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(57) ABSTRACT 

The object is to fabricate a novel organic semiconductor 
element Which can effectively utiliZe the main-chain con 
duction of a conjugated high molecular compound having 
semiconductor-like properties. Provided is an electronic 
element Which contains, as components, a pair of electrodes 
Which is formed on a substrate, a mesoporous ?lm in Which 
tubular mesopores, Which are orientation controlled in one 
direction, are formed, the mesoporous ?lm being formed 
between the electrodes so as to be in contact With the 
electrodes, a conjugated high molecular compound held in 
the tubular mesopores, and a third electrode Which is elec 
trically insulated from the conjugated high molecular com 
pound and is in contact With the mesoporous ?lm. 
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ELECTRONIC ELEMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an electronic ele 
ment and, particularly, to a novel organic semiconductor 
element Which uses a conjugated high molecular compound, 
more particularly, to a ?eld-effect transistor Which uses an 
organic semiconductor. 

[0003] More speci?cally, the invention relates to an elec 
tronic device Which utiliZes the main-chain conduction of a 
conjugated high molecular compound Which is orientation 
controlled at a molecular level. 

[0004] 2. Related Background Art 

[0005] Organic semiconductors have various possibilities, 
such as the realiZation of loW cost processes and ?exible 
devices, and recent years have seen very active research and 
development aimed at the application of electronic devices, 
such as electroluminescence elements and ?eld-effect tran 

sistors (FETs). 

[0006] Organic semiconductors used in electronic devices 
are broadly divided into loW molecular compounds and high 
molecular compounds. 

[0007] For example, complexes, such as copper and phta 
locyanine, and polycyclic organic compounds, such as pen 
tacene, are used as loW molecular compounds, and thin ?lm 
designs are obtained by techniques such as evaporation, 
Whereby devices are fabricated. 

[0008] In contrast to loW molecular compounds, high 
molecular compounds have a structure in Which conjugated 
double bonds are continuous as in polythiophene, polypyr 
role, polyacetylene and the like, and they are used in 
fabricating devices by techniques such as printing. 

[0009] In the case of loW molecular compounds, almost all 
molecules have a structure in Which the molecules are 
stacked due to interactions by II electrons, and carriers 
migrate by hopping conduction among the molecules. 

[0010] In many cases, in-plane orientation directions are at 
random. HoWever, it has been reported that anisotropy in 
electrical conductivity can be observed by arraying mol 
ecules in a speci?c direction. 

[0011] A technique Which has accomplished an improve 
ment in the characteristics of an FET by orienting loW 
molecular compounds is disclosed in the Japanese Patent 
Application Laid-Open No. H07-206599, for example. 

[0012] In conjugated high molecular compounds, ideally, 
II electrons are delocaliZed throughout the molecules, and 
hence conjugated high molecular compounds have high 
carrier mobility Within the molecules. 

[0013] Among polymer chains, carriers migrate by hop 
ping conduction. 

[0014] At present, almost all polymer chains are used in a 
random condition in Which they are not orientation con 
trolled, and hopping conduction is a main conduction 
mechanism. 

[0015] HoWever, even in hopping conduction, it is pos 
sible to increase carrier mobility by aligning the orientation 
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direction of molecules, and the Japanese Patent Application 
Laid-Open No. H09-246921 discloses a structure in Which 
?brils With aligned directions of polymer chains are formed 
so as to be orthogonal to the direction of an electrode. 

[0016] Also, there have been proposed several techniques 
Which involve providing protection from deterioration reac 
tions and the like by introducing a conjugated high molecu 
lar compound as a guest into an inorganic or organic host 
material. 

[0017] The object of these techniques is to prevent the 
attack of high molecular compounds by oxygen, Water and 
the like. 

[0018] A technique Which uses cyclodextrin as a host 
material is disclosed in the Japanese Patent Application 
Laid-Open No. 2003-298067. 

[0019] There are also several reports on techniques for 
introducing a conjugated high molecular compound into the 
pores of mesoporous silica. 

[0020] In “Science,” Vol. 288, p. 652, there is a report to 
the effect that poly[2-methoxy-5-(2'-ethyl-hexyloxy)-l .4 
phenylene vinnylene) (abbreviated as MEH-PPV), Which is 
a conjugated polymer, is introduced in the mesopores of 
mesoporous silica monolith for Which the orientation direc 
tion is controlled by the application of a ferromagnetic ?eld. 

[0021] HoWever, the above-described techniques had sev 
eral problems as described beloW. 

[0022] That is, in the case of the method described in 
Non-patent Document 1, the mesoporous silica monolith 
contains many ?ne cracks and its application to electronic 
elements Was dif?cult. 

[0023] Also, the shoWn orientation distribution of pores 
Was Wide and it could not be said that the orientation 
controllability is high. Furthermore, the form of a monolith 
Was not suitable for the fabrication of devices. 

SUMMARY OF THE INVENTION 

[0024] Against the above-described technical background, 
the present invention has been made in vieW of the above 
described problems, and the invention can fabricate, by a 
simple process, a novel high-performance electronic ele 
ment in Which by forming a conjugated high molecular 
compound in a highly anisotropic space of an oriented 
mesoporous ?lm, the direction of polymer chains is con 
trolled on a macroscopic scale and high carrier mobility by 
main-chain conduction is utiliZed. 

[0025] According to an aspect of the present invention, 
there is provided an electronic element, comprising: 

[0026] 
[0027] a mesoporous ?lm having tubular mesopores ori 
ented in one direction, the mesoporous ?lm being formed 
betWeen the pair of electrodes so as to be in contact With the 
pair of electrodes; 

[0028] a conjugated high molecular compound held in the 
tubular mesopores; and 

[0029] a third electrode Which is electrically insulated 
from the conjugated high molecular compound and formed 
so as to be in contact With the mesoporous ?lm. 

a pair of electrodes formed on a substrate; 
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[0030] The orientation direction of the tubular mesopores 
is preferably parallel to the direction of an electric ?eld When 
an electrical potential is applied across the pair of electrodes. 

[0031] The electronic element is preferably a ?eld-effect 
transistor Which controls the amount of a current ?owing 
across the pair of electrodes by an electrical potential 
applied to the third electrode. In the electronic element, a 
material for the mesoporous ?lm is preferably silica. Alter 
natively, in the electronic element, a material for the meso 
porous ?lm is preferably a hybrid material of silica and an 
organic substance. 

[0032] In the electronic element, a material for the meso 
porous ?lm preferably contains a silicon oxide. 

[0033] In the electronic element, at least a portion of the 
substrate is preferably a substrate having electrical conduc 
tivity and the substrate serves also as the third electrode. 

[0034] According to another aspect of the present inven 
tion, there is provided a method of manufacturing the 
electronic element, Wherein a step of forming a conjugated 
high molecular compound in tubular mesopores Which are 
orientation controlled comprises: 

[0035] a step of forming a mesoporous ?lm Which is made 
up so as to contain tubular molecular assemblies of a 
surfactant having a uniform diameter, Which are oriented in 
one direction; 

[0036] a step of removing the surfactant from the pores of 
the mesoporous ?lm; 

[0037] a step of performing treatment so that pore surfaces 
of the mesoporous ?lm after removal of the surfactant obtain 
hydrophobicity; and 

[0038] a step of introducing the conjugated high molecular 
compound subsequently to the hydrophobiciZing treatment. 

[0039] According to still another aspect of the present 
invention, there is provided a method of manufacturing the 
electronic element, Wherein a step of forming a conjugated 
high molecular compound in tubular mesopores Which are 
orientation controlled comprises: 

[0040] a step of forming a mesoporous ?lm Which is made 
up so as to contain tubular molecular assemblies of a 

surfactant having a uniform diameter, Which are aligned in 
one direction, by use of a surfactant having a functional 
group capable of forming a conjugated high molecular 
compound by polymerization; and 

[0041] a step of forming a conjugated high molecular 
compound by causing a surfactant in the mesoporous ?lm to 
polymeriZe. 

[0042] According to a further aspect of the present inven 
tion, there is provided a method of manufacturing an elec 
tronic element, comprising: 

[0043] a step of forming a mesoporous ?lm having tubular 
mesopores, Which are orientation controlled in one direction, 
on a substrate; 

[0044] a step of forming a conjugated high molecular 
compound in the orientation controlled tubular mesopores; 

[0045] a step of forming a pair of electrodes for forming 
an electric ?eld parallel to the direction of the pores so as to 
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be in contact With the mesoporous ?lm having tubular 
mesopores in Which a conjugated high molecular compound 
is formed; and 

[0046] a step of forming a third electrode Which is elec 
trically insulated from the conjugated high molecular com 
pound and is in contact With the mesoporous ?lm. 

