituted with a halogen atom.

[0098] Preferred aspects of the structure of the compound
represented by Formula (2) will be described.

[0099] In Formula (2), the alkyl group represented by R
and R'? is not particularly limited. The alkyl group is
preferably an alkyl group having 1 to 30 carbon atoms and
may be linear, branched, or cyclic. In Formula (2), the alkyl
group represented by R™* and R'* has 3 to 30 carbon atoms
in total. The alkyl group is more preferably an unsubstituted
linear alkyl group having an even number of carbon atoms
within a range of 8 to 10 carbon atoms, an unsubstituted
linear alkyl group having an odd number of carbon atoms
within a range of 3 to 15 carbon atoms, a substituted linear
alkyl group having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18 carbon
atoms. A particularly preferred range of the alkyl group
represented by R'! and R'? is the same as the range in which
a condition A, B, C, or D, which will be described later, is
satisfied.

[0100] In Formula (2), the alkenyl group represented by
R'* and R'? is not particularly limited. The alkenyl group is
preferably an alkenyl group having 2 to 30 carbon atoms,
more preferably an alkenyl group having 3 to 18 carbon
atoms, and particularly preferably an alkenyl group having
5 to 13 carbon atoms.

[0101] In Formula (2), the alkynyl group represented by
R** and R*? is not particularly limited. The alkynyl group is
preferably an alkynyl group having 2 to 30 carbon atoms,
more preferably an alkynyl group having 3 to 18 carbon
atoms, and particularly preferably an alkynyl group having
5 to 13 carbon atoms.

[0102] In Formula (2), the alkoxy group represented by
R'* and R'? is not particularly limited. The alkoxy group is
preferably an alkoxy group having 1 to 30 carbon atoms,
more preferably an alkoxy group having 3 to 18 carbon
atoms, and particularly preferably an alkoxy group having 5
to 13 carbon atoms.

[0103] In the compound represented by Formula (2), each
of R'"" and R'? is preferably an alkyl group.

[0104] In a case where the alkyl group, the alkenyl group,
the alknyl group, or the alkoxy group represented by R'* and
R'? in Formula (2) further has a substituent, the substituent
is not particularly limited. Examples of the substituent
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include a halogen atom, an alkenyl group (including an
ethenyl group, a 1-pentenyl group, a 1-heptanyl group, a
cycloalkenyl group, a bicycloalkenyl group, and the like), an
alkynyl group (including a 1-pentynyl group, a trimethylsi-
lylethynyl group, a triethylsilylethynyl group, a tri-i-propyl-
silylethynyl group, a 2-p-propylphenylethynyl group, and
the like), an aryl group (including an aryl group having 6 to
20 carbon atoms such as a phenyl group, a naphthyl group,
a p-pentylphenyl group, a 3.4-dipentylphenyl group, a
p-heptoxyphenyl group, a 3,4-diheptoxyphenyl group, and
the like), a hetero ring group (may be referred to as a
heterocyclic group as well, including a 2-hexylfuranyl group
and the like), a cyano group, a hydroxyl group, a nitro group,
an acyl group (including a hexanoyl group, a benzoyl group,
and the like), an alkoxy group (including a butoxy group and
the like), an aryloxy group (including a phenoxy group and
the like), a silyloxy group, a heterocyclic oxy group, an
acyloxy group, a carbamoyloxy group, an amino group
(including an anilino group), an acylamino group, an amin-
ocarbonylamino group (including a ureido group), alkoxy-
and aryloxycarbonylamino groups, alkyl- and aryl sulfo-
nylamino groups, a mercapto group, alkyl- and arylthio
groups (including a methylthio group, an octylthio group,
and the like), a heterocyclic thio group, a sulfamoyl group,
a sulfo group, alkyl- and aryl sulfinyl groups, alkyl- and aryl
sulfonyl groups, alkyloxy- and aryloxycarbonyl groups, a
carbamoyl group, aryl- and heterocyclic azo group, an imido
group, a phosphino group, a phosphinyl group, a phosphi-
nyloxy group, a phosphinylamino group. a phosphono
group, a silyl group (a ditrimethylsiloxy methylbutoxy
group), a hydrazino group, a ureido group, a boronic acid
group (—B(OH),), a phosphate group (—OPO(OH),), a
sulfate group (—OSO;H), and other known substituents.
Among these, a halogen atom, an alkoxy group, an acyloxy
group, and an alkyloxycarbonyl group are particularly pref-
erable, and a halogen atom and an alkoxy group are most
preferable.

[0105] These substituents may further have the substitu-
ents described above.

[0106] In the compound represented by Formula (2), an
aromatic portion in Formula (2) may be substituted with a
halogen atom, and as the halogen atom, a fluorine atom is
preferable. The number of carbon atoms substituting the
aromatic portion in Formula (2) is preferably 0 to 6, more
preferably O to 4, particularly preferably O to 2, and more
particularly preferably 0.

[0107] Even in a case where the aromatic portion in
Formula (2) is substituted with a substituent other than a
halogen atom, an organic transistor having high carrier
mobility is obtained as in a case where the aromatic portion
in Formula (2) is unsubstituted or substituted with a halogen
atom, and functions such as high solubility can be imparted
to the compound represented by Formula (2).

[0108] In the compound represented by Formula (2), even
in a case where a thiophene ring portion in which R'! or R*?
in Formula (2) is substituted is further substituted with a
substituent other than R and R'2, an organic transistor
having high carrier mobility is obtained as in a case where
the thiophene ring portion in which R** or R* is substituted
is unsubstituted, and functions such as high solubility can be
imparted to the compound represented by Formula (2).
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[0109] (Compound of the Present Invention)

[0110] In the present invention, the compound represented
by Formula (2) preferably satisfies the following condition
A, B,C, orD;

[0111] condition A: in Formula (2), R' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
atoms, an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0112] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom;

[0113] condition B: in Formula (2), R'" and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms;

[0114] condition C: in Formula (2), R'" and R'* each
independently have 3 to 30 carbon atoms in total and
represent a substituted alkyl group having 1 or 2 carbon
atoms;

[0115] condition D: in Formula (2), R* and R'? each
independently have 3 to 30 carbon atoms in total, and R**
and R'? have different structures.

[0116] The compound satisfying the condition A, B, C, or
D is a novel compound and referred to as a compound of the
present invention. That is, the compound of the present
invention 1s a compound which is represented by Formula
(2) and satisfies the following conditions A, B, C, or D. In
the organic transistor of the present invention, the compound
of the present invention is contained in a semiconductor
active layer which will be described later. That is, the
compound of the present invention can be used as a material
for an organic transistor.

[0117] Particularly, unlike the compound C6-TBBT or
C12-TBBT, described in Tetrahedron 66 (2010) 8778-8784,
obtained by substituting thieno[3,2-f:4,5-f'|bis[1 [benzothio-
phene with an alkyl group having 6 carbon atoms or an alkyl
group having 12 carbon atoms respectively, the compound
of the present invention further improves carrier mobility in
the organic transistor of the present invention by being
contained in the semiconductor active layer.

[0118] According to the inventors of the present invention,
the reason is assumed to be as below, although the present
invention is not restricted by any reason. By selecting a
specific alkyl chain length or shape that the compound of the
present invention may satisfy, an orbital overlap greatly
occurs between molecules, and as a result, carrier mobility
can be further improved in the organic transistor of the
present invention.

[0119] Hereinafter, the conditions A, B, C, and D as
preferred aspects of the compound represented by Formula
(2) will be described.

[0120] (Condition A)

[0121] Inthe present invention, the compound represented
by Formula (2) more preferably satisfies the following
condition A;

[0122] condition A: in Formula (2), R" and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10 carbon
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atoms, an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms, a substituted linear alkyl group having 3 to 15 carbon
atoms, or a substituted or unsubstituted branched alkyl
group having 3 to 18 carbon atoms, and

[0123] an aromatic portion in Formula (2) may be substi-
tuted with a halogen atom.

[0124] The unsubstituted linear alkyl group having an
even number of carbon atoms within a range of 8 to 10
carbon atoms that is represented by R'* and R*? is preferably
a linear alkyl group having 8 or 10 carbon atoms, and
particularly a linear alkyl group having 10 carbon atoms.
The unsubstituted linear alkyl group is preferably a long-
chain alkyl group that falls into the above range, and
particularly preferably a long-chain linear alkyl group,
because then the molecular linearity is improved, and hence
carrier mobility can be improved.

[0125] The unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15 carbon
atoms that is represented by R' and R'? is preferably an
unsubstituted linear alkyl group having an odd number of
carbon atoms within a range of 5 to 15 carbon atoms, more
preferably an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 7 to 13 carbon
atoms, and particularly preferably an unsubstituted linear
alkyl group having 9 or 11 carbon atoms.

[0126] FEach of R and R'? is preferably a linear alkyl
group, because then the molecular linearity is improved, and
hence carrier mobility can be improved. In contrast, from the
viewpoint of improving solubility in an organic solvent,
each of R'! and R'? may be a branched alkyl group.
[0127] Inacase where each of R'! and R'? is a substituted
linear alkyl group having 3 to 15 carbon atoms or a substi-
tuted branched alkyl group having 3 to 18 carbon atoms, the
substituent is not particularly limited. Examples of the
substituent include a halogen atom, an alkenyl group (in-
cluding an ethenyl group, a 1-pentenyl group, a 1-heptanyl
group, a cycloalkenyl group, a bicycloalkenyl group, and the
like), an alkynyl group (including a 1-pentynyl group, a
trimethylsilylethynyl group, a triethylsilylethynyl group, a
tri-i-propylsilylethynyl group, a 2-p-propylphenylethynyl
group, and the like), an aryl group (including an aryl group
having 6 to 20 carbon atoms such as a phenyl group, a
naphthyl group, a p-pentylphenyl group, a 3,4-dipentylphe-
nyl group, a p-heptoxyphenyl group, a 3,4-diheptoxyphenyl
group, and the like), a hetero ring group (may be referred to
as a heterocyclic group as well, including a 2-hexylfuranyl
group and the like), a cyano group, a hydroxyl group, a nitro
group, an acyl group (including a hexanoyl group, a benzoyl
group, and the like), an alkoxy group (including a butoxy
group and the like), an aryloxy group (including a phenoxy
group and the like), a silyloxy group, a heterocyclic oxy
group, an acyloxy group, a carbamoyloxy group, an amino
group (including an anilino group), an acylamino group, an
aminocarbonylamino group (including a ureido group),
alkoxy- and aryloxycarbonylamino groups, alkyl- and aryl
sulfonylamino groups, a mercapto group, alkyl- and arylthio
groups (including a methylthio group, an octylthio group,
and the like), a heterocyclic thio group, a sulfamoyl group,
a sulfo group, alkyl- and aryl sulfinyl groups, alkyl- and aryl
sulfonyl groups, alkyloxy- and aryloxycarbonyl groups, a
carbamoyl group, aryl- and heterocyclic azo group, an imido
group, a phosphino group, a phosphinyl group, a phosphi-
nyloxy group, a phosphinylamino group. a phosphono
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group, a silyl group (a ditrimethylsiloxy methylbutoxy
group), a hydrazino group, a ureido group, a boronic acid
group (—B(OH),), a phosphate group (—OPO(OH),), a
sulfate group (—OSO,;H), and other known substituents.
[0128] These substituents may further have the substitu-
ents described above.

[0129] Among these, as substituents that can be adopted,
a halogen atom, an aryl group, an alkenyl group, an alkynyl
group, a heterocyclic group, an alkoxy group, an alkylthio
group, an acyloxy group, an aryloxy group, and an alky-
loxycarbonyl group are preferable, a fluorine atom, an aryl
group having 6 to 20 carbon atoms, an alkenyl group
(preferably a 1-alkenyl group) having 2 to 12 carbon atoms,
an alkynyl group having 2 to 12 carbon atoms, an alkoxy
group having 1 to 11 carbon atoms, an acyloxy group, an
alkylthio group having 1 to 12 carbon atoms, and an
alkyloxycarbonyl group are more preferable, a halogen
atom, an alkoxy group, an acyloxy group, and an alkyloxy-
carbonyl group are particularly preferable, and a halogen
atom and an alkoxy group are most preferable.

[0130] In a case where each of R" and R'? is an alkyl
group substituted with a fluorine atom, some of'the hydrogen
atoms of the alkyl group may be substituted with a fluorine
atom, or all of the hydrogen atoms may be substituted with
a fluorine atom such that a perfluoroalkyl group is formed.

[0131] Here, each of R'' and R'? is preferably an unsub-
stituted linear or branched alkyl group.

[0132] In acase where each of R''and R'? is a substituted
linear alkyl group having 3 to 15 carbon atoms, the linear
alkyl group is preferably a substituted linear alkyl group
having 3 to 13 carbon atoms, more preferably a substituted
linear alkyl group having 3 to 11 carbon atoms, particularly
preferably a substituted linear alkyl group having 5 to 11
carbon atoms, and more particularly preferably a substituted
linear alkyl group having 7 to 11 carbon atoms.

[0133] Inacasewhere each of R** and R'? is a substituted
branched alkyl group having 3 to 18 carbon atoms, the
branched alkyl group is preferably a substituted branched
alkyl group having 3 to 15 carbon atoms, more preferably a
substituted branched alkyl group having 3 to 13 carbon
atoms, particularly preferably a substituted branched alkyl
group having 3 to 11 carbon atoms, and more particularly
preferably a substituted branched alkyl group having 7 to 11
carbon atoms.

