DESCRI PTI ON TRANSI STOR AND 5 DI SPLAY DEVI CE | NCLUDI NG THE TRANSI STOR
TECHNI CAL FI ELD The present invention relates to a transistor and a

di splay device including the transistor. Mre particularly, 10 the present
invention relates to a transistor having an organic |layer as a

sem conductor |ayer including a conductive polyner and also relates to a
di spl ay device including such a transistor. As used herein, the term
"conductive polyner" refers to a novel polyner that behaves as a conductor
or a 15 sem conductor. BACKGROUND ART Recently, an active-matrix liquid
crystal display device (LCD) thatpggearpetone conponents such as thin-film
20 transistors (TFTs) as its switching el enents has frequently been used as
a nonitor for notebook conputers, desktop conputers, workstations and so
on, and in a liquid crystal television. This i s because the active-matrix
LCD can display an inmage havirm;{ﬂ&“gﬁggq which is at |east conparable
to, 25 or even better than, an inage disp ayeé)on a CRT, while 1 consum ng
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CRT. Accordingly, in order for

TECHNICAL FIELD

The present invention relates to a transistor and a

display device including the transistor. More particularly,

10 the present invention relates to a transistor having an
organic layer as a semiconductor layer including a conductive
polymer and also relates to a display device including such a
transistor. As used herein, the term "conductive polymer”
refers to a novel polymer that behaves as a conductor or a

15 semiconductor.

BACKGROUND ART

Recently, an active-matrix ligquid crystal display device

(LCD) that uses active components such as thin-film

20 transistors (TFTs) as its switching elements has frequently
been used as a monitor for notebook computers, desktop
computers, workstations and so on, and in a liquid crystal
television. This is because the active-matrix LCD can display

an image having high quality, which is at least comparable to,

25 or even better than, an image displayed on a CRT, while



this type of display device to becone even nore popular, its 5 price nust
be reduced. Meanwhile, an active-matrix organic EL (electro- |um nescence)
di spl ay devi ce has al so been vigorously researched and devel oped recently.
In the active-matrix organic EL display device, the light-emtting el enent
thereof 10 (i.e., an active-matrix organic light-emtting diode (OLED)) 1is
driven by an active conponent. Thus, the active conponent for such an
organi ¢ Etonsumtrgalseenecpdweioahd rarufpydingr ed sualled oswace oslhan Ookeof

t he proposed net hods of reducing the manufacturing 15 cost of the
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effect transistor (FET) or an organic thin-filmtransistor (TFT) as the
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sem conductor thin fi'lm which can be easily formed by a currently
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chem cal vapor Siti Syst em iS often us o form
an |nsulat|n a_senj conduct or Iayer for an anorphous silicon

(a Si) T?ﬁl %BI?%l??% p-Si) TFT, and a sputtering systen1for 25 use
to forn1e|ectrodes for such a TFT are both expensive, 2 Also, in a C/WD
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tenperature as high as about 230 r
luminescence) display device has also been vigorously

researched and developed recently. In the active-matrix
organic EL display device, the light-emitting element thereof
10 (i.e., an active-matrix organic light-emitting diode (OLED))
is driven by an active component. Thus, the active component
for such an organic EL device also needs to be manufactured at
a lower cost.
One of the proposed methods of reducing the manufacturing
15 cost of the active-matrix LCD or organic EL device is the use
of an organic field effect transistor (FET) or an organic
thin-film transistor (TFT) as the active component. The
organic FET or organic TFT includes an organic semiconductor
thin film, which can be easily formed by a currently available
20 thin-film deposition technique.
However, a plasma-enhanced chemical vapor deposition
(CVD) system, which is often used today to form an insulating
layer or a semiconductor layer for an amorphous silicon (a-Si)
TFT or a polysilicon (p-Si) TFT, and a sputtering system for

25 use to form electrodes for such a TFT are both expensive.



