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(57) ABSTRACT 

It is an object to form a high quality gate insulating film 
which is dense and has a strong insulation resistance prop 
erty, and to propose a high reliable organic transistor in 
which a tunnel leakage current is little. One mode of the 
organic transistor of the present invention has a step of 
forming the gate insulating film by forming the conductive 
layer which becomes the gate electrode activating oxygen 
(or gas including oxygen) or nitrogen (or gas including 
nitrogen) or the like using dense plasma in which density of 
electron is 10' cm or more, and electron temperature is a 
range of 0.2 eV to 2.0 eV with plasma activation, and 
reacting directly with a portion of the conductive layer 
which becomes the gate electrode to be insulated. 
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ORGANIC TRANSISTOR, MANUFACTURING 
METHOD OF SEMCONDUCTOR DEVICE AND 

ORGANIC TRANSISTOR 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an organic transis 
tor and a manufacturing method of an organic transistor 
having an organic semiconductor layer and a semiconductor 
device having an organic transistor. 
0003 2. Description of the Related Art 
0004. A field-effect transistor controls an electric conduc 
tivity of a semiconductor layer which is provided between a 
Source and a drain electrodes with a Voltage applied to a gate 
electrode, and a field-effect transistor is a representative one 
of unipolar elements using carrier transport of either holes or 
electrons. 

0005 Since various kinds of switching elements and 
amplifying elements can be formed depending on a combi 
nation of such field-effect transistors, these field-effect tran 
sistors are applied in various fields. For example, a Switch 
ing element of a pixel in an active matrix display or the like 
can be given as the application. 

0006 An inorganic semiconductor material represented 
by silicon has been used broadly as a semiconductor mate 
rial using for the field-effect transistor. Since a high-tem 
perature treatment is needed for forming a film of an 
inorganic semiconductor material as a semiconductor layer, 
it is difficult to use plastic or a film as a substrate. 
0007. In contrast with this, since a film can be formed at 
even low temperature relatively, a field-effect transistor can 
be manufactured in principle over a substrate of which heat 
endurance is low Such as a plastic Substrate as well as a glass 
Substrate when an organic semiconductor material is used as 
a semiconductor layer. 
0008 An organic transistor which is formed by forming 
a film the semiconductor layer including the organic semi 
conductor material in a low temperature process is disclosed 
in Patent Document 1. Note that a gate insulating film of the 
organic transistor written in Patent Document 1 is formed by 
a plasma CVD method. 

Patent Document 1 
Japanese Patent Laid-Open No. 2000-174277 

0009. With a minituarization of the transistor, it is nec 
essary to make the gate insulating film thinner at the same 
time as shortening a channel length. However, when the gate 
insulating film is made thinner, a tunnel leakage current is 
high, and there is a concern about degradation of reliability. 
Therefore, the gate insulating film which is a higher resistant 
property is needed. 

BRIEF SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
lower tunnel leakage current organic transistor by forming a 
dence and highly insulating resistance property gate insu 
lating film than the gate insulating film formed by using a 
conventional CVD method. 
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0011. The present invention takes a method of hereinafter 
to accomplish the above object. 

0012 One mode of an organic transistor of the present 
invention is a transistor by obtained by forming a conductive 
layer which becomes a gate electrode; activating oxygen (or 
a gas including oxygen) or nitrogen (or a gas including 
nitrogen) or the like using dense plasma of which density of 
electrons is 10' cm or more and electron temperature is a 
range of 0.2 eV to 2.0 eV by plasma activation; and forming 
the gate insulating film by reacting directly and insulating 
with a part of the conductive layer which becomes the gate 
electrode. 

0013. One mode of an organic transistor of the present 
invention is having a gate electrode, a gate insulating film, 
a semiconductor layer including an organic semiconductor 
material, in which source and drain electrodes, and the 
Source and drain electrodes have a composite layer of an 
organic compound and a metal oxide and a conductive layer, 
and the gate insulating film is formed by performing dense 
plasma treatment to the conductive layer which becomes a 
gate electrode. 
0014) Another mode of an organic transistor of the 
present invention is having a gate electrode, a gate insulating 
film formed in contact with and over the gate electrode, a 
semiconductor layer including an organic semiconductor 
material formed over the gate insulating film, and Source and 
drain electrodes over a semiconductor layer, in which the 
source and drain electrodes have a composite layer of an 
organic compound and a metal oxide and the conductive 
layer, the gate insulating film is formed by performing dense 
plasma treatment to the conductive layer which becomes the 
gate electrode. 

0015. Another mode of an organic transistor of the 
present invention is having a gate electrode, a gate insulating 
film formed over the gate electrode, a semiconductor layer 
including an organic semiconductor material formed over 
the gate insulating film, and a source and a drain electrodes 
over the semiconductor layer, in which the source and drain 
electrodes have a composite layer of an organic compound 
and a metal oxide and the conductive layer, and the gate 
insulating film is a film which is subjected to dense plasma 
treatment. 

0016 One of manufacturing methods of the organic 
transistor of the present invention includes a steps of form 
ing a first conductive layer over a Substrate, insulating a 
surface of the first conductive layer by dense plasma treat 
ment, forming a semiconductor layer including an organic 
semiconductor material over the first insulated conductive 
film, forming a composite layer in which an organic com 
pound and a metal oxide are mixed over the semiconductor 
layer and forming a second conductive layer over the 
composite layer. At this time, the composite layer and the 
second conductive layer are the Source and drain electrodes, 
and a portion having a conductive property of the first 
conductive layer is a gate electrode, and a portion having an 
insulating property of the first conductive layer is a gate 
insulating film. 

0017 Another manufacturing method of an organic tran 
sistor of the present invention is forming a gate electrode 
over a substrate, forming a gate insulating film over a gate 
electrode, forming the semiconductor layer including an 
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organic semiconductor material over the gate insulating 
film, forming a composite layer in which an organic com 
pound and a metal oxide are mixed over the semiconductor 
layer, forming a layer over the composite layer. At this time, 
the composite layer and the conductive layer is the Source 
and drain electrodes, and dense plasma treatment is per 
formed to the gate insulating film. 

0018 Dense plasma treatment uses plasma in which 
density of electrons is 10' cm or more and electron 
temperature is a range of 0.2 eV to 2.0 eV (more preferably, 
a range of 0.5 eV to 1.5 eV). Note that “dense plasma in this 
specification may be also called “high density plasma’. 

0019. The gate electrode may be any one of tantalum, 
niobium, aluminum, molybdenum, tungsten, titanium, cop 
per, chromium, nickel, cobalt, and magnesium. 
0020. The gate insulating film may have dielectric con 
stant of 8 or more. 

0021. The organic compound which forms the composite 
layer may have an aromatic amine skeleton. 
0022. The metal oxide which forms the composite layer 
may be one metal oxide or plural metal oxides selected from 
titanium, Vanadium, chromium, Zirconium, niobium, molyb 
denum, hafnium, tantalum, tungsten, and rhenium. 
0023. One mode of the semiconductor device of the 
present invention is that a circuit is formed by using an 
organic transistor in which an insulating film which is 
formed by using dense plasma in which density of electrons 
is 10' cm or more, and electron temperature is a range of 
0.2 eV to 2.0 eV (more preferably, a range of 0.5 eV to 1.5 
eV) and a semiconductor layer including an organic semi 
conductor material are contacted. 