[0134] In a case where each of and R'? is a linear or
branched alkyl group having a substituent, each of —CH,—
groups not being adjacent to each other in the linear alkyl
group, —CH,— groups not being adjacent to each other in
the branched alkyl group, a trivalent tertiary carbon atom
linking group, and a tetravalent quaternary carbon atom
linking group may be independently substituted with other
atom linking groups. In this case, example of other atom
linking groups include —O—, —S—, —CO—, —COO—,
—0CO—, —COS—, —SCO—, —NRCO—, —CONR—
(R represents a hydrogen atom or an alkyl group having 1 to
6 carbon atoms), and the like.

[0135] Here, in R™ and R*?, each of —CH,— groups not
being adjacent to each other in the linear alkyl group,
—CH,— groups not being adjacent to each other in the
branched alkyl group, a trivalent tertiary carbon atom link-
ing group, and a tetravalent quaternary carbon atom linking
group is preferably not substituted with other atom linking
groups.
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[0136] In the present invention, each of R'* and R*? in the
compound, which is represented by Formula (2) and satisfies
the condition A, preferably independently has 3 to 30 carbon
atoms in total and represents an unsubstituted linear alkyl
group having an even number of carbon atoms within a
range of 8 to 10 carbon atoms or an unsubstituted linear
alkyl group having an odd number of carbon atoms within
a range of 3 to 15 carbon atoms, and an aromatic portion in
Formula (2) may be substituted with a halogen atom.

[0137] In the present invention, each of R'* and R*? in the
compound, which is represented by Formula (2) and satisfies
the condition A, preferably independently has 3 to 30 carbon
atoms in total and represents a linear alkyl group having 3
to 15 carbon atoms substituted with a substituent through an
ether structure or an ester bond.

[0138] Examples of the substituent substituted through an
ether structure or an ester bond include the substituents that
can be adopted for R*! and R, and among these, an alkyl
group is preferable, and a linear alkyl group is more pref-
erable. The number of carbon atoms of the substituent
substituted through an ether structure or an ester bond is
preferably 1 to 10, more preferably 1 to 5, and particularly
preferably 2 to 5.

[0139] (Condition B)

[0140] Inthe present invention, the compound represented
by Formula (2) more preferably satisfies the following
condition B;

[0141] condition B: in Formula (2), R'' and R'? each
independently have 3 to 30 carbon atoms in total and
represent an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms.

[0142] (Condition C)

[0143] Inthe present invention, the compound represented
by Formula (2) more preferably satisfies the following
condition C;

[0144] condition C: in Formula (2), R'' and R'? each
independently have 3 to 30 carbon atoms in total and
represent a substituted alkyl group having 1 or 2 carbon
atoms.

[0145] Among the compounds satisfying the condition C,
a compound is preferable in which R'! and R'? each inde-
pendently have 3 to 30 carbon atoms in total and represent
an alkyl group having 1 or 2 carbon atoms substituted with
a substituent through an ether structure or an ester bond.

[0146] Examples of the substituent substituted through an
ether structure or an ester bond include the substituents that
can be adopted for R' and R'?. Among these, an alkyl group
is preferable, and a linear alkyl group is more preferable.
The number of carbon atoms of the substituent substituted
through an ether structure or an ester bond is preferably 1 to
10, more preferably 1 to 5, and particularly preferably 2 to
5.

[0147] (Condition D)

[0148] Inthe present invention, the compound represented
by Formula (2) more preferably satisfies the following
condition D;

[0149] condition D: in Formula (2), R'" and R'? each
independently have 3 to 30 carbon atoms in total, and R™
and R'? have different structures.
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[0150] Among the compounds satisfying the condition D,
a compound is preferable in which and R'? each indepen-
dently have 3 to 30 carbon atoms in total, R*' represents an
unsubstituted linear alky!l group, and R'? represents a sub-
stituted or unsubstituted linear or branched alkyl group
different from R**. Particularly, a compound is preferable in
which R'" and R** each independently have 3 to 30 carbon
atoms in total and represent an unsubstituted linear alkyl
group, and R'" and R*? have different structures.

[0151] The total number of carbon atoms that R' and R'?
each independently have is preferably 3 to 30, more pref-
erably 7 to 30, particularly preferably 7 to 20, more pat-
ticularly preferably 7 to 15, even more particularly prefer-
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ably 7 to 11, and still more particularly preferably 9 to 11.
If the total number of carbon atoms that R'! and R'? each
independently have is equal to or greater than the lower limit
of the above range, carrier mobility is improved. If the total
number of carbon atoms of R* and R'? is equal to or less
than the upper limit of the above range, solubility in an
organic solvent is improved.

[0152] Specific examples of the compound represented by
Formula (2) will be shown below, but the compound rep-
resented by Formula (2) that can be used in the present
invention is not limited to the following specific examples.
Herein, R*" and R" in the following Tables 1 and 2 represent
R*™ and R'? in Formula (2).

TABLE 1

Compound R R"
Compound 1 1n-CyoHyy 1n-CyoHoy
Compound 2 C,Hs C,Hs
Compound 3 n-C,H, n-CyH,
Compound 4 n-C4Hy n-C,Hy
Compound 5 n-CsHyy n-CsHyy
Compound 6 n-C.H g n-C4H 4
Compound 7 n-C/H,5 n-C/H,5
Compound & n-CgH 7 n-CgH, 5
Compound 9 n-CoH g n-CoH g
Compound 10 n-Ci5Hos 1n-C5Hos

Compound 11

Compound 12

Compound 13

Compound 14
Compound 15

Compound 16

Compound 17

Compound 18

Compound 19

Compound 20

1%

(CH,),F
(CH,)3Ph

\<\O/\/\
o e
o

8

(CH,),F
(CH,)3Ph

\{\O/\/\

\<\Ao/
N \<\/\/O\/\/
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TABLE 1-continued
Compound RY R!2
Compound 21

O/\ O/\
Compound 22
0) (0)
~ ~

o] 0]

Compound 2 O\{( \(\/\/OY
0] 0]

Compound 24 O\’(\/\ \(\/\/OY\/\

0] 6]

TABLE 2
Compound R R!?
Compound 25 C,Hs 1-C,Hy
Compound 26 C5Hs n-CgH 3
Compound 27 1-C,H, n-CH 5
Compound 28 1-C;H, 1-C,Hy
Compound 29 1-C,H, n-C:H
Compound 30 1-C,H, n-CH
Compound 31 1-C,H, n-CgH 4
Compound 32 1-C,H, n-C,Hys
Compound 33 n-CsHyy n-CgH 3
Compound 34 n-CgH
Compound 33 n-CgH 4
Compound 36 1n-C ,Hys (CH,)4F
Compound 37 n-CH,, (CH,);Ph
Compound 38 1-C,H, O\/\/
Compound 39 1-Cioths \(V\/OY
0]

e \<\/\/ \<\/\/
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-continued

[0153] The molecular weight of the compound repre-
sented by Formula (2) is preferably equal to or less than
3,000, more preferably equal to or less than 2,000, even
more preferably equal to or less than 1,000, and particularly
preferably equal to or less than 850. It is preferable that the
molecular weight is equal to or less than the above upper
limit, because then the solubility of the compound in a
solvent can be improved.

[0154] From the viewpoint of film quality stability of the
film, the molecular weight is preferably equal to or greater
than 250, more preferably equal to or greater than 300, and
even more preferably equal to or greater than 350.

[0155] The compound represented by Formula (2) can be
synthesized with reference to the method described in Tet-
rahedron 66 (2010) 8778-8784 or the method described in
examples which will be described later.

[0156] For synthesizing the compound represented by
Formula (2), any of reaction conditions may be used. As a
reaction solvent, any of solvents may be used. Furthermore,
in order to accelerate a ring-forming reaction, an acid or a
base is preferably used, and an acid is particularly preferably
used. Although optimal reaction conditions vary with the
structure of the intended compound, they can be set with
reference to the specific reaction conditions described in the
aforementioned documents or the method described in
examples which will be described later.

[0157] A synthetic intermediate having various substitu-
ents can be synthesized using known reactions in combina-

tion. Furthermore, various substituents may be introduced
into the intermediate at any stage. After the intermediate is
synthesized, it is preferable to purify the intermediate by
column chromatography, recrystallization, or the like and
then further purify it by sublimation. By the sublimation
purification, it is possible to separate organic impurities and
to effectively remove an inorganic salt, a residual solvent,
and the like.

[0158]

[0159] In a case where a film is formed on a substrate by
using a solution process, by using a coating solution, which
is obtained by dissolving or dispersing a material for form-
ing a layer in an appropriate organic solvent (for example, a
hydrocarbon-based solvent such as hexane, octane, decane,
toluene, xylene, mesitylene, ethylbenzene, amylbenzene,
decalin, 1-methylnaphthalene, 1-ethylnaphthalene, 1,6-dim-
ethylnaphthalene, or tetralin, a ketone-based solvent such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclo-
hexanone, acetophenone, propiophenone, butyrophenone,
o-tetralone, or P-tetralone, a halogenated hydrocarbon-
based solvent such as dichloroethane, chloroform, tetrachlo-
romethane, dichloroethane, trichloroethane, tetrachloroeth-
ane, chlorobenzene, 1,2-dichlorobenzene, 1,2,4-
trichlorobenzene, chlorotoluene, or 1-fluoronaphthalene, a
heterocyclic solvent such as pyridine, picoline, quinoline,
thiophene, 3-butylthiophene, or thieno[2,3-b]thiophene, a
halogenated heterocyclic solvent such as 2-chlorothiophene,
3-chlorothiophene, 2,5-dichlorothiophene, 3,4-dichlorothio-

<Solvent>



US 2017/0012220 Al

phene, 2-bromothiophene, 3-bromothiophene, 2,3-dibromo-
thiophene, 2,4-dibromothiophene, 2,5-dibromothiophene,
3,4-dibromothiophene, or 3,4-dichloro-1,2,5-thiadiazole, an
ester-based solvent such as ethyl acetate, butyl acetate, amyl
acetate, 2-ethylhexyl acetate, y-butyrolactone, or phenyl
acetate, an alcohol-based solvent such as methanol, propa-
nol, butanol, pentanol, hexanol, cyclohexanol, methyl cel-
losolve, ethyl cellosolve, or ethylene glycol, an ether-based
solvent such as dibutyl ether, tetrahydrofuran, dioxane,
dimethoxyethare, anisole, ethoxybenzene, propoxybenzene,
isopropoxybenzene,  butoxybenzene, 2-methylanisole,
3-methylanisole, 4-methylanisole, 4-ethylanisole, dimeth-
vlanisole (any of 2,3-, 2.4-, 2,5-, 2,6-, 3,4-, 3,5-, and
3,6-dimethylanisoles), or 1,4-benzodioxane, 2,3-dihyd-
robenzofuran, phthalan, chroman, or isochroman, an amide/
imide-based solvent such as N,N-dimethylformamide, N,N-
dimethylacetamide, 1-methyl-2-pyrrolidone, 1-methyl-2-
imidazolidinone, or 1,3-dimethyl-2-imidazolidinone, a
sulfoxide-based solvent such as dimethylsulfoxide, a phos-
phoric acid ester-based solvent such as trimethyl phosphate,
a nitrile-based solvent such as acetonitrile or benzonitrile, a
nitro-based solvent such as nitromethane or nitrobenzene)
and/or water, a film can be formed by various coating
methods. One kind of solvent may be used singly, or plural
kinds thereof may be used in combination. Among these, a
hydrocarbon-based solvent, a ketone-based solvent, a halo-
genated hydrocarbon-based solvent, a heterocyclic solvent,
a halogenated heterocyclic solvent, or an ether-based solvent
is preferable, toluene, xylene, mesitylene, amylbenzene,
tetralin, acetophenone, propiophenone, butyrophenone,
a-tetralone, dichlorobenzene, anisole, ethoxybenzene,
propoxybenzene, isopropoxybenzene, butoxybenzene,
2-methylanisole, 3-methylanisole, 4-methylanisole, 2.3 -di-
hydrobenzofuran, phthalan, chroman, isochroman 1-fluor-
onaphthalene, 3-chlorothiophene, and 2,5-dibromothio-
phene are more preferable, and toluene, xylene, tetralin,
acetophenone, propiophenone, butyrophenone, c.-tetralone,
anisole, ethoxybenzene, propoxybenzene, butoxybenzene,
2-methylanisole, 3-methylanisole, 4-methylanisole, 2.3 -di-
hydrobenzofuran, phthalan, chroman, isochroman, 1-fluor-
onaphthalene, 3-chlorothiophene, and 2,5-dibromothio-
phene are particularly preferable.

[0160] In the first aspect of the coating solution for a
non-light-emitting organic semiconductor device of the
present invention, among these solvents, a solvent having a
boiling point of equal to or higher than 100° C. is used. In
the first aspect of the coating solution for a non-light-
emitting organic semiconductor device of the present inven-
tion, the coating solution contains a solvent having a boiling
point of equal to or higher than 100° C., and this results in
an advantage that excellent film quality and crystals with a
large area can be obtained. The coating solution of the first
aspect is suitably used in a method for manufacturing an
organic semiconductor film of the present invention

[0161] Furthermore, in the second aspect of the coating
solution for a non-light-emitting organic semiconductor
device of the present invention, it is preferable to use a
solvent having a boiling point of equal to or higher than 100°
C. from the same standpoint as described above.

