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FIG. 1D 
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ORGANIC SEMICOUNDUCTOR DEVICE, 
PROCESS FOR PRODUCING THE SAME, AND 
ORGANIC SEMCONDUCTOR APPARATUS 

TECHNICAL FIELD 

0001. The present invention relates to an organic semi 
conductor device, a process for producing the same, and an 
active matrix display apparatus or an organic Semiconductor 
apparatus Such as an IC tag, having the organic Semicon 
ductor device. 

BACKGROUND ART 

0002. In recent years, a great progress has been made for 
an organic thin-film transistor (hereinafter referred to as 
“organic TFT). Organic TFTs are advantageously used in 
that the organic TFTS can be produced at a low temperature 
as compared with inorganic TFTs, and an inexpensive resin 
Substrate as a flexible Substrate can be used. Because of 
these advantages, organic TFTs are expected to be applied to 
a low-cost IC technology for a Smart card, electronic tag, 
display, or the like. 
0003) A general organic TFT is composed of a substrate, 
a gate electrode, a gate insulating film, a Source electrode, a 
drain electrode and an organic Semiconductor. By changing 
a voltage applied to the gate electrode (gate voltage, Vg), the 
quantity of electric charges on the interface between the gate 
insulating film and the organic Semiconductor is made 
excessive or deficient, and the value of a drain current (Id) 
flowing among the Source electrode, organic Semiconductor 
and drain electrode is changed, whereby the TFT is switched 
on and off. 

0004. As physical values for indicating performance of 
an organic TFT, a mobility, ON/OFF ratio and gate threshold 
Voltage are used. The mobility is generally calculated from 
the gradient of the Id'-Vg curve in a Saturation region in 
which Id' and Vg are in a linear relation, and indicates the 
degree of easineSS in allowing a current to flow. The 
ON/OFF ratio is represented by the intensity ratio of the 
minimum Id to the maximum Id when changing the Vg. The 
gate threshold Voltage is defined by the X-intercept of a 
straight line in contact with the Id'-Vg curve in the 
Saturation region, and indicates the gate Voltage at which the 
TFT is Switched on and off. 

0005 AS target values of characteristics of an organic 
TFT, values of an amorphous Si TFT used for an existing 
active matrix liquid crystal display apparatus are assumed. 
Specifically, the mobility is 0.3 to 1 cm/Vs, the ON/OFF 
ratio is 10° or more, and the gate threshold voltage is 1 to 2 
V. 

0006 Recent researches have revealed that characteris 
tics of an organic TFT are associated with crystallinity of an 
organic Semiconductor. For example, A. R. Brown, D. M. de 
Leeuw, E. E. Havinga, and A. Pomp, “Synthetic Metals”, 
Vol. 68, pp. 65-70, 1994 discloses that an organic TFT using 
an amorphous organic Semiconductor cannot have a high 
mobility and a high ON/OFF ratio in combination. 
0007. In order to improve characteristics of an organic 
TFT, various attempts of improving the crystal State and 
orientation of an organic Semiconductor have been made. 
One example is an attempt of improving crystallinity of an 
organic Semiconductor by placing an underlayer under an 
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organic Semiconductor layer. Japanese Patent Application 
Laid-open No. H07-206599 discloses a method of orienting 
an organic Semiconductor of an oligothiophene compound 
or the like using a polytetrafluoroethylene (PTFE) oriented 
film as an underlayer. However, since solid PTFE is slided 
at a constant pressure to form the PTFE film, it is difficult to 
produce a Substrate with a large area. 
0008 Y-Y. Lin, D. J. Gundlach, S. F. Nelson, and T. N. 
Jackson, “IEEE Electron Devices Letters', Vol. 18, No. 12, 
pp. 606-608, 1997 discloses a method of obtaining a high 
performance organic TFT by coating the Surface of a gate 
insulating film with octadecyltrichlorosilane as a vertically 
oriented film and then forming two pentacene-deposited film 
layers. However, this method can be applied to only a 
Surface having a basic functional group Such as Silicon 
oxide, and is therefore leSS Versatile. 
0009 Japanese Patent Application Laid-open No. 2001 
94107 discloses an organic Semiconductor device produced 
by a method in which a fluorine polymer layer with a film 
thickness of 0.3 to 10 nm is formed on the surface of a gate 
insulating film by dipping, and a crystalline organic Semi 
conductor is formed thereon. However, it is considered that, 
in this method, crystals of the organic Semiconductor are not 
Sufficiently oriented because the crystals have two peaks in 
the wide-angle X-ray Spectrum, and the device does not have 
Satisfactory characteristics. 
0010 U.S. Pat. No. 6,433,359 discloses a method of 
improving the mobility of an organic TFT by treating the 
Surface of an alumina gate insulating film with alkyl phos 
phate. Since there are limitations to the gate insulating film 
to which this method can be applied, the method is also leSS 
Versatile. 

0011 M. Yoshida, S. Uemura, T. Kodzasa, T. Kamata, M. 
Matsuzawa, and T. Kawai, “Synthetic Metals”, Vol. 137, pp. 
967-968, 2003 discloses a method of improving the growth 
of crystals of an organic Semiconductor by forming a poly 
mer layer of polymethyl methacrylate or the like on an 
inorganic gate insulating film. However, an organic TFT 
obtained by this method has characteristics that are inferior 
and insatisfactory for practical use. 

0012 International Publication Number WO 03/041185 
A2 discloses an organic TFT comprising a Substantially 
nonfluorinated polymeric layer having a thickness less than 
about 400 angstrom interposed between a gate dielectric and 
an organic Semiconductor layer. 

DISCLOSURE OF THE INVENTION 

0013 The present invention provides a device structure 
of a high-performance organic TFT and a proceSS for 
producing the high-performance organic TFT at a low cost. 
The present invention also provides an organic Semiconduc 
tor apparatus using the organic Semiconductor device. 
0014) Specifically, the present invention provides an 
organic Semiconductor device having at least a Substrate, an 
organic Semiconductor, a gate insulating film and a conduc 
tor, and further having an electrode for applying bias, 
wherein a polymer layer, which is different from the gate 
insulating film, is provided in contact with the organic 
Semiconductor, and the polymer layer is a copolymer of 
methyl methacrylate and divinylbenzene or a polymer rep 
resented by the formula (1) or (2): 
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(1) 

0.015 wherein R' represents a hydrogen atom or an alkyl 
group, R' represents a naphthyl group which may be 
Substituted, a carbazoyl group which may be Substituted, or 
a biphenyl group which may be Substituted, and n denotes 
polymerization degree, or 

(2) 

0016 wherein R represents a hydrogen atom or an alkyl 
group, the aromatic ring may be Substituted, and n denotes 
polymerization degree, a process for producing the organic 
Semiconductor device; and an organic Semiconductor appa 
ratus using the organic Semiconductor device. Here, the 
conductor generally refers to a gate electrode, a Source 
electrode, or a drain electrode. In this case, the organic 
Semiconductor device of the present invention can be used 
as a field effect transistor. For example, polymerization 
degree n in the formula (1) and (2) is a number in the range 
of 10 to 1000000. 