0024. Since a gate insulating film which is formed by 
using dense plasma can be a high quality film which is less 
damaged by plasma and has almost no defects, the gate 
insulating film can reduce a tunnel leakage current. There 
fore, a highly reliable organic transistor can be obtained. In 
addition, when the conductive layer which becomes a gate 
electrode is insulated to be the gate insulating film, high 
integration is enabled. 

BRIEF DESCRIPTION OF THE DRAWING 

0.025 FIGS. 1A and 1B are diagrams explaining a con 
figuration of an organic transistor of the present invention; 
0026 FIGS. 2A to 2E are diagrams explaining a manu 
facturing method of an organic transistor of the present 
invention; 

0027 FIGS. 3A and 3B are diagrams explaining con 
figurations of organic transistors of the present invention; 
0028 FIGS. 4A and 4B are diagrams explaining con 
figurations of organic transistors of the present invention; 
0029 FIGS. 5A and 5B are diagrams explaining con 
figurations of organic transistors of the present invention; 

0030 FIG. 6 is a schematic view of a dense plasma 
treatment device; 
0031 FIG. 7 is a top view of a liquid crystal display 
device using the present invention; 
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0032 FIG. 8 is a cross-sectional view of a liquid crystal 
display device using the present invention; 
0033 FIG. 9 is a cross-sectional view of a light-emission 
display device using the present invention; and 
0034 FIGS. 10A to 10D are diagrams of electronics 
devices using the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035 Embodiment Modes of the present invention are 
hereinafter described in detail with reference to the draw 
ings. However, the present invention is not limited to the 
following description, and it is to be understood by those 
skilled in the art that the mode and detail of the present 
invention can be changed variously within the scope of the 
present invention. Therefore, the present invention should 
not be construed as being limited to the description of the 
following Embodiment Modes and Embodiments. Further, 
in the structures of the present invention hereinafter 
described, the same parts are denoted with the same refer 
ence numerals throughout the drawings. 

EMBODIMENT MODE 1 

0036) A configuration of an organic transistor structure of 
the present invention is shown in FIGS. 1A and 1B. Note 
that reference numeral 10 is a substrate, 11 is a gate 
electrode, 12 is a gate insulating film, 13 is a semiconductor 
layer including an organic semiconductor material, 14 is a 
composite layer having an organic compound and a metal 
oxide, 15 is a conductive layer, and a source and a drain 
electrodes 16a and 16b have a composite layer 14 and a 
conductive layer 15. Arrangement of each layer and elec 
trode can be selected suitably depending of the use of the 
element. In addition, the composite layer 14 is formed to be 
in contact with the semiconductor layer 13 in FIGS. 1A and 
1B; however, without being limited to this, the composite 
layer may be included in a portion of a source electrode 
and/or a drain electrode. 

0037. A structure of FIG. 1A is explained along manu 
facturing methods of FIGS. 2A to 2E. As the substrate 10, 
an insulating property Substrate Such as a glass Substrate, a 
quartz. Substrate, a crystalline glass, a ceramic Substrate, a 
stainless steel Substrate, a plastic Substrate (polyimide, acryl, 
polyethylene terephthalate, polycarbonate, polyarylate, 
polyethersulfone or the like) or the like can be used. In 
addition, these Substrates may be used after polishing by 
CMP or the like as necessary. 
0038 A conductive layer 17 which becomes a gate elec 
trode is formed over the substrate 10 (see FIG. 2A). A metal 
having an insulating property by nitriding and/or oxygenat 
ing may be used as the material of a conductive layer 17. 
Specifically, tantalum, niobium, aluminum, molybdenum, 
copper, or titanium is preferred. In addition, tungsten, chro 
mium, nickel, cobalt, magnesium and the like can be given. 
A manufacturing method of the conductive layer 17 is not 
particularly limited, and after forming a film by a sputtering 
method or an evaporation method or the like, the film may 
be manufactured to have a desirable shape by an etching 
method or the like. In addition, the film may be formed by 
using a droplet including a conductive Substance by an inkjet 
printing method or the like. 
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0.039 Next, the gate insulating film 12 including a nitride, 
an oxide, or an oxynitride of the metal is formed by nitriding 
and/or oxygenating the conductive layer 17 using dense 
plasma (see FIG. 2B). Dense plasma is produced by using 
a micro wave of high frequency, for example, using 2.45 
GHz. Such dense plasma is used, and oxygen (or a gas 
including oxygen), nitrogen (or a gas including nitrogen) or 
the like is activated by plasma activation, and these are 
reacted with a material of the gate electrode directly to 
insulate the conductive layer 17. 
0040 Dense plasma of which density of electron is 10' 
cm or more, and electron temperature is a range of 0.2 eV 
to 2.0 eV (more preferably, a range of 0.5 eV to 1.5 eV) is 
used. Such dense plasma which is characterized low electron 
temperature can form a film which is less damaged by 
plasma and has almost no defects than conventional plasma 
treatment since energy of motion of active species is low. In 
addition, this insulating film is denser than an insulating film 
which is formed by using an anodic oxidation method. The 
conductive layer 17 can perform as the gate electrode 11 
except for the gate insulating film 12 insulated by using 
dense plasma of the conductive layer 17. 
0041. For example, dense plasma treatment is performed 
using a device of FIG. 6. Reference numeral 61 is a 
dielectric waveguide, 62 is a slot antenna having plural slots, 
63 is a dielectric substrate which is made of quartz or 
aluminum oxide, and 64 is a stage for installing a substrate. 
The stage 64 has a heater. A micro wave is transmitted from 
60, and a gas which is Supplied from a gas Supply port 65 in 
a plasma generating region 66 is activated. A position and a 
length of the slot in the slot antenna 62 are selected suitably 
depending on a wave length of the micro wave transmitted 
from 60. 

0042. By using such a device, plasma with uniformity, 
highly density, and low electron temperature can be acti 
vated, and low temperature treatment (Substrate temperature 
400° C. or less) can be achieved. Note that plastics, which 
are thought to have low heat resistance generally, can be 
used as a Substrate. 

0043. Note that gas in which oxygen (or gas including 
oxygen) or nitrogen (or gas including nitrogen) is mixed into 
an inert gas Such as argon, krypton, helium, or Xenon is used 
as a gas to be supplied. Therefore, these inert elements are 
mixed into the gate insulating film formed by dense plasma 
oxidation or nitriding treatment. Hydrogen may be included 
in a gas to be supplied. 

0044) Further, an activated gas which is more uniform 
can be supplied to a processing object by providing a shower 
plate in a device inside 67. In description below, dense 
plasma treatment in manufacturing of the gate insulating 
film is performed by using plasma having the above char 
acteristics. 