to about 350 C . Furthernore, the CVD or sputtering system normally

requi res frequent nai ntenance such as cleaning, thus 5 resulting in a | ow

t hroughput. In contrast, a coater or an inkjet printer for use in formng
an organic FET, for exanple, is nmuch |ess expensive, and requires nuch

si npl er mai ntenance, than the CVD or sputtering system Al so, the organic
sem conductor thin filmcan be deposited at a far | ower 10 tenperature than
t he convenmlsonalini asavat prgcessserheondaulatingayper senloeddbytdhel&yer
process. Accordingly, when an organic FET is used for a liquid crystal

di splay dgyig§e €5 BE QEPSEH fea Hit H SttlmpertRUre asSiHIYH beaRboa@Sk3peduct i on
is expected. An organic TFT normally includes a transparent substrate 15
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el ect r ode, charge existing int ace eén the
gate 20 insulating filmand the organi.c sepiconductor filmi adj usted and
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drain electrode by way of the organic sem conductor filmcan be changed.
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is 25 also referred to as an "organic FET". 3 For exanple, Yen-Yi Lin,
Davi d J. Ganmhelzhleshe¢xpersive, and requires much simpler maintenance,

than the CVD or sputtering system. Also, the organic
semiconductor thin film can be deposited at a far lower
10 temperature than the conventional insulating or semiconductor
layer formed by the CVD process. Accordingly, when an organic
FET is used for a liquid crystal display device or an organic

EL display device, significant cost reduction is expected.
An organic TFT normally includes a transparent substrate
15 (e.g., a glass substrate), a gate electrode, a gate
insulating f£ilm, a source electrode, a drain electrode and an
organic semiconductor film. In the organic TFT, by changing
the voltage to be applied to the gate electrode, the quantity
of charge existing in the interface between the gate
20 insulating film and the organic semiconductor film is
adjusted and thereby the amount of current flowing from the
source electrode into the drain electrode by way of the
organic semiconductor film can be changed. In this manner,
the organic TFT can be selectively turned ON or OFF, and is

25 also referred to as an "organic FET".



Nel son and Thomas N. Jackson di sclosed in | EEE Transactions on Electronic
Devices, Vol. 44, No. 8, p. 1325 (1997) that an organic TFT was forned
usi ng pentacene. 5 However, an organic sem conductor filmformed of

pent acene nust be deposited by an evaporation process. Accordingly, to

| mprove the characteristics of such a film the filmneeds to be
crystallized sufficiently. On the other hand, according to another
proposed technFoueexampdet,actsre-Yli0) Hinj v®awid i $. usedddschn ahedbyatFve
organic filmmaterial to make the resultant organic film sol uble and
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| ow- nol ecul ar- wei ght organi c sem conductor material such as pentacene, an
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manuf actured efficiently. Also, since such a material normally cannot be

crystal | i zed,sd fhet eptd Yeodesd r&ndgcg%rﬁq%rhst Ics are not al ways

achi eved. rthernore, Japanese Lal cation No. 63-76378

di scl oses a od of fabricating.an organic JFT. usi; al yt hi pphene
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pol yneri zati on_process or 25 a solution coating technique. That is to say,
such an orge@Feéingly. to improve the characteristics of such a film,

the film needs to be crystallized sufficiently. On the other
hand, according to another proposed technique, a pentacene
10 derivative is used as an alternative organic film material to
make the resultant organic film soluble and patternable more
easily. In order to deposit a thin film of a low-molecular-
weight organic semiconductor material such as pentacene, an
evaporation process must be performed. Thus, the organic TFT
15 cannot be manufactured efficiently. Also, since such a
material normally cannot be crystallized sufficiently, desired
characteristics are not always achieved.
Furthermore, Japanese Laid-Open Publication No. 63-76378
discloses a method of fabricating an organic TFT by using
20 polythiophene or a derivative thereof for its organic
semiconductor f£ilm.
An organic semiconductor thin film made of polythiophene,
a polythiophene derivative or a thiophene oligomer can be
formed easily by an electrochemical polymerization process or