[0162] From the viewpoint described above, the boiling
point of the solvent having a boiling point of equal to or
higher than 100° C. is preferably equal to or higher than
150° C., more preferably equal to or higher than 175° C., and
particularly preferably equal to or higher than 200° C.
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[0163] In addition, from the viewpoint of environmental
load and toxicity to human beings, the solvent having a
boiling point of equal to or higher than 100° C. is preferably
a non-halogen-based solvent.

[0164] The concentration of the compound represented by
Formula (2) in the coating solution is preferably 0.005% to
5% by mass, more preferably 0.01% to 3% by mass, and
particularly preferably 0.1% to 2% by mass. If the concen-
tration is within the above range, a film with arbitrary
thickness is easily formed. Furthermore, it is particularly
preferable that the concentration of the compound repre-
sented by Formula (2) in the coating solution for a non-
light-emitting organic semiconductor device is equal to or
greater than 0.4% by mass, because then a coating film
composed of large-sized crystals is easily formed. Although
Tetrahedron 66 (2010) 8778-8784 describes a low-concen-
tration solution for measuring oxidation-reduction potential
or emission/absorption, from the viewpoint described above,
it is preferable that the concentration of the coating solution
for a non-light-emitting organic semiconductor device is
high.

[0165] For the coating solution for a non-light-emitting
organic semiconductor device of the present invention, an
aspect is also preferable in which the coating solution
contains the compound represented by Formula (2) but does
not contain a polymer binder.

[0166] Furthermore, the coating solution for a non-light-
emitting organic semiconductor device of the present inven-
tion may contain the compound represented by Formula (2)
and a polymer binder. In this case, by using a coating
solution obtained by dissolving or dispersing a material,
which will be formed into a layer, and a polymer binder in
an appropriate solvent described above, a film can be formed
by various coating methods. The polymer binder can be
selected from those which will be described later.

[0167] From the viewpoint of the film quality uniformity
of the coating film to be formed, the coating solution for a
non-light-emitting organic semiconductor device preferably
contains a polymer.

[0168] The coating solution for a non-light-emitting
organic semiconductor device may contain only one kind of
compound represented by Formula (2) or contain two or
more kinds thereof. From the viewpoint of the storage
stability (inhibition of crystal precipitation during storage)
of the coating solution, the coating solution preferably
contains two or more kinds of compound represented by
Formula (2).

[0169] From the viewpoint of the suitability for various
printing methods, the coating solution for a non-light-emit-
ting organic semiconductor device preferably has a viscosity
of equal to or greater than 10 mPa-s.

[0170] The coating solution for a non-light-emitting
organic semiconductor device may contain additives other
than a polymer binder, such as a surfactant, an antioxidant,
a crystallization control agent, and a crystal orientation
control agent.

[0171] Examples of the surfactant are not particularly
limited and include nonionic surfactants such as polyoxy-
ethylene alkyl ethers, polyoxyethylene alkyl allyl ethers,
polyoxyethylene-polyoxypropylene block copolymers, sor-
bitan fatty acid esters, and a polyoxyethylene sorbitan fatty
acid ester; fluorine-based surfactants such as MEGAFACE
F171 and F176 (manufactured by DIC Corporation), FLUO-
RAD FC430 (manufactured by Sumitomo 3M I.td.), SUR-
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FYNOL FE1004 (manufactured by ASAHI GLASS CO,,
LTD.), and PF656 and PF6320 manufactured by OMNOVA
Solutions Inc.; and organosiloxane polymers such as poly-
siloxane polymers KP-341 (manufactured by Shin-Etsu
Chemical Co., Ltd.), KF-410 (manufactured by Shin-Etsu
Chemical Co., Ltd.), KF-412 (manufactured by Shin-Etsu
Chemical Co., Ltd.), KF-96-100cs (manufactured by Shin-
Etsu Chemical Co., Ltd.), BYK-322 (manufactured by BYK
Additives & Instruments), and BYK-323 (manufactured by
BYK Additives & Instruments).

[0172] The content of the surfactant in the coating solution
is preferably about 0.001% to 1% by mass.

[0173] Examples of the antioxidant include a phenol-
based antioxidant, a phosphorus-based antioxidant, a sulfur-
based antioxidant, and the like.

[0174] Specific examples of the phenol-based antioxidant
include 2,6-di-t-butyl-4-methylphenol, n-octadecyl-3-(3',5'-
di-t-butyl-4'-hydroxyphenyl)propionate,  tetrakis[methyl-
ene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate] meth-
ane, tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate, 4,4'-
butylidenebis-(3-methyl-6-t-butylphenol), triethylene glycol
bis  [3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionate],
and 3,9-bis{2-[3-(3-t-butyl-4-hydroxy-5-methylphenyl)pro-
pionyloxy]-1,1-dimethylethyl}-2,4,8,10-tetraoxaspiro[5,5]
undecane.

[0175] Examples of commercially available products of
the phenol-based antioxidant include IRGANOX 1010,
IRGANOX 1035, IRGANOX 1076, IRGANOX 1135,
IRGANOX 245, IRGANOX 259, IRGANOX 295, and
IRGANOX 3114 (all manufactured by BASF SE), ADEKA
STAB A0-20, ADEKA STAB AO-30, ADEKA STAB
AO-40, ADEKA STAB AO-50, ADEKA STAB AO-60,
ADEKA STAB AO-70, ADEKA STAB AO-80, ADEKA
STAB AO-90, and ADEKA STAB A0O-330 (all manufac-
tured by ADEKA Corporation), SUMILIZER BHT, SUM-
ILIZER BP-101, SUMILIZER GA-80, SUMILIZER MDP-
S, SUMILIZER BBM-S, SUMILIZER GM, SUMILIZER
GS(F), and SUMILIZER GP (all manufactured by Sumi-
tomo Chemical Co., Ltd.), HOSTANOX 010, HOSTANOX
016, HOSTANOX 014, and HOSTANOX 03 (all manu-
factured by CLAMANT), ANTAGE BHT, ANTAGE
W-300, ANTAGE W-400, and ANTAGE W-500 (all manu-
factured by Kawaguchi Chemical Industry Co., LTD.),
SEENOX 224M and SEENOX 326 M (all manufactured by
SHIPRO KASEI KAISHA, LTD.), YOSHINOX BHT,
YOSHINOX BB, TOMINOX TT, and TOMINOX 917 (all
manufactured by YOSHITOMI PHARMACEUTICAL
INDUSTRIES, LTD.), TTHP (manufactured by TORAY
INDUSTRIES, INC.), and the like.

[0176] Specific examples of the phosphorus-based anti-
oxidant include trisnonylphenyl phosphite, tris(2,4-di-t-bu-
tylphenyl)phosphite, distearyl pentaerythritol diphosphite,
bis(2,4-di-t-butylphenyl)pentaerythritol phosphite, bis(2,6-
di-t-butyl-4-methylphenyl)pentaerythritol phosphite, 2,2-
methylenebis(4,6-di-t-butylphenyl)octylphosphite, tetrakis
(2,4-di-t-butylphenyl)-4,4-biphenylene-di-phosphonite, and
the like. Examples of commercially available products of the
phosphorus-based antioxidant include ADEKA STAB 1178
(manufactured by ADEKA Corporation), SUMILIZER TNP
(manufactured by Sumitomo Chemical Co., Ltd.), JP-135
(manufactured by JOHOKU CHEMICAL CO., LID),
ADEKA STAB 2112 (manufactured by ADEKA Corpora-
tion), JPP-2000 (manufactured by JOHOKU CHEMICAL
CO., LTD), WESTON 618 (manufactured by General Elec-
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tric), ADEKA STAB PEP-24G (manufactured by ADEKA
Corporation), ADEKA STAB PEP-36 (manufactured by
ADEKA Corporation), ADEKA STAB HP-10 (manufac-
tured by ADEKA Corporation), SANDSTAB P-EPQ (manu-
factured by Sandoz), PHOSPHITE 168 (manufactured by
Ciba Specialty Chemicals, Inc.), and the like.

[0177] Specific examples of the sulfur-based antioxidant
include dilauryl-3,3'-thiodipropionate, dimyristyl-3,3'-thio-
dipropionate, distearyl-3,3'-thiodipropionate, pentaerythritol
tetrakis(3-laurylthiopropionate), and the like. Examples of
commercially available products of the sulfur-based antioxi-
dant include SUMILIZER TPL (manufactured by Sumitomo
Chemical Co., Ltd.), YOSHINOX DLTP (manufactured by
YOSHITOMI  PHARMACEUTICAL  INDUSTRIES,
LTD.), ANTIOX L (manufactured by NOF CORPORA-
TION), SUMILIZER TPM (manufactured by Sumitomo
Chemical Co., Ltd.), YOSHINOX DMTP (manufactured by
YOSHITOMI PHARMACEUTICAL  INDUSTRIES,
LTD.), ANTIOX M (manufactured by NOF CORPORA-
TION), SUMILIZER TPS (manufactured by Sumitomo
Chemical Co., Ltd.), YOSHINOX DSTP (manufactured by
YOSHITOMI  PHARMACEUTICAL  INDUSTRIES,
LTD.), ANTIOX S (manufactured by NOF CORPORA-
TION), ADEKA STAB AO-412S (manufactured by
ADEKA Corporation), SEENOX 4125 (manufactured by
SHIPRO KASEI KAISHA, LTD.), SUMILIZER TDP
(manufactured by Sumitomo Chemical Co., Ltd.), and the
like.

[0178] The content of the antioxidant in the coating solu-
tion 1s preferably about 0.01% to 5% by mass.

[0179] <Structure of Organic Transistor>

[0180] The first aspect of the organic transistor of the
present invention contains the compound represented by
Formula (2) in a semiconductor active layer.

[0181] The second aspect of the organic transistor of the
present invention contains the compound of the present
invention in a semiconductor active layer.

[0182] That is, the organic transistor of the present inven-
tion has a semiconductor active layer containing the com-
pound represented by Formula (2).

[0183] The organic transistor of the present invention may
further have layers other than the semiconductor active
layer.

[0184] The organic transistor of the present invention is
preferably used as an organic field effect transistor (FET),
and is more preferably used as an insulated gate-type FET in
which the gate is insulated from channels.

[0185] Hereinafter, preferred structural aspects of the
organic transistor of the present invention will be specifi-
cally described by using drawings, but the present invention
is not limited to the aspects.

[0186] (Lamination Structure)

[0187] The lamination structure of an organic field effect
transistor is not particularly limited, and various known
structures can be adopted.

[0188] For example, the organic transistor of the present
invention can adopt a structure (bottom gate/top contact
type) in which an electrode, an insulator layer, a semicon-
ductor active layer (organic semiconductor layer), and two
electrodes are arranged in this order on the upper surface of
a substrate which is a lower most layer. In this structure, the
electrode on the upper surface of the substrate as the lower
most layer is provided in a portion of the substrate, and the
insulator layer is so disposed that it comes into contact with
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the substrate in a portion other than the electrode. The two
electrodes provided on the upper surface of the semicon-
ductor active layer are arranged in a state of being separated
from each other.

[0189] FIG. 1 shows the constitution of a bottom gate/top
contact-type element. FIG. 1 is a schematic view showing a
section of an exemplary structure of the organic transistor of
the present invention. In the organic transistor shown in FIG.
1, a substrate 11 is disposed as a lower most layer, an
electrode 12 is provided in a portion of the upper surface
thereof, and an insulator layer 13 is provided such that it
covers the electrode 12 and contacts the substrate 11 in a
portion other than the electrode 12. On the upper surface of
the insulator layer 13, a semiconductor active layer 14 is
provided, and in a portion of the upper surface thereof, two
electrodes 15@ and 156 are arranged in a state of being
separated from each other.

[0190] In the organic transistor shown in FIG. 1, the
electrode 12 is a gate, and the electrode 15a and the
electrode 15b are a drain and a source respectively. The
organic transistor shown in FIG. 1 is an insulated gate-type
FET in which a channel as a path of electric currents
between the drain and the source is insulated from the gate.
[0191] As an example of the structure of the organic
transistor of the present invention, a bottom gate/bottom
contact-type element can be exemplified.

[0192] FIG. 2 shows the constitution of the bottom gate/
bottom contact-type element. FIG. 2 is a schematic view
showing a section of the structure of an organic transistor
manufactured as a substrate for measuring FET character-
istics in examples of the present invention. In the organic
transistor shown in FIG. 2, a substrate 31 is disposed as a
lower most layer, an electrode 32 is provided in a portion of
the upper surface thereof, and an insulator layer 33 is
provided such that it covers the electrode 32 and comes into
contact with the substrate 31 in a portion other than the
electrode 32. Furthermore, a semiconductor active layer 35
is provided on the upper surface of the insulator layer 33,
and electrodes 34a and 34b are in a lower portion of the
semiconductor active layer 35.

[0193] In the organic transistor shown in FIG. 2, the
electrode 32 is a gate, and the electrode 34a and the
electrode 34b are a drain and a source respectively. The
organic transistor shown in FIG. 2 is an insulated gate-type
FET in which a channel as a path of electric currents
between the drain and the source is insulated from the gate.
[0194] As the structure of the organic transistor of the
present invention, a top gate/top contact-type element in
which an insulator and a gate electrode are in the upper
portion of a semiconductor active layer or a top gate/bottom
contact-type element can also be preferably used.

[0195] (Thickness)

[0196] In acase where the organic transistor of the present
invention needs to be a thinner transistor, the total thickness
of the transistor is preferably, for example, 0.1 um to 0.5 pm.