0.017. As the process for producing the organic semicon 
ductor device, there is a proceSS for producing the organic 
Semiconductor device, including at least 
0.018 a step of forming an insulating film on a substrate 
having a Surface, at least a part of the Surface being 
conductive, 
0.019 a step of forming a polymer layer composed of a 
copolymer of methyl methacrylate and divinylbenzene or a 
polymer represented by the formula (1) or (2) on the 
insulating film, and 
0020 a step of forming an organic semiconductor layer 
on the polymer layer; 
0021 and a process for producing the organic Semicon 
ductor device, including at least 
0022 a step of forming a polymer layer composed of a 
copolymer of methyl methacrylate and divinylbenzene or a 
polymer represented by the formula (1) or (2) on a Substrate, 
0023 a step of forming an organic Semiconductor layer 
on the polymer layer, and 
0024 a step of forming an insulating film on the organic 
Semiconductor layer. 
0.025 In the former process, the conductive part which is 
a part of the Substrate can be a gate electrode. In the latter 
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process, a gate electrode can be formed on the insulating 
film. In both cases, at least one pair of electrodes apart from 
each other (in general, Source/drain electrodes) can be 
formed in suitable positions. The order of formation of the 
constituents varies depending on various forms of the 
organic Semiconductor device described below. 
0026. A preferable embodiment of the present invention 
can provide an organic Semiconductor device, which can be 
produced uniformly on a Substrate with a large area, having 
a high mobility and capable of largely modulating the drain 
current by the Voltage applied to a gate electrode. 

0027. Another embodiment of the present invention can 
provide an organic Semiconductor device that is operated in 
a stable manner, can be driven at a low voltage, has a long 
life expectancy, and can be produced in a simple process. 

0028 Still another embodiment of the present invention 
can provide an active matrix display apparatus using the 
organic Semiconductor device or an organic Semiconductor 
apparatus using the organic Semiconductor device as an IC 
card electronic tag. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIGS. 1A, 1B, 1C, 1D and 1E are schematically 
Sectional views showing embodiments of the organic Semi 
conductor device of the present invention. 
0030 FIG.1F is a schematically sectional view showing 
an organic Semiconductor device having no polymer layer. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0031. The present invention will be described in detail 
below. 

0032) First, a structure of the organic semiconductor 
device used in the present invention will be described. 

0033 Examples (a) to (e) of the structure of the organic 
Semiconductor device used in the present invention are 
shown in FIGS. 1A to 1E. In the figures, reference numeral 
101 denotes a Substrate, reference numeral 102 denotes a 
gate electrode, reference numeral 103 denotes a gate insu 
lating film, reference numeral 104 denotes a polymer layer, 
reference numeral 105 denotes an organic Semiconductor, 
reference numeral 106 denotes a Source electrode, reference 
numeral 107 denotes a drain electrode, and reference 
numeral 108 denotes a protective layer. The protective layer 
is optionally provided, but may be omitted. 

0034 (a) a structure in which the substrate, the gate 
electrode, the gate insulating film, the polymer layer, the 
organic Semiconductor, the Source/drain electrodes and the 
protective layer are provided in this order (see FIG. 1A). 

0035 (b) a structure in which the substrate, the gate 
electrode, the gate insulating film, the organic Semiconduc 
tor, the polymer layer, the Source/drain electrodes and the 
protective layer are provided. in this order (see FIG. 1B). 

0036) (c) a structure in which the substrate, the gate 
electrode, the gate insulating films the polymer layer, the 
Source/drain electrodes, the organic Semiconductor and the 
protective layer are provided in this order (see FIG. 1C). 
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0037 (d) a structure in which the substrate, the gate 
electrode, the gate insulating film, the Source/drain elec 
trodes, the polymer layer, the organic Semiconductor and the 
protective layer are provided in this order (see FIG. 1D). 
0038 (e) a structure in which the substrate, the gate 
electrode, the gate insulating film, one of the Source/drain 
electrodes, the polymer layer, the organic Semiconductor, the 
other of the Source/drain electrodes, and the protective layer 
are provided in this order (see FIG. 1E). 
0039 However, the above (a) to (e) are examples but the 
order of formation and configuration are not limited by the 
above (a) to (e). Of course, it is considered that the organic 
Semiconductor layer is preferably formed after the polymer 
layer is formed. This is presumably because Such an order of 
formation ensures the polymer layer to function as a layer 
for controlling the orientation of the organic Semiconductor. 
0040 Examples of such a structure with a preferable 
configuration include: 
0041 a structure having the gate electrode, the gate 
insulating film, the polymer layer, the organic Semiconduc 
tor and the Source electrode/drain electrode on the Substrate 
in this order, 
0.042 a structure having the gate electrode, the gate 
insulating film, the polymer layer, the Source electrode/drain 
electrode and the organic Semiconductor on the Substrate in 
this order, 
0.043 a structure having the gate electrode, the gate 
insulating film, the Source electrode/drain electrode, the 
polymer layer and the organic Semiconductor on the Sub 
Strate in this order, 
0044) a structure having the source electrode/drain elec 
trode, the polymer layer, the organic Semiconductor, the gate 
insulating film and the gate electrode on the Substrate in this 
order, 
0.045 a structure having the polymer layer, the source 
electrode/drain electrode, the organic Semiconductor, the 
gate insulating film and the gate electrode the Substrate in 
this order, and 
0046) a structure having the polymer layer, the organic 
Semiconductor, the Source electrode/drain electrode, the gate 
insulating film and the gate electrode on the Substrate in this 
order. 

0047. Further, the organic semiconductor device having a 
Structure having the gate electrode, the gate insulating film, 
one of the Source/drain electrodes, the organic Semiconduc 
tor, and the other of Source/drain electrodes on the Substrate 
in that order, wherein a polymer layer is in contact with the 
organic Semiconductor, and a structure having one of the 
Source/drain electrodes, the organic Semiconductor, the 
other of Source/drain electrodes, a gate insulating film and 
the gate electrode on the Substrate in that order, with a 
polymer layer in contact with the organic Semiconductor are 
within the Scope of the present invention, these structures 
also preferably have a configuration in which the organic 
Semiconductor is formed on the polymer layer after forming 
the polymer layer. 