[0047] According to a further aspect of the present inven 
tion, there is provided a method of manufacturing an elec 
tronic element, comprising: 

[0048] a step of preparing a substrate Which has an elec 
trically conductive part in at least a portion of a surface 
thereof; 

[0049] a step of forming a mesoporous ?lm having tubular 
mesopores, Which are orientation controlled in one direction, 
on the electrically conductive part of the substrate; 

[0050] a step of forming a conjugated high molecular 
compound in the tubular mesopores, Which are orientation 
controlled; and 

[0051] a step of forming a pair of electrodes for forming 
an electric ?eld parallel to the direction of the pores so as to 
be in contact With the mesoporous ?lm having tubular 
mesopores in Which a conjugated high molecular compound 
is formed. 

[0052] According to the present invention, it is possible to 
fabricate a novel organic semiconductor element in Which 
by the orientation control of a conjugated high molecular 
compound in an oriented nanospace of mesoporous silica, 
the main-chain conduction of the conjugated high molecular 
compound having semiconductor-like properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIG. 1 is a schematic diagram to explain a pre 
ferred mode of an electronic element of the present inven 
tion; 

[0054] FIG. 2 is a schematic diagram to explain another 
preferred mode of an electronic element of the present 
invention; 

[0055] FIG. 3 is a schematic diagram of a reaction vessel 
to prepare a mesoporous ?lm by the nonuniform nucleation 
nucleus groWth method; 

[0056] FIG. 4 is a schematic diagram of a ?lm forming 
device Which is used in the dip coating method among 
methods of preparing a mesoporous ?lm by the solvent 
evaporation method; 

[0057] FIGS. 5A, 5B, 5C, 5D and 5E are schematic 
diagrams to explain a fabrication process of an element in 
Embodiment l of the present invention; 

[0058] FIGS. 6A, 6B, 6C, 6D, 6E and 6F are schematic 
diagrams to explain a fabrication process of an element in 
Embodiment 2 of the present invention; and 

[0059] FIGS. 7A and 7B are schematic diagrams Which 
respectively shoW a mesoporous silica ?lm having oriented 
conjugated polymer chains Within pores, Which is prepared 
by using a surfactant having a polymerizing part, in Embodi 
ment 3 of the present invention, and a partially enlarged 
portion of the mesoporous silica ?lm. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0060] Most preferred modes for carrying out the present 
invention Will be described below by referring to the accom 
panying drawings. 
[0061] FIG. 1 is a diagram Which schematically shoWs a 
preferred mode of an electronic element of the present 
invention. 

[0062] In FIG. 1, the reference numeral 11 denotes a 
substrate having electrical conductivity on its surface, the 
reference numeral 12 denotes an insulating ?lm, the refer 
ence numeral 13 denotes an electrode (source), the reference 
numeral 14 denotes an electrode (drain), the reference 
numeral 15 denotes a mesoporous ?lm, and the reference 
numeral 16 denotes a tubular mesopore holding a conjugated 
high molecular compound. 

[0063] FIG. 1 shoWs a structure in Which the substrate 
surface has electrical conductivity and functions as a gate 
electrode. HoWever, in an electronic element of the present 
invention, as shoWn in FIG. 2, the structure may be such that 
a gate electrode is formed on a mesoporous ?lm, Which is 
formed on an insulating substrate and carries conjugated 
polymers. 
[0064] The gate electrode may be formed in such a manner 
as to surround the ?lm. 

[0065] The greatest feature of the present invention resides 
in that tubular mesopores having a uniform diameter are 
orientation controlled in one direction in the plane of a 
mesoporous ?lm, and that conjugated polymers having 
semiconductor-like properties are orientation controlled, 
With the molecular chains aligned in the direction of pores, 
in a highly anisotropic nanospace having the orientation. 

[0066] An electronic element of the structure shoWn in 
FIG. 1 Will be described in the order according to a 
procedure for manufacturing the element. 

[0067] In the manufacture of an element of the present 
invention, ?rst, a mesoporous ?lm having oriented tubular 
mesopores is prepared on a substrate. 

[0068] First, the mesoporous ?lm Will be described. 

[0069] Pores of the mesoporous ?lm of the present inven 
tion are formed by the molecular assemblies of a surfactant 
(micelles), and pores of the same diameter are formed 
because the number of associations forming micelles is the 
same under some conditions. 

[0070] Although various con?gurations, such those of a 
sphere, a tube and layer, are knoWn as the shapes of micelles, 
the shape of the micelles Which form a mesoporous ?lm 
related to the present invention is basically tubular. 

[0071] The mesopores mentioned in the present invention 
refer to pores having diameters in the range of 2 nm to 50 
nm, according to the de?nition by IUPAC. 

[0072] In a mesoporous silica ?lm of the present inven 
tion, pores have a substantially uniform diameter. 

[0073] The pores of uniform diameter mentioned here 
suggest that the pore distribution found by a technique for 
calculating pore diameter from the results of a measurement 
of nitrogen gas adsorption has a single maximum value, and 
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that in this pore diameter distribution, not less than 60% of 
pores are included in a range having a Width of 10 nm. 

[0074] The pore diameter distribution is calculated by 
analytic methods, such as the Barrett-Joyner-Halenda (BI H) 
method, from an obtained isothermal adsorption curve. 

[0075] Arange having a Width of 10 nm is a range of Width 
in Which the difference betWeen a minimum value and a 
maximum value is 10 nm, as in the case of 2 nm to 12 nm, 
for example. 

[0076] As used herein, the term “mesoporous ?lm” refers 
to a mesoporous ?lm Which has holloW pores. In the present 
invention, hoWever, this term is used as a term including a 
mesoporous ?lm having a structure in Which an organic 
guest species, a surfactant and the like are held Within pores. 

[0077] A mesoporous ?lm of the present invention may 
have the structural feature that tubular mesopores are ori 
entation controlled in one direction and that as Will be 
described later, conjugated polymer chains be held in the 
nanospace of the mesoporous ?lm. 

[0078] Materials containing silicon oxides are preferably 
used as materials for forming pore Walls of a porous mate 
rial. 

[0079] Particularly, silica or hybrid materials of silica and 
organic substances are particularly preferably used. 

[0080] “Hybrid” here is not at least a mixture and refers to 
a hybrid compound material in Which inorganic components 
and organic components are bonded by covalent bonds, for 
example, as in OiSiiCiSiiO. 

[0081] In a mesoporous ?lm of the present invention, the 
orientation direction of pores in the plane is speci?ed in one 
direction by the structural anisotropy of the surface of a 
substrate. 

[0082] The structural anisotropy of the surface of a sub 
strate refers to, for example, the anisotropy of the atomic 
arrangement on a speci?c crystal plane on a crystalline 
substrate, the anisotropy of an irregular structure formed on 
a substrate, the structural anisotropy Within a high molecular 
compound ?lm formed on a substrate and the like. 

[0083] In the case shoWn in FIG. 1 Where a substrate 
serves also as a gate electrode, it is necessary that an 
appropriate part of the substrate have electrical conductivity. 
Basically, hoWever, any substrate can be used. 

[0084] In the case of the structure shoWn in FIG. 2, the 
selection range of substrates is Wider. 

[0085] Substrates applicable to the present invention Will 
be described in further detail. 

[0086] First, a crystalline substrate having anisotropy in 
the atomic arrangement on the surface Will be described. 

[0087] As a crystal plane having anisotropy in the atomic 
arrangement on the surface, for example, the (110) plane of 
a single crystal substrate having a crystal structure Which is 
the diamond structure or a single crystal substrate having a 
crystal structure Which is the Zinc-blend type structure is 
preferably used, and particularly, the (110) plane of silicon 
is preferably used. 
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[0088] Because on these surfaces a speci?c orientation 
direction of atoms is uniquely determined, these surfaces 
have the capacity to orient surfactant assemblies. 

[0089] The orientation control of pores of a silica meso 
structure obtained by using a substrate in Which the atomic 
arrangement on the surface has double symmetry, such as 
the (110) plane of silicon single crystal, has been discovered 
by the present inventors and described in the Japanese Patent 
Application Laid-Open No. 2000-233995. 

[0090] In using these substrates, it is necessary that a clean 
crystal surface be exposed. 

[0091] For example, in the case of a silicon substrate, it is 
necessary to remove a natural oxide ?lm present on the 
surface. 

[0092] The purpose is relatively simple to accomplish in a 
simple process, such as treating the surface in dilute hydrof 
luoric acid for several minutes. 

[0093] For example, the (110) plane of a highly doped 
silicon single crystal has sufficiently loW resistance, ant it is 
easy to impart the function of a gate electrode to this surface. 

[0094] Next, a description Will be given of a substrate on 
Which a high molecular compound ?lm having structural 
anisotropy is formed. 

[0095] The Langmuir-Blodgett method and the rubbing 
method Will be described here. HoWever, techniques other 
than these methods can be used so long as they can form a 
high molecular compound having structural anisotropy on a 
substrate. 