[0197] (Sealing)

[0198] In order to improve the preservation stability of the
organic transistor element by blocking the organic transistor
element from the atmosphere or moisture, the entirety of the
organic transistor element may be sealed with a metal
sealing can, glass, an inorganic material such as silicon
nitride, a polymer material such as perylene, a low-molecu-
lar weight material, or the like.
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[0199] Hereinafter, preferred aspects of the respective
layers of the organic transistor of the present invention will
be described, but the present invention is not limited to the
aspects.

[0200] <Substrate>
[0201] (Material)
[0202] The organic transistor of the present invention

preferably includes a substrate.

[0203] The material of the substrate is not particularly
limited, and known materials can be used. Examples of the
material include a polyester film such as polyethylene naph-
thalate (PEN) or polyethylene terephthalate (PET), a
cycloolefin polymer film, a polycarbonate film, a triacetyl-
cellulose (TAC) film, a polyimide film, a material obtained
by bonding these polymer films to extremely thin glass,
ceramics, silicon, quartz, glass, and the like. Among these,
silicon is preferable.

[0204] <Electrode>
[0205] (Material)
[0206] The organic transistor of the present invention

preferably includes an electrode.

[0207] As the material constituting the electrode, known
conductive materials such as a metal material like Cr, Al, Ta,
Mo, Nb, Cu, Ag, Au, Pt, Pd, In, Ni, or Nd, an alloy material
of these, a carbon material, and a conductive polymer can be
used without particular limitation.

[0208] (Thickness)

[0209] The thickness of the electrode is not particularly
limited, but is preferably 10 nm to 50 nm.

[0210] A gate width (or a channel width) W and a gate
length (or a channel length) L are not particularly limited.
However, a ratio of W/L is preferably equal to or greater
than 10, and more preferably equal to or greater than 20.

[0211] <Acceptor>
[0212] (Material)
[0213] The organic transistor of the present invention may

include an acceptor for accelerating injection of carriers.
Preferred examples of the material include known 2,3,5,6-
tetrafluoro-7,7,8,8-tetracyanoquinodimethane  (F4-TCNQ)
and the like.

[0214] (Thickness)

[0215] The thickness of the acceptor is not particularly
limited and is preferably equal to or less than 5 nm.

[0216] <Insulating Layer>
[0217] (Material)
[0218] The material constituting the insulating layer is not

particularly limited as long as a necessary insulating effect
is obtained. Examples of the material include silicon diox-
ide, silicon nitride, a fluorine polymer-based insulating
material such as polytetrafluoroethylene (PTFE) or CYTOP,
a polyester insulating material, a polycarbonate insulating
material, an acryl polymer-based insulating material, an
epoxy resin-based insulating material, a polyimide insulat-
ing material, a polyvinyl phenol resin-based insulating mate-
rial, a poly p-xylylene resin-based insulating material, and
the like.

[0219] A surface treatment may be performed on the upper
surface of the insulating layer. For example, it is possible to
preferably use an insulating layer in which the silicon
dioxide surface thereof is subjected to the surface treatment
by being coated with hexamethyldisilazane (HMDS), octa-
decyltrichlorosilane (OTS), or f-phenethyltrimethoxysilane.
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[0220] (Thickness)

[0221] The thickness of the insulating layer is not particu-
larly limited. However, in a case where the film needs to be
thinned, the thickness of the insulating layer is preferably 10
nm to 500 nm, more preferably 20 nm to 200 nm, and
particularly preferably 50 nm to 200 nm.

[0222] <Semiconductor Active Layer>
[0223] (Material)
[0224] The organic transistor of the present invention

contains the compound represented by Formula (2) in the
semiconductor active layer.

[0225] The semiconductor active layer may be a layer
further containing a polymer binder (referred to as a polymer
or a binder as well) in addition to the compound represented
by Formula (2). Furthermore, the semiconductor active layer
may contain a residual solvent used at the time of forming
a film.

[0226] The content of the polymer binder in the semicon-
ductor active layer is not particularly limited. The content of
the polymer binder used is preferably within a range of 0%
to 95% by mass, more preferably within a range of 10% to
90% by mass, even more preferably within a range of 20%
to 80% by mass, and particularly preferably within a range
of 30% to 70% by mass.

[0227] (Thickness)

[0228] The thickness of the semiconductor active layer is
not particularly limited. In a case where the film needs to be
thinned, the thickness of the semiconductor active layer is
preferably 10 nm to 400 nm, more preferably 10 nm to 200
nm, and particularly preferably 10 nm to 100 nm.

[0229] [Method for Manufacturing Organic Transistor]
[0230] A method for manufacturing an organic transistor
of the present invention includes a step of preparing a
semiconductor active layer by coating a substrate with a
coating solution for a non-light-emitting organic semicon-
ductor device of the present invention and drying the coating
solution.

[0231] The method for manufacturing an organic transis-
tor of the present invention may or may not include a method
for manufacturing an organic semiconductor film of the
present invention that will be described later.

[0232] First, general methods in the method for manufac-
turing an organic transistor of the present invention will be
described.

[0233] (Film Forming Method)

[0234] In the method for manufacturing an organic tran-
sistor of the present invention, the compound of the present
invention or the compound represented by Formula (2) may
be formed into a film on a substrate by any method.
[0235] At the time of forming the film, the substrate may
be heated or cooled. By varying the temperature of the
substrate, it is possible to control the film quality or the
packing of molecules in the film. The temperature of the
substrate is not particularly limited. The temperature is
preferably between 0° C. to 200° C., more preferably
between 15° C. to 120° C., and particularly preferably
between 20° C. to 100° C.

[0236] The compound of the present invention or the
compound represented by Formula (2) can be formed into a
film on a substrate by a vacuum process or a solution
process, and both of the processes are preferable.

[0237] Specific examples of the film forming method by a
vacuum process include a physical vapor deposition method
such as a vacuum vapor deposition method, a sputtering
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method, an ion plating method, or a molecular beam epitaxy
(MBE) method and a chemical vapor deposition (CVD)
method such as plasma polymerization, and it is particularly
preferable to use a vacuum vapor deposition method.
[0238] Herein, the film forming method by a solution
process refers to a method of dissolving an organic com-
pound in a solvent which can dissolve the compound and
forming a film by using the solution. Specifically, it is
possible to use general methods like a coating method such
as a casting method, a dip coating method, a die coater
method, a roll coater method, a bar coater method, or a spin
coating method, various printing methods such as an ink jet
method, a screen printing method, a gravure printing
method, a flexographic printing method, an offset printing
method, or a micro-contact printing method, and a Lang-
muir-Blodgett (LB) method. It is particularly preferable to
use a casting method, a spin coating method, an ink jet
method, a gravure printing method, a flexographic printing
method, an offset printing method, or a micro-contact print-
ing method.

[0239] The organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
tion is preferably prepared by a solution coating method. In
a case where the organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
tion contains a polymer binder, it is preferable to prepare a
coating solution by dissolving or dispersing a material,
which will be formed into a layer, and a polymer binder in
an appropriate solvent and to form the organic semiconduc-
tor film by various coating methods.

[0240] Next, as a more preferred aspect in the method for
manufacturing an organic transistor of the present invention,
amethod including the method for manufacturing an organic
semiconductor film of the present invention will be
described.

[0241] [Method for Manufacturing Organic Semiconduc-
tor Film]
[0242] In afirst aspect of the method for manufacturing an

organic semiconductor film of the present invention, in a
state where a distance between a substrate A and a member
B not being fixed to the substrate A is kept constant or in a
state where the substrate A and the member B are caused to
remain in contact with each other, a coating solution con-
taining a compound represented by the following Formula
(2) and a solvent having a boiling point of equal to or higher
than 100° C. is dropped onto a portion within the surface of
the substrate A such that the coating solution contacts both
of the substrate A and the member B, and the dropped
coating solution is slowly dried, such that crystals of the
compound represented by Formula (2) are precipitated and
a semiconductor active layer is formed: here, as long as the
distance between the substrate A and the member B is kept
constant or as long as the substrate A and the member B are
caused to remain in contact with each other, the positional
relationship between the substrate A and the member B may
be maintained or changed when the coating solution is
dropped or dried;

Formula (2)
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[0243] in Formula (2), R** and R'? each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2) may be
substituted with a halogen atom.

[0244] In asecond aspect of the method for manufacturing
an organic semiconductor film of the present invention, in a
state where a distance between a substrate A and a member
B not being fixed to the substrate A is kept constant or in a
state where the substrate A and the member B are caused to
remain in contact with each other, a coating solution pre-
pared by dissolving the compound of the present invention
in a solvent is dropped onto a portion within the surface of
the substrate A such that the coating solution contacts both
of the substrate A and the member B, and the dropped
coating solution is slowly dried, such that crystals of the
compound of the present invention are precipitated and a
semiconductor active layer is formed; here, as long as the
distance between the substrate A and the member B is kept
constant or as long as the substrate A and the member B are
caused to remain in contact with each other, the positional
relationship between the substrate A and the member B may
be maintained or changed when the coating solution is
dropped or dried.

[0245] Hereinafter, the first and second aspects of the
method for manufacturing an organic semiconductor film of
the present invention will be comprehensively described.
[0246] The preferred aspects of the method for manufac-
turing an organic semiconductor film of the present inven-
tion will be described based on drawings.

[0247] FIGS. 3A to 3C are schematic views showing an
example of the method for manufacturing an organic semi-
conductor film of the present invention.

[0248] FIG. 3A shows a state where the coating solution
(reference 41) has not yet been dropped onto the substrate A
(reference 42). In this state, the distance between the sub-
strate A (reference 42) and the member B (reference 43) not
being fixed to the substrate A (reference 42) is kept constant.
[0249] FIG. 3B shows a state where the coating solution
(reference 41) is then dropped onto a portion within the
surface of the substrate A (reference 42) such that the coating
solution contacts both of the substrate A (reference 42) and
the member B (reference 43).

[0250] FIG. 3C is a schematic view showing an aspect in
which the dropped coating solution (reference 41) is then
slowly dried in a state where the positional relationship
between the substrate A (reference 42) and the member B
(reference 43) is maintained. The coating solution (reference
41) starts to be dried from both edges where the film
thickness is small and is crystallized, and in this way,
large-sized crystals can be obtained.

[0251] FIGS. 4A to 4C are schematic views showing
another example of the method for manufacturing an organic
semiconductor film of the present invention.

[0252] FIG. 4A shows a state where the coating solution
(reference 41) has not yet been dropped onto the substrate A
(reference 42). In this state, the substrate A (reference 42)
and the member B (reference 43) are caused to remain in
contact with each other.

[0253] FIG. 4B 1 shows a state where the coating solution
(reference 41) is then dropped onto a portion within the
surface of the substrate A (reference 42) such that the coating
solution contacts both of the substrate A (reference 42) and
the member B (reference 43). It is FIG. 4B2 that is obtained
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when FIG. 4B1 is seen in a vertical direction (Y-axis
direction). As is evident from FIG. 4B2, the coating solution
(reference 41) is dropped on a portion within the surface of
the substrate A (reference 42).

[0254] FIG. 4C is a schematic view showing an aspect in
which the dropped coating solution (reference 41) is then
slowly dried in a state where the positional relationship
between the substrate A (reference 42) and the member B
(reference 43) is maintained. The coating solution (reference
41) starts to be dried from both edges where the film
thickness is small and is crystallized, and in this way,
large-sized crystals can be obtained.

[0255] Comparing the aspect shown in FIGS. 3A to 3C
with the aspect shown in FIGS. 4A to 4C, the aspect shown
in FIGS. 4A to 4C in which the substrate A (reference 42)
and the member B (reference 43) are caused to remain in
contact with each other is preferable, because in this aspect,
the film quality is excellent, a holding mechanism is not
necessary, and the distance between the member B (refer-
ence 43) and the substrate A (reference 42) can be accurately
maintained.

[0256] FIGS. 5A to 5C are schematic vies showing
another example of the method for manufacturing an organic
semiconductor film of the present invention.

[0257] FIG. 5A shows a state where the coating solution
(reference 41) has not yet been dropped onto the substrate A
(reference 42). In this state, the substrate A (reference 42)
and the member B (reference 43) are caused to remain in
contact with each other.

[0258] FIG. 5B shows a state where the coating solution
(reference 41) is then dropped onto a portion within the
surface of the substrate A (reference 42) such that the coating
solution contacts both of the substrate A (reference 42) and
the member B (reference 43).

[0259] FIG. 5C is a schematic view showing an aspect in
which the dropped coating solution is then slowly dried by
changing the positional relationship between the substrate A
(reference 42) and the member B (reference 43).

[0260] In the method for manufacturing an organic semi-
conductor film of the present invention, as long as the state
where the distance between the substrate A and the member
B is kept constant or as long as the substrate A and the
member B are caused to remain in contact with each other,
at the time when the coating solution is dropped or dried, the
positional relationship between the substrate A and the
member B may be maintained or changed. As shown in FIG.
5C, by changing the positional relationship between the
substrate A (reference 42) and the member B (reference 43)
in the —X direction on the coordinates, the coating solution
(reference 41) starts to be dried from the edge (+X direction
on the coordinates) far away from the member B (reference
43) and is crystallized, and in this way, large-sized crystals
can be obtained.

[0261] Comparing the aspect shown in FIGS. 5A to 5C
with the aspect shown in FIGS. 4A to 4C, the aspect shown
in FIGS. 4A to 4C is preferable because in this aspect, the
film quality is excellent, and large-sized crystals are easily
obtained.