25 a solution coating technique. That is to say, such an organic



sem conductor is an easily patternable material. However, such a materi al
is still under research and devel opnment, and the properties thereof are
not yet conpletely satisfactory. Generally speaking, nmany of the
conventional conductive 5 polymers are rigid, insoluble and infusible.
Accordingly, to introduce or increase the fusibility or solubility, a

pol ymer derivative or oligoner with additional side chains is sonetines
used (seesdapesvredectar di6pesmn Pelalsiiagt | paistddombie thadB8bial63- 7B3W8vand
5-110069, for exanple). However, when 10 the side chains are introduced,

the pol yngacghai matkelriali Aer easia 1 tenddexiddddrtoh exe@sabvelypmdheN, ahle

glass transition point will be included within the operating tenperature
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notion, it electrons will 15 increase tKEIr conjugate length, and the
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ot her hand, when an o Ity of the conductive
pol ymer adversely decreases. .ln d%'tion a paterial wth the di t|onal
r yoms: BARTS PERcterd stifeliile abbi FrfGeEhids, chidebatadly  chonee
the nmobility, either the degree of polynerization or_ the alignnment
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al i gnment property of the conductive organic conpound nay be inproved by
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Lai d- Open Publication
sometimes used (see Japanese Laid-Open Publications Nos. 4-
133351, 63-76378 and 5-110069, for example). However, when
10 the side chains are introduced, the polymer chain will
increase its flexibility excessively. Then, the glass
transition point will be included within the operating
temperature range. As a result, thermochromism will be
created due to micro-Brownian motion, 7T electrons will
15 increase their conjugate length, and the stability of
characteristics against temperatures will decrease.
On the other hand, when an oligomer 1is used, the
reliability of the conductive polymer adversely decreases.
In addition, a material with the additional oligomer cannot
20 ensure a sufficient mobility. Accordingly, to increase the
mobility, either the degree of polymerization or the alignment
property of the conductive organic compound should Dbe
increased. The alignment property of the conductive organic

compound may be improved by additionally providing an

25 alignment film as disclosed in Japanese Laid-Open Publication



5 No. 7-206599, for exanple. Furthernore, 7t conjugated polyners are easily
affected and deteriorated by oxygen or water in the air. As described
above, the conventional organic TFTs 5 exhibit insufficient electrical
characteristics, lack in chemcal stability, and have a short lifetine.
Recently, a polynmer conplex, which is obtained by conplexing together
either multiple dissimlar polynmers or a high-nol ecul ar-wei ght conpound
and a | owNon| 2eRbabp9dei bt dX¥ammhypound t hrough non-coval ent interactions,
has attracted nuch attention as a novel functional material in certain

specific fiel dpupehet@bated 7t 0cbh3ightbar JAGMRIORr Ol eadli 5P| a¥fectea
t echnol ogy. For exanple, a polyner inclusion conplex, including a

CondUCtlVﬁn80h¥8€£18§a@eaUS§toﬁ?b@ﬁubﬁ watepdigyehedgxtrin (CD, which is an
i nsul ati ng cycllc nol ecul e) ~ or a nmol ecul ar nanot ube, synthesized from

cycl odextrin, |l e re ct| ec be
applicable as %&F g‘a'con uctor éﬁ%ﬁn%_o fSﬁ%ﬁ ?%gé ATETS
Physi cal Pr e | ecul ar ol yani And
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and Shi nmonura et _al "Nblecular Coat ed VVre Consi sting O Conductive

Pol yrer ARBCRAFRL UF ERPiEHBt (AR | hayg Pnehopte gifhtd™e3apan, Vol . 50, No.

13, 3265 (2001), for exanple. Fbwever nobody has ever reported or
Recently, a polymer complex which 1is obtained by

complexing together either multiple dissimilar polymers or a
high-molecular-weight compound and a low-molecular-weight
10 compound through non-covalent interactions, has attracted
much attention as a novel functional material in certain
specific fields not related to transistor technology or
display technology. For example, a polymer inclusion
complex, including a conductive polymer as a guest molecule
15 and cyclodextrin (CD, which is an insulating cyclic molecule)
or a molecular nanotube, synthesized from cyclodextrin, as a
host molecule, respectively, is expected to be applicable as
a molecular conductor. See Abe et al., "Structure And
Physical Properties of Molecular Wire Consisting Of
20 Polyaniline And Molecular Nanotube”, Polymer Preprints, Japan,
Vol. 50, No. 13 2980 (2001) and Shimomura et al., "Molecular
Coated Wire Consisting Of Conductive Polymer And Molecular
Nanotube”, Polymer Preprints, Japan, Vol. 50, No. 13, 3265
(2001), for example. However, nobody has ever reported or