0045 Next, a semiconductor layer 13 covering a gate 
insulating film 12 is formed (see FIG. 2C). The organic 
semiconductor material forming the semiconductor layer 13 
has a carrier transporting property, and if the organic mate 
rial can have modulation of carrier density by electric 
field-effect, low molecular and high molecular materials can 
be used, and the kind is not limited particularly. A polycyclic 
aromatic compound, a conjugate double bond compound, a 
metallophthalocyanine complex, a charge transfer complex, 
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a condensed ring tetracarboxylic diimide type, an oligoth 
iophene type, a fullerene type, a carbon nanotube or the like 
can be given. For example, polypyrrole, polythiophene, 
poly(3-alkylthiophene), polythienylenevinylene, poly(p- 
phenylenevinylene), polyaniline, polyaZulene, polypyrene, 
polycarbazole, polyselenophene, polyfuran, poly (p-phe 
nylene), polyindole, polypyridazine, naphthacene, 
hexacene, heptacene, pyrene, chrysene, perylene, coronene, 
terrylene, ovalene, quaterrylene, triphenodioxazine, triph 
enodiriazine, hexacene-6,15-quinone, polyvinylcarbazole, 
polyphenylenesulfide, polyvinylenesulfide, polyvinylpyri 
dine, naphthalenetetracarboxylic diimide, anthracenetetra 
carboxylic diimide, C60, C70, C76, C78, C84, and deriva 
tives thereof can be used. In addition, as concrete examples 
thereof, there is tetracene, pentacene, sexithiophene (6T), 
copper phthalocyanine, bis-(1,2,5-thiadiazolo)-p-quino 
bis(1,3-dithiol), ruburene, poly (2.5-thienylenevinylene) 
(PTV), poly (3-hexylthiophene-2,5-diyl) (P3HT), or poly 
(9.9'-dioctyl-fluorene-co-bithiophene) (F8T2) which is gen 
erally categorized in a P-type semiconductor, and 7,7,8,8.- 
tetracyanoquinodimethane (TCNQ). 3.4.9,10-perylenetetra 
carboxylicdianhydride (PTCDA), 1,4,5,8- 
naphthalenetetracarboxylicdianhydride (NTCDA), 11.11, 
12,12.-tetracyano-1,4-naphthaquinodimethane (TCNNQ), 
N,N'-dioctyl-3,4,9,10-perylenetetracarboxylicdiimide 
(PTCDI-C8H), copper 16phthalocyaninefluoride (FCuPc), 
or 3',4'-dibutyl-5.5"-bis(dicyanomethylene)-5.5"-dihydro-2, 
2:5'2"-terthiophen) (DCMT), or the like which is generally 
categorized in an N-type semiconductor. Note that in the 
organic semiconductor, the property of the P-type of the 
N-type is not an inherent property, and is relied in relation 
with an electrode injecting carriers, or intensity of electrical 
field when carrier injection is performed. There is a tendency 
that it is easy to become the P-type or the N-type; however, 
the organic semiconductor can be used as a P-type semi 
conductor and an N-type semiconductor. In this embodiment 
mode, a P-type semiconductor is more preferred. 
0046) These organic semiconductor materials can be 
formed by a method such as an evaporation method, spin 
coating method, or a droplet discharging method. 
0047 Next, a composite layer 14 is formed over the 
semiconductor layer 13 (see FIG. 2D). A kind of the organic 
compound used for the composite layer 14 of the present 
invention is not limited particularly, for example, 4,4'-bis 
N-(1-naphtyl)-N-phenylaminobiphenyl (NPB), N,N'- 
diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-di 
amine (TPD), 4.4-bis(N-4-(N,N-di-m-tolylamino)phenyl 
N-phenylamino)biphenyl (DNTPD), 4,4',4'-tris N-(3- 
methylphenyl)-N-phenylaminotriphenylamine 
(m-MTDATA), or 4,4',4'-tris N-(1-naphthyl)-N-pheny 
laminotriphenylamine (1-TNATA) which has an aromatic 
amine skeleton is preferable. In addition, an N-arylcarbazole 
derivative such as N-(2-naphthyl)carbazole (NCZ), 4,4'- 
di(N-carbazolyl)biphenyl (CBP), or anthracene, or an aro 
matic carbon hydride such as 9,10-diphenylanthracene 
(DPA) or the like can be used. In addition, a material which 
can be used as the semiconductor 13 can be used. In this 
case, adhesion and chemical stability of boundary face of the 
semiconductor layer 13 and the composite layer 14 are 
improved. Then, an advantage that a manufacturing process 
becomes easily can be given. 
0048. A metal oxide used for the composite layer 14 of 
the present invention is not limited particularly. An oxide of 



US 2006/0270.066 A1 

titanium, Vanadium, chromium, Zirconium, niobium, molyb 
denum, hafnium, tantalum, tungsten, or rhenium is prefer 
able. The composite layer including a metal oxide at the 
range of 5 wt % to 80 wt %, preferably, the range of 10 wt 
% to 50 wt % is preferable. 
0049. The organic compound such as 7,7,8,8-tetracyano 
quinodimethane (TCNQ), 2,3,5,6-tetrafluoro7,7,8,8-tetracy 
anoquinodimethane (F-TCNQ) which represents an elec 
tron-accepting property may be used in Substitution for a 
metal oxide. 

0050. The composite layer 14 may be formed by a 
co-evaporation using resistance heating, by a co-evaporation 
using resistance heating and an electron gun evaporation 
(EB evaporation), or by simultaneously by a sputtering 
method and resistance heating or the like. In addition, the 
film formation may be performed by using a wet method 
Such as a sol-gel method. 
0051 Since the electric conductivity of the composite 
layer 14 is as high as about 10 S/cm), and even when the 
film thickness is changed from several nm to several hun 
dred nm, the change a value of resistance of a transistor is 
small, the film thickness of the composite layer can be 
controlled suitably from several nm to several hundred nm 
or more depending on an application or shape of an element 
which is formed. 

0052) Next, a conductive layer 15 is formed (see FIG. 
2E). A material used for the conductive layer 15 is not 
limited particularly. A metal Such as gold, platinum, alumi 
num, tungsten, titanium, copper, molybdenum, tantalum, 
niobium, chromium, nickel, cobalt, magnesium, an alloy 
including them, and a conductive high molecular compound 
Such as polyaniline, polypyrrole, polythiophen, polyaceth 
ylene, polydiacetylene can be given. Generally, a metal is 
used often for the conductive layer 15 to be used for source 
and drain electrodes 16a and 16b. 

0053 A forming method is not limited particularly as 
long as the semiconductor layer 13 does not decompose. 
After forming the film by a sputtering method or an evapo 
ration method or the like, the conductive layer 15 may be 
processed in the desirable shape by an etching method or the 
like and manufactured. In addition, the conductive layer 15 
may be formed by an ink-jet printing method using a droplet 
including a conductive Substance or the like. 
0054. In the organic transistor manufactured according to 
the above method, an energy barrier between the semicon 
ductor layer 13 and the source and drain electrodes 16a and 
16b is reduced by using the source and drain electrodes 16a 
and 16b which have a structure in which the composite layer 
14 is interposed between the semiconductor layer 13 and the 
conductive layer 15, and carrier injection from one of the 
electrode of the source and drain electrodes to the semicon 
ductor layer and carrier discharging from the semiconductor 
layer to the other electrode become easily. Consequently, a 
material of the conductive layer 15 does not have to select 
the material in which the energy barrier with the semicon 
ductor 13 is low, and can be selected without a constraint of 
a work function. 

0055. In addition, the composite layer 14 is superior in a 
carrier injection property and chemically stable, and adhe 
sion with the semiconductor 13 is better than the conductive 
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layer 15. The source and drain electrodes 16a and 16b of the 
present invention can be used also as a wiring. 
0056 Since the gate insulating film 12 formed by using 
dense plasma has few plasma damage and defects, a tunnel 
leakage current can be reduced. Since asperity of the Surface 
is small, carrier mobility can be high. Further, it makes 
orientation of the organic semiconductor material which 
makes the semiconductor layer 13 formed over the gate 
insulating film easy. In addition, high dielectric constant gate 
insulating film can be formed by selecting a material Such as 
Ta or Al to the gate electrode which becomes high dielectric 
constant by a nitriding treatment or an oxidation treatment. 
Therefore, even if the gate insulating film is made a thinner, 
an equivalent oxide film thickness (EOT. Equivalent Oxide 
Thickness) can be gained, and high speed operation can be 
performed while preventing a tunnel leakage current. Fur 
ther, since a width of the gate electrode can be narrowed and 
the gate electrode can be made thinner by reacting the gate 
electrode directly, a channel-length can be shortened. There 
fore, high integration is enabled. 
0057. An organic insulating material such as polyimide, 
polyamic acid, or polyvinylphenyl may be formed a film in 
contact with a under surface of the semiconductor layer 13. 
With Such a structure, orientation of the organic semicon 
ductor material is more improved, and adhesion of the gate 
insulating film 12 and the semiconductor layer 13 can be 
more improved. 