[0262] Examples of the substrate A used in the method for
manufacturing an organic semiconductor film of the present
invention include those used as a substrate of the organic
transistor of the present invention. As the substrate A, a
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substrate in which an insulating layer is formed on the
substrate of the organic transistor of the present invention is
preferable.

[0263] The member B used in the method for manufac-
turing an organic semiconductor film of the present inven-
tion is not particularly limited. The material of the member
B is preferably glass; quartz; silicon; Teflon (registered
trademark); or plastic such as polyethylene or polypropyl-
ene, and more preferably glass.

[0264] The size of the member B (reference 43) (for
example, the length of the member B (reference 43) in the
X-axis direction and the Y-axis direction in FIG. 4B2) is not
particularly limited. The lower limit of the length of one side
of the member B (reference 43) is preferably equal to or
greater than 0.1% of the length of one side of the substrate
A (reference 42), more preferably equal to or greater than
1% of the length one side of the substrate A, particularly
preferably equal to or greater than 10% of the length of one
side of the substrate A, and more particularly preferably
equal to or greater than 20% of the length of one side of the
substrate A. The upper limit of the length of one side of the
member B (reference 43) is preferably equal to or less than
80% of the length of one side of the substrate A (reference
42), more preferably equal to or less than 70% of the length
of one side of the substrate A, and particularly preferably
equal to or less than 50% of the length of one side of the
substrate A.

[0265] The height of the member B (reference 43) (for
example, the length of the member B (reference 43) in the
Z-axis direction in FIG. 4B1 is not particularly limited. The
height of the member B (reference 43) is preferably 1 mm
to 50 mm, and more preferably 5 mm to 20 mm.

[0266] FIG. 6 is a schematic view of the substrate A and
the member B. In FIG. 6, d indicates the length of the
member B in the x-axis direction in FIG. 4B2; w indicates
the length of the member B in the y-axis direction in FIG.
4B2; and h indicates the length of the member B in the z-axis
direction in FIG. 4B1. h/d in the member B shown in FIG.
6 is preferably 0.01 to 10, and more preferably 0.1 to 5,
because then the member B does not collapse. w/d is
preferably 1 to 1,000, and more preferably 5 to 100, because
then the region in which crystals are formed widens.
[0267] (Film Forming Method)

[0268] In the method for manufacturing an organic semi-
conductor film of the present invention, at the time of
forming a film, the substrate may be heated or cooled. By
varying the temperature of the substrate, it is possible to
control the film quality or the packing of molecules in the
film The temperature of the substrate is not particularly
limited. However, it is preferably between 0° C. to 200° C,,
more preferably between 15° C. to 100° C., and particularly
preferably between 20° C. to 95° C.

[0269] When the compound of the present invention is
formed into a film on the substrate, a solution process is used
for forming the film.

[0270] Herein, the film forming method by a solution
process refers to a method of dissolving an organic com-
pound in a solvent which can dissolve the compound and
forming a film by using the solution. Specifically, it is
possible to use general methods like various printing meth-
ods such as a drop casting method, an ink jet method, a
screen printing method, a gravure printing method, a flexo-
graphic printing method, an offset printing method, and a
micro-contact printing method. Among these, an ink jet
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method, a gravure printing method, a flexographic printing
method, an offset printing method, and a micro-contact
printing method are preferably used, and a flexographic
printing method, a micro-contact printing method, and an
ink jet method are particularly preferably used.

[0271] In the method for manufacturing an organic semi-
conductor film of the present invention, the coating solution
is dropped onto a portion within the surface of the substrate
A such that the coating solution contacts both of the sub-
strate A and the member B.

[0272] At the time of dropping the coating solution, it is
preferable to drop a single drop of the coating solution or to
drop the coating solution drop by drop in a case where two
or more drops of the coating solution are dropped, because
then a portion in which a film of the coating solution having
a small thickness is easily formed on the substrate A, and it
is easy to accelerate drying of the coating solution from
edge.

[0273] In acase where the coating solution is dropped, the
volume of a single drop of the coating solution is preferably
0.01 ml to 0.2 ml, and more preferably 0.02 ml to 0.1 ml.

[0274] By dropping the coating solution onto a portion
within the surface of the substrate A such that the coating
solution contacts both of the substrate A and the member B,
it is possible to reduce the film thickness at the edge of the
coating solution.

[0275] The contact angle between the coating solution and
the substrate A is preferably 0° to 90°, and more preferably
10° to 80°.

[0276] The coating solution and the member B preferably
form a meniscus, and more preferably form a concave
meniscus from the viewpoint of the film quality.

[0277] Usually, in order to form a film by a solution
process, the material needs to dissolve in the solvent exem-
plified above, but simply dissolving in a solvent is not good
enough. Generally, even the material formed into a film by
a vacuum process can dissolve in a solvent to some extent.
The solution process includes a step of coating a substrate
with a material by dissolving the material in a solvent and
then forming a film by evaporating the solvent, and many of
the materials not being suitable for being formed into a film
by the solution process have high crystallinity. Therefore,
the material is inappropriately crystallized (aggregated) in
the aforementioned step, and hence it is difficult to form an
excellent film This problem has been considered in the
related art. In contrast, according to the method for manu-
facturing an organic semiconductor film of the present
invention, it is possible to form an organic semiconductor
film in a state of causing the precipitation of crystals.

[0278]

[0279] 1In the method for manufacturing an organic semi-
conductor film of the present invention, the dropped coating
solution is slowly dried so as to cause the precipitation of
crystals of the compound of the present invention or the
compound represented by Formula (2), thereby forming a
semiconductor active layer.

[0280] From the viewpoint of the film quality, it is pref-
erable that the coating solution is air-dried on the heated
substrate A and then dried under reduced pressure.

[0281] The temperature of the substrate A at the time of air
drying is preferably 20° C. to 100° C., and more preferably
50° C. to 80° C.

(Drying)



US 2017/0012220 Al

[0282] The air drying is preferably performed for 0.5
hours to 20 hours, and more preferably performed for 1 hour
to 10 hours.

[0283] The temperature at the time of drying under
reduced pressure is preferably 20° C. to 100° C., and more
preferably 40° C. to 80° C.

[0284] The drying under reduced pressure is preferably
performed for 1 hour to 20 hours, and more preferably
performed for 2 hours to 10 hours.

[0285] The pressure at the time of drying under reduced
pressure is preferably 107° Pa to 107> Pa, and more prefer-
ably 107 Pa to 10~° Pa.

[0286] In the method for manufacturing an organic semi-
conductor film of the present invention, crystals of the
compound of the present invention or the compound repre-
sented by Formula (2) are precipitated. Whether or not the
crystals have been precipitated can be checked by observa-
tion using a polarizing microscope.

[0287] [Organic Semiconductor Material for Non-Light-
Emitting Organic Semiconductor Device]

[0288] The present invention also relates to an organic
semiconductor material for a non-light-emitting organic
semiconductor device containing the compound of the pres-
ent invention.

[0289] (Non-Light-Emitting  Organic  Semiconductor
Device)
[0290] In the present specification, a “non-light-emitting

organic semiconductor device” refers to a device which is
not used for the purpose of emitting light. Particularly, a
“non-light-emitting organic semiconductor device” refers to
a device which is not used for the purpose of emitting visible
light. The non-light-emitting organic semiconductor device
preferably uses an electronic element having a layered
structure consisting of films. The non-light-emitting organic
semiconductor device includes an organic transistor, an
organic photoelectric conversion element (a solid-state
imaging element used for a photosensor, a solar cell used for
energy conversion, or the like), a gas sensor, an organic
rectifying element, an organic inverter, an information
recording element, and the like. The organic photoelectric
conversion element can be used for a photosensor (solid-
state imaging element) and for energy conversion (a solar
cell). Among these, an organic photoelectric conversion
element and an organic transistor are preferable, and an
organic transistor is more preferable. That is, the organic
semiconductor material for a non-light-emitting organic
semiconductor device of the present invention is preferably
a material for an organic transistor as described above.
[0291] (Organic Semiconductor Material)

[0292] In the present specification, the “organic semicon-
ductor material” is an organic material showing character-
istics of a semiconductor. Just as a semiconductor composed
of an inorganic material, the organic semiconductor is
classified into a p-type (hole-transporting) organic semicon-
ductor material conducting holes as carriers and an n-type
(electron-transporting) organic semiconductor material con-
ducting electrons as carriers.

[0293] The compound of the present invention may be
used as any of the p-type organic semiconductor material
and the n-type organic semiconductor material, but is pref-
erably used as the p-type. The ease with which the carriers
flow in the organic semiconductor is represented by a carrier
mobility pu. The higher the carrier mobility p, the better. The
carrier mobility p is preferably equal to or greater than
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1x1072 cm?/Vs, more preferably equal to or greater than
1x107" ecm?/Vs, particularly preferably equal to or greater
than 3x10™! cm?/Vs, more particularly preferably equal to or
greater than 5x107' cm?*Vs, and even more particularly
preferably equal to or greater than 1 ecm®/Vs. The carrier
mobility i can be determined by the characteristics of the
prepared field effect transistor (FET) element or by a time-
of-flight (TOF) measurement method.

[0294] [Organic Semiconductor Film for Non-Light-Emit-
ting Organic Semiconductor Device]

[0295] A first aspect of the organic semiconductor film for
a non-light-emitting organic semiconductor device of the
present invention preferably contains a compound repre-
sented by the following Formula (2) and a polymer binder.

Rll/ \Rl
- -

S

Formula (2)

5

[0296] In Formula (2), R' and R'® each independently
represent a hydrogen atom, an alkyl group, an alkenyl group,
an alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2) may be
substituted with a halogen atom.

[0297] A second aspect of the organic semiconductor film
for a non-light-emitting organic semiconductor device of the
present invention contains the compound of the present
invention.

[0298] The organic semiconductor film for a non-light-
emitting organic semiconductor device of the present inven-
tion is preferably manufactured by the method for manu-
facturing an organic semiconductor film of the present
invention.

[0299] (Material)

[0300] The present invention also relates to the first aspect
of the organic semiconductor film for a non-light-emitting
organic semiconductor device containing a compound rep-
resented by Formula (2), which will be described later, and
a polymer binder.

[0301] The present invention also relates to the second
aspect of the organic semiconductor film for a non-light-
emitting organic semiconductor device containing the com-
pound of the present invention.

[0302] As the second embodiment of the organic semi-
conductor film for a non-light-emitting organic semiconduc-
tor device of the present invention, an aspect containing the
compound of the present invention but does not contain a
polymer binder.

[0303] Furthermore, the second aspect of the organic
semiconductor film for a non-light-emitting organic semi-
conductor device of the present invention may contain the
compound of the present invention and a polymer binder.
[0304] Examples of the polymer binder include an insu-
lating polymer such as polystyrene, polycarbonate, polyary-
late, polyester, polyamide, polyimide, polyurethane, polysi-
loxane, polysulfone, polymethyl methacrylate, polymethyl
acrylate, cellulose, polyethylene, or polypropylene, a copo-
lymer of these, rubber or a thermoplastic elastomer such as
ethylene-propylene rubber, acrylonitrile-butadiene rubber,
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hydrogenated nitrile rubber, fluoro-rubber, a perfluoro elas-
tomer, a tetrafluoroethylene-propylene copolymer, an ethyl-
ene-propylene-diene copolymer, styrene-butadiene rubber,
polychloroprene, polyneoprene, butyl rubber, a methyl/phe-
nyl silicone resin, a methyl/phenylvinyl/silicone resin, a
methyl/vinyl/silicone resin, a fluorosilicone resin, acryl rub-
ber, ethylene acryl rubber, chlorosulfonated polyethylene,
chloropolyethylene, an epichlorohydrin copolymer, a poly-
isoprene-natural rubber copolymer, polyisoprene rubber, a
styrene-isoprene block copolymer, a polyester-urethane
copolymer, a polyether-urethane copolymer, a polyether
ester thermoplastic elastomer, and polybutadiene rubber, a
photoconductive polymer such as polyvinylcarbazole or
polysilane, a conductive polymer such as polythiophene,
polypyrrole, polyaniline, or poly p-phenylenevinylene, and
a semiconductor polymer described in, for example, Chem-
istry of Materials, 2014, 26, 647.

[0305] One kind of polymer binder may be used singly, or
plural kinds thereof may be used in combination.

[0306] The organic semiconductor material may be uni-
formly mixed with the polymer binder. Alternatively, the
organic semiconductor material and the polymer binder may
be totally or partially in a phase separation state. From the
viewpoint of the charge mobility, a structure, in which the
organic semiconductor and the binder are in a phase sepa-
ration state along the film thickness direction in the film, is
the most preferable because then the binder does not hinder
the organic semiconductor from moving a charge.

[0307] Considering the mechanical strength of the film, a
polymer binder having a high glass transition temperature is
preferable. However, for the purpose of imparting flexibility
to the film, a polymer binder having a low glass transition
temperature is preferable. Considering the charge mobility,
a polymer binder having a structure not containing a polar
group and a conductive polymer are preferable.

[0308] The amount of the polymer binder used is not
particularly limited. However, in the organic semiconductor
film for a non-light-emitting organic semiconductor device
of the present invention, the amount of the polymer binder
used is preferably within a range of 0% to 95% by mass,
more preferably within a range of 10% to 90% by mass, even
more preferably within a range of 20% to 80% by mass, and
particularly preferably within a range of 30% to 70% by
mass.