25 suggested that an organic TFT or display device could or



25 suggested that an organic TFT or display device could or 6 should be
formed by using a sem conductor |ayer nade of a polyner inclusion conplex.
DI SCLOSURE OF I NVENTION 5 In order to overcone the problens described
above, preferred enbodi nents of the present invention inprove the
characteristics and reliability of a transistor, greatly sinplify and
decrease the cost of the manufacturing process of a transistor, by formng
in the transuitiobeanfermedi dylOudbyer aofsemipainduetomclageéevnmadeplek. a
Preferred enbodi mnents of the present invention also provide a display

devi ce thgblyh8g! Meesusieh compmst. transistor. As will be described bel ow,
various preferred enbodinents of the present invention provide a

transi stor and 15 display device having greatly inproved characteristics
including very high carrier nobility, excellent On-Of ratio and

current-v &g 26sh i fh§ﬁﬁggdﬁfsinplified manuf acturi ng process, a nuch
| ower cosg—ﬁg—ﬁﬁﬁ§$é§51w++ﬁx—ﬂm+ﬂ ncreased aperture ratio, increased

| um nance, increased_contrast 20 ratio, . inmprov vi ewi_.ng angle, hjgh
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organic TFT structure. According to one preferred enbodi nrent of the
present PROERETSA, eARAddmandiorof ndhgddresent sinyeatirddelMRE e ohlie

characteristics and reliability of a transistor, dgreatly
simplify and decrease the cost of the manufacturing process
of a transistor, by forming in the transistor an organic -
10 layer of a polymer inclusion complex. Preferred embodiments
of the present invention also provide a display device that
includes such a novel transistor.
As will be described below, various preferred
embodiments of the present invention provide a transistor and
15 display device having greatly improved characteristics
including very high carrier mobility, excellent On-Off ratio
and current-voltage ratio, a greatly simplified manufacturing
process, a much lower cost of manufacturing, an increased
aperture ratio, increased 1luminance, increased contrast
20 ratio, improved viewing angle, high stability, high
reliability, high durability, and having a nanoscale organic
TFT structure.
According to one preferred embodiment of the present
invention, a transistor includes a first electrode, a second

25 electrode, an organic layer which is provided between the



25 el ectrode, an organic |layer which is provided between the 7 first and
second el ectrodes, and a third electrode for applying an electric field to
the organic |ayer, wherein the organic |ayer includes a polyner inclusion
conplex. It is preferred that the organic layer is an organic 5 |ayer
havi ng a nanoscal e dinension. It is also preferable that the organic |ayer

I ncl uding the polynmer inclusion conplex includes a guest pol yner having

el ectri cakiespduaid videcomt| wdetbtirodehostand| ecultbirdheehestrodsl efoke may
have a pol ymer having a cross-linked structure 10 and the at |east one

term nal gppifenguast efelotiec Fieher aly ythd netguiesc alayeky wrRerepal tgeOUp
arranged to stabilize a state in which the guest polyner is included in

the host gpLegiteraddie SHesiadOlay/ /By Rheh§E3bhy cBaygekeactive term nal
groups, whefein the reactive termnal" groups of adjacent guest 15 polyners

are preferabl VIPOQ%fd%éé’Eé{-P?& atpglta“t%é‘%rgé\ﬁl\%‘ér rl?%efxﬂgggi rgqptgfgggiguest

polymer may beé a onj tgat e ynmer, an ere ermn group and
t he guest olgngr forma it con&ug ted system Still further, the guest

pol yne? nﬁ5YB ayihgat PILORER eZglﬂﬁHS $2- host nol ecul e nmay be a
cylindrical host nolecule, wherein the cylindrical host nolecule is one of
a | ow ol ecul &F- %6i gs orpeiaBalhe &PAttgiHheol @eIAkc WwerERT 1BEAPELRY.

the polymer inclusion complex includes a guest polymer having
electrical conductivity included in a host molecule. The host
molecule may have a polymer having a cross-linked structure
10 and the at least one terminal of the guest polymer preferably
includes a bulky terminal group arranged to stabilize a state
in which the guest polymer is included in the host molecule.