0.048 Next, the organic semiconductor device of the 
present invention and a process for producing the same will 
be described. 
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0049. The material for the substrate used in the present 
invention can be Selected from the group consisting of 
various organic and inorganic materials. Specific examples 
of Such materials include inorganic materials. Such as Silicon, 
aluminum, glass and baked alumina; organic materials Such 
as polyethylene terephthalate, polyethylene naphthalate, 
polyimide, polyethylene, polypropylene, polyether ether 
ketone, poly Sulfone and polyphenylene Sulfide; and com 
posite materials Such as an organic material reinforced with 
a glass fiber. 

0050. The material for the gate electrode used in the 
present invention is Selected from the group consisting of 
conductive materials. Specific examples of Such materials 
include metallic materials Such as gold, platinum, copper, 
Silver, palladium, chromium, molybdenum, titanium, nickel 
and aluminum; nonmetallic inorganic materials Such as tin 
oxide, indium oxide and indium tin oxide, organic materials 
Such as polythiophene and polyaniline, and carbon materi 
als. As a metallic material, an alloy may also be used. When 
the conductive material is used as a Substrate, the Substrate 
may also be used as a gate electrode. 
0051 Examples of the material for the gate insulating 
film used in the present invention include inorganic mate 
rials. Such as Silicon oxide, Silicon nitride, alumina and 
tantalum oxide, and organic materials. Such as polymethyl 
methacrylate, polyimide, poly(p-Xylene), polychloropyrene, 
polyethylene terephthalate, polyoxymethylene, Silsesquiox 
ane, polyvinyl chloride, polyvinylidene fluoride, cyanoethyl 
pullulan, polysulfone and polycarbonate. 

0052 The polymer layer used in the present invention is 
a copolymer of methyl methacrylate and divinylbenzene, or 
a compound represented by the formula (1) or (2). 
0053 When the polymer layer is a copolymer of methyl 
methacrylate and divinylbenzene, the copolymerization 
ratio of methyl methacrylate (A) to divinylbenzene (B) is a 
monomer unit ratio of A:B=1:0.001 to 0.04, and preferably 
1:0.001 to 0.02. The film thickness of the polymer layer is 
preferably 5 nm or more and 30 nm or less. The surface 
roughness (Ra) of the gate electrode in contact with the 
polymer layer is preferably 5 nm or less. 
0054 When the polymer layer is composed of a com 
pound represented by the formula (1) or (2), R'' and R'' are 
independently a hydrogen atom or an alkyl group. Specific 
examples of the alkyl group include methyl group, ethyl 
group, n-propyl group, isopropyl group, n-butyl group, 
Sec-butyl group, t-butyl group, n-pentyl group and n-hexyl 
grOup. 

0055 The compound represented by the formula (1) or 
(2) may have a Substituent on the aromatic ring. Examples 
of the Substituent include alkyl groupS. Such as methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, 
Sec-butyl group, t-butyl group, n-pentyl group and n-hexyl 
group, aryl groups Such as a phenyl group and p-tolyl group; 
alkoxy groupS Such as methoxy group and ethoxy group; and 
halogen atoms Such as fluorine atom, chlorine atom, and 
bromine atom. The compound may have two or more of the 
substituents. The film thickness of the polymer layer com 
posed of a compound represented by the formula (1) or (2) 
is preferably 100 nm or less, more preferably 50 nm or less, 
and still more preferably 30 nm or less. The smaller the film 
thickness, the better. This is presumably because the func 
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tion of the polymer layer as an insulating film is not 
necessarily sufficient, and the effect of the induced field is 
Smaller as the field is distanced from the interface between 
the gate insulating film and the polymer layer. On the other 
hand, theoretically, the thickness of the polymer layer can be 
reduced to a monomolecular level. Of course, it is difficult 
to produce an extremely thin film with an uniform thickneSS 
in many cases, the film thickness of the polymer layer is 
preferably 10 nm or more, more preferably 15 nm or more, 
and still more preferably 20 nm or more, from the viewpoint 
of easineSS in forming a film. 
0056. The polymer layer of the present invention is 
formed by dissolving a polymer in an organic Solvent and 
coating with the Solution by Spin coating, Spray coating, or 
dip coating. There are no specific limitations to the organic 
Solvent used, insofar as a polymer can be dissolved therein. 
Specific examples of the organic Solvent include hydrocar 
bons Such as hexane, cyclohexane, heptane and octane; 
aromatic hydrocarbons Such as toluene, Xylene and ethyl 
benzene, halogenated Solvents Such as dichloromethane, 
chloroform, carbon tetrachloride, 1-chlorobutane, chlo 
robenzene and dichlorobenzene, organic acid esterS Such as 
ethyl acetate, propyl acetate, butyl acetate and pentyl 
acetate; etherS Such as diethyl ether, diisopropyl ether, 
dibutyl ether, anisole and dioxane, ketones Such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone and cyclohex 
anone, nitrogen-containing organic Solvents Such as 
nitrobenzene, acetonitrile, N,N-dimethylformamide and 
N-methyl-2-pyrrollidone; and Sulfur-containing organic Sol 
vents such as carbon disulfide and dimethylsulfoxide. Two 
or more of these organic Solvents may be used. 
0057 The organic semiconductor material used in the 
present invention includes a crystalline material having a 
low molecular weight. Specific examples of Such a material 
include pentacene, tetracene, a phthalocyanine compound, a 
porphyrin compound, and oligothiophene. Pentacene is pref 
erable. However, Since the polymer layer accelerates the 
crystal growth of the organic Semiconductor, use of a 
crystalline material having a low molecular weight other 
than pentacene is also effective. Instead of a vapor deposi 
tion method, a method of forming a film by dissolving the 
material in a Solvent, coating the Solution, and heating it may 
be also employed. However, when the coating method is 
used, it is essential to Select a Solvent Suitable for a material 
for the organic Semiconductor and for dissolving the poly 
mer layer with difficulty. Therefore, the vapor deposition 
method which does not require Such a Selection is more 
preferable. 