0.058. In addition, a structure in which the source and 
drain electrodes 16a and 16b are provided over the semi 
conductor layer 13 like a structure of FIG. 1A (hereinafter 
referred to as a top contact type structure) is exemplified; 
however, in the present invention, a structure in which the 
Source and drain electrodes are provided under the organic 
semiconductor layer like a structure of FIG. 1B (hereinafter 
referred to as a bottom contact structure) may be used. 
0059. In a case of the bottom gate type, when the top 
contact type structure is adopted, there is an advantage in 
which carrier mobility is high. Meanwhile, in a case of using 
the bottom contact type structure, a process Such as photo 
lithography can be used easily for microfabricaction of the 
source and drain wirings. Therefore, the structure of the 
organic transistor may be selected in accordance with draw 
back and advantage. 
0060. As described above, the high reliable organic tran 
sistor can be provided. 

EMBODIMENT MODE 2 

0061 The organic transistor as shown in embodiment 
mode 1 uses the insulating film formed by performing dense 
plasma treatment to the conductive layer which becomes the 
gate electrode as the gate insulating film; however, in this 
embodiment mode, a gate insulating film is formed by 
nitriding or oxygenizing with dense plasma additionally to 
the insulating film formed previously like FIGS. 3A and 3B. 
Since, elements except the gate insulating film and the gate 
electrode are similar to those of Embodiment Mode 1, they 
are denoted by the same reference numerals and the descrip 
tion thereof is omitted. 

0062. A gate electrode 31 is formed over a substrate 10. 
A material using for the gate electrode 31 is not limited 
particularly. For example, a metal Such as gold, platinum, 
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aluminum, tungsten, titanium, copper, molybdenum, tanta 
lum, niobium, chromium, nickel, cobalt, magnesium and an 
alloy including them, a conductive high molecular com 
pound Such as polyaniline, polypyrrole, polythiophene, 
polyacetylene, polydiacetylene, and polysilicon doped with 
an impurity can be given. A method for manufacturing the 
gate electrode 31 is not limited particularly, after forming by 
a sputtering method, an evaporation method or the like, it 
may be processed into a desired shape and manufactured by 
an etching method or the like. In addition, an inkjetting 
method or the like may be used by using a droplet including 
a conducting Substance. 
0063) Next, an insulating film 32 covering the gate elec 
trode 31 is formed. An inorganic material Such as silicon 
oxide, silicon nitride or silicon oxynitride is used for the 
insulating film 32. These insulating films 32 can be formed 
by an application method Such as a dipping method, a spin 
coating method, a droplet discharging method, and a CVD 
method, a sputtering method. 
0064. The gate insulating film is formed by performing 
nitriding treatment or oxidation treatment using dense 
plasma to this insulating film 32. For example, silicon 
oxynitride is formed by performing dense plasma nitriding 
treatment to the insulating film 32 of silicon oxide, or 
performing dense plasma oxidation treatment to the insu 
lating film 32 of silicon nitride. In addition, the gate insu 
lating film which has a stacked structure of silicon oxide or 
silicon nitride and silicon oxynitride may be formed. The 
number of the gate insulating films to be stacked is not 
limited especially. A silicon nitride film including highly 
concentration nitrogen can be obtained by performing dense 
plasma nitriding to silicon nitride. 
0065 Dense plasma is produced by using high frequency 
micro wave e.g. 2.45 GHZ. Activation oxygen (or gas 
including oxygen) or nitrogen (or gas including nitrogen) is 
activated by plasma activation by using such dense plasma, 
and is reacted with the insulating film. Since energy of 
motion of active species is low, dense plasma in which low 
electron temperature is characteristic can form few plasma 
damage and less-defective film compared with conventional 
plasma treatment. Note that an inert gas used for a gas to be 
supplied which is shown in Embodiment Mode 1 is mixed. 
0.066 A semiconductor layer 13 is formed over the gate 
insulating film. Next, the source and drain electrodes 16a 
and 16b are formed. 

0067. In the organic transistor having such a structure, an 
energy barrier between the semiconductor layer 13 and the 
source and drain electrodes 16a and 16b is reduced by using 
the source and drain electrodes 16a and 16b which have a 
structure in which the composite layer 14 is interposed 
between the semiconductor layer 13 and the conductive 
layer 15, and carrier injection from one of the electrode of 
the source and drain electrodes to the semiconductor layer 
and carrier discharging from the semiconductor layer to the 
other electrode become easily. Consequently, a material of 
the conductive layer 15 does not have to select the material 
in which the energy barrier with the semiconductor 13 is 
low, and can be selected without a constraint of a work 
function. 

0068. In addition, the composite layer 14 is superior in a 
carrier injection property and chemically stable, and adhe 
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sion with the semiconductor 13 is better than the conductive 
layer 15. The source and drain electrodes 16a and 16b of the 
present invention can be used also as a wiring. 
0069. Since the gate insulating film formed by using 
dense plasma is few plasma damage and defects, a tunnel 
leakage current can be reduced. Since asperity of the Surface 
is small, carrier mobility can be high. Further, it makes 
orientation of the organic semiconductor material which 
makes the semiconductor layer 13 formed over the gate 
insulating film easy. 

0070 The top contact type structure like FIG. 3A is 
exemplified; however, in the present invention, the bottom 
contact type structure like FIG. 3B may be used. 

0071. In a case of the bottom gate type, when the top 
contact type structure is adopted, there is an advantage in 
which carrier mobility is higher. Meanwhile, in a case of 
using the bottom contact type structure, a process Such as 
photolithography can be used easily for providing micro 
fabricaction of the source and drain electrode wirings. 
Therefore, the structure of the organic transistor may be 
selected in accordance with drawback and advantage. 

0072. In addition, the conductive layer which becomes 
the gate electrode is insulated by using dense plasma like 
embodiment mode 1, and the obtained insulating film may 
be used as a portion of the gate insulating film. Note that a 
material of the gate electrode which can be used at that time 
is the material of the conductive layer 17 denoted in embodi 
ment mode 1. In this case, since a width of the gate electrode 
can be narrowed and the gate electrode can be made thinner 
by reacting the gate electrode directly, a channel-length can 
be shortened. Therefore, high integration is enabled. 

0073. As described above, the high reliable organic tran 
sistor can be provided. 

EMBODIMENT MODE 3 

0074. In this embodiment mode, an organic transistor 
having a structure which is different from the structure 
denoted in Embodiment Modes 1 and 2 is explained using 
FIGS. 4A and 4.B. The organic transistor of the embodiment 
modes 1 and 2 is the bottom gate type transistor; however, 
the transistor of this embodiment mode is a top gate type 
transistor. Portions similar to those of Embodiment Mode 1 
are denoted by the common reference numerals and the 
description thereof is omitted. 