The guest polymer may preferably have reactive terminal

groups, wherein the reactive terminal groups of adjacent guest
15 polymers are preferably bonded together.

In another preferred embodiment, the guest polymer may
be a 7T conjugated polymer, and wherein the terminal group and
the guest polymer form a 7T conjugated system.

Still further, the guest polymer may be a linear polymer

20 and the host molecule may be a cylindrical host molecule,
wherein the c¢ylindrical host molecule is one of a low-
molecular-weight compound and a high-molecular-weight
compound.

In another preferred embodiment, the guest polymer

25 preferably has a degree of polymerization that is at least 10



I n anot her preferred enbodi nent, the guest polynmer 25 preferably has a
degree of polynerization that is at least 10 8 to 200. The transistor
according to various preferred enbodinents of the present invention nay be
a field effect transistor having any of a bottom gate arrangenent, a top-
5 gate arrangenent and a planar arrangenent. The transistor according
various preferred enbodi nents of the present invention described above may
be provided 2a0a display device according to another preferred enbodi nent
of the present invention. Such a display device can be an flat 10 panel

di spl ay devi ceTrgch aganslib@vird Clayslotldifigspl ap dew£eiows anppepentedEL
di spl ay device. Such a display device preferably includes a substrate, a

gate el ecthpdgim8ne8ULEE @lLCHEOLENt A idKANR 1BhCHdPUe AN £ UANEEréEY e
i ncluding a pol yner inclusion conplex. 15 The di splay device may al so
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drain eIec%rodes. In this case, .the source and drain el ectrodes are
di spos2d BRA T oPF oIIFHED gaéﬁfca PAFPT PREABOGURPE | ayer 20 may directly

contact the source el ectrode and the drain _electrode. In another preferred
enbodi nent of TRhe §F@§§ﬁ§tor according various preferred embodiments

of the present invention described above may be provided in a
display device according to another preferred embodiment of
the present invention. Such a display device can be an flat

10 panel display device such as a liquid crystal display device
or an organic EL display device.

Such a display device preferably includes a substrate, a
gate electrode, a source electrode, a drain electrode, an
organic layer including a polymer inclusion complex.

15 The display device may also include a gate insulating
layer which is arranged to cover the gate electrode and is
disposed between the gate electrode and the source and drain
electrodes. In this case, the source and drain electrodes
are disposed on top of the organic layer. The organic layer

20 may directly contact the source electrode and the drain
electrode.

In another preferred embodiment of the present
invention, no gate insulating layer 1is provided and the
organic layer is disposed between the gate electrode and the

25 source and drain electrodes. The organic layer may directly



invention, no gate insulating layer is provided and the organic layer is
di sposed between the gate el ectrode and the 25 source and drain el ectrodes.
The organic layer may directly 9 contact each of the gate el ectrode, the
source el ectrode and the drain electrode. According to yet another
preferred enbodi nent of the present invention, a nmethod of formng a thin
filmtransistor 5 includes the steps of providing a substrate and form ng
a thin fitohtaabseathr ofinthie gattles telaict rodd ,udilig ddercd eplettrdde nang an
organi c layer including a polyner inclusion com plex. The step of formng
an organi gnbagpaipreiesebbdel ncludes 10 the step of formng a filmof the
pol ymer inclusion conplex by applying or printing a solution of the

pol ymer i ncl ush0B,-§9Hp! &% et ey iifds aheP¥rPBE UmboSfthdh € 0Bl Nhe
technique, a dip coating tecﬁnlque, a casting technique, a printing
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met hod of*tormn ransi stor a es the steps o
formng a, gate_electrode, formng a source el ecgtrode and formng a drain
oot 1ot HArEaSs: fect $RRF ity ToHIGae (TP LA of 2P8: MAGIEY B gat o
insulating | ayer on the gate el ectrode and wherein the organic |ayer _is
formed onthip §édmcdrepsistode Ahdtidesubafrate including the step of

forming an organic layer including a polymer inclusion com-
plex.
The step of forming an organic layer preferably includes
10 the step of forming a film of the polymer inclusion complex
by applying or printing a solution of the polymer inclusion
complex on the substrate by one of a spin coating technique,
a dip coating technique, a casting technique, a printing
technique, a micro-patterning technique and an inkjet
15 technique.
The method of forming a transistor also preferably in-
cludes the steps of forming a gate electrode, forming a
source electrode and forming a drain electrode.
Also, the method may also include the step of forming a
20 gate insulating layer on the gate electrode and wherein the
organic layer is formed on the source electrode and the drain
electrode.
If no insulating 1layer is formed between the gate
electrode and the source and drain electrodes, the organic