[0309] In the present invention, because the compound of
the present invention or the compound represented by For-
mula (2) has the aforementioned structure, an organic film
having excellent film quality can be obtained. Specifically,
the compound of the present invention or the compound
represented by Formula (2) has excellent crystallinity, a
sufficient film thickness can be obtained, and the obtained
organic semiconductor film for a non-light-emitting organic
semiconductor device of the present invention has excellent
quality.

[0310] In acase where the organic semiconductor film for
a non-light-emitting organic semiconductor device of the
present invention is manufactured by the method for manu-
facturing an organic semiconductor film of the present
invention, the organic semiconductor film becomes an
organic film having excellent film quality.

EXAMPLES

[0311] Hereinafter, the characteristics of the present
invention will be more specifically explained by describing
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examples and comparative examples. The materials, the
amount thereof used, the proportion thereof, the content of
treatment, the treatment procedure, and the like described in
the following examples can be appropriately modified
within a range that does not depart from the gist of the
present invention. Accordingly, the scope of the present
invention is not limited to the following specific examples.

Example 1
[0312] Compounds described in Table 1 or 2 were syn-
thesized.
[0313] <Synthesis Method>
[0314] A compound 1 having the following structure that

was used in the organic transistor of the present invention
was synthesized according to the following synthesis
method.

(1) n-BuLi/TMP
-78°C.

(2) CCLyBrs

Intermediate 1

[0315] (Synthesis of Intermediate 1)

[0316] 23.1 ml of tetrahydrofuran was added to 3.93 ml of
tetramethylpiperidine (TMP), followed by stirring at -78°
C., and 13.8 ml of n-butyllithium (1.6 M hexane solution)
was added thereto. Then, the mixture was heated to 0° C. and
stirred for 1 hour, thereby preparing a lithium reagent.
[0317] 100 ml of tetrahydrofuran was added to 2.969 g (10
mmol) of thieno[3,2-f:4,5-fbis[1]benzothiophene as a
known material synthesized according to the synthesis
method described in J. Org. Chem. 2005, 70, 4502, followed
by stirring at -78° C., and the aforementioned lithium
reagent was added dropwise thereto at =78° C. by using a
cannula. After 2 hours, the reaction solution was cooled to
-98° C., and a solution obtained by dissolving 9.76 g (30
mmol) of dibromodichloroethane in 30 ml of tetrahydro-
furan was added dropwise thereto by using a cannula. Then,
the reaction solution was slowly heated to room temperature
from -98° C. and stirred for 15 hours. After the reaction
solution was cooled to 0° C., water was added thereto, and
the precipitate was separated by filtration. The solid sepa-
rated by filtration was recrystallized from 1,1,2,2-tetrachlo-
roethane, thereby obtaining 3.95 g (8.70 mmol) of a target
compound (intermediate 1) in the form of solid with light
orange color. The obtained compound was identified by
Nuclear Magnetic Resonance (*H-NMR).

[0318] 'H-NMR

[0319] (tetrachloroethane-d,, 400 MHz) &: 7.46 (2H, s),
8.12 (2H, s), 8.45 (2H, s)

ZnCl, (1.0 eq)
—  » CyHyZnBr
0°C.tort,1h

CoHy MgBr
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-continued

CIOHZIZHBI (40 eq)
PdCly{dpp)/CH:Cly
(5 mol %)

Toluene (0.1M)
70°C.,15h

Br

Compound 1

[0320] (Synthesis of Compound 1)

[0321] 4.8 ml (4.80 mmol) of decyl magnesium bromide
(1.0 mol/L diethylether solution) was added to the interme-
diate 1 and cooled to 0° C. At this point in time, 4.8 m1 (4.80
mmol) of zinc (II) chloride (1.0 mol/L. tetrahydrofuran
solution) was added dropwise thereto, thereby preparing an
organic zinc reagent. The organic zinc reagent was added to
a system to which 545 mg (1.20 mmol) of the intermediate
1, 49 mg (0.06 mmol) of [1,1'-bis(diphenylphosphino)fer-
roceneldichloropalladium (II), and 12 ml of toluene were
added, followed by stirring for 20 minutes at room tempera-
ture. Then, the reaction solution was heated to 70° C. and
stirred for 15 hours. After the reaction ended, the reaction
solution was cooled to room temperature, 50 ml of methanol
was added thereto, and the precipitated solid was separated
by filtration. The solid was dissolved in heated O-dichlo-
robenzene, passed through celite and silica gel in the heated
state, and eluted using O-dichlorobenzene. The solution was
concentrated using an evaporator and then recrystallized
from heated O-dichlorobenzene, thereby obtaining 440 mg
(0.763 mmol) of a target compound 1 in the form of white
solid.

[0322] The structure of the compound 1 was identified by
'H-NMR. The results are shown below.

[0323] 'H-NMR

[0324] (tetrachloroethane-d,, 400 MHz) &: 0.82 (6H, t,
J=1.2 Hz), 1.21-1.37 (28H, m), 1.71 (4H, quin, J=7.4 Hz),
2.88 (4H, t, I=7.6 Hz), 7.09 (24, s), 8.11 (21, 5), 8.39 (2H,
3)
[0325]
NMR)
[0326] A compound 4 was synthesized in the same manner
as used for synthesizing the compound 1, except that decyl

Synthesis of Compound 4 (Synthesis Method and
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magnesium bromide (1.0 M diethylether solution) was
changed to butyl magnesium chloride (1.0 M tetrahydro-
furan solution).

[0327] The structure of the compound 4 was identified by
"H-NMR. The results are shown below.

[0328] 'H-NMR

[0329] (CDCl,, 400 MHz) &: 0.98 (6H, t, 7.2 Hz), 1.41-
1.50 (4H, m), 1.72-1.81 (4H, m), 2.94 (4H, t, 7.0 Hz), 7.13
(2H, s), 8.15 (2H, s), 8.44 (2H, s) ppm.

[0330] Synthesis of Compound 5

[0331] A compound 5 was synthesized in the same manner
as used for synthesizing the compound 1, except that decyl
magnesium bromide (1.0 M diethylether solution) was
changed to pentyl magnesium bromide (1.0 M tetrahydro-
furan solution).

[0332] The structure of the compound 5 was identified by
'H-NMR. The results are shown below.

[0333] ‘H-NMR

[0334] (CDCl,, 400 MHz) &: 0.93 (6H, t, 7.3 Hz), 1.37-
1.55 (8H, m), 1.75-1.83 (4H, m), 2.94 (t, 7.0 Hz), 7.13 (2H,
s), 8.15 (2H, s), 8.44 (2H, s) ppm.

[0335] A compound 6 was synthesized according to Tet-
rahedron 66 (2010) 8778-8784.

Compound 6

CeHys

[0336]
[0337]

Synthesis of Compound 11

A compound 11 was synthesized in the same man-
ner as used for synthesizing the compound 1, except that
decyl magnesium bromide (1.0 M diethylether solution) was
changed to 6-methyloctyl bromide (1.0 M tetrahydrofuran
solution).

[0338] The structure of the compound 11 was identified by
'H-NMR. The results are shown below.

[0339] 'H-NMR

[0340] (CDCl;, 400 MHz) d: 0.84-0.88 (12H, m), 1.08-1.
17 (4H, m), 1.30-1.44 (14H, m), 1.75-1.83 (4H, m), 2.94
(4H,t, 7.1 Hz), 7.13 (2H, 5), 8.15 (2H, 5), 8.44 (2H, s) ppm.

[0341] Synthesis of Compound 18 (Synthesis Method and
NMR)
0 o}
NN N
J

Pdy(dba); (5 mol %)
RuPhos, t-BuONa

Toluene (0.1M)
70°C., 15k
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[0342] The intermediate 1 (300 mg, 0.66 mmol), 2-(2-
butoxyethyl)-4,4,5,5 -tetramethyl-1,3,2-dioxabolane (452
mg, 1.98 mmol), tris(dibenzylideneacetone)dipalladium (0)
(Pd,(dba);) (30 mg, 0.033 mmol), 2-dicyclohexylphos-
phino-2',6'-diisopropoxybiphenyl (RuPhos) (61 mg, 0.132
mmol), t-butoxysodium (381 mg, 4.00 mmol), 7 mL of
toluene, and 7 ml of pure water were mixed together,
followed by stirring for 2.5 hours at 80° C. The reaction
solution was cooled to room temperature and subjected to
liquid separation by using chloroform and pure water. An
organic layer was concentrated through distillation under
reduced pressure and then purified by column chromatog-
raphy (sequential development using silica gel, hexane:ethyl
acetate=3:1, hexane:ethyl acetate=2:1, and hexane:ethyl
acetate=1:1), thereby obtaining 140 mg (0.282 mmol) of a
compound 18 as a white solid.

[0343] The obtained compound was identified by
'"H-NMR.

[0344] 'H-NMR

[0345] (CDCL,, 400 MHz) &: 0.94 (6H, t, 7.3 Hz), 1.36-

1.46 (4H, m), 1.58-1.65 (4H, m}, 3.20 (4H, ¢, 7.1 Hz), 3.51
(4H, t, 7.0 Hz), 3.51 (4H, t, 7.0 Hz), 3.77 (4H, t, 7.2 Hz),
7.20 (2H, s), 8.15 (2H, s), 8.46 (2H, s) ppm.

[0346] Synthesis of Compound 20

[0347] A compound 20 was synthesized in the same
manner as used for synthesizing the compound 1, except that
decyl magnesium bromide (1.0 M diethylether solution) was
changed to 4-butoxybutyl magnesium bromide (1.0 M THF
solution).

[0348] The structure of the compound 20 was identified by
'H-NMR. The results are shown below.

[0349] ‘H-NMR

[0350] (CDCl,, 400 MHz) &: 0.93 (6H, t, 7.4 Hz), 1.34-
1.43 (4H, m), 1.53-1.60 (4H, m), 1.68-1.75 (4H, m), 1.83-
1.91 (4H, m), 2.97 (44, t, 7.3 Hz), 3.42 (4H, 1, 7.0 Hz), 3.47
(4H, t, 7.0 Hz) ppm.

[0351]

Synthesis of Compound 29

(1) n-BuLi/TMP
78°C,

(2) CClyBrs
98° C,

Intermediate 2

[0352]

[0353] An intermediate 2 was synthesized in the same
manner as used for synthesizing the intermediate 1, except

(Synthesis of Intermediate 2)

that the amounts of all of the tetramethylpiperidine (TMP),
n-butylllithium, and dibromodichloroethane were halved.

A

Intermediate 2
C4H9

C4HoZnBr (2.0 eq)
PdCLy(dppfy/CH,Cly
(7 5mol %)

Toluene (0.1M)
70°C,15h

Intermediate 3

[0354]
[0355]

(Synthesis of Intermediate 3)
An intermediate 3 was synthesized in the same

manner as used for synthesizing the compound 4, except that
the intermediate 1 was changed to the intermediate 2, and
the equivalents of organic zinc reagent and [1,1"-bis(diphe-
nylphosphino)ferrocene]dichloropalladium  (II)
halved.

were

(1) n-BuLyTMP
-78° C.

(2) CCLyBr,

Intermediate 4

[0356] (Synthesis of Intermediate 4)
[0357] An intermediate 4 was synthesized in the same
manner as used for synthesizing the intermediate 2, except

that the intermediate 3 was used instead of thieno[3,2-f:4,
5f']bis[1]benzothiophene.

CsH|1ZnBr (2.0 eq)
Cy4Hy Br  PdClL(dppf)/CHCL,

/ \ (2.5 mol %)
S

Intermediate 4

Toluene (0.1M)
70°C.,15h
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-continued

Compound 29

[0358] A compound 29 was synthesized in the same
manner as used for synthesizing the compound 5, except that
the intermediate 1 was changed to the intermediate 4, and
the equivalents of organic zinc reagent and [1,1'"-bis(diphe-
nylphosphino)ferrocene]dichloropalladium (1)  were
halved.

[0359] The structure of the compound 29 was identified by
'"H-NMR. The results are shown below.

[0360] ‘H-NMR

[0361] (CDCL,, 400 MHz) &: 0.92 (3H, 1, 7.2 Hz), 0.98
(3H, t, 7.2 Hz), 1.38-1.52 (6H, m), 1.73-1.82 (4H, m),
2.92-2.97 (4H, m), 7.13 (2H, s), 8.15 (2H, s), 8.44 (2H, s)
ppm.
[0362]
[0363] A comparative compound 1 having the following

structure was synthesized according to the synthesis method
described in J. Org. Chem. 2005, 70, 4502.

[Synthesis of Comparative Compound]

Comparative compound 1

[0364] The following comparative compounds 2 to 6 were
synthesized ~ with  reference to  JP2013-235903A,
CN102206225A, and WO2011/1262254A,  JP2009-
3024634, and JP2010-177642A respectively. The compara-
tive compounds 2 and 3 were measured by gel permeation
chromatography (GPC), and as a result, it was confirmed
that they have a weight-average molecular weight (Mw) of

40,000.

Comparative compound 2
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-continued

Comparative compound 3

[~

Comparative compound 5

Comparative compound 6

g /.QQ /

Examples 1-1 to 1-8 and Comparative Elements

1-1to 1-4
[0365] <Preparation/Evaluation of Element>
[0366] Through high-performance liquid chromatography,

it was confirmed that the materials used for preparing
elements had purity (area ratio for absorption intensity at
254 nm) of equal to or higher than 99.0%.

[0367] A semiconductor active layer (organic semicon-
ductor film) was formed using a compound alone.