[0096] These methods have universality, because in a case 
Where this high molecular compound ?lm having structural 
anisotropy is to be formed, these methods can make similar 
surface conditions even When any material is used as a 
substrate to be used in the front-end. 

[0097] When the function of a gate electrode is imparted 
to a substrate as shoWn in FIG. 1, a highly doped silicon 
Wafer, a glass substrate on Which a metal of loW activity such 
as gold is evaporated, etc. can be used as a substrate on 
Which a polymer ?lm is formed. 

[0098] First, the Langmuir-Blodgett method, i.e., a 
method by Which a Langmuir-Blodgett ?lm (an LB ?lm) of 
a high molecular compound is formed Will be described. 

[0099] An LB ?lm is a ?lm Which is obtained by trans 
ferring a monomolecular ?lm developed on a Water surface 
onto a substrate, and it is possible to form a ?lm of a desired 
number of layers by repeating ?lm formation. 

[0100] The LB ?lm mentioned in the present invention 
includes a monomolecular cumulative ?lm of LB ?lm 
derivatives, the chemical structure of Which is changed, With 
a cumulative structure maintained, by subjecting an LB ?lm 
formed on a substrate to treatment, such as heat treatment. 

[0101] For example, a polyimide LB ?lm can be prepared 
by developing an alkylamine salt of polyamic acid on a 
Water surface, laminating ?lms by the LB method and then 
performing heating. 

[0102] It has been made clear by an infrared absorption 
analysis and the like that in a polyimide LB ?lm thus 
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prepared, polymer chains are oriented parallel to the draW 
ing-up direction of the substrate during LB ?lm preparation. 

[0103] Because of this structural anisotropy of the poly 
mer ?lm of the substrate surface, the substrate on Which the 
LB ?lm of a high molecular compound ensures that the 
tubular mesopores of a mesoporous ?lm formed on the 
substrate can be orientation controlled in one direction. 

[0104] This technique has been discovered also by the 
present inventors and described in the Japanese Patent 
Application Laid-Open No. 2001-058812. 

[0105] Subsequently, a description Will be given of a 
substrate on Which a high molecular compound ?lm sub 
jected to rubbing treatment is formed. 

[0106] This substrate on Which a high molecular com 
pound ?lm subjected to rubbing treatment is preferably used 
in preparing a mesoporous ?lm having oriented tubular 
mesopores used in the present invention. 

[0107] In rubbing treatment, a substrate is coated With a 
polymer by techniques such as spin coating and this coated 
substrate is rubbed With a cloth and the like in one direction. 

[0108] A rubbing cloth is Wound around a roller, and the 
roller Which is rotating is brought into contact With the 
substrate surface and rubbing is performed by moving a 
stage to Which the substrate is ?xed in one direction With 
respect to the roller. 

[0109] A rubbing cloth most suited to a polymer material 
Which is used is selected. HoWever, general cloths of nylon, 
rayon and the like can be used. 

[0110] The rubbing strength is optimiZed by parameters, 
such as the number of revolutions of a roller, the strength 
With Which the roller is pressed against a substrate, and the 
moving speed of a stage to Which the substrate is ?xed. 

[0111] For a high molecular compound Which is subjected 
to rubbing treatment, basically, materials are not limited so 
long as they can Withstand a forming process of a mesos 
tructure ?lm, Which Will be described layer, and permit the 
orientation control of pores in the mesostructure. Polyimide 
and the like are preferably used. 

[0112] TWo types of structural anisotropies are induced by 
rubbing treatment in a high molecular compound ?lm on the 
substrate surface. 

[0113] In one type, by strongly rubbing the surface of a 
polymer ?lm With a cloth, ?ne irregularities are formed on 
the surface. This irregular structure has high anisotropy 
because the surface is rubbed in one direction by use of a 
roller. 

[0114] In another type, a polymer compound is elongated 
While being heated by the heat generated during rubbing 
treatment to above its glass transition point. This causes the 
sequence anisotropy of polymer chains. 

[0115] The present inventors consider that the former type 
is induced in almost all high molecular compound ?lms by 
rubbing treatment, Whereas the latter type is induced under 
some conditions from a relative relationship betWeen the 
physical properties based on the structure of polymer chains 
and rubbing conditions. 
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[0116] Also in this substrate subjected to rubbing treat 
ment, because of the anisotropy of the structure of the 
surface, it is possible to perform the orientation control of 
the tubular mesopores in a mesoporous silica ?lm formed on 
the substrate in one direction. 

[0117] Also this technique has been discovered by the 
present inventors and described similarly in the Japanese 
Patent Application Laid-Open No. 2001-058812. 

[0118] Next, methods of preparing a thin ?lm of a meso 
structure on a substrate Will be described. 

[0119] Methods of preparing a mesostructure ?lm on a 
substrate are broadly divided into tWo methods. 

[0120] One is based on nonuniform nucleation-nucleus 
groWth from the inside of a solution to the surface of a 
substrate, and the other is a method called a solvent evapo 
ration method based on the sol-gel method. 

[0121] The former is described, for example, in “Chem 
istry of Material,” Vol. 14, pp. 766-772, and the latter is 
described, for example, in “Nature,” Vol. 389, pp. 364-368. 

[0122] First, a description Will be given of a method based 
on nonuniform nucleation-nucleus groWth from the inside of 
a solution to the surface of a substrate. 

[0123] This method is mainly used in the preparation of a 
mesoporous silica ?lm, and a thin ?lm of a mesostructure is 
prepared by using a method similar to crystal groWth. 

[0124] Under this method, by holding the above-described 
substrate in a precursor solution, Which is obtained by 
adding a substance Which becomes a raW material for the 
aimed pore Wall forming material, to an aqueous solution of 
a surfactant, a mesoporous ?lm is formed on the substrate. 

[0125] A reaction vessel used in the formation of a meso 
structure ?lm by this method has a construction as shoWn in 
FIG. 3, for example. 

[0126] Materials for the reaction vessel 31 are not espe 
cially limited so long as they have no effect on reactions, and 
materials such as polypropylene and Te?on (registered 
trademark) can be used. 

[0127] In order that the reaction vessel is not broken under 
pressure during reactions, the reaction vessel may some 
times be further contained in a closed vessel made of a 
material of high rigidity, such as stainless steel. 

[0128] In the reaction vessel, a substrate holder 33 is 
placed as shoWn in FIG. 3, for example, and a substrate 35 
is held by using this holder. 

[0129] During reactions, the formation of a mesostructure 
occurs not only on the substrate, but also in the solution. 
Therefore, precipitates in the solution accumulate on the 
substrate. 

[0130] In order to prevent this, during reactions the sub 
strate is held in the solution, With its surface on Which a ?lm 
is formed faced doWnWard. 

[0131] The reaction solution is a solution Which contains 
a surfactant and a substance Which becomes a raW material 

for the aimed inorganic material, such as alkoxide. 

[0132] According to the material Which forms pore Walls, 
an appropriate amount of an acid or the like, Which is a 
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hydrolysis reaction catalyst of raW materials for inorganic 
components, may sometimes be added. 

[0133] When alkoxide is used, those in Which alcohols 
formed as a result of hydrolysis are soluble in Water are 
preferably used. 

[0134] For example, When pore Walls are made of silica, 
the reaction solution is adjusted by adding tetraethoxysilane 
or tetramethoxysilane to an acidic aqueous solution of a 
surfactant. 

[0135] A surfactant to be used is appropriately selected 
according to a method of introducing a conjugated high 
molecular compound into pores. 

[0136] As Will be described later in detail, When a method 
of introducing a conjugated high molecular compound into 
holloW pores after the removal of a surfactant in the pores is 
adopted, it is possible to use a broad range of surfactants, 
such as a cationic surfactant, for example, quaternary alkyl 
ammonium, and a nonionic surfactant containing polyeth 
ylene oxide as a hydrophilic group, and surfactants are not 
especially limited. 

[0137] The length of the molecules of the surfactant to be 
used is determined according to the pore diameter of the 
aimed mesostructure, and additives such as mesitylene may 
be added in order to increase the diameter of the surfactant 
micelles. 

[0138] On the other hand, in a case Where a conjugated 
high molecular compound is formed by directly performing 
a polymerizing reaction by use of a surfactant having a 
polymerizing part, a surfactant Which has a polymerizing 
part, a suitable hydrophoric group and a suitable hydrophilic 
group is used after it is designed and synthesized to suit the 
aimed pore structure. 

[0139] Also in the latter case, it is possible to make a Wide 
selection of structures of a polymerizing part and structures 
of a hydrophilic group Which are to be used. 

[0140] For the acid to be used, it is possible to use general 
acids, such as hydrochloric acid and nitric acid. 

[0141] The shape and structure of a ?lm Which precipitates 
on a substrate are not only greatly affected by the concen 
trations of a surfactant, an acid and raW materials for 
inorganic components, but also in?uenced by the properties 
of the substrate surface. 