25 layer directly contacts each of the gate electrode, the

10



el ectrode. If no insulating layer is fornmed between the gate electrode and
the source and drain electrodes, the organic 25 layer directly contacts
each of the gate electrode, the 10 source electrode and the drain

el ectrode, and the organic |ayer covers the gate el ectrode, and the source
el ectrode and the drain electrode are di sposed on the organic |ayer. The
above described nethod of formng a transistor can 5 also be applied to a
met hod of sboree nglacirgjdeayani@vithe fdraimaelleatirodieng and | &hepaseganispl ay
device such as a liquid crystal display device, an organic EL display

device. Qhgsrfesteresthel gaEat SlePfFHEESSESnd StIEPSsoutd@r &TéEtrcde Cena@nd
advant ages of the present i1nvention will 10 becone nore apparent fromthe

fol I owi ngrdet @ihed desctiphd oirOf aPLsd €Lk esh erodb ARaM £c of agdie. present
invention with reference to the attached draw ngs. BRI EF DESCRI PTI ON OF

DRAW NGS 15 FI {35, ééo@@d.d@c%g%%ﬁgxﬂéeﬁdg ot | USERPHG, BNG S EHeScal tWo

exenpl ary pol yner r1nclusion use In a “transistor according to
a preferref enBodine t aqf .the pre qﬂi Lnyention. FI.GS. .2A and 2B
Schemat | TS PRI APBLALE (e SUTSINGH 8 SO-BFAPWE SHRA AR A FOF ymer
i ncl usi on conPIexes_for use in a transistor according to a preferred
enbodi nerffadtapeuring a flat panel display device sSuch as a liquid
crystal display device, an organic EL display device.
Other features, - elements, processes, steps,
characteristics and advantages of the present invention will
10 become more apparent from the following detailed description

of preferred embodiments of the present invention with

reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS
15 FIGS. 1A and 1B schematically illustrate the structures
of two exemplary polymer inclusion complexes for use in a
transistor according to a preferred embodiment of the present
invention.
FIGS. 2A and 2B schematically illustrate the structures
20 of two other exemplary polymer inclusion complexes for use in
a transistor according to a preferred embodiment of the
present invention.
FIG. 3 schematically illustrates a dimerization reaction
that 1is created by utilizing the reaction of the terminal

25 groups of a polymer inclusion complex for use in a transistor

11



present invention. FIG 3 schematically illustrates a dinerization reaction
that is created by utilizing the reaction of the termnal 25 groups of a
pol ymer inclusion conplex for use in a transistor 11 according to a
preferred enbodi nent of the present invention. FIG 4 is a cross-sectional
view schematically illustrating a field effect transistor 10 according to a
specific preferred enbodi nent of the present invention. 5 FIG 5 shows how
t 0o synt hesteerdinpylyorer preflersiedn embodpinert phckbhei pgesestippedentiopnnal
group, for use in the transistor shown in FIG 4. FIG 6 is a
cross-sectionafF1@i ewsschegat igal lefodd sesitiainalg aviequi dsctismd el cdispl ay
devi ce 100 according to 10 another specific preferred enbodi nent of the

present {{vest+Hkind! G FibPaa LHHASSE SeThn@ABoY €Yo SBHAGR] | Yo a
illustrating an organic EL display device 200 according to still another

spect 11 ¢ BELEH EGEMUNIP ot VL0 RHE pLRSRICTARe BIG OA 10 2

“ventTon. 20 £% “BB SRR RBRM ot Por T AHIGT AN, € | RYSTRERC| G NG Lon
complex, including a capped terminal group, for use in the
transistor shown in FIG. 4.