0.058. The material for the source/drain electrodes used in 
the present invention can be Selected from the group con 
Sisting of the same conductive materials as in the case of the 
material for the gate electrode described above. 
0059. The protective layer used in the present invention 
is formed in order to prevent deterioration of characteristics 
of an organic TFT. Although there are no specific limitations 
to the material for the protective layer, a composite material 
of an organic material Such as an epoxy resin or Silicone 
resin and an inorganic compound Such as glass or aluminum 
is generally used. The protective layer may be omitted. 
0060. The gate electrode, gate insulating film, source/ 
drain electrode and organic Semiconductor used in the 
present invention, other than the polymer layer, are formed 
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by a known method. Specific examples of Such a method 
include vacuum vapor deposition, Spattering, plasma CVD, 
Spin coating, dip coating, Spray coating and printing. Pat 
terning using a combination of existing photolithography 
and dry etching or wet etching may also be carried out. 
0061 Next, the present invention relates to an organic 
Semiconductor apparatus, wherein the apparatus employs 
the organic Semiconductor device as an IC information 
electronic tag. 
0062) An electronic tag Smart card as an example of the 
organic Semiconductor apparatus of the present invention 
using the IC information electronic tag will be described. 
Tagging an article by bar codes or Symbols to make optical 
characters easily recognized has been utilized for a long time 
to identify and detect a product catalogue, baggage, chit 
made of paper, or another movable article which is easily left 
behind or lost. Such an optically perceived tag must be 
maintained to be visible for identification. However, the tag 
easily becomes unreadable due to Scars on the Surface or 
other damages. In order to improve reliability of detection, 
a method of using an electronic tag based on the radio 
frequency has been attempted. Typically, Such a tag is 
provided with a Semiconductor memory for Storing data, a 
processing logic and an antenna for broadcasting the data, 
which are all embedded in a container of a heat-curable resin 
Such as an epoxy resin, a thermoplastic resin, or another 
Suitable plastic material. 
0063. The data storage capacity is typically in the range 
of several bits to several kilobits, and more typically 64 bits. 
The tag can comprise a read-only memory (ROM), electri 
cally programmable or erasable ROM (EPROM or 
EEPROM). or flash memory. Power is supplied to the 
electronic tag by a long-life Small battery, a photovoltaic 
power, a thermal converter, an induced power converter 
depending on the electromagnetic energy added from out 
Side, or another Suitable power Source. Formation of the 
electronic tag with a circuit using the organic Semiconductor 
device simplifies the process for producing the tag and 
makes the tag available at a low cost. 
0064. Next, the present invention relates to an active 
matrix display apparatus, wherein using the organic Semi 
conductor device as an active device. 

0065. In the active matrix liquid crystal display appara 
tus, each pixel constituting the display part is provided with 
an active matrix device through which Voltage is applied to 
the liquid crystals. The apparatus is driven in the following 
manner. InterSections of nxm matrix wires consisting of n 
rows of Scanning lines and m columns of Signal lines are 
provided with active matrix devices such as TFTs. The gate 
electrodes, drain electrodes and Source electrodes of the 
TFTS are respectively connected to the Scanning lines, Signal 
lines, and pixel electrodes. The address Signal is Supplied to 
the Scanning lines, and the display Signal is Supplied to the 
Signal lines. These Signals operate the liquid crystals on the 
pixel electrodes via the TFT switch controlled by the address 
signal Superimposed by the ON/OFF signals. Use of the 
organic Semiconductor device as the Switching device Sim 
plifies the process for producing the apparatus and makes the 
apparatus available at a low cost. 

SYNTHETIC EXAMPLE 1. 

0066 An example of synthesis of a copolymer of methyl 
methacrylate and divinylbenzene used in the organic Semi 
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conductor device of the present invention is shown in the 
following reaction formula (1). 

Reaction Scheme (1) 

CH 
H 

2 HC COOCH + H2C 

CH 2 2 2 

-(- H -)- : : CH C -CH 

COOCH / * 
H2 

: CH-C : 

0067. A mixed solution of methyl methacrylate, divinyl 
benzene and a polymerization initiator was dropped in a 
reflux of toluene at a reflux temperature of toluene (110° C. 
to 120° C.). The mixture was then cooled to 80° C., and 
maintained at that temperature for three hours. After allow 
ing to be cooled, the mixture was reprecipitated in methanol. 
After decanting the Supernatant and washing the precipitate 
with methanol, the precipitate was filtered. The filtrate was 
dried by heating under reduced pressure to obtain the target 
polymer. 
0068. From the results of analyzing the 'H-NMR spec 
trum of the resulting polymer (using a 'H-NMR analyzer 
manufactured by JEOL Ltd., resonant frequency: 400 MHz, 
solvent: CDC1, external reference material: TMS, measured 
at room temperature), the copolymerization ratio of methyl 
methacrylate (A) to divinylbenezene (B) (monomer unit 
ratio (A:B)) was 1:0.011. 
0069. A copolymer with a copolymerization rate (B/A) of 
0.001 to 0.05 was produced using the above method. 

EXAMPLE 1. 

0070 A polyimide substrate was used in this example. 
Upilon (trade name) manufactured by Ube Industries, Ltd. 
with a thickness of 125 um was used as the Substrate. 
0071 Next, copper was formed as a film by sputtering, 
and the film was patterned by photolithography to produce 
a gate electrode wire. Further, a coating-type insulating film 
composed of methylsilseSquioxane was formed thereon, and 
baked at 230 C. to form a substrate for a semiconductor. 

0.072 The polyimide substrate was washed in the follow 
ing manner. A Step of ultraSonically washing the polyimide 
substrate in acetone with a purity of 99% or more for one 
minute and then a Step of Washing the Substrate ultrasoni 
cally in pure water for five minutes were carried out twice, 
respectively. After the Washing, the pure water was blowed 
away by an N gas. Then, the Substrate was irradiated with 
ultraviolet (UV) lights at wavelengths of 184.9 nm and 
253.7 nm at an intensity of 100 mW for an irradiation time 
of 20 Seconds to remove the organic contaminant. 
0.073 A polymer layer was formed using the copolymer 
with a copolymerization ratio of 1:0.011 produced in Syn 
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thetic Example 1. The film was formed by Spin coating in 
which a 0.1% solution of the copolymer diluted with xylene 
was maintained at 500 rpm for ten Seconds, and then the 
solution was formed as a film at 3,000 rpm. The film 
thickness was 20 nm. 

0074 Then, an electrode was formed by screen printing. 
A colloidal Silver conductive paste manufactured by Nippon 
Paint Co., Ltd. was used for printing. The electrode was 
baked at 200° C. after the printing. 
0075) Next, a method for producing a pentacene-depos 
ited film used for the organic Semiconductor device of the 
present invention will be described. 
0076 A commercially available powder of pentacene 
was purified by Sublimation and vacuum deposited. The 
pentacene-deposited film was produced under the following 
conditions. The ultimate vacuum in the vapor deposition 
apparatus chamber was 3x10" Pa to 5x10" Pa. The pen 
tacene powder was put in a K-cell. A Substrate was placed 
at a position of about 20 cm above a boat. The cell was 
heated to about 260 C. to sublimate the pentacene, which 
was deposited on the surface of the substrate. The substrate 
was heated to 125 C. using a heater board. A crystal 
oscillator was placed almost level with the substrate on the 
heater board. The film thickness and the vapor deposition 
Speed were calculated from the change in the resonant 
frequency of the oscillator. The thickness of the pentacene 
film was adjusted to 100 nm. 