[0142] Therefore, it is necessary to perform ?lm formation 
by optimizing the composition of a reaction solution accord 
ing to the substrate to be used. 

[0143] Under such conditions a mesoporous material can 
be deposited on the substrate. 

[0144] Temperatures at Which a mesoporous material is 
deposited are not especially restricted, and they are selected 
in the temperature range of room temperature to 100° C. or 
so. 

[0145] The reaction time is several hours to several 
months, and there is a tendency that the longer the time, the 
larger the thickness of a mesoporous ?lm Which is obtained. 

[0146] A mesoporous ?lm thus formed on the substrate is 
naturally dries in the air after it is cleaned With pure Water, 
Whereby a ?nal ?lm is obtained. 
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[0147] By removing surfactant micelles of a template from 
a mesoporous ?lm fabricated as described above, it is 
possible to prepare a mesoporous ?lm having hollow pores. 

[0148] General methods can be used to remove a surfac 
tant, and are selected from among baking, oxidation and 
decomposition by ozone formed by irradiation With ultra 
violet light, extraction by a solvent, extraction by a ?uid in 
a supercritical condition and the like. 

[0149] For example, in the case of mesoporous silica, it is 
possible to completely remove a surfactant With hardly 
destructing the mesostructure by baking mesoporous silica 
in the air at 550° C. for ten hours. 

[0150] It is preferred that the baking temperature and time 
be optimized by a material Which forms pore Walls and a 
surfactant Which is used. 

[0151] When a high molecular compound is prepared on 
the surface of a substrate in order to perform the orientation 
control of pores, a polymer ?lm for orientation control 
Which is present betWeen a mesoporous ?lm and the sub 
strate is also removed by baking, With the result that the 
structure is such that the mesoporous ?lm Which has been 
orientation controlled is formed directly on the substrate. 

[0152] When means of extraction by a solvent and the like 
are used, it is possible to form a mesoporous ?lm on a 
substrate of a material Which cannot Withstand baking 
although 100% removal of a surfactant is difficult. 

[0153] The removal of a surfactant is a step Which is 
necessary only When a conjugated high molecular com 
pound is introduced into pores after the removal of a 
surfactant from the pores, and this step is of course unnec 
essary When a mesoporous ?lm is prepared by using a 
polymerizing surfactant, Which is polymerized in pores. 

[0154] Next, a ?lm formation by the solvent evaporation 
method Will be described. 

[0155] In the solvent evaporation method, an aqueous 
solution, an organic solution or an organic solvent/Water 
mixed solution, Which contains a surfactant having concen 
trations Which are not more than a critical micelle concen 

tration and a precursor of an inorganic substance forming 
pore Walls, is applied to a substrate by spin coating, dip 
coating, mist coating and the like. Amesostructure is formed 
With an increase in the concentration of the surfactant due to 
the drying of the solvent during coating. 

[0156] Alcohols and the like are used as the organic 
solvent. 

[0157] This method has the advantages that constraints to 
substrate materials are small because of relatively gentle 
reaction conditions, that the ?lm preparation in a short time 
is possible and the like. 

[0158] As a device for performing spin coating and dip 
coating, general ones can be used and there is no restriction. 
In some cases, hoWever, means for controlling the tempera 
ture of a solution, means for controlling the temperature and 
humidity at Which coating is performed may be provided. 

[0159] A description Will be given of a method of prepar 
ing a mesoporous ?lm by use of dip coating, for example. 

[0160] An example of a device used in dip coating is 
schematically shoWn in FIG. 4. 

Dec. 7, 2006 

[0161] In FIG. 4, the reference numeral 41 denotes a 
vessel, the reference numeral 42 denotes a substrate, and the 
reference numeral 43 denotes a precursor solution. 

[0162] The precursor solution 43 is an aqueous solution, 
an organic solution or a mixed solution of an organic 
solution and Water, Which contains a surfactant having 
concentrations Which are not more than a critical micelle 
concentration and a precursor of inorganic components, and 
in some cases, an acid or the like Which acts as a hydrolysis 
and polycondensation catalyst may be added. 

[0163] For example, a solution Which is used in preparing 
mesoporous silica ?lm, is obtained by dissolving a surfac 
tant in an alcohol/Water mixed solvent and adding an acid 
Which is a hydrolysis catalyst to the solvent. 

[0164] As in the preparation method by nonuniform nucle 
ation-nucleus groWth, a surfactant to be used is appropri 
ately selected according to a method of introducing a 
conjugated high molecular compound into pores. 

[0165] As Will be described later in detail, When a method 
of introducing a conjugated high molecular compound into 
holloW pores after the removal of a surfactant in the pores is 
adopted, it is possible to use a broad range of surfactants, 
such as a cationic surfactant, for example, quaternary alkyl 
ammonium, and a nonionic surfactant containing polyeth 
ylene oxide as a hydrophilic group, and surfactants are not 
especially limited. 

[0166] The length of the molecules of the surfactant to be 
used is determined according to the pore diameter of the 
aimed mesostructure, and additives such as mesitylene may 
be added in order to increase the diameter of the surfactant 
micelles. 

[0167] On the other hand, in a case Where a conjugated 
high molecular compound is formed by directly performing 
a polymerizing reaction by use of a surfactant having a 
polymerizing part, a surfactant Which has a polymerizing 
part, a suitable hydrophoric group and a suitable hydrophilic 
group is used after it is designed and synthesized to suit the 
aimed pore structure. 

[0168] Also in the latter case, it is possible to make a Wide 
selection of structures of a polymerizing part and structures 
of a hydrophilic group Which are to be used. 

[0169] For the acid to be used, it is possible to use general 
acids, such as hydrochloric acid and nitric acid. 

[0170] The substrate 42 on Which a mesoporous ?lm is to 
be prepared is ?xed to a rod 45 by use of a holder 44 and 
moved up and doWn by use of a z-stage 46. 

[0171] During ?lm formation, the reaction solution 43 is 
controlled to a desired temperature by using a heater 48 and 
a thermocouple 47 as required. 

[0172] In order to improve the controllability of the solu 
tion temperature, the Whole vessel may sometimes be put in 
a heat insulating vessel Which is not shoWn in the ?gure. 

[0173] It is preferred that the substrate to Which the 
reaction solution has been applied be dried in a device Which 
permits the control of temperature and humidity. 

[0174] Aging may sometimes be performed in a high 
humidity atmosphere after the drying step. 
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[0175] In addition to dip coating and spin coating, the 
pen-lithography method and the ink jet method described in 
“Nature,” Vol. 405, p. 56 are also effective methods of 
preparing a mesoporous ?lm based on the solvent evapora 
tion method. 

[0176] If these methods are used, it is possible to pattern 
a mesoporous ?lm in desired places on a substrate. 

[0177] In the pen-lithography method, a reaction solution 
is used as if it Were ink, and the solution is applied from a 
pen tip to draW lines. By changing the pen shape, the moving 
speed of the pen and substrate, the ?uid supply speed to the 
pen and the like, it is possible to freely change the line Width 
and at present, it is possible to draW With line Widths from 
the order of pm to the order of mm. 

[0178] It is possible to draW arbitrary patterns of straight 
lines, curved lines and the like, planar patterning is also 
possible if it is ensured that the spreads of the reaction 
solution applied to the substrate overlap each other. 

[0179] When discontinuous dot-like patterns are to be 
draWn, the ink jet method is more effective. 

[0180] In this method, a reaction solution is used as if it 
Were ink, and a given amount of the solution is discharged 
as liquid drops from an ink jet nozzle and applied. 

[0181] If the reaction solution is applied in such a manner 
that the spreads of the reaction solution Which reaches the 
substrate overlap each other, both linear patterning and 
planar patterning are possible. 

[0182] Also in the case of a mesostructure ?lm prepared 
by this solvent evaporation method, in the same manner as 
With a ?lm prepared by nonuniform nucleation-nucleus 
groWth, it is possible to prepare a mesoporous ?lm having 
holloW pores by removing a surfactant from inside pores. 

[0183] The removal of a surfactant is a step Which is 
necessary only When a conjugated high molecular com 
pound is introduced into pores after the removal of a 
surfactant from the pores, and this step is of course unnec 
essary When a mesoporous ?lm is prepared by using a 
polymerizing surfactant, Which is polymerized in pores. 

[0184] When the formation of a mesoporous ?lm is per 
formed by the above-described methods by use of a sub 
strate having structural anisotropy on the surface as 
described above, it is possible to form an oriented mesopo 
rous ?lm in Which the direction of pores is controlled in one 
direction by the anisotropy of the substrate. 

[0185] The pore structure of a mesoporous ?lm of the 
present invention can be evaluated under a transmission 
electron microscope and by an X-ray diffraction analysis. 