0075) A structure of FIG. 4A is explained. The semicon 
ductor layer 13 is formed over the substrate 10. Further, the 
source and drain electrodes 16a and 16b having the com 
posite layer 14 and the conductive layer 15 are formed over 
the semiconductor layer 13. 

0076) Next, an insulating film 42 covering the semicon 
ductor layer 13 and the source and drain electrodes 16a and 
16b is formed. An inorganic material Such as silicon oxide, 
silicon nitride or silicon oxynitride is used for the insulating 
film 42. These insulating films 32 can be formed by an 
application method such as a dipping method, a spin coating 
method, a droplet discharging method, and a CVD method, 
a sputtering method. Note that it is necessary to use Such a 
condition or a method that the semiconductor layer 13 is not 
broken. 
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0077. The gate insulating film is formed by performing 
nitriding treatment or oxidation treatment using dense 
plasma to this insulating film. For example, silicon oxyni 
tride is formed by performing dense plasma nitriding treat 
ment to the insulating film 42 of silicon oxide, or performing 
dense plasma Oxidation treatment to the insulating film 42 of 
silicon nitride. In addition, the gate insulating film which has 
a stacked structure of silicon oxide or silicon nitride and 
silicon oxynitride may be formed. The number of the gate 
insulating film to be stacked is not limited especially. A 
silicon nitride film including highly concentration nitrogen 
can be obtained by performing dense plasma nitriding to 
silicon nitride. 

0078 Dense plasma is produced by using high frequency 
micro wave e.g. 2.45 GHZ. Activation oxygen (or gas 
including oxygen) or nitrogen (or gas including nitrogen) is 
activated by plasma activated by using Such high dense 
plasma, and is reacted with the insulating film. Since energy 
of motion of active species is low, dense plasma in which 
low electron temperature is characteristic can form little 
plasma damage and less-defective film compared with con 
ventional plasma treatment. Note that an inert gas used for 
a gas to be supplied which is shown in Embodiment Mode 
1 is mixed. 

0079 Next, a gate electrode 41 is formed. A material 
using for the gate electrode 41 is not limited particularly. For 
example, a metal Such as gold, platinum, aluminum, tung 
Sten, titanium, copper, molybdenum, tantalum, niobium, 
chromium, nickel, cobalt, magnesium and an alloy including 
them, a conductive high molecular compound Such as polya 
niline, polypyrrole, polythiophene, polyacetylene, polydi 
acetylene, and polysilicon doped with an impurity can be 
given. A method for manufacturing the gate electrode 41 is 
not limited particularly, after forming by a sputtering 
method, an evaporation method or the like, it may be 
processed into a desired shape by an etching method or the 
like. In addition, an ink-jetting method or the like may be 
used by using a droplet including a conducting Substance. 
Note that it is necessary to use Such a condition or a method 
that the semiconductor layer is not broken. 
0080. In the oaganic transistor having such a structure, an 
energy barrier between the semiconductor layer 13 and the 
source and drain electrodes 16a and 16b is reduced by using 
the source and drain electrodes 16a and 16b which have a 
structure in which the composite layer 14 is interposed 
between the semiconductor layer 13 and the conductive 
layer 15, and carrier injection from one of the electrode of 
the source and drain electrodes to the semiconductor layer 
and carrier discharging from the semiconductor layer to the 
other electrode become easily. Consequently, a material of 
the conductive layer 15 does not have to select the material 
in which the energy barrier with the semiconductor 13 is 
low, and can be selected without a constraint of a work 
function. 

0081. In addition, the composite layer 14 is superior in a 
carrier injection property and chemically stable, and adhe 
sion with the semiconductor 13 is better than the conductive 
layer 15. The source and drain electrodes 16a and 16b of the 
present invention can be used also as a wiring. 
0082 Since the gate insulating film formed by using 
dense plasma is few plasma damage and defects, a tunnel 
leakage current can be reduced. 
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0083. The top contact type structure like FIG. 4A is 
exemplified; however, in the present invention, the bottom 
contact type structure like FIG. 4B may be used. 
0084. Furthermore, the heat resistance can be improved 
by performing nitriding treatment to the gate electrode by 
using dense plasma. In the case of insulating the conductive 
layer which becomes the gate electrode, since a width of the 
gate electrode can be narrowed and the gate electrode can be 
made thinner, a channel-length can be shortened. Therefore, 
high integration is enabled. 
0085. As described above, the high reliable organic tran 
sistor can be provided. 

EMBODIMENT MODE 4 

0086. In this embodiment mode, an example of a struc 
ture of an N-type organic transistor in which electrons serve 
as carriers is explained using FIGS. 5A and 5B. The source 
and drain electrodes 16a and 16b in the embodiment mode 
1 have a second composite layer 58 including alkali metal, 
alkaline-earth metal, or a compound including them (an 
oxide, a nitride, or salt) additionally. In this embodiment 
mode, the composite layer 14 having the organic oxide and 
the metal oxide of Embodiment Mode 1 is referred to as a 
first composite layer 14. Elements similar to those of 
Embodiment Mode 1 are denoted by the same reference 
numerals, and the description is omitted. 
0087. The semiconductor material which is written in 
Embodiment Mode 1 can be used as the organic semicon 
ductor material used for a semiconductor layer 53. In 
particular, a material which is cited as an N-type semicon 
ductor is preferable. 

0088. The type of alkali metal, alkaline-earth metal, or a 
compound including them (an oxide, a nitride, or salt) is not 
limited particularly. However, lithium, Sodium, potassium, 
cesium, magnesium, calcium, strontium, barium, lithium 
oxide, magnesium nitride, or calcium nitride which is to be 
given below is preferable. Note that a method for manufac 
turing the second composite layer 58 is not limited, as long 
as the semiconductor layer 53 does not resolved, and a 
sputtering method or an evaporation method can be used. 
0089. In addition, the second composite layer 58 may be 
formed by a mixed material of these materials and the 
organic compound having an electron transport property. As 
the organic material having an electron transport property, 
there is perylene tetra carboxylic anhydride and the deriva 
tive thereof, a perylene tetra carboxylic diimide derivative, 
naphthalene tetra carboxylic anhydride and the derivative, a 
naphthalene tetra carboxylic diimide derivative, a metal 
lophthalocyanine derivative, or fullerene series. Addition 
ally, for example, the material which is composed of metallic 
complex having a quinoline skeleton or a benzoquinoline 
skeleton Such as tris(8-quinolinolato)aluminum (abbreviated 
to Alq), tris(4-methyl-8-quinolinolato)aluminum (abbrevi 
ated to Almqi), bis(10-hydroxybenz)h-quinolinato)beryl 
lium, (abbreviated to BeBq), bis (2-methyl-8-quinolino 
lato)-4-phenylphenolato-aluminum (abbreviated to BAlq) 
can be used. In addition, a metal complex having an oxazole 
orthiazole ligand such as bis 2-(2-hydroxyphenyl)benzoox 
azolato Zinc (abbreviated to Zn(BOX)), bis 2-(2-hydrox 
yphenyl)benzothiazolato Zinc (abbreviated to Zn(BTZ)) 
can be used. In addition to Such metal complex, 2-(4- 
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biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbre 
viated to PBD), 1,3-bis(5-(p-tert-butylphenyl)-1,3,4-oxadia 
Zole-2-ylbenzene (abbreviated to OXD-7), 3-(4-tert 
butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole 
(abbreviated to TAZ), 3-(4-tert-butylphenyl)-4-(4-ethylphe 
nyl)-5-(4-biphenylyl)-1,2,4-triazole (abbreviated to p-Et 
TAZ), bathophenanthroline (abbreviated to BPhen), batho 
cuproin (abbreviated to BCP), or the like can be used. Note 
that the second composite layer 58 in which the organic 
compound having an electron transporting property is mixed 
may be formed by a co-evaporation method using resistance 
heating; a co-evaporation method using resistance heating 
and an electron gun evaporation (EB evaporation); simul 
taneous deposition using sputtering and resistance heating, 
or the like. 