0077. For evaluation of characteristics, the mobility as 
transistor characteristics was calculated by the following 
calculating formula (1) using an HP parameter analyzer 
(HP4156C). 

Id=%x(L/W)xCixitx(Vg-Vth)? 

0078 Id: Drain current (A) 
0079 

0080) 

0081) 

0082) 

0083) 

0084) 
0085. When forming the polymer layer as a film, the 
mobility was 1.12 cm?/Vs, the ON/OFF ratio was 2.20E+08, 
and the Vth was -5 V. 

Formula (1) 

L: Gate length (cm) 

W: Gate width (cm) 
Ci: Capacitance per unit area (C/cm) 
u: Mobility (cm/Vs) 
Vg: Gate voltage (V) 

Vth: Gate threshold voltage (V) 

COMPARATIVE EXAMPLE 1. 

0086 A transistor was produced in the same manner as in 
Example 1. However, a polymer layer film was not formed. 
In this case, the transistor had a mobility of 0.060 m/Vs, an 
ON/OFF ratio of 2.5E+06, and a Vth of -15 V. 

EXAMPLES 2 TO 17 

0087 Each transistor was produced in the same manner 
as in Example 1, while the copolymerization rate (B/A) of 
the polymer layer on the insulating film was changed in the 
range of 0.001 to 0.04. The results are shown in Table 1. 
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TABLE 1. 

Comparison of copolymerization ratio of polymer layer 
with transistor characteristics 

Film thickness: 20 mm 

Copolymerization Condition Mobility ON/OFF Vth 
Example rate of coating (cm/Vs) ratio (V) 

1. O.O11 Good 1.12 2.2OE-08 -5 
2 O.OO1 Good O.65 2.90E--08 -12 
3 O.OO2 Good O.68 3.2OE+08 -15 
4 O.OO3 Good O.76 5.2OE+08 -16 
5 OOO)4 Good O.83 4.8OE-08 -18 
6 O.OOS Good O.75 5.1OE+08 -19 
7 OOO6 Good O.69 6.2OE+08 -15 
8 O.OO7 Good O.89 8.2OE-08 -12 
9 O.OO8 Good 1.05 7.7OE-08 -19 
1O O.OO9 Good 1.12 9.25E+08 -21 
11 O.O1 Good 1.35 1.23E--08 -22 
12 O.O15 Good 1.2 1.22E--08 -23 
13 O.O2 Good 1.02 1.02E--08 -15 
14 O.O25 Good O6 6.5OE+07 -12 
15 O.O3 Good O6 3.2OE-07 -12 
16 O.O.35 Good O.3 1.2OE--O7 -6 
17 O.04 Good O.32 9.5OE-06 -5 

COMPARATIVE EXAMPLES 2 TO 4 

0088. Each transistor was produced in the same manner 
as in Example 1. However, the copolymerization rate (B/A) 
of the polymer layer on the insulating film was adjusted to 
0.045 (Comparative Example 2), 0.050 (Comparative 
Example 3) or 0 (PMMA homopolymer) (Comparative 
Example 4). The results are shown in Table 2. 

TABLE 2 

Qomparative Example 

Co- Condition 
Comparative polymerization of Mobility ON/OFF Vth 
Example rate coating (cm/Vs) ratio (V) 

1. None O.O6 2.5OE+06 -15 
2 O.O45 Coating O.O2 2.1OE+05 -12 

not 
formed 

3 O.OS Coating O.O2 5.5OE+04 -13 
not 

formed 
4 O Good O.O6 5.4OE+05 -18 

(Note) 
The copolymerization rate indicates the monomer unit rate (B/A) of divi 
nylbenzene (B) to one unit of methyl methacrylate (A). 

0089. It was found that, when the copolymerization rate 
was 0.001 to 0.040, a transistor with good characteristics 
was obtained. When the copolymerization rate was 0.001 to 
0.02, a transistor with particularly good characteristics was 
obtained. It was also found that, when the copolymerization 
rate was more than 0.40, film characteristics of the polymer 
layer were remarkably inferior, and characteristics of the 
transistor were also inferior. When the polymer layer was 
composed only of polymethyl methacrylate (copolymeriza 
tion rate: 0), film characteristics were good, but character 
istics of the transistor were not good. 

EXAMPLES 18 TO 28 

0090 Next, copper foil was bonded to an epoxy substrate 
reinforced with a glass fiber, and the foil was then patterned 

Dec. 29, 2005 

by photolithography to form a gate electrode. Further, Ta-Os 
was Sputtered to form an insulating film with a Surface 
roughness of 3 nm, which was used as a Substrate. The 
insulating film was coated with the copolymer of methyl 
methacrylate/divinylbenzene used in Example 1 with the 
copolymerization ratio (monomer unit ratio) adjusted to a 
constant (1:0.01) to produce a transistor in the same manner 
as in Example 1. The thickness of the polymer layer and 
characteristics of the transistor were examined. The results 
are shown in Table 3. 

TABLE 3 

Relation between film thickness and mobility 

Film 
thickness Mobility 

Example (nm) (cm/Vs) ON/OFF ratio Vth (V) 

18 5 0.5 1.OOE--O7 12 
19 7.5 O.65 1.22E--08 -5 
2O 1O O.7 1.35E-07 -12 
21 12.5 O.85 2.25E-07 -23 
22 15 1.03 3.21E--O7 -24 
23 17.5 1.25 2.5OE-07 -30 
24 2O 1.5 8.52E--O7 -21 
25 22.5 O.88 3.25E-06 -17 
26 25 O.7 2.31E--O6 -21 
27 27.5 O.45 2.6OE-06 -26 
28 3O 0.4 5.21E--06 -30 

REFERENCE EXAMPLES 1. TO 4 

0091) Each transistor was produced in the same manner 
as in Example 18. However, the film thickness of the 
polymer layer was adjusted to 1 nm or 35 nm or more. The 
results are shown in Table 4. 

TABLE 4 

Reference Example 

Film 
Reference thickness Mobility 
Example (nm) (cm/Vs) ON/OFF ratio Vth (V) 

1. 35 O.2 2.31E--O4 -10 
2 40 O.O2 4.6OE-03 -2 
3 45 O.O3 3.24E--O3 -1 
4 1. O1 1.OOE-03 24 

0092. From Tables 3 and 4, when the film thickness of the 
polymer layer was 5 to 30 nm, characteristics of the tran 
Sistor were good. In particular, when the film thickness was 
5 nm to 20 nm, both the mobility and the ON/OFF ratio were 
high. 