[0186] HoWever, in the case of a mesoporous ?lm of the 
present invention, tubular mesopores are formed parallel to 
the substrate and, therefore, it is necessary to use an in-plane 
X-ray diffraction analysis When orientations in the plane are 
to be evaluated. 

[0187] When a mesoporous ?lm having uniaxially-ori 
ented tubular mesopores of the present invention is evalu 
ated by in-plane X-ray diffraction, tWo diffraction peaks are 
observed at intervals of 180° in an in-plane rocking curve. 

[0188] In a mesoporous ?lm of the present invention, the 
orientation direction of pores is governed by the direction of 
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anisotropy of a substrate, and the pores are often oriented, 
for example, in a direction perpendicular to the direction of 
rubbing treatment or the draWing-up direction of the sub 
strate during LB ?lm formation. 

[0189] HoWever, in some structures of a high molecular 
compound on the substrate or in some surfactants to be used, 
the pores may be oriented in a direction reverse to this 
direction, i.e., in a direction parallel to the direction of 
rubbing treatment or the draWing-up direction of the sub 
strate during LB ?lm formation. 

[0190] A mesoporous ?lm prepared in the present inven 
tion is characterized by having substantially uniform meso 
pores. 

[0191] The size of pores and pore diameter distribution 
can be found from measurement results of an isothermal 
adsorption curve of nitrogen gas and the like. 

[0192] In a mesoporous ?lm of the present invention, the 
pore diameter distribution found from measurement results 
of an isothermal adsorption curve of nitrogen gas and the 
like by the Barrett-Joyner-Halenda (BJH) method has a 
single peak in the range of 2 nm to 50 nm, and in the found 
pore diameter distribution, not less than 60% of pores are 
included in a pore diameter range having a Width of 10 nm. 

[0193] As materials for pore Walls of a mesoporous ?lm 
used in the present invention, those containing oxides of 
silicon are preferably used. 

[0194] Furthermore, silica and hybrid materials of silica 
and organic substances are preferably used. 

[0195] Subsequently, a description Will be given of meth 
ods of fabricating a structure in Which a conjugated high 
molecular compound is held in pores of a mesoporous silica 
?lm prepared as described above. 

[0196] The methods are broadly divided into tWo catego 
ries as Will be described beloW. 

[0197] HoWever, methods other than these can be applied 
so long as they can form a structure in Which a conjugated 
high molecular compound is held in pores. 

[0198] For example, there is a method by Which after a 
catalyst is carried Within pores, a conjugated high molecular 
compound is polymerized in the pores. 

[0199] In the ?rst method, by causing heat or a polymer 
ization initiator to act on a mesoporous ?lm having uniaxi 
ally-oriented mesopores fabricated by use of a surfactant 
having a polymerizing part, a structure in Which the surfac 
tant is polymerized is made. 

[0200] An optimum polymerization method is selected 
according to a polymerizing part of a surfactant to be used. 

[0201] The polymerizing part of a surfactant used in this 
case is not especially restricted so long as it forms conju 
gated polymer chains by polymerization, and a diacethylene 
part, a pyrrole part, a thiophene part and the like can be 
enumerated as examples. HoWever, the polymerizing part is 
not limited to them. 

[0202] The hydrophilic group part is not especially 
restricted, and for example, a quaternary alkyl ammonium 
part, a polyethylene oxide part and the like can be used. 
HoWever, the hydrophilic group part is not limited to them. 
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[0203] Generally, an alkyl group is used in the hydro 
phoric group. 

[0204] In this method, a conjugated high molecular com 
pound is immediately formed in pores by performing a 
polymeriZation reaction by use of an optimum technique. 

[0205] In the second method, a mesoporous silica ?lm 
having uniaxially-oriented tubular mesopores is prepared by 
use of a general surfactant and a conjugated high molecular 
compound is introduced into holloW mesopores of the 
mesoporous silica ?lm formed by removing the surfactant 
from the pores. 

[0206] For an example in Which a conjugated polymer is 
introduced into pores of a mesoporous silica ?lm, in Which 
the orientation direction in the plane is controlled in one 
direction, there is a study by the present inventors, the 
contents of Which are described in “Joumal of the American 
Chemical Society,” Vol. 126, pp. 4476-4477. 

[0207] In this study, it is clearly shoWn that conjugated 
polymer chains are highly orientation controlled by intro 
ducing a conjugated high molecular compound into meso 
pores, Which are controlled in one direction. 

[0208] When a conjugated high molecular compound is 
introduced by this method, it is preferred that ?rst, the inner 
surfaces of pores are subjected to hydrophobiciZing treat 
ment. 

[0209] By making the interior of pores hydrophobic, the 
introduction of a conjugated high molecular compound into 
pores tends to become remarkably improved. 

[0210] For example, by treating a ?lm With phenyldim 
ethy-chlorosilane or l,1,l,3,3,3-hexamethyl-disilaZan, an 
organic substance is bonded to a silanol group in pores, 
Whereby it is possible to ef?ciently hydrophobiciZe the 
interior of the pores. 

[0211] HoWever, substances used for the hydrophobiciZ 
ing treatment of the interior of pores are not limited to them, 
and those other than the silane coupling agents can be used 
if similar effects can be obtained. 

[0212] Concretely, the treatment of pore surfaces refers to 
such treatment that a mesoporous silica ?lm is immersed in 
an aimed silane coupling agent. HoWever, the method of 
modi?cation is not limited to this, and for example, a method 
by Which a reaction is caused in a gaseous phase is also 
applicable. 

[0213] When a coupling reaction is performed, a sub 
stance Which acts as a catalyst for the reaction may be added. 

[0214] The catalyst to be added is, for example, trimeth 
ylsilane. 

[0215] Subsequently to the hydrophobiciZing treatment of 
the interior of pores, a conjugated high molecular compound 
is introduced into the pores. 

[0216] It is possible to use various conjugated polymers. 

[0217] For example, it is possible to use those having a 
polyphenylene vynilene skeleton, those having a poly 
thiophene skeleton, those having a polypyrrole skeleton, 
those having a poly?uorene skeleton and the like. HoWever, 
conjugated polymers are not limited to them. 
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[0218] As methods of introducing a conjugated high 
molecular compound into pores, it is possible to adopt 
several methods, such as a method by Which the above 
described mesoporous silica ?lm having a pore structure 
Which is orientation controlled is immersed in a solution of 
a conjugated high molecular compound, and a method by 
Which a conjugated polymer solution is caused to drop onto 
a substrate and heated. 

[0219] In the present invention, any method may be used 
so long as it can introduce a conjugated high molecular 
compound into pores. 

[0220] In a case Where a conjugated high molecular com 
pound is introduced into pores by bringing the conjugated 
high molecular compound into contact With a solution of a 
polymer solution, an excessive conjugated high molecular 
material adheres to the outer surface of a ?lm. Therefore, a 
process of removing this excessive conjugated high molecu 
lar material is performed. 

[0221] By performing the above-described steps, it is 
possible to prepare a mesoporous silica ?lm having tubular 
mesopores, Which are uniaxially oriented and hold a conju 
gated high molecular compound in the pores, on a substrate. 

[0222] The formation of a conjugated high molecular 
compound and the veri?cation of orientation can be per 
formed, for example, by the polariZed light measurement in 
an ultraviolet to visible ray absorption analysis. 

[0223] Next, a thin ?lm of the present invention is pat 
terned in order to make the structure of an element of the 
present invention. 

[0224] Although the step of ?lm patterning is described 
here after the preparation of a ?lm having oriented conju 
gated molecular chains, the order of the process is not 
limited to this. For example, it is possible to adopt such an 
order that a mesoporous ?lm is patterned by the folloWing 
step, With a surfactant held Within pores, and after that, a step 
of holding the above-described conjugated high molecular 
compound is performed. 

[0225] In a case Where in the solvent evaporation method, 
a pattern is formed beforehand by using the pen-lithography 
method and the ink jet method, the folloWing patterning 
process is not alWays necessary. 

[0226] A general method can be used in the patterning of 
a mesoporous ?lm. 

[0227] That is, a desired pattern can be formed by usual 
photolithography. 
[0228] Concretely, a photoresist is applied to a ?lm and 
exposure is performed by using a photomask for forming a 
desired ?lm shape. 

[0229] Next, after the development of the resist, the meso 
porous ?lm is patterned by etching. 

[0230] For example, in the case of a mesoporous silica 
?lm, it is possible to perform etching by using HFiNH4F 
(buffered hydro?uoric acid). 
[0231] Lastly, a patterned mesoporous ?lm is obtained by 
removing the resist. 

[0232] Next, tWo counter electrodes are prepared so that a 
magnetic ?eld is applied to this patterned mesoporous ?lm 
having oriented tubular mesopores in the direction of the 
pores. 
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[0233] The arrangement is as shown in FIGS. 1 and 2. 

[0234] Also in the preparation of the electrodes, a general 
lithography method can be used. 