0090 First, the conductive layer 17 which becomes a 
gate electrode is formed over a substrate 10. Next, a gate 
insulating film 12 which made of the nitride, oxide, or 
oxynitride of the gate electrode material is formed by 
nitriding or oxygenizing the conductive layer 17 which 
becomes the gate electrode by using dense plasma. Further 
more, the source and drain electrodes 56a and 56b having 
the second composite layer 58, the first composite layer 14, 
and the conductive layer 15 are formed, thus the organic 
transistor is manufactured. An inert gas used for a gas to be 
Supplied Such as argon, krypton, helium, or Xenon as shown 
in Embodiment Mode 1 is mixed in the gate insulating film 
12. 

0091. In the organic transistor manufactured by the above 
method, when a Voltage is applied to an electrode having a 
structure in which the second composite layer 58, the first 
composite layer 14, and the conductive layer 15 are stacked, 
holes and electrons are generated by carrier separating in 
vicinity of the boundary face of the second composite layer 
58 and the first composite layer 14. The electrons of the 
generated carriers are supplied to the semiconductor layer 53 
from the second composite layer 58, and the holes of the 
generated carriers flow to the conductive layer 15. In this 
manner, a current in which the electron is carrier flows into 
the semiconductor layer 53. 
0092. In addition, an energy barrier between the semi 
conductor layer 53 and the source and drain electrodes 56a 
and 56b is reduced by using the source and drain electrodes 
56a and 56b which have a structure in which the composite 
layer 14 is interposed between the semiconductor layer 53 
and the conductive layer 15, and carrier injection from one 
of the electrode of the source and drain electrodes to the 
semiconductor layer and carrier discharging from the semi 
conductor layer to the other electrode become easily. Con 
sequently, a material of the conductive layer 15 does not 
have to select the material in which the energy barrier is low, 
and can be selected without a constraint of a work function. 

0093. In addition, the first composite layer 14 is superior 
in a carrier injection property and chemically stable and 
adhesion with the semiconductor 53 is better than the 
conductive layer 15. The source and drain electrodes 56a 
and 56b of the present invention can be used also as a wiring. 
0094 Since the gate insulating film formed by using 
dense plasma is few plasma damage and defects, a tunnel 
leakage current can be reduced. Since asperity of the Surface 
is small, carrier mobility can be high. Further, it makes 
orientation of the organic semiconductor material which 
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makes the semiconductor layer 53 formed over the gate 
insulating film easy. In addition, high dielectric constant gate 
insulating film can be formed by selecting a material Such as 
Ta or Al to the gate electrode which becomes high dielectric 
constant by a nitriding treatment or an oxidation treatment. 
Therefore, even if the gate insulating film is made a thinner, 
a physical film thickness can be gained, and high speed 
operation can be performed while preventing a tunnel leak 
age current. Further, since a width of the gate electrode can 
be narrowed and the gate electrode can be made thinner by 
reacting the gate electrode directly, a channel-length can be 
shortened. Therefore, high integration is enabled. 
0095) An organic insulating material such as polyimide, 
polyamic acid, or polyvinylphenyl may be formed a film in 
contact with a under surface of the semiconductor layer 53. 
With Such a structure, orientation of the organic semicon 
ductor material is more improved, and adhesion of the gate 
insulating film 12 and the semiconductor layer 53 can be 
more improved. 
0096. As described above, the high reliable organic tran 
sistor can be provided. 

EMBODIMENT MODE 5 

0097. A mode of a liquid crystal display device (liquid 
crystal device) including an organic transistor of the present 
invention is explained using FIG. 7. 
0.098 FIG. 7 is a schematic top view showing a liquid 
crystal display device. Reference numeral 601, which is 
indicated by a dotted line, is a driver circuit portion (a source 
side driver circuit), 602 is a pixel portion, 603 is a driver 
circuit portion (a gate side driver circuit), and these are 
sealed by an element substrate 600, a counter substrate 604, 
and a sealant 605. 

0099] The source side driver circuit 601 and the gate side 
driver circuit 603 receive a video signal, a clock signal, a 
start signal, a reset signal and the like from an FPC (flexible 
printed circuit) 609 serving as an external input terminal. 
Though the only FPC is illustrated here, a printed wiring 
board (PWB) may be mounted on the FPC. The liquid 
crystal display device in the present invention includes not 
only the liquid crystal display device itself but also a state 
where an FPC or a PWB is mounted thereto. 

0.100 The pixel portion 602 is not limited especially, for 
example, the pixel portion 602 has a liquid crystal display 
element (liquid crystal element) and a transistor for driving 
the liquid crystal display element as shown in a sectional 
view of FIG. 8. 

0101 The liquid crystal display device shown in the 
sectional-view of FIG. 8 has an organic transistor 527 
having the gate insulating film 12 formed by insulating the 
conductive layer which becomes the gate electrode by dense 
plasma treatment same as the organic transistor written in 
Embodiment Mode 1. Portions similar to those of Embodi 
ment Mode 1 are denoted by the same reference numerals 
and the description thereof is omitted. 
0102) The organic transistor 527 formed over the sub 
strate 10 is covered with an insulating film 528. One side of 
the conductive layer 15 which functions as a portion of the 
Source and drain electrodes is electrically connected to a 
pixel electrode 529 through a contact hole. The liquid crystal 
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display element is formed by Sandwiching a liquid crystal 
layer 534 between a counter electrode 532 formed over a 
counter substrate 531 and the pixel electrode 529. Orienta 
tion films 533 and 530 are formed respectively on the 
surfaces of the counter electrode 532 which is contact with 
the liquid crystal layer 534 and the pixel electrode 529. Note 
that the liquid crystal layer 534 keeps cell gap by a spacer 
535. The structure of the liquid crystal display device is not 
limited particularly. 
0103) A light emitting device using the organic transistor 
527 of the present invention is explained with reference to 
FIG. 9. The light emitting device shown in a sectional-view 
of FIG. 9 has an organic transistor 527 having the gate 
insulating film 12 formed by insulating the conductive layer 
which becomes the gate electrode by the dense plasma 
treatment, similarly to the organic transistor written in 
Embodiment Mode 1. Portions similar to those of Embodi 
ment Mode 1 are denoted by the same reference numerals 
and the description thereof is omitted. 
0104. The organic transistor 527 formed over the sub 
strate 10 is covered with the insulating layer 528. One side 
of the conductive layer 15 which functions as a portion of 
the source and drain electrodes is electrically connected to a 
first electrode 610 through a contact hole. An end portion of 
the first electrode 610 is covered with an insulating layer 
611, and a light emitting layer 612 is formed so as to cover 
a portion exposing from the insulating layer 611. A second 
electrode 613 and a passivation film 614 are formed over the 
light emitting layer 612. Note that the light emitting layer 
612 is isolated from outside air by sealing the substrate 10 
and a counter substrate 615 by using the sealant (not 
illustrated) in the outside of the pixel portion. An interspace 
616 between the counter substrate 615 and the substrate 10 
may be filled with an inert gas such as dried nitrogen, or the 
sealing may be performed by filling the interspace 616 with 
resin instead of the sealant. The structure of the light 
emitting device is not limited particularly. 
0105. When the gate insulating film formed by using 
dense plasma is used as the organic transistor 527, the tunnel 
leakage current can be reduced and a high reliable display 
device can be obtained. 