FIG. 6 is a cross-sectional view schematically
illustrating a liquid crystal display device 100 according to

10 another specific preferred embodiment of the present
invention.

FIG. 7 is a cross-sectional view schematically
illustrating an organic EL display device 200 according to
still another specific preferred embodiment of the present

15 invention.

FIG. 8A 1is a cross-sectional view schematically
illustrating a field effect transistor 300 according to
another specific preferred embodiment of the present
invention.

20 FIG. 8B shows how to form an organic layer including a
polymer inclusion complex, for use in the transistor shown in
FIG. 8A.

FIG. 9A schematically illustrates the structure of a
portion of an FET 400 including another arrangement of an

25 exemplary polymer inclusion complex.

12



pol ymer inclusion conplex, for use in the transistor shown in FIG 8A

FIG O9A schematically illustrates the structure of a portion of an FET 400
i ncl udi ng anot her arrangenent of an 25 exenplary polymer inclusion
conmplex. 12 FIG 9B shows how to synthesize a pol yner inclusion conplex,
for use in the transistor shown in FIG 9A FIG 10 schematically
illustrates the structure of a portion of an FET 500 i ncl udi ng anot her
arrangenment ofFRG. DBxehplar ynheol ywer synthesiee canpodymelE Ginélusion
schematically illustrates the structure of a portion of an FET 600

i ncl udi ngcamplde) 6 angemanttid taranLxetmt ashowo | HFIG.NGAUSI on conpl ex.
10 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Herei nafter, preferred

enbodi ments ofrife PAreSeBhemhPYEALLHN M ilds i tdes ChhBeds bk ues elbgncg to
the acconpanying drawings. First, a polyner inclusion conplex as a
material for: A0n OGS kRHCTsd EnkifAshS! Undlildr Perdondenentoet Ihe
organi c layer 1 ncluding a polynmer 1nclusion conplex may Tunction as a

sem copduct or_| ayer r may, function as.a_gate insulating |ayer as well as
a sent conduct ot XeR&é&mﬁ51ﬁ§ TEPAPE §°"BIF¥rer conplex” is a conplex of a

nunmber 20 of nolecules in which either. multiple dissim]lar ohgners or
FIG. 11 schematically illustrates the structur of a

portion of an FET 600 including another arrangement of an

exemplary polymer inclusion complex.

10 BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, preferred embodiments of the present
invention will be described with reference to the
accompanying drawings. First, a polymer inclusion complex as
a material for an organic layer of a transistor will be

15 described. The organic layer including a polymer inclusion
complex may function as a semiconductor layer, or may
function as a gate insulating layer as well as a
semiconductor layer.

In general, a “"polymer complex” is a complex of a number

20 of molecules in which either multiple dissimilar polymers or
a high-molecular-weight compound and a low-molecular-weight
compound (including a metal complex) are bonded together via
a particular intermolecular force (such as electrostatic
interaction, hydrogen bond, charge transfer interaction, wvan

25 der Waals force, hydrophobic interaction or coordinate bond).

13



a hi gh-nol ecul ar-wei ght conpound and a | ow nol ecul ar-wei ght conpound
(including a netal conplex) are bonded together via a particular

i nternmol ecul ar force (such as electrostatic interaction, hydrogen bond,
charge transfer interaction, van 25 der Waal s force, hydrophobic

I nteraction or coordinate bond). 13 Also, each "polyner conplex" has a
particul ar conposition and unique properties. See Yasuji Abe, "Polyner
Conpl ex" ,Akslvt edlachy "pbtyiieci ebypbéx Pohysea ParedceladapampoKybionsand
Publ i sher, pp. 2-3, for exanple. Polyner conplexes are classifiable into 5

various typegue@cppopentidés. t hsed 8H30§5. ABBDNOPEL ALt DbiAfgSex” Anetinekasi on
conplex is a typical one. The "inclusion conplex" neans a conplex in which

a guest Pl 9gHl gobastpesr @am?ﬂérOQC?zeﬁ_&eteQaban@ KP¥irti ¥shhehbigsnber med
by a host ol ecul e. According to the cavity shapes of 10 host nvol ecul es,

t he inC|ﬁ§%9n29$np£&%ﬁéﬁg@§F§Ja%ﬁhf. : %dﬁﬂf&xe%yEkgd%&ag¥9§§a??%e§?§get

|
types. | preterred e nment e present invention, a

polynmer is_preferably used s a guest pol yner havi electrical, .