EXAMPLES 29 TO 41 

0093 Glass was used as a substrate. Further, aluminum 
was used as a gate electrode, which was patterned in the 
Same process as in Example 1. Al-O was then Sputtered to 
form an insulating film. The Surface roughness of the 
insulating film was changed by changing the Substrate 
temperature or Sputtering Speed. Then, a polymer layer was 
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formed in the Same manner as in Example 1. The relation 
between the Surface roughness of the insulating film and the 
polymer layer was examined. The results are shown in Table 
5. In this case, the surface roughness was observed by AFM, 
and the Surface was visually observed to judge that the 
condition of the Surface is “good (not rough) or “rough'. 

TABLE 5 

Relation between gate insulating film 
surface roughness and polymer layer 

Gate Thick 
insulating ness Condition 

film of of 
surface polymer polymer 

Ex- roughness layer layer Mobility ON/OFF Vth 
ample Ra (nm) (nm) surface (cm/Vs) ratio (V) 
29 O1 2O Good 1.2 2.6OE-07 -12 
3O O.3 2O Good O.98 6.3OE+08 -25 
31 0.5 2O Good 1.32 2.3OE-08 -16 
32 1. 2O Good 1.25 3.2OE-08 -16 
33 2 2O Good 1.52 1.2OE-08 -18 
34 2.3 2O Good 1.32 3.2OE-08 -19 
35 2.5 2O Good 122 2.2OE-08 -21 
36 3.2 2O Good O.98 190E--08 -12 
37 3.5 2O Good O.78 5.6OE+07 -21 
38 4.1 2O Good O.65 8.6OE-07 -19 
39 4.5 2O Good O.67 5.6OE+07 -18 
40 4.7 2O Good O.39 3.2OE-07 -15 
41 5 2O Good O.54 1.62E--06 -12 

REFERENCE EXAMPLES 5 TO 9 

0094. Each transistor was produced in the same manner 
as in Example 29. However, the Surface roughness of the 
gate insulating film was adjusted to 5.2 nm or more. Char 
acteristics of the transistors are shown in Table 6. 

TABLE 6 

Reference Example 

Surface Thick- Con 
roughness ness dition 
of gate of of 

insulating polymer polymer 
Reference film Ra layer layer Mobility ON/OFF Vth 
Example (nm) (nm) surface (cm/Vs) ratio (V) 

5 5.2 2O Rough O.21 1.85E-05 -14 
6 5.7 2O Rough O.12 8.56E+05 -13 
7 6.2 2O Rough O.O3 2.3OE-03 -6 
8 7 2O Rough O.04 1.3OE-03 -2 
9 8.3 2O Rough O.O6 9.56E--O2 3 

0.095 From Tables 5 and 6, when the surface roughness 
of the gate insulating film was 5 nm or less, characteristics 
of the transistor were particularly good. 

EXAMPLES 42 TO 48 

0096. A high-doped silicon substrate having a 500 nm 
thick Silicon oxide film was prepared. The Silicon Substrate 
was also used as a gate electrode, and the Silicon oxide film 
was used as a gate insulating film. 
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0097. The silicon Substrate was immersed in acetone with 
a purity of 99% or more and ultrasonically washed for one 
minute. Then, the Substrate was immersed in pure water and 
ultraSonically washed for one minute. After the Washing, the 
pure water remaining on the Surface was blowed away using 
a nitrogen gas. 

0098. A 1.0 wt % solution of poly(1-vinylnaphthalene) 
manufactured by Aldrich Co. (number average molecular 
weight: about 100,000) in p-xylene was prepared. The 
previously prepared Substrate was coated with the Solution 
by Spin coating (maintaining at 500 rpm, and then forming 
a film at 3,000 rpm). The coating was baked by heating on 
a hot plate at 150° C. for five minutes. In this case, the film 
thickness was 22 nm. 

0099 Next, pentacene was formed as a film by vacuum 
Vapor deposition. During the vapor deposition, the previ 
ously prepared Silicon Substrate with the polymer layer 
formed thereon was heated to 70° C. The film thickness of 
pentacene was adjusted to 50 nm. 

0100. A source electrode and a drain electrode were 
formed on the pentacene film using gold by vacuum vapor 
deposition. The gate length was 40 to 50 lum, and the gate 
width was 3 mm. 

0101 Finally, a protective layer was formed by sealing 
with Silicone grease manufactured by Dow Corning Asia 
Corp. and a glass Substrate. 

0102) The mobility was calculated by the calculating 
formula (1) using an HP parameter analyzer (HP4156C). 
The mobility, ON/OFF ratio and gate threshold voltage are 
shown in Table 7. 

0103) An organic TFT using poly(2-vinylnaphthalene) 
(manufactured by Aldrich Co., weight average molecular 
weight: 175,000), poly(N-vinylcarbazole) (manufactured by 
Acros, weight average molecular weight: about 90,000), 
poly(4-vinylbiphenyl) (manufactured by Aldrich Co., 
weight average molecular weight: about 115,000) or poly 
acenaphthylene (manufactured by Aldrich Co., weight aver 
age molecular weight: about 5,000 to 10,000) as a polymer 
layer was produced in the same manner (Examples 42 to 46). 
An organic TFT using poly2-(2-naphthyl)propene or poly 
2-(4-biphenyl)propene prepared by a known method as a 
polymer layer was also produced in the same manner 
(Examples 47 and 48). For comparison, an organic TFT not 
having a polymer layer was also produced in the same 
manner (Comparative Example 5). The mobility, ON/OFF 
ratio and gate threshold Voltage are shown in Table 7. 

0104 All of the organic TFTs having a polymer layer 
exhibited performance higher than that of the organic TFT 
not having a polymer layer. 
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TABLE 7 

Polymer layer material and TFT performance 2 

Type of 
Polymer layer solvent Concentrati 

Example 

42 Poly(1- p-Xylene 1.0 wt % 
vinylnaphthalene) 

43 Poly(2- Toluene 0.8 wt % 
vinylnaphthalene) 

44 Poly(N-vinylcarbazole) Toluene 0.6 wt % 
45 Poly(4-biphenyl) Toluene O.5 wt % 
46 Polyacenaphthylene Chloroform? 1.0 wt % 

p-xylene 
mixed 
solvent 

47 PolyI2-(2-naphthyl)propenetoluene 0.3 wt % 
48 PolyI2-(4-biphenyl)propenetoluene 0.3 wt % 
Comparative 
Example 

5 None 

EXAMPLES 49 TO 53 

0105 The same operation as in Example 42 was carried 
out to produce an organic TFT, except for using a solution 
of 0.6 wt.% to 3.2 wt.% poly(2-vinylnaphthalene) (manu 
factured by Aldrich Co., weight average molecular weight: 
175,000) in toluene. In this case, the film thickness of the 
polymer layer was 15 nm to 100 nm. The mobility, ON/OFF 
ratio and gate threshold Voltage are shown in Table 8. 