[0235] In the above-described patterning process, the most 
frequently used method is such that With the resist not 
removed last, an electrode material is evaporated and after 
that, the evaporated metal is removed by a lift-off technique 
along With the above-described resist. 

[0236] When a substrate having an electrically conductive 
part has also the function of the gate electrode as shoWn in 
FIG. 1, an electronic element of the present invention can be 
fabricated by the above-described process. 

[0237] In the present invention, the conjugated polymer 
chains Within a ?lm are electrically insulated by the pore 
Walls of silica from the gate electrode. HoWever, as required, 
an insulating ?lm may be separately formed. 

[0238] When a gate electrode is formed in ?lm form as 
shoWn in FIG. 2, an additional process for preparing the gate 
electrode is necessary. 

[0239] Also this gate electrode can be formed by using a 
general photolithography technique or a processing device 
Which uses the focused ion beam process and the like. 

[0240] Also in this case, because a conjugated high 
molecular compound is covered With insulating pore Walls, 
an electrode material can be directly formed. 

[0241] The electronic element of the structure shoWn in 
FIG. 2 can be fabricated by the above-described process. 

[0242] When a voltage is applied to across electrodes 
formed at both ends of an oriented mesoporous ?lm of this 
element, Which holds a conjugated high molecular com 
pound in the pores, and an electric current observed is 
measured by changing the voltage applied to the gate 
electrode, a reversibly changing condition of the current 
?oWing across the tWo electrodes is observed as the potential 
in the gate electrode changes and it is ascertained that the 
electronic element of the present invention functions as a 
?eld-effect transistor. 

[0243] The present invention Will be described in further 
detail by using embodiments. HoWever, the present inven 
tion is not limited by the contents of the embodiments. 

Embodiment l 

[0244] This embodiment is an example in Which an elec 
tronic element schematically shoWn in FIG. 1 is fabricated 
by forming a mesoporous silica ?lm having oriented tubular 
mesopores on a highly doped silicon substrate Which is 
coated With polyimide subjected to rubbing treatment and by 
introducing polyhexyl thiophene into pores Which have been 
made holloW by baking. 

[0245] An NMP solution of polyamic acid A Was applied 
to a clean p type silicon (100) substrate having resistivity of 
0.01 Qcm and baked at 200° C. for 1 hour, Whereby 
polyimide Ahaving the folloWing structure Was formed. The 
?lm thickness of the polyimide A is 100 nm. 
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[0246] The polyimide Was subjected to rubbing treatment 
under the conditions shoWn in Table l and used as the 
substrate. 

0:0 0:0 

TABLE 1 

Rubbing conditions for polyimide A 

Cloth material Nylon 

Roller diameter (mm) 24 
Pressing depth (mm) 0.4 
Number of revolutions (rpm) 1000 
Stage speed (mm/min) 600 
Number of repetitions 2 

[0247] A mesoporous silica ?lm is formed on this sub 
strate. 

[0248] The surfactant used in this embodiment is poly 
oxyethylene-lO-cetyl ethyl (abbreviated as Cl6EOlO, trade 
name: Brij56), Which is a nonionic surfactant. 

[0249] After this surfactant Was dissolved in pure Water, 
hydrochloric acid and tetraethoxysilane Were added so that 
the mole ratio of each component in a ?nal solution became 

as folloWs: TEOS:H2O:HCl:C16EO1O=0.l0:l00:3.0:0.l0. 

[0250] The substrate coated With the above-described rub 
bing treated polyimide Was held in this solution, With the 
substrate surface facing doWnWard, at 80° C. for three days, 
and a mesoporous silica ?lm Was prepared. 

[0251] The substrate taken out of the reaction solution Was 
thoroughly cleaned With pure Water and then air dried. 

[0252] Upon the substrate, a transparent ?lm Was formed 
and a uniform interference color Was observed. 

[0253] This ?lm Was measured by an X-ray diffraction 
analysis and as a result, it Was ascertained that the ?lm has 
a 5.1 nm cyclic structure in the direction of the ?lm 
thickness. 

[0254] A section of this ?lm Was observed under a trans 
mission electron microscope and as a result, it became 
apparent that in this ?lm, tubular mesopores have a honey 
comb packing structure. 

[0255] Next, an in-plane X-ray diffraction analysis of this 
?lm Was tried. 

[0256] As a result, it Was con?rmed that the ?lm has a 7.4 
nm cyclic structure in the plane. 

[0257] For the structure Which gives this diffraction peak, 
an in-plane rocking curve Was measured in order to inves 
tigate an orientation distribution in the plane. 
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[0258] As a result, tWo diffraction peaks at intervals of 
180° Were observed. It became apparent from this result that 
in the mesoporous silica ?lm prepared in this embodiment, 
tubular pores are oriented in one direction. 

[0259] The orientation direction Was perpendicular to the 
direction of rubbing treatment. 

[0260] The uniaxial orientation of the tubular mesopores 
Was ascertained also by use of a transmission electron 
microscope, and it Was ascertained that the pores are com 
pletely orientation controlled throughout the ?lm With 
respect to the ?lm thickness direction. 

[0261] Next, this ?lm Was patterned. The patterning siZe is 
a rectangle 3 pm in Width><200 pm in length. 

[0262] First, a positive resist AZ-l500 Was applied to the 
?lm under prescribed conditions, With the surfactant held in 
the pores, and exposure Was performed by use of a photo 
mask made in order to form a pattern of the above-described 
size. 

[0263] The photoresist Was developed and a resist pattern 
Was prepared on the ?lm. 

[0264] As a result of an observation under an optical 
microscope, it Was found that the same resist pattern as the 
pattern of the photomask had been formed on the ?lm. 

[0265] This resist pattern is schematically shoWn in FIG. 
5B. 

[0266] Next, the etching of the mesoporous silica ?lm Was 
performed by using this resist pattern as a mask (FIG. SC). 

[0267] The etching Was performed by using a buffer 
solution of hydro?uoric acid (NH4F+HF; HF:NH4F=l:5). 

[0268] It Was ascertained that the mesoporous silica ?lm is 
completely removed by etching for 30 seconds. 

[0269] After the buffer solution of hydro?uoric acid Was 
thoroughly cleaned and removed, this ?lm Was dried at 60° 
C. and an electrode metal Was evaporated on the Whole 
surface by the sputtering method (FIG. 5D). 

[0270] In the evaporation step of the electrode metal, 
titanium is ?rst evaporated in a ?lm thickness of 5 nm and 
platinum is then evaporated in a ?lm thickness of 300 nm. 

[0271] After the completion of the evaporation of the 
electrode, the photoresist and the electrode material formed 
thereon Were removed by a lift-off technique (FIG. SE). 

[0272] Because in this condition the surfactant is held in 
the pores, it is necessary to remove the surfactant before the 
introduction of a conjugated high molecular compound. 

[0273] For this purpose, the ?lm after the patterning Was 
baked at 500° C. for ?ve hours. 

[0274] In this step, the polyimide ?lm on the substrate is 
removed and a silicon oxide ?lm Which functions as a gate 
insulating ?lm is formed on the silicon substrate. 

[0275] The mesoporous silica ?lm Was patterned With a 
desired siZe as described above. 

[0276] It Was ascertained by an X-ray diffraction analysis 
that also after this patterning process, the structural regular 
ity of mesoporous silica is maintained. 
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[0277] In order to obtain information on the pore diameter 
of this ?lm, the ?lm Was baked, the surfactant Was removed 
from the interior of the pores, and an adsorption isothermal 
curve of nitrogen gas Was measured. 

[0278] As a result, the adsorption shoWed a type IV 
behavior. 

[0279] This result Was analyZed by the Barrett-Joyner 
Halenda (BJH) method and it Was found that the pore 
diameter distribution of the mesoporous silica ?lm prepared 
in this embodiment is a narroW distribution having a single 
peak at 3.2 nm and that not less than 80% of the pores are 
in a 10 nm distribution. 

[0280] This can be ascertained also in a mesoporous ?lm 
Which is not patterned. 

[0281] This mesoporous silica ?lm for Which a holloW 
pore structure has been made by baking is ?rst subjected to 
silane coupling treatment, Whereby the surfaces of the pores 
are hydrophobiciZed. 

[0282] Concretely, the ?lm immediately after the baking 
Was immersed in a mixture of trimethy-chlorosilane and 
l,l,l,3,3,3- hexamethyl-disilaZan at a ratio of 1:1 for 2 
hours, cleaned With ethanol to remove an excessive silane 
coupling agent, and then dried. 

[0283] Subsequently to this, a conjugated high molecular 
compound is introduced into the pores. 

[0284] The conjugated high molecular compound intro 
duced in this embodiment is 9.9-dioctyl?uorene-co 
bithiophene, Which is knoWn as F8T2. 