0106. In this embodiment mode, the insulating film 
formed by performing dense plasma treatment to the con 
ductive layer which becomes the gate electrode can be used 
as the gate insulating film using for the organic transistor 
527. However, the gate insulating film processed by dense 
plasma treatment may be used. 
0107 The display device as described above can be used 
as a display device mounted to an electronics device Such as 
a telephone set or a television set as shown in FIGS. 10A 
and 10B. In addition, the display device may be mounted to 
a card having a function of managing private information 
such as an ID card as shown in FIG. 10C, to a flexible 
electronic paper as shown in FIG. 10D, or the like. 
0108 FIG. 10A is a diagram of a telephone set, and a 
main body 710 of the telephone set includes a display 
portion 711, an audio output portion 713, an audio input 
portion 714, operation switches 715 and 716, an antenna 
717, and the like. 
0109) An active matrix type display device is provided in 
the display portion 711. A display system is may be a liquid 
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crystal display or EL display. The display portion 711 has an 
organic transistor in every pixel. The gate insulating film 
processed by dense plasma treatment by using the above 
embodiment mode is used to the organic transistor. In 
addition, an integrated circuit for driving the display portion 
711 is formed over the substrate same as the organic 
transistor or mounted. The organic transistor having the gate 
insulating film processed by dense plasma treatment by 
using the above embodiment mode may be used for the 
transistor provided in the integrated circuit. A telephone set 
having a good electrical property and high reliability can be 
obtained by using the organic transistor of the present 
invention. 

0110 FIG. 10B shows a television set manufactured by 
applying the present invention. The television set includes a 
display portion 720, a housing 721, a speaker 722, and the 
like. 

0.111) An active matrix type display device is provided in 
the display portion 720. A display system is may be a liquid 
crystal display or EL display. The display portion 720 has an 
organic transistor in every pixel. The gate insulating film 
processed by dense plasma treatment by using the above 
embodiment mode is used to the organic transistor. In 
addition, an integrated circuit for driving the display portion 
720 is formed over the substrate same as the organic 
transistor or mounted. The organic transistor having the gate 
insulating film processed by dense plasma treatment by 
using the above embodiment mode may be used to the 
transistor provided in the integrated circuit. A television set 
having a good electrical property and high reliability can be 
obtained by using the organic transistor of the present 
invention. 

0112 FIG. 10C shows an ID card manufactured by 
applying the present invention. The ID card includes a 
support medium 730, a display portion 731, an integrated 
circuit chip 732 incorporated in the support medium 730 or 
the like. Integrated circuits 733 and 734 for driving the 
display portion 731 are incorporated into the support 
medium 730. 

0113 An active matrix type display device is provided in 
the display portion 731. A display system is may be a liquid 
crystal display or EL display. The display portion 731 has an 
organic transistor in every pixel. The gate insulating film 
processed by dense plasma treatment by using the above 
embodiment mode is used to the organic transistor. In 
addition, integrated circuits 733 and 734 for driving the 
display portion 731 are formed over the substrate same as 
the organic transistor or mounted. The organic transistor 
having the gate insulating film processed by dense plasma 
treatment by using the above embodiment mode may be 
used for the transistor provided in the integrated circuits 733 
and 734. An ID card having a good electrical property and 
high reliability can be obtained by using the organic tran 
sistor of the present invention. 
0114. The type of information input or output can be 
confirmed by displaying the information input or output by 
an integrated circuit chip 732, in the display portion 731. 

0115 FIG. 10D shows an electronic paper manufactured 
by applying the present invention. A main body 740 includes 
a display portion 741, a receiving apparatus 742, a driving 
circuit 743, a film battery 744, or the like. 
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0116. An active matrix type display device is provided in 
the display portion 741. A display method is may be a liquid 
crystal display or EL display. The display portion 741 has an 
organic transistor in every pixel. The gate insulating film 
processed by dense plasma treatment by using the above 
embodiment mode is used to the organic transistor. In 
addition, a driving circuit 743 for driving a receiving appa 
ratus 742 and the display portion 741 is formed over the 
Substrate same as the organic transistor or mounted. The 
organic transistor having the gate insulating film processed 
by dense plasma treatment by using the above embodiment 
mode may be used for the transistor provided in the receiv 
ing apparatus 742 and the driving circuit 743. In an infor 
mation processing function, a loading of the display device 
can be reduced by using another device having the receiving 
apparatus 742 and a communication function. Since the 
organic transistor of the present invention can be manufac 
tured on a flexible substrate such as a plastic substrate, it is 
very effective to apply the organic transistor of the present 
invention to an electronic paper, and the electronic paper 
having a good electrical property and high reliability can be 
manufactured. 

0117. As set forth above, the application range of the 
invention is so wide that it can be applied to display devices 
in various fields. This embodiment mode can be freely 
combined with the structure of the Embodiment Modes 1 to 
4. 

EMBODIMENT 1 

0118. The organic transistor manufactured by using the 
present invention is explained using FIGS. 1A and 1B. 

0119) A conductive layer 17 which has a 100 nm film 
thickness and made of aluminum is formed over the Sub 
strate 10 by a sputtering method. Next, a gate insulating film 
12 which has a 30 nm film thickness is formed by perform 
ing dense plasma Oxygenizing to the conductive layer 17. 
When the dense plasma treatment device in FIG. 6 is used, 
an interval from a plasma source to the Substrate which is a 
processing object may be set in a range of 20 mm to 80 mm: 
however, a range of 20 mm to 60 mm is preferable. Except 
for the gate insulating film 12 of the conductive layer 17 
insulated by using dense plasma functions as the gate 
electrode 11. 

0120 Next, the semiconductor layer 13 is formed over 
the gate insulating film 12 by forming a 50 nm thick 
pentacene as a film so as to cover an overlapping portion of 
the gate insulating film 12 and the gate electrode 11. 

0121. A molybdenum oxide (VI) and TPD which is an 
aromatic amine compound are formed as a film with a 10 nm 
film thickness so that molar ratio is 1:1 by the co-evapora 
tion method as the composite layer 14. Furthermore, alumi 
num is formed by a vacuum evaporation using a mask as the 
conductive layer 15, and the source and drain electrodes 16a 
and 16b are manufactured. 

0122) According to the above, a high reliable P-channel 
organic transistor can be obtained. 
0123 The application is based on Japanese Patent Appli 
cation serial No. 2005-125930 filed in Japan Patent Office on 
Apr. 25, 2005 the entire contents of which are hereby 
incorporated by reference. 
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What is claimed is: 
1. A method for manufacturing a semiconductor device 

comprising an organic transistor, the method for manufac 
turing the semiconductor device comprising: 

forming an insulating film of the organic transistor with 
plasma in which density of electron is 10' cm or 
more and electron temperature is a range of 0.2 eV to 
2.0 eV; and 

forming a semiconductor layer comprising an organic 
semiconductor material so that the semiconductor layer 
is in contact with the insulating film. 