TABLE 8 

Polymer layer film thickness and TFT 
performance 

Film 
thickness Gate 

Ex- Con- of polymer ON/OFF threshold 
ample centration layer Mobility ratio voltage 

49 0.6 wt % 15 nm. 0.40 cm/Vs 4.9 x 10 -14 V 
50 0.8 wt % 20 mm 0.86 cm/Vs 1.6 x 10° -17 V 
51 1.2 wt % 30 nm 0.82 cm/Vs 5.1 x 10 -19 V 
52 1.6 wt % 44 nm. O.70 cm/Vs 7.0 x 10 -26 V 
53 3.2 wt % 100 nm. O.45 cm2/Vs 4.9 x 10 -24 V. 

EXAMPLES 54 AND 55 

0106 A high-doped silicon substrate having a 500 nm 
thick Silicon oxide film was immersed in acetone with a 
purity of 99% or more and ultrasonically washed for one 
minute. Then, the Substrate was immersed in pure water and 
ultraSonically washed for one minute. After the Washing, the 
pure water remaining on the Surface was blowed away using 
a nitrogen gas. 

0107 Here, a source electrode and a drain electrode were 
formed by Screen printing using a Silver paste manufactured 
by Taiyo Ink Mfg. Co., Ltd. The electrodes were baked in a 
clean oven at 150° C. for one hour. In this case, the gate 
length was 40 to 50 am, and the gate width was 3 mm. 
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Film 
thickness 

of Gate 
polymer ON/OFF threshold 

O layer Mobility ratio voltage 

20 nm 0.86cm/Vs 4.3 x 10 -16 V 

23 nm 0.94 cm/Vs 4.3 x 10 -15 V 

24 nm 1.36 cm/Vs 1.8 x 10 -19 W 
25 nm 1.10 cm/Vs 2.7 x 10 -18 V 
75 nm 0.84 cm/Vs 6.3 x 10 -18 V 

18 nm 0.54 cm/Vs 2.2 x 10 -20 V 
16 mm 0.71 cm/Vs 4.4 x 10 -19 W 

O.37 cm/Vs 7.2 x 102 -12 V 

0108. The resulting substrate was irradiated with ultra 
violet rays (184.9 nm, 253.7 nm) using an optical surface 
processor PL16-110 manufactured by SEN Lights Corp. 
(optical surface processor power source: UVE-110-1H, 
high-output low-pressure mercury lamp: SUV110GS-36) 
for 20 minutes to remove the organic contaminant. 

0109 The radiated Substrate was then immersed in 
acetone with a purity of 99% or more and ultrasonically 
washed for one minute. Then, the Substrate was immersed in 
pure water and ultrasonically washed for one minute. After 
the Washing, the pure water remaining on the Surface was 
blowed away using a nitrogen gas. 

0110. A 0.8 wt.% solution of poly(2-vinylnaphthalene) 
(manufactured by Aldrich Co., weight average molecular 
weight: 175,000) in toluene was prepared. The previously 
prepared Substrate was coated with the Solution by Spin 
coating (forming a film at 3,000 rpm). The film thickness 
was 22 nm. The coating was baked by heating on a hot plate 
at 150° C. for five minutes. 

0111 Pentacene was formed as a film by vacuum vapor 
deposition. During the vapor deposition, the previously 
prepared Silicon Substrate with the polymer layer formed 
thereon was heated to 700 C. The film thickness of penta 
cene was adjusted to 75 nm. 
0112 Finally, a protective layer was formed by sealing 
with Silicone grease manufactured by Dow Corning Asia 
Corp. and a glass Substrate. An organic TFT having the 
structure of FIG. 1D was thus produced (Example 54). 
0113. An organic TFT with the structure of FIG. 1C was 
produced in the same operation as in Example 52, except for 
changing the formation order of the Source/drain electrodes 
and the polymer layer (Example 55). 
0114. An organic TFT not having a polymer layer as 
shown in FIG.1F (Comparative Example 6) was produced 
in the same manner as in Example 52, except for omitting 
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the operation of forming a polymer layer. The mobility, 
ON/OFF ratio and gate threshold voltage are shown in Table 
9. 

0115 The mobility of each of these organic TFTs was 
calculated by the calculating formula (1) using an HP 
parameter analyzer (HP4156C) . The mobility, ON/OFF 
ratio and gate threshold voltage are shown in Table 9. 
0116. The organic TFTs having a polymer layer had 
advantages in performance Such as a high mobility and/or a 
high ON/OFF ratio. 

TABLE 9 

TFT structure and TFT performance 

Structure of 
organic 
semiconductor ON/OFF 
device Polymer layer Mobility ratio 

Example 

54 FIG. 1D type Poly(2- O.21 cm/Vs 2.0 x 10 
vinylnaphthalene) 

55 FIG. 1C type Poly(2- 0.45 cm/Vs 1.2 x 10 
vinylnaphthalene) 

Comparative 
Example 

6 FIG. 1E None 0.27 cm/Vs 4.7 x 10? 

0117 Industrial Applicability 
0118. The present invention provides an organic semi 
conductor device, which can be produced uniformly on a 
Substrate with a large area, having a high mobility and 
capable of modulating the drain current Significantly by the 
Voltage applied to a gate electrode. 
0119) The present invention also provides an organic 
Semiconductor device that is operated in a stable manner, 
can be driven at a low Voltage, has a long life expectancy, 
and can be produced in a simple process. 
0120) The present invention further provides an active 
matrix display apparatus using the organic Semiconductor 
device or an organic Semiconductor apparatus using the 
organic Semiconductor device as an IC card electronic tag. 
0121 This application claims priority from Japanese 
Patent Application Nos. 2003-351159 filed Oct. 9, 2003 and 
2004-264499 filed Sep. 10, 2004, which are hereby incor 
porated by reference herein. 

1. An organic Semiconductor device comprising a Sub 
Strate, an organic Semiconductor, a gate insulating film and 
conductors, wherein a polymer layer, which is different from 
the gate insulating film, is provided in contact with the 
organic Semiconductor, and the polymer layer contains a 
copolymer of methyl methacrylate and divinylbenzene. 

2. The organic Semiconductor device according to claim 
1, wherein the copolymer of methyl methacrylate (A) and 
divinylbenzene (B) has a monomer unit ratio of A:B= 
1:OOO1 to 0.04. 