[0285] Then 0.3 g of F8T2 Was dissolved in 10 ml of 
chlorobenZene, and the above-described oriented mesopo 
rous silica ?lm Was held in this solution at 80° C. for 3 days. 

[0286] After that, the mesoporous silica ?lm Was taken out 
of the solution and excessive F8T2 adhering to the external 
surface Was cleaned With chloroform and removed, and the 
mesoporous silica ?lm Was dried at room temperature. 

[0287] F8T2 could be introduced into the pores by the 
process described above. 

[0288] This can be ascertained by measuring the polariZed 
absorption spectrum of the ?lm after the introduction of 
F8T2 in the re?ection/transmission mode. 

[0289] That is, the F8T2 Which is held in the oriented 
pores shoWs a strong absorption-polarization dependence, 
and absorption derived from the conjugated high molecular 
compound Was observed only When the direction of polar 
iZation Was parallel to the orientation direction of the pores. 

[0290] This shoWs that the molecular chains of the con 
jugated high molecular compound are orientation controlled 
in one direction by the pores of high anisotropy. 

[0291] An element of the structure schematically shoWn in 
FIG. 1 Was fabricated by the process described above. 

[0292] In this element, by applying a voltage across elec 
trodes formed at both ends of the ?lm, a current ?oWing 
across the electrodes Was measured, With a voltage applied 
to the substrate functioning as the gate electrode being 
changed. 
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[0293] As a result, the current across the electrodes Was 
observed to behave so as to increase With increasing voltage 
Which is applied to the substrate, and it Was ascertained that 
the electronic element fabricated in this embodiment func 
tions as a ?eld-effect transistor. 

Embodiment 2 

[0294] This embodiment is an example in Which as With 
Embodiment l, by use of a substrate Which is coated With a 
polyimide ?lm subjected to rubbing treated, a mesoporous 
silica ?lm, the pore direction of Which is orientation con 
trolled in one direction on the substrate, is prepared by dip 
coating based on the sol-gel method and after the introduc 
tion of polyhexyl thiophene into the pores, each electrode for 
the source, drain and gate is formed by the focused ion beam 
(FIB) process and a ?eld-effect transistor is fabricated. 

[0295] Polyamic acid A, Which is the same precursor 
solution of polyimide A as used in Embodiment l, is applied 
to a quartz glass substrate Which has been thoroughly 
cleaned With acetone, isopropyl alcohol and pure Water and 
the surface of Which has been UV/oZone treated, and a 
polyimide ?lm Was formed by the same heat treatment as in 
Embodiment l. 

[0296] This substrate Was subjected to rubbing treatment 
by use of the same apparatus as With Embodiment 1 under 
the same conditions as in Embodiment, and used as the 
substrate for preparing a mesoporous silica ?lm. 

[0297] A mesoporous silica ?lm is formed on this sub 
strate by the dip coating method. 

[0298] Also in this embodiment, Cl6EOlO, the same sur 
factant as in Embodiment 1, Was used in preparing the 
mesoporous silica ?lm. 

[0299] The composition of the precursor solution Which 
Was used Was adjusted so as to obtain: C16EO1O 0.08:TEOS 

1.0:EtOH 22:H2O5:HCl 0.004. 

[0300] The above-described substrate Was immersed in 
this precursor solution and draWn up at a speed of 3 mm/ sec. 

[0301] This ?lm Was held in an atmosphere of 400 C. to 
50% for 24 hours and a mesoporous silica ?lm Which holds 
the surfactant in pores Was prepared. 

[0302] A uniform ?lm Was formed on the substrate and a 
uniform interference color Was observed. 

[0303] This ?lm Was measured by an X-ray diffraction 
analysis and as a result, it Was ascertained that the ?lm has 
a 4.6 nm cyclic structure in the direction of the ?lm 
thickness. 

[0304] A section of this ?lm Was observed under a trans 
mission electron microscope and as a result, it became 
apparent that in this ?lm, tubular mesopores have a honey 
comb packing structure. 

[0305] An in-plane X-ray diffraction analysis of this ?lm 
Was tried. As a result, it Was con?rmed that the ?lm has a 7.2 
nm cyclic structure in the plane. 

[0306] For the structure Which gives this diffraction peak, 
an in-plane rocking curve Was measured in order to inves 
tigate an orientation distribution in the plane. 
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[0307] As a result, tWo diffraction peaks at intervals of 
1800 Were observed. It became apparent from this result that 
in the mesoporous silica ?lm prepared in this embodiment, 
tubular pores are oriented in one direction. 

[0308] The half-Width of the peaks of the in-plane rocking 
curve Was smaller than in the ?lm prepared in Embodiment 
l and it became apparent that the orientation distribution in 
the plane is narroW. 

[0309] The orientation direction Was perpendicular to the 
direction of rubbing treatment, and this is the same as in the 
case of the mesoporous silica ?lm of Embodiment l. 

[0310] The uniaxial orientation of the tubular mesopores 
Was ascertained also by use of a transmission electron 
microscope, and it Was ascertained that the pores are com 
pletely orientation controlled throughout the ?lm With 
respect to the ?lm thickness direction. 

[0311] In order to obtain information on the pore diameter 
of this ?lm, the ?lm Was baked at 500° C. for six hours, the 
surfactant Was removed from inside the pores, and an 
adsorption isothermal curve of nitrogen gas Was measured. 

[0312] As a result, the adsorption shoWed a type IV 
behavior. 

[0313] This result Was analyZed by the BJH method and it 
Was found that the pore diameter distribution of the meso 
porous silica ?lm prepared in this embodiment is a narroW 
distribution having a single peak at 3.0 nm and that not less 
than 80% of the pores are in a 10 nm distribution. 

[0314] It has been ascertained that in this ?lm, the pore 
structure in the plane does not change although the shrink 
age of the structure occurs in the ?lm thickness direction due 
to baking. 

[0315] The degree of shrinkage in the in-plane direction 
Was greater than With the ?lm prepared in Embodiment l. 

[0316] Subsequently, this ?lm Was treated With a silane 
coupling agent under the same conditions as described in 
Embodiment l and the inner Walls of the pores Were 
hydrophobiciZed. 

[0317] Next, poly-3-hexylthiophene, Which is a conju 
gated high molecular compound, is introduced into the pores 
of the oriented mesoporous silica Which has been hydro 
phobiciZed. 

[0318] Then 0.3 g of poly-3 -hexylthiophene Was dissolved 
in 10 ml of chlorobenZene, and the above-described oriented 
mesoporous silica ?lm Was held in this solution at 80° C. for 
3 days. 

[0319] After that, the mesoporous silica ?lm Was taken out 
of the solution and excessive poly-3 -hexylthiophene adher 
ing to the external surface Was cleaned With chloroform and 
removed, and the mesoporous silica ?lm Was dried at room 
temperature. 

[0320] Although the mesoporous silica ?lm after the intro 
duction of poly-3-hexylthiophene Was colored in dark 
purple, the transparency and the like of the ?lm Was main 
tained. 

[0321] Poly-3-hexylthiophene could be introduced into 
the oriented mesoporous silica pores prepared by dip coating 
in this embodiment by the process described above. 
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[0322] This can be ascertained by measuring the polarized 
absorption spectrum of the ?lm after the introduction of 
poly-3-hexylthiophene. 
[0323] That is, the poly-3 -hexylthiophene Which is held in 
the oriented pores shoWs a strong absorption-polarization 
dependence, and absorption derived from the conjugated 
high molecular compound Was observed only When the 
direction of polarization Was parallel to the orientation 
direction of the pores. 

[0324] This shoWs that the molecular chains of the con 
jugated high molecular compound are orientation controlled 
in one direction by the pores of high anisotropy. 

[0325] Next, this ?lm Was patterned With the same shape 
as in Embodiment l by the same method described in 
Embodiment 1 (FIGS. 6A to 6C). 

[0326] In this embodiment, hoWever, the photoresist Was 
removed after the removal of the mesoporous silica ?lm by 
etching (FIG. 6D). 
[0327] Subsequently to this, an electrode material Was 
formed on the Whole surface of the element as shoWn in 
FIG. 6E 

[0328] The ?lm formation of the electrode material Was 
performed by the sputtering method, and platinum Was 
evaporated in a ?lm thickness of 300 nm after the evapo 
ration of titanium in a ?lm thickness of 5 nm. 

[0329] Lastly, as shoWn in FIG. 6F, in order to separate 
electrodes performing the functions of the gate, source and 
drain, processing Was performed by using the focused ion 
beam (FIB) process. 

[0330] In this case, the poly-3-hexylthiophene in the 
mesoporous silica pores is electrically separated from the 
gate electrode by the insulating pore Walls of mesoporous 
silica and, therefore, it is unnecessary to provide a gate 
insulating ?lm. HoWever, an insulating ?lm Which is not 
shoWn in the ?gure may be formed. 