[0368] Any one of compounds or comparative compounds
1 to 4 described in the following table was prepared into a
0.1% by mass solution by being dissolved in anisole as a
solvent and then heated to 50° C. The solution was used as
a coating solution for an organic semiconductor device
(referred to as a coating solution as well).

[0369] In the elements 1-1 to 1-8 and the comparative
elements 1-1 to 1-4, an organic semiconductor film was
formed by the method shown in FIGS. 4A to 4C. Herein,
“1-1to 1-8” means 1-1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, and 1-8.
The same will be also applied in a case where branch
numbers are described using “to”. Specifically, the organic
semiconductor film was formed as below.

[0370] A 25 mmx25 mm substrate prepared by forming a
thermally oxidized SiO, film having a thickness of 200 nm
on the surface of an n-type silicon substrate (thickness: 0.4
mm) was used as a substrate A. The surface of the thermally
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oxidized film of the substrate A was cleaned with ultraviolet
(UV)-ozone and then treated with -phenethyltrimethoxysi-
lane.

[0371] On the surface of the substrate A treated with
[-phenethyltrimethoxysilane, a member B was placed on the
central portion of the substrate A as shown in FIG. 4A such
that the substrate A and the member B contacted each other.
As the member B, a substance made of glass and having a
size of 10 mm (length)x2 mm (width)x5 mm (height) was
used. The transverse direction (X-axis direction) in FIG. 4A
is the width direction of the member B; the vertical direction
(Z-axis direction) in FIG. 4A is the height direction of the
member B; and the vertical direction (Y-axis direction) in
FIG. 4B2 is the longitudinal direction of the member B.
[0372] The substrate was heated to 50° C., and one drop
(about 0.05 ml) of the coating solution prepared by the
method described above was placed onto the substrate by
using a pipette from the lateral side of the member B such
that the drop contacted both of the substrate A and the
member B as shown in FIG. 4A. As a result, as shown in
FIGS. 4B1 and 4B2, the coating solution was dropped onto
a portion within the surface of the substrate A. In the
interface between the coating solution and the substrate B,
a concave meniscus was formed.

[0373] As shown in FIG. 4C, in a state where the substrate
A and the member B were caused to remain in contact with
each other, and the positional relationship between the
substrate A and the member B were maintained, the coating
solution was air-dried. Then, the coating solution was dried
under reduced pressure for 8 hours at 60° C. at a pressure of
10~ MPa such that crystals of any one of the compounds or
comparative compounds 1 to 4 described in the following
table were precipitated, thereby forming an organic semi-
conductor film. Whether or not crystals were precipitated
was checked by observation using a polarizing microscope.
[0374] The obtained organic semiconductor film was used
as a semiconductor active layer and covered with a mask.
Then, F4-TCNQ with a thickness of 1 nm as a charge
injection acceptor and a gold electrode with a thickness of 40
nm were vapor-deposited thereon, thereby obtaining a bot-
tom gate/top contact-type organic transistor element for
measuring FET characteristics. The obtained organic tran-
sistor element was taken as the elements 1-1 to 1-8 and the
comparative elements 1-1 to 1-4. The elements 1-1 to 1-8
and the comparative elements 1-1 to 1-4 were taken as
organic transistor elements of Examples 1-1 to 1-8 and
Comparative examples 1 to 4.

[0375] <Evaluation>

[0376] By using a semiconductor parameter analyzer
(4156C manufactured by Agilent Technologies) connected
to a semi-automatic prober (AX-2000 manufactured by
Vector Semiconductor Co., Ltd.), the FET characteristics of
the organic transistor elements as the elements 1-1to 1-8 and
the comparative elements 1-1 to 1-4 were evaluated under a
normal pressure/atmosphere.

[0377] The obtained results are shown in the following
Table 3.

[0378] (a) Carrier Mobility

[0379] Between the source electrode and the drain elec-

trode of each organic film transistor element (FET element),
a voltage of -80 V was applied, and the gate voltage was
varied within a range of 20 V to =100 V. In this way, a carrier
mobility p was calculated using the following equation
showing a drain current 1.
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[0380] (In the equation, L represents a gate length, W
represents a gate width, C, represents a capacity of the
insulating layer per unit area, V, represents a gate voltage,
and V,,, represents a threshold voltage.)

TABLE 3

Organic Carrier

semiconductor mobility
Element No. material (em?/Vs) Note
Element 1-1 Compound 1 6.0 Present invention
Element 1-2 Compound 4 2.9 Present invention
Element 1-3 Compound 6 1.0 Present invention
Element 1-4 Compound 21 1.5 Present invention
Element 1-5 Compound 24 2.1 Present invention
Element 1-6 Compound 33 1.3 Present invention
Element 1-7 Compound 37 1.8 Present invention
Element 1-8 Compound 40 1.6 Present invention
Comparative element Comparative 0.1 Comparative
1-1 compound 1 Example
Comparative element Comparative 0.01 Comparative
1-2 compound 2 Example
Comparative element Comparative 0.02 Comparative
1-3 compound 3 Example
Comparative element Comparative 0.006 Comparative
1-4 compound 4 Example
[0381] From the above Table 3, it was understood that the

organic transistor elements as the elements 1-1 to 1-8 of the
present invention have high carrier mobility and can be
preferably used as organic semiconductor materials.

[0382] In contrast, it was understood that the organic
transistor elements as the comparative elements 1-1 to 1-4 in
which the comparative compounds 1 to 4 were used as
organic semiconductor materials in the semiconductor
active layer have low carrier mobility.

Examples 2-1 to 2-14 and Comparative Examples
2-1t0 2-3

[0383] In Examples 2-1 to 2-14 and Comparative
Examples 2-1 to 2-3, a bottom gate/bottom contact-type
organic transistor element was prepared. The details are
described below.

[0384] An anisol solution containing 0.1% by mass of the
compound 1 was heated to 100° C. and used as a coating
solution for an organic semiconductor device. In a nitrogen
atmosphere, the solution was cast onto a substrate for
measuring FET characteristics heated to 90° C., thereby
obtaining a non-light-emitting organic transistor element
2-1. As the substrate for measuring FET characteristics, a
silicon substrate having a bottom gate/bottom contact struc-
ture was used which included chromium/gold (gate width W
=100 mm, gate length L=100 um) arranged to form a comb
pattern as source and drain electrodes and included SiO,
(film thickness: 200 nm) as an insulating layer. The obtained
organic transistor element was taken as an element 2-1. The
element 2-1 was taken as an organic transistor element of
Example 2-1.

[0385] Elements 2-2 to 2-14 and comparative elements 2-1
to 2-3 were prepared in the same manner as used for
preparing the element 2-1, except that, in preparing the
organic transistor element as the element 2-1, any one of the
compounds or comparative compounds described in Table 2
was used instead of the compound 1. The element 2-6 was
obtained by mixing the compound 4 and the compound 5
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together such that the concentration of each of the com-
pounds became 0.05% by mass.

[0386] <Evaluation>

[0387] For the elements 2-2 to 2-14 and the comparative
elements 2-1 to 2-3, FET characteristics of an organic
transistor element were evaluated in the same manner as in

Example 1-1. The results are shown in the following Table
4.

TABLE 4

Organic Carrier

semiconductor mobility
Element No. material (cm?/Vs)  Note
Element 2-1 Compound 1 0.50 Present invention
Element 2-2 Compound 2 0.77 Present invention
Element 2-3 Compound 3 0.52 Present invention
Element 2-4 Compound 4 0.95 Present invention
Element 2-5 Compound 5 0.52 Present invention
Element 2-6 Compound 0.71 Present invention

4/compound §
Element 2-7 Compound 6 0.30 Present invention
Element 2-8 Compound 10 0.14 Present invention
Element 2-9 Compound 26 031 Present invention
Element 2-10 Compound 28 0.64 Present invention
Element 2-11 Compound 29 0.33 Present invention
Element 2-12 Compound 30 045 Present invention
Element 2-13 Compound 32 0.42 Present invention
Element 2-14 Compound 40 0.32 Present invention
Comparative element  Comparative 0.03 Comparative
2-1 compound 1 Example
Comparative element Comparative <0.001  Comparative
2-2 compound 2 Example
Comparative element Comparative 0.01 Comparative
2-3 compound 6 Example
[0388] From the above Table 4, it was understood that the

organic transistor elements as the elements 2-2 to 2-14 of the
present invention have high carrier mobility and can be
preferably used as organic semiconductor materials.

[0389] In contrast, it was understood that the organic
transistor elements as the comparative elements 2-1 to 2-3 in
which the comparative compounds 1, 2, and 6 were used as
organic semiconductor materials in a semiconductor active
layer have low carrier mobility.

Examples 3-1 to 3-29 and Comparative Examples
3-1to 3-5

[0390] Al to be a gate electrode was vapor-deposited
(thickness: 50 nm) onto a glass substrate (Eagle XG: manu-
factured by Coming Incorporated). Onto the Al, a compo-
sition for forming a gate insulating film (a propylene glycol
monomethyl ether acetate (PGMEA) solution (concentration
of solid contents: 2% by mass) containing polyvinylphenol/
melamine=1 part by mass/1 part by mass) was applied by
spin coating, followed by baking for 60 minutes at 150° C,,
thereby forming a gate insulating film having a film thick-
ness of 400 nm. On the gate insulating film, by using a silver
ink (H-1, manufactured by Mitsubishi Materials Corpora-
tion) and an ink jet device DMP-2831 (manufactured by
FUIIFILM Dimatix Inc.), patterns of a source electrode and
a drain electrode (channel length: 40 pm, channel width: 200
um) were drawn. Then, the resultant was sintered by being
baked for 30 minutes at 180° C. in an oven such that source
and drain electrodes were formed, thereby obtaining an
element substrate for evaluating thin film transistor (TFT)
characteristics.
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[0391] Onto the element substrate for evaluating TFT
characteristics, each of the coating solutions for an organic
semiconductor device (an organic semiconductor material
(0.50% by mass), a polymer (0.025% by mass), and toluene)
described in the following Table 5 was applied by drop
casting, and then the element substrate was dried for 10
minutes at 100° C. on a hot plate such that an organic
semiconductor layer was formed, thereby obtaining a bot-
tom gate/bottom contact-type organic transistor element.
The obtained organic transistor element was taken as ele-
ments 3-1 to 3-29 and comparative elements 3-1 to 3-5. The
elements 3-1 to 3-29 and the comparative elements 3-1 to
3-5 were taken as organic transistor elements of Examples
3-1 to 3-29 and Comparative elements 3-1 to 3-5. In the
following table, F8T2 represents [Poly[(9,9-dioctyl-9H-
fluorene-2,7-diyl)-alt-2,2'-bithiophene]-5,5'-diyl)]] (manu-
factured by Sigma-Aldrich Co., LLC., Mn>20,000); PMMA
represents Polymethyl methacrylate (manufactured by
Sigma-Aldrich Co., LLC., Mw~15,000); PaMS represents
Poly(a-methylstyrene) (manufactured by Sigma-Aldrich
Co., LLC., Mw=43,700); and PS represents Polystyrene
(manufactured by Sigma-Aldrich Co., LLC., Mw=2,000,
000).

[0392]
[0393] For the elements 3-1 to 3-29 and the comparative
elements 3-1 to 3-5, the FET characteristics of an organic

transistor element were evaluated in the same manner as in
Example 1. The results are shown in the following Table 5.

<Bvaluation>

TABLE 5
Organic Carrier
semiconductor  Polymer mobility
Element No. material (binder) (cmz/Vs) Note
Element 3-1 Compound 4 F8T2 0.35 Present
invention
Element 3-2 Compound 7 — 0.27 Present
invention
Element 3-3 Compound 8  — 0.11 Present
invention
Element 3-4 Compound 9 — 0.31 Present
invention
Element 3-5 Compound 11 PMMA 0.01 Present
invention
Element 3-6 Compound 12— 0.01 Present
invention
Element 3-7 Compound 13— 0.02 Present
invention
Element 3-8 Compound 14 — 0.05 Present
invention
Element 3-9 Compound 15— 0.01 Present
invention
Element 3-10  Compound 16 — 0.01 Present
invention
Element 3-11  Compound 17 — 0.01 Present
invention
Element 3-12  Compound 17 PaMS 0.01 Present
invention
Element 3-13  Compound 18 — 0.02 Present
invention
Element 3-14  Compound 19 — 0.05 Present
invention
Element 3-15  Compound 20 — 0.05 Present
invention
Element 3-16 ~ Compound 21 — 0.03 Present
invention
Element 3-17 Compound 22 — 0.01 Present
invention
Element 3-18 ~ Compound 23 — 0.01 Present

invention
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TABLE 5-continued

Organic Carrier
semiconductor  Polymer mobility
Element No.  material (binder) (cm?/Vs)  Note
Element 3-19  Compound 24 — 0.01 Present
invention
Element 3-20  Compound 25 — 0.31 Present
invention
Element 3-21  Compound 27 — 0.30 Present
invention
Element 3-22  Compound 31 — 0.20 Present
invention
Element 3-23  Compound 33 — 0.23 Present
invention
Element 3-24  Compound 34 PaMS 0.02 Present
invention
Element 3-25  Compound 35 — 0.01 Present
invention
Element 3-26  Compound 36 — 0.02 Present
invention
Element 3-27  Compound 37 — 0.02 Present
invention
Element 3-28  Compound 38 — 0.04 Present
invention
Element 3-29  Compound 39 PS 0.01 Present
invention
Comparative ~ Comparative =~ — 0.002  Comparative
element 3-1 compound 1 Example
Comparative ~ Comparative =~ — <0.001  Comparative
element 3-2 compound 2 Example
Comparative ~ Comparative =~ — <0.001  Comparative
element 3-3 compound 4 Example
Comparative ~ Comparative =~ — <0.001  Comparative
element 3-4 compound 3 Example
Comparative ~ Comparative =~ — <0.001  Comparative
element 3-5 compound 6 Example
[0394] From the above Table 5, it was understood that the

organic transistor elements as the elements 3-1 to 3-29 of the
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solvent, and the concentration described in Table 6) by an
ink jet method, thereby forming an organic semiconductor
film and obtaining an organic transistor element. By using
DPP 2831 (manufactured by FUJIFILM Graphic Systems,
Inc.) as an ink jet device and a 10 pL. head, a solid film was
formed at a jetting frequency of 2 Hz and a dot pitch of 20
um. The film was then dried for 1 hour at 70° C., thereby
preparing an organic semiconductor layer.