3. The organic Semiconductor device according to claim 
1, wherein the polymer layer has a thickness of 5 nm or more 
and 30 nm or less. 
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4. The organic Semiconductor device according to claim 
1, wherein the polymer layer is provided between the 
organic Semiconductor and the gate insulating film, and the 
gate insulating film has a Surface with a Surface roughness 
Ra of 5 nm or less, the Surface being in contact with the 
polymer layer. 

5. An organic Semiconductor device comprising a Sub 
Strate, a organic Semiconductor, a gate insulating film and 
conductors, wherein a polymer layer, which is different from 
the gate insulating film, is provided in contact with the 

Gate 
threshold 
voltage 

-29 V 

-17 V 

-12 V 

organic Semiconductor, and the polymer layer contains a 
polymer represented by the following formula (1) or (2): 

(1) 

wherein R' represents a hydrogen atom or an alkyl group, 
R' represents a naphthyl group which may be Substituted, 
a carbazoyl group which may be Substituted, or a biphenyl 
group which may be Substituted, and n denotes polymeriza 
tion degree; or 

(2) 
R21 

wherein R represents a hydrogen atom or an alkyl group, 
the aromatic ring may be Substituted, and n denotes poly 
merization degree. 

6. The organic Semiconductor device according to claim 
5, wherein the polymer layer contains a polymer represented 
by the following formula (3): 
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(3) 

wherein R represents a hydrogen atom or an alkyl group, 
R represents a naphthyl or carbazoyl group, and n denotes 
polymerization degree. 

7. The organic Semiconductor device according to claim 
5, wherein the polymer layer has a thickness of 10 nm or 
more and 100 nm or less. 

8. The organic Semiconductor device according to claim 
1, wherein a gate electrode, the gate insulating film, the 
polymer layer, the organic Semiconductor and Source/drain 
electrodes are provided on the Substrate in this order. 

9. The organic Semiconductor device according to claim 
1, wherein a gate electrode, the gate insulating film, the 
polymer layer, Source/drain electrodes and the organic Semi 
conductor are provided on the Substrate in this order. 

10. The organic Semiconductor device according to claim 
1, wherein a gate electrode, the gate insulating film, Source/ 
drain electrodes, the polymer layer and the organic Semi 
conductor are provided on the Substrate in this order. 

11. The organic Semiconductor device according to claim 
1, wherein a gate electrode, the gate insulating film, one of 
Source/drain electrodes, the organic Semiconductor and the 
other of the Source/drain electrodes are provided on the 
Substrate in this order, and wherein the polymer layer is 
provided in contact with the organic Semiconductor. 

12. The organic Semiconductor device according to claim 
1, wherein Source/drain electrodes, the polymer layer, the 
organic Semiconductor, the gate insulating film and a gate 
electrode are provided on the Substrate in this order. 

13. The organic Semiconductor device according to claim 
1, wherein the polymer layer, Source/drain electrodes, the 
organic Semiconductor, the gate insulating film and a gate 
electrode are provided on the Substrate in this order. 

14. The organic Semiconductor device according to claim 
1, wherein the polymer layer, the organic Semiconductor, 
Source/drain electrodes, the gate insulating film and a gate 
electrode are provided on the Substrate in this order. 

15. The organic Semiconductor device according to claim 
1, wherein one of Source/drain electrodes, the organic Semi 
conductor, the other of the Source/drain electrodes, the gate 
insulating film and a gate electrode are provided on the 
Substrate in this order, and wherein the polymer layer is 
provided in contact with the organic Semiconductor. 

16. The organic Semiconductor device according to claim 
1, wherein the polymer layer is formed by any one of Spin 
coating, Spray coating and dip coating. 

17. The organic Semiconductor device according to claim 
1, wherein the device is a field effect transistor. 

18. An organic Semiconductor apparatus using the organic 
Semiconductor device according to claim 1. 

19. A process for producing an organic Semiconductor 
device, comprising the Steps of: 

forming an insulating film on a Substrate having a Surface, 
at least a part of the Surface being conductive, 

10 
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forming a polymer layer composed of a copolymer of 
methyl methacrylate and divinylbenzene on the insu 
lating film, and 

forming an organic Semiconductor layer on the polymer 
layer. 

20. The proceSS for producing the organic Semiconductor 
device according to claim 19, further comprising a step of 
forming at least one pair of electrodes apart from each other 
on a part of the polymer layer. 

21. The proceSS for producing the organic Semiconductor 
device according to claim 19, further comprising a step of 
forming at least one pair of electrodes apart from each other 
on a part of the organic Semiconductor layer. 

22. A process for producing the organic Semiconductor 
device, comprising the Steps of: 

forming a polymer layer composed of a copolymer of 
methyl methacrylate and divinylbenzene, 

forming an organic Semiconductor layer on the polymer 
layer, and 

forming an insulating film on the organic Semiconductor 
layer. 

23. A process for producing the organic Semiconductor 
device, comprising the Steps of: 

forming an insulating film on a Substrate having a Surface, 
at least a part of the Surface being conductive, 

forming, on the insulating film, a polymer layer composed 
of a polymer represented by the following formula (1) 
or (2): 

(1) 

wherein R' represents a hydrogen atom or an alkyl 
group, Rf represents a naphthyl group which may be 
Substituted, a carbazoyl group which may be Substi 
tuted, or a biphenyl group which may be Substituted, 
and n denotes polymerization degree; or 

(2) 

wherein R represents a hydrogen atom or an alkyl 
group, the aromatic ring may be Substituted, and in 
denotes polymerization degree, and 

forming an organic Semiconductor layer on the polymer 
layer. 
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24. The proceSS for producing the organic Semiconductor 
device according to claim 23, further comprising a step of 
forming at least one pair of electrodes apart from each other 
on a part of the polymer layer. 

25. The proceSS for producing the organic Semiconductor 
device according to claim 23, further comprising a step of 
forming at least one pair of electrodes apart from each other 
on a part of the organic Semiconductor layer. 

26. A process for producing the organic Semiconductor 
device, comprising the Steps of: 

forming, on a Substrate, a polymer layer composed of a 
polymer represented by the following formula (1) or 
(2): 

(1) 

wherein R' represents a hydrogen atom or an alkyl 
group, Rf represents a naphthyl group which may be 
Substituted, a carbazoyl group which may be Substi 
tuted, or a biphenyl group which may be Substituted, 
and n denotes polymerization degree; or 
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(2) 

wherein R represents a hydrogen atom or an alkyl 
group, the aromatic ring may be Substituted, and in 
denotes polymerization degree, 

forming an organic Semiconductor layer on the polymer 
layer, and 

forming an insulating film on the organic Semiconductor 
layer. 

27. The proceSS for producing the organic Semiconductor 
device according to claim 19, wherein the polymer layer is 
formed by any one of Spin coating, Spray coating and dip 
coating. 