[0331] The element of the structure schematically shoWn 
in FIG. 2 Was fabricated by the process described above. 

[0332] In this element, by applying a voltage across elec 
trodes formed at both ends of the ?lm, a current ?oWing 
across the electrodes Was measured, With a voltage applied 
to the gate electrode being changed. 

[0333] As a result, the current across the electrodes Was 
observed to behave so as to increase With increasing voltage 
Which is applied to the gate electrode, and it Was ascertained 
that the electronic element fabricated in this embodiment 
functions as a ?eld-elfect transistor. 

Embodiment 3 

[0334] This embodiment is an example in Which, by use of 
a surfactant having a polymerizing part, a mesoporous silica 
?lm having uniaxially oriented tubular mesopores is pre 
pared on a loW-resistivity silicon substrate used in Embodi 
ment 1, on Which a polyimide ?lm subjected to rubbing 
treated is formed, an oriented conjugated high molecular 
compound is prepared in pores by the polymerization of the 
surfactant in the pores, after that, this ?lm is patterned and 
electrodes are formed, Whereby an electronic element of the 
structure shoWn in FIG. 2 is fabricated. 
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[0335] First, in the same procedure as in Embodiment l, a 
?lm of polyimide A Was formed on the substrate and 
subjected to rubbing treatment under the same conditions as 
in Embodiment l. 

[0336] A surfactant having a diacetylene part of the struc 
ture C11H234CEC4CECH2iN"(CH3)3 as a polymeriz 
able part Was synthesized, and an oriented mesoporous silica 
?lm Was prepared by using this surfactant in a template. 

[0337] The preparation of the mesoporous silica ?lm Was 
performed by the method based on nonuniform nucleation 
nucleus groWth as in Embodiment l. 

[0338] After the above-described surfactant Was dissolved 
in pure Water, hydrochloric acid and tetraethoxysilane Were 
added so that the mole ratio of each component in a ?nal 
solution became as folloWs: TEOS :H2O:HCl:surfactant= 
0.125: l00:8.0:0.10. 

[0339] The substrate coated With the above-described rub 
bing treated polyimide Was held in this solution, With the 
substrate surface facing doWnWard, at 80° C. for three days, 
and a mesoporous silica ?lm Was prepared. 

[0340] The substrate taken out of the reaction solution Was 
thoroughly cleaned With pure Water and then air dried. 

[0341] Upon the substrate, a transparent ?lm Was formed 
and a uniform interference color Was observed. 

[0342] This ?lm Was measured by an X-ray diffraction 
analysis and as a result, it Was ascertained that the ?lm has 
a 3.5 nm cyclic structure in the direction of the ?lm 
thickness. 

[0343] A section of this ?lm Was observed under a trans 
mission electron microscope and as a result, it became 
apparent that in this ?lm, tubular mesopores have a honey 
comb packing structure. 

[0344] Also for this ?lm, an in-plane X-ray diffraction 
analysis Was tried. An in-line rocking curve Was measured 
for observed in-plane X-ray diffraction peaks. As a result, 
tWo diffraction peaks at intervals of 180° Were observed. It 
became apparent from this result that in the mesoporous 
silica ?lm prepared in this embodiment, tubular pores are 
oriented in one direction. 

[0345] The orientation direction Was perpendicular to the 
direction of rubbing treatment. 

[0346] The uniaxial orientation of the tubular mesopores 
Was ascertained also by use of a transmission electron 
microscope, and it Was ascertained that the pores are com 
pletely orientation controlled throughout the ?lm With 
respect to the ?lm thickness direction. 

[0347] Next, this ?lm Was annealed and the surfactant held 
in the pores Was polymerized. 

[0348] As a result, the diacetylene part of the surfactant is 
polymerized, thereby forming a conjugated high molecular 
compound in the pores. 

[0349] The con?rmation of the polymerization Was per 
formed based on the fact that in an infrared absorption 
spectrum, an absorption peak of 2260 cm“1 ascribed to the 
stretching vibration of a carbon-carbon triple bond disap 
pears after the annealing. 
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[0350] The polarized absorption spectrum of the ?lm after 
the polymerization Was measured. As a result, absorption 
Was observed only When the direction of polarization is 
parallel to the orientation direction of the pores, and it Was 
ascertained that polymer chains are oriented in the pores. 

[0351] This polymerization is schematically shoWn in 
FIGS. 7A and 7B. 

[0352] The conjugated high molecular compound in 
Which the surfactant is polymerized is oriented in the pores. 

[0353] Next, this ?lm Was patterned by the same process 
as in Embodiment l, and electrodes Were formed. However, 
the removal of the photoresist Was performed by using 
isopropyl alcohol. 

[0354] In this case, as in Embodiment l, the silicon gate 
has the function of the gate electrode. 

[0355] An element of the structure schematically shoWn in 
FIG. 2 Was fabricated by the above-described process. 

[0356] In this element, by applying a voltage across elec 
trodes formed at both ends of the ?lm, a current ?oWing 
across the electrodes Was measured, With a voltage applied 
to the substrate functioning as the gate electrode being 
changed. 
[0357] As a result, the current across the electrodes Was 
observed to behave so as to increase With increasing voltage 
Which is applied to the substrate, and it Was ascertained that 
the electronic element fabricated in this embodiment func 
tions as a ?eld-effect transistor. 

[0358] Although the mode of this embodiment is limited 
to a transistor, the present invention is not limited to this. For 
example, if the con?guration of a transistor is such that 
changes in gate potential can be monitored as a current 
across the source and the drain When a substance has been 
adsorbed in the gate portion, then it is also possible to use 
the element as a sensor. 

[0359] It might be thought that the transistor could be used 
in general applications. 

[0360] The present invention relates to a novel organic 
semiconductor element Which utilizes the main-chain trans 
mission of a conjugated high molecular compound Which is 
orientation controlled at a molecular level. 

[0361] This application claims priority from Japanese 
Patent Application No. 2005-152465 ?led May 25, 2005, 
Which is hereby incorporated by reference herein. 

What is claimed is: 
1. An electronic element, comprising: 

a pair of electrodes formed on a substrate; 

a mesoporous ?lm having tubular mesopores oriented in 
one direction, the mesoporous ?lm being formed 
betWeen the pair of electrodes so as to be in contact 
With the pair of electrodes; 

a conjugated high molecular compound held in the tubular 
mesopores; and 

a third electrode Which is electrically insulated from the 
conjugated high molecular compound and formed so as 
to be in contact With the mesoporous ?lm. 
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2. The electronic element according to claim 1, Wherein 
the orientation direction of the tubular mesopores is parallel 
to the direction of an electric ?eld When an electrical 
potential is applied across the pair of electrodes. 

3. The electronic element according to claim 1, Wherein 
the electronic element is a ?eld-effect transistor Which 
controls the amount of a current ?oWing across the pair of 
electrodes by an electrical potential applied to the third 
electrode. 

4. The electronic element according to claim 3, Wherein a 
material for the mesoporous ?lm is silica. 

5. The electronic element according to claim 3, Wherein a 
material for the mesoporous ?lm is a hybrid material of 
silica and an organic substance. 

6. The electronic element according to claim 1, Wherein a 
material for the mesoporous ?lm contains a silicon oxide. 

7. The electronic element according to claim 1, Wherein at 
least a portion of the substrate is a substrate having electrical 
conductivity and the substrate serves also as the third 
electrode. 

8. A method of manufacturing the electronic element 
according to claim 1, Wherein a step of forming a conjugated 
high molecular compound in tubular mesopores Which are 
orientation controlled comprises: 

a step of forming a mesoporous ?lm Which is made up so 
as to contain tubular molecular assemblies of a surfac 

tant having a uniform diameter, Which are oriented in 
one direction; 

a step of removing the surfactant from the pores of the 
mesoporous ?lm; 

a step of performing treatment so that pore surfaces of the 
mesoporous ?lm after removal of the surfactant obtain 
hydrophobicity; and 

a step of introducing the conjugated high molecular 
compound subsequently to the hydrophobicizing treat 
ment. 

9. A method of manufacturing the electronic element 
according to claim 1, Wherein a step of forming a conjugated 
high molecular compound in tubular mesopores Which are 
orientation controlled comprises: 

a step of forming a mesoporous ?lm Which is made up so 
as to contain tubular molecular assemblies of a surfac 
tant having a uniform diameter, Which are aligned in 
one direction, by use of a surfactant having a functional 
group capable of forming a conjugated high molecular 
compound by polymerization; and 

a step of forming a conjugated high molecular compound 
by causing a surfactant in the mesoporous ?lm to 
polymerize. 

10. A method of manufacturing an electronic element, 
comprising: 

a step of forming a mesoporous ?lm having tubular 
mesopores, Which are orientation controlled in one 

direction, on a substrate; 

a step of forming a conjugated high molecular compound 
in the orientation controlled tubular mesopores; 