[0399] —Flexographic Printing Method—

[0400] By a flexographic printing method, the element
substrate for evaluating TFT characteristics manufactured in
Example 3-1 was coated with a coating solution for an
organic semiconductor device (the organic semiconductor
compound, the polymer (binder), the solvent, and the con-
centration described in Table 6 and 0.05% by mass of
BYK-323 (manufactured by BYK Additives & Instruments)
as a surfactant), thereby forming an organic semiconductor
film and obtaining an organic transistor element. As a
printing device, a flexographic printing suitability tester F1
(manufactured by IGT Testing Systems) was used, and as a
resin plate for flexographic printing, AFP DSH 1.70%
(manufactured by Asahi Kasei Corporation.)/solid image
was used. Under a pressure of 60 N applied between the
resin plate for flexographic printing and the element sub-
strate for evaluating TFT characteristics, printing was per-
formed at a transport rate of 0.4 m/sec, and then the substrate
was dried as it is for 2 hours at room temperature lower than
40° C., thereby preparing an organic semiconductor layer
and obtaining a bottom gate/bottom contact-type organic
transistor element. The obtained organic transistor element
was taken as elements 4-2 to 4-4 and 4-6 to 4-8. The
elements 4-2 to 4-4 and 4-6 to 4-8 were taken as organic
transistor elements of Examples 4-2 to 4-4 and 4-6 to 4-8.
Herein, all of those used as an ink in the elements 4-6 to 4-8
had a viscosity of equal to or greater than 10 mPa-s.

TABLE 6
Concentration Organic Carrier
Organic Polymer semiconductor/polymer Printing mobility
Element No. semiconductor (binder) Solvent (wt %) method {cm?/Vs) Note
Element 4-2 Compound 5 — Tetralin 0.4 Ink Jet 0.65  Example
Element 4-3 Compound 17 — Toluene 0.5 Ink Jet 0.13  Example
Element 4-4 Compound 31 PMMA Mesitylene 1.0 Ink Jet 0.35  Example
Element 4-6 Compound 4  PaMS  Tetralin 0.4/1.0 Flexography 0.20  Example
Element 4-7 Compound 29 PS Tetralin 0.5/1.0 Flexography 0.25  Example
Element 4-8 Compound 38 PaMS  Tetralin 1.5/1.0 Flexography 0.12  Example
present invention have high carrier mobility and can be [0401] As shown in Table 6, even in a case where a film

preferably used as organic semiconductor materials.

[0395] 1In contrast, it was understood that the organic
transistor elements as the comparative elements 3-1 to 3-5 in
which the comparative compounds 1, 2, and 4 to 6 were used
as organic semiconductor materials in a semiconductor
active layer have low carrier mobility.

Examples 4-2 to 4-4 and 4-6 to 4-8

[0396]
Method>
[0397] —Ink Jet Method—

[0398] The element substrate for evaluating TFT charac-
teristics manufactured in Example 3-1 was coated with a
coating solution for an organic semiconductor device (the
organic semiconductor compound, the polymer (binder), the

<Preparation Example of TFT Element by Printing

was formed by an ink jet method or a flexographic printing
method, an organic transistor element having excellent char-
acteristics that has high carrier mobility and can be prefer-
ably used as an organic semiconductor material was
obtained.

EXPLANATION OF REFERENCES

[0402] 11: substrate

[0403] 12: electrode

[0404] 13: insulator layer

[0405] 14: semiconductor active layer (organic substance
layer, organic semiconductor layer)

[0406] 15a, 15b: electrode
[0407] 31: substrate
[0408] 32: electrode
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[0409] 33: insulator layer
[0410] 34a, 34b: electrode
[0411] 35: semiconductor active layer (organic substance

layer, organic semiconductor layer)

[0412] 41: coating solution
[0413] 42: substrate A
[0414] 43: member B

What is claimed is:
1. A coating solution for a non-light-emitting organic
semiconductor device comprising:
a compound represented by the following Formula (2);
and
a solvent having a boiling point of equal to or higher than
100° C.;

Formula (2)

in Formula (2), R"" and R'? each independently represent
a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2)
may be substituted with a halogen atom.

2. The coating solution for a non-light-emitting organic

semiconductor device according to claim 1,

wherein the compound represented by Formula (2) satis-
fies the following condition A, B, C, or D;

condition A: in Formula (2), R* and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10
carbon atoms, an unsubstitued linear alkyl group hav-
ing an odd number of carbon atoms within a range of
3 to 15 carbon atoms, a substituted linear alkyl group
having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18
carbon atoms, and

an aromatic portion in Formula (2) may be substituted
with a halogen atom;

condition B: in Formula (2), R"" and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms;

condition C: in Formula (2), R* and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
a substituted alkyl group having 1 or 2 carbon atoms;

condition D: in Formula (2), R"' and R'? each indepen-
dently have 3 to 30 carbon atoms in total, and R'* and
R'? have different structures.

3. The coating solution for a non-light-emitting organic

semiconductor device according to claim 2,

wherein the compound represented by Formula (2) satis-
fies the following condition A;

condition A: in Formula (2), R"" and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10
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carbon atoms, an unsubstituted linear alkyl group hav-
ing an odd number of carbon atoms within a range of
3 to 15 carbon atoms, a substituted linear alkyl group
having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18
carbon atoms, and
an aromatic portion in Formula (2) may be substituted
with a halogen atom.
4. The coating solution for a non-light-emitting organic
semiconductor device according to claim 3,
wherein in Formula (2), R"" and R'? each independently
have 3 to 30 carbon atoms in total and represent an
unsubstituted linear alkyl group having an even number
of carbon atoms within a range of 8 to 10 carbon atoms
or an unsubstituted linear alkyl group having an odd
number of carbon atoms within a range of 3 to 15
carbon atoms, and
an aromatic portion in Formula (2) may be substituted
with a halogen atom.
5. The coating solution for a non-light-emitting organic
semiconductor device according to claim 3,
wherein in Formula (2), R"* and R*? each independently
have 3 to 30 carbon atoms in total and represent a linear
alkyl group having 3 to 15 carbon atoms substituted
with a substituent through an ether structure or an ester
bond.
6. The coating solution for a non-light-emitting organic
semiconductor device according to claim 2,
wherein the compound represented by Formula (2) satis-
fies the following condition B;
condition B: in Formula (2), R'" and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms.
7. The coating solution for a non-light-emitting organic
semiconductor device according to claim 2,
wherein the compound represented by Formula (2) satis-
fies the following condition C;
condition C: in Formula (2), R''and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
a substituted alkyl group having 1 or 2 carbon atoms.
8. The coating solution for a non-light-emitting organic
semiconductor device according to claim 7,
wherein in Formula (2), R" and R'? each independently
have 3 to 30 carbon atoms in total and represent an
alkyl group having 1 or 2 carbon atoms substituted with
a substituent through an ether structure or an ester
bond.
9. The coating solution for a non-light-emitting organic
semiconductor device according to claim 2,
wherein the compound represented by Formula (2) satis-
fies the following condition D;
condition D: in Formula (2), R''and R'? each indepen-
dently have 3 to 30 carbon atoms in total, and R'' and
R'? have different structures.
10. The coating solution for a non-light-emitting organic
semiconductor device according to claim 9,
wherein in Formula (2), R'* and R'? each independently
have 3 to 30 carbon atoms in total, R'" represent an
unsubstituted linear alkyl group, and R'* represents a
substituted or unsubstituted linear or branched alkyl
group different from R**.
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11. The coating solution for a non-light-emitting organic
semiconductor device according to claim 10,
wherein in Formula (2), R" and R'* each independently
have 3 to 30 carbon atoms in total and represent an
unsubstituted linear alkyl group, and R'* and R'* have
different structures.
12. An organic transistor comprising a compound repre-
sented by the following Formula (2) in a semiconductor
active layer;

Formula (2)

in Formula (2), R'and R'? each independently represents
a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, or an alkoxy group and may have a
substituent, and

an aromatic portion in Formula (2) may be substituted
with a halogen atom.

13. The organic transistor according to claim 12,

wherein the compound represented by Formula (2) satis-
fies the following condition A;

condition A: in Formula (2), R" and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10
carbon atoms, an unsubstituted linear alkyl group hav-
ing an odd number of carbon atoms within a range of
3 to 15 carbon atoms, a substituted linear alkyl group
having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18
carbon atoms, and

an aromatic portion in Formula (2) may be substituted
with a halogen atom.

14. A compound which is represented by the following

Formula (2) and satisfies the following condition A, B, C, or

El

Formula (2)

in Formula (2), R" and R'? each independently represent
a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, or an alkoxy group and may have a
substituent, and an aromatic portion in Formula (2)
may be substituted with a halogen atom;

condition A: in Formula (2), R"' and R'* each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10
carbon atoms, an unsubstitued linear alkyl group hav-
ing an odd number of carbon atoms within a range of
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3 to 15 carbon atoms, a substituted linear alkyl group
having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18
carbon atoms, and

an aromatic portion in Formula (2) may be substituted

with a halogen atom;
condition B: in Formula (2), R** and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 2 to 4 carbon
atoms;
condition C: in Formula (2), R' and R'* each indepen-
dently have 3 to 30 carbon atoms in total and represent
a substituted alkyl group having 1 or 2 carbon atoms;

condition D: in Formula (2), R"* and R'? each indepen-
dently have 3 to 30 carbon atoms in total, and R'' and
R'? have different structures.

15. The compound according to claim 14,

wherein the compound represented by Formula (2) satis-
fies the following condition A;

condition A: in Formula (2), R"' and R'? each indepen-
dently have 3 to 30 carbon atoms in total and represent
an unsubstituted linear alkyl group having an even
number of carbon atoms within a range of 8 to 10
carbon atoms, an unsubstitued linear alkyl group hav-
ing an odd number of carbon atoms within a range of
3 to 15 carbon atoms, a substituted linear alkyl group
having 3 to 15 carbon atoms, or a substituted or
unsubstituted branched alkyl group having 3 to 18
carbon atoms, and

an aromatic portion in Formula (2) may be substituted

with a halogen atom.

16. An organic semiconductor material for a non-light-
emitting organic semiconductor device containing the com-
pound according to claim 14.

17. A material for an organic transistor containing the
compound according to claim 14.

18. A coating solution for a non-light-emitting organic
semiconductor device containing the compound according
to claim 14.

19. An organic transistor containing the compound
according to claim 14 in a semiconductor active layer.

20. A method for manufacturing an organic transistor,
comprising preparing a semiconductor active layer by coat-
ing a substrate with the coating solution for a non-light-
emitting organic semiconductor device according to claim 1
and drying the coating solution.

21. A method for manufacturing an organic semiconduc-
tor film, in which in a state where a distance between a
substrate A and a member B not being fixed to the substrate
A is kept constant or in a state where the substrate A and the
member B are caused to remain in contact with each other,
a coating solution, which contains a compound represented
by the following Formula (2) and a solvent having a boiling
point of equal to or higher than 100° C., is dropped onto a
portion within the surface of the substrate A such that the
coating solution contacts both of the substrate A and the
member B, and the dropped coating solution is slowly dried,
such that crystals of the compound represented by Formula
(2) are precipitated and a semiconductor active layer is
formed;

here, as long as the distance between the substrate A and

the member B is kept constant or as long as the
substrate A and the member B are caused to remain in
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contact with each other, the positional relationship 22. A method for manufacturing an organic semiconduc-
between the substrate A and the member B may be tor film, in which in a state where a distance between a
maintained or changed when the coating solution is substrate A and a member B not being fixed to the substrate
A is kept constant or in a state where the substrate A and the
member B are caused to remain in contact with each other,
a coating solution, which is prepared by dissolving the
compound according to claim 14 in a solvent, is dropped
onto a portion within the surface of the substrate A such that
the coating solution contacts both of the substrate A and the
member B, and the dropped coating solution is slowly dried,
such that crystals of the compound are precipitated and a
semiconductor active layer is formed;
here, as long as the distance between the substrate A and
the member B is kept constant or as long as the
substrate A and the member B are caused to remain in

dropped or dried;

Formula (2)

in Formula (2), R" and R'? each independently represent contact with each other, the positional relationship
a hydrogen atom, an alkyl group, an alkenyl group, an between the substrate A and the member B may be
alkynyl group, or an alkoxy group and may have a maintained or changed when the coating solution is

: dropped or dried.

substituent, and an aromatic portion in Formula (2)
may be substituted with a halogen atom. R T
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