2. A method for manufacturing an organic transistor 
comprising: 

performing plasma treatment in which density of electron 
is 10' cm and electron temperature is a range of 0.2 
eV to 2.0 eV to a first conductive layer to become a gate 
electrode to form a gate insulating film on the gate 
electrode: 

forming a semiconductor layer comprising an organic 
semiconductor material so that the semiconductor layer 
is adjacent to the gate insulating film; and 

forming a composite layer comprising an organic com 
pound and a metal oxide so that the composite layer is 
adjacent to the semiconductor layer, and 

forming a second conductive layer so that the second 
conductive layer is adjacent to the composite layer, 

wherein source and the drain electrodes comprise the 
second conductive layer and a composite layer; and 

wherein the composite layer is interposed between the 
conductive layer and the semiconductor layer. 

3. A method for manufacturing an organic transistor 
comprising: 

performing plasma treatment in which density of electron 
is 10' cm and electron temperature is a range of 0.5 
eV to 1.5 eV to a first conductive layer to become a gate 
electrode to form a gate insulating film on the gate 
electrode: 

forming a semiconductor layer comprising an organic 
semiconductor material so that the semiconductor layer 
is adjacent to the gate insulating film, 

forming a composite layer comprising an organic com 
pound and a metal oxide so that the composite layer is 
adjacent to the semiconductor layer, and 

forming a second conductive layer so that the second 
conductive layer is adjacent to the composite layer, 

wherein source and drain electrodes comprise the second 
conductive layer and the composite layer, and 

wherein the composite layer is interposed between the 
second conductive layer and the semiconductor layer. 

4. A method for manufacturing an organic transistor 
comprising: 

performing plasma treatment in which density of electron 
is 10' cm and electron temperature is a range of 0.2 
eV to 2.0 eV to a first conductive layer to become a gate 
electrode in order to form a gate insulating film on the 
gate electrode: 
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forming a semiconductor layer comprising an organic 
semiconductor material over the gate insulating film; 
and 

forming a composite layer comprising an organic com 
pound and a metal oxide on the semiconductor layer; 
and 

forming a second conductive layer on the composite layer, 
wherein source and drain electrodes comprises the second 

conductive layer and the composite layer. 
5. The method for manufacturing the organic transistor 

according to claim 2, wherein the gate electrode comprises 
one of tantalum, niobium, aluminum, molybdenum, tita 
nium, or copper. 

6. The method for manufacturing the organic transistor 
according to claim 3, wherein the gate electrode comprises 
one of tantalum, niobium, aluminum, molybdenum, tita 
nium, or copper. 

7. The method for manufacturing the organic transistor 
according to claim 4, wherein the gate electrode comprises 
one of tantalum, niobium, aluminum, molybdenum, tita 
nium, or copper. 

8. The method for manufacturing the organic transistor 
according to claim 2, wherein the gate insulating film has 
dielectric constant of 8 or more. 

9. The method for manufacturing the organic transistor 
according to claim 3, wherein the gate insulating film has 
dielectric constant of 8 or more. 

10. The method for manufacturing the organic transistor 
according to claim 4, wherein the gate insulating film has 
dielectric constant of 8 or more. 

11. An organic transistor comprising: 
a gate electrode; 
a gate insulating film adjacent to the gate electrode: 
a semiconductor layer comprising an organic semicon 

ductor material adjacent to the gate insulating film; and 

a source and a drain electrodes adjacent to the semicon 
ductor layer, 

wherein the Source and drain electrodes comprise a com 
posite layer and the conductive layer, the composite 
layer comprising an organic compound and a metal 
oxide; 

wherein the composite layer is interposed between the 
conductive layer and the semiconductor layer, and 

wherein the gate insulating film is Subject to plasma 
treatment. 

12. The method for manufacturing the organic transistor 
according to claim 2, wherein the organic compound com 
prises an aromatic amine skeleton. 

13. The method for manufacturing the organic transistor 
according to claim 3, wherein the organic compound com 
prises an aromatic amine skeleton. 

14. The method for manufacturing the organic transistor 
according to claim 4, wherein the organic compound com 
prises an aromatic amine skeleton. 

15. The organic transistor according to claim 11, wherein 
the organic compound has an aromatic amine skeleton. 

16. The method for manufacturing the organic transistor 
according to claim 2, wherein the metal oxide is one or a 
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plurality of oxides of titanium, Vanadium, chromium, Zirco 
nium, niobium, molybdenum, hafnium, tantalum, tungsten, 
and rhenium. 

17. The method for manufacturing the organic transistor 
according to claim 3, wherein the metal oxide is one or a 
plurality of oxides of titanium, Vanadium, chromium, Zirco 
nium, niobium, molybdenum, hafnium, tantalum, tungsten, 
and rhenium. 

18. The method for manufacturing the organic transistor 
according to claim 4, wherein the metal oxide is one or a 
plurality of oxides of titanium, Vanadium, chromium, Zirco 
nium, niobium, molybdenum, hafnium, tantalum, tungsten, 
and rhenium. 

19. The organic transistor according to claim 11, wherein 
the metal oxide is one or a plurality of oxides of titanium, 
Vanadium, chromium, Zirconium, niobium, molybdenum, 
hafnium, tantalum, tungsten, and rhenium. 

20. A method for manufacturing an organic transistor 
comprising: 

forming a first conductive layer over a substrate; 
insulating a surface of the first conductive layer by plasma 

treatment in which density of electron is 10' cm and 
electron temperature is a range of 0.2 eV to 2.0 eV: 

forming a semiconductor layer comprising an organic 
semiconductor material over the insulated first conduc 
tive layer; 

forming a composite layer in which an organic compound 
and a metal oxide are mixed over the semiconductor 
layer; and 

forming a second conductive layer over the composite 
layer, 

wherein the composite layer and the second conductive 
layer are source and drain electrodes, 

wherein a portion having a conductive property of the first 
conductive layer is a gate electrode; and 

wherein a portion having an insulating property of the first 
conductive layer is a gate insulating film. 

21. The method for manufacturing the organic transistor 
according to claim 20, wherein the gate electrode is one of 
tantalum, niobium, aluminum, molybdenum, titanium, and 
copper. 

22. The method for manufacturing the organic transistor 
according to claim 20, wherein the gate insulating film has 
dielectric constant of 8 or more. 

23. A method for manufacturing the organic transistor 
comprising: 

forming a gate electrode over a Substrate; 
forming a gate insulating film over the gate electrode: 
forming a semiconductor layer including an organic semi 

conductor material over the gate insulating film; 
forming a composite layer in which an organic compound 

and a metal oxide are mixed over the semiconductor 
layer; and 

forming a conductive layer over the composite layer, 
wherein the composite layer and the conductive layer are 

a source and a drain electrodes, and 
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wherein the gate insulating film is subjected to plasma 
treatment in which density of electron is 10' cm and 
electron temperature is a range of 0.2 eV to 2.0 eV. 

24. The method for manufacturing the organic transistor 
according to claim 20, wherein the organic compound 
comprises an aromatic amine skeleton. 

25. The method for manufacturing the organic transistor 
according to claim 23, wherein the organic compound 
comprises an aromatic amine skeleton. 

26. The method for manufacturing the organic transistor 
according to claim 20, wherein the metal oxide is one or a 
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plurality of oxides of titanium, Vanadium, chromium, Zirco 
nium, niobium, molybdenum, hafnium, tantalum, tungsten, 
and rhenium. 

27. The method for manufacturing the organic transistor 
according to claim 23, wherein the metal oxide is one or a 
plurality of oxides of titanium, Vanadium, chromium, Zirco 
nium, niobium, molybdenum, hafnium, tantalum, tungsten, 
and rhenium. 