Poniuct | TEbASusPepds ecording $HoPhely Hikers Mot BHhtEokhing=a hos:
15 nol ecule. I1t_should be noted that qther types of polyners nmay be used

as the gudRtiBOIYFARD HAPRIGX HEsRetYPYF8LcQPPty may be used as the host

nol ecul e. The conductive guest polyner is preferably a linear n conjugated
pol ymer with cBeei einebnsiieri ¢pmplexyappaes afcomplex in which a guest

molecule has been caught or captured in a cavity that is

formed by a host molecule. According to the cavity shapes of

10 host molecules, the inclusion complexes are classifiable into

cylinder types and basket types. In a preferred embodiment

of the present invention, a linear polymer is preferably used

as a guest polymer having electrical conductivity, and a

cylindrical host molecule is preferably used as a host

15 molecule. It should be noted that other types of polymers may

be used as the guest polymer and the basket type cavity may be
used as the host molecule.

The conductive guest polymer is preferably a linear 7T

conjugated polymer with carrier conductivity. Examples of

20 preferred 7T conjugated polymers include poly(p-phenylene),

poly-p(phenylenevinylene), polythiophene, poly(methoxy-(ethyl-

hexoxy) -phenylenevinylene), poly(dialkoxy-phenylenevinylene)

and poly(naphthalenevinylene). Unlike the conductive polymer

such as polyaniline, each of these 7T conjugated polymers does

25 not cause the dissociation or association of protons so easily.

14



20 preferred 7C conjugated pol ynmers include pol y(p-phenyl ene),

pol y- p(phenyl enevi nyl ene), pol ythi ophene, poly(nethoxy-(ethyl-

hexoxy) - phenyl enevi nyl ene), pol y(di al koxy-phenyl enevi nyl ene) and

pol y(napht hal enevi nyl ene). Unli ke the conductive polyner such as

pol yani | i ne, each of these 7C conjugated polyners does 25 not cause the

di ssoci ation or association of protons so easily. 14 Accordingly, none of
these it aedpu@ahgly polnomer soffekigdsese T arsirtjuyatednpalgnadsic ket @ an
insulator so easily due to any external factor such as the pH of the

el ect r ol ytirans$0ioth i Piiom Sa ExeriqlEtsowfimidein Amsfidated pol wasisy aakude

pol ystyrene sulfonates and pol y(N net hyl - 4-vi nyl pyridi niun), each of which

functionsang dedoPaidl f Fadtiy i lsuedn) Heat e CopMIUCE S VarRO! WIREtrb8yRic

pol yt hi ophene) and can increase the solubility thereof. Also, the

pol ystyrepg;gkidonate has an excessively large or 10 snmall quantity of
charge, and can exchange the charge with the it conjugated polyner. In
this nner, electrical _caonductiyvi can be.inparted to .the it conjugated
ol yres or '« HEREPBLES, ef SERKE, BFerkrs d PRNLTRE S  ahcHfdEegopur P Ean
be increased, 15 The degree of polynerizatiqon of the conductive guest

ol yher | SabFeRghen| §ia pe al-He i A SRR IBY . SREhs Bt SphLch
General | y speaki ng, the higher the degree of polynerization, the higher

t he stabi fiungtionsté#e @) @epaktafor the 7T conjugated conductive polymer

(e.g., polythiophene) and can increase the solubility thereof.
Also, the polystyrene sulfonate has an excessively large or

10 small quantity of charge, and can exchange the charge with the
T conjugated polymer. In this manner, electrical
conductivity can be imparted to the 7T conjugated polymer or
the electrical conductivity of the 7T conjugated polymer can
be increased.

15 The degree of polymerization of the conductive guest
polymer 1is preferably at least 10 and more preferably at
least 20. Generally speaking, the higher the degree of
polymerization, the higher the stability and the electrical
conductivity of the guest polymer. Nevertheless, the degree

20 of polymerization should not exceed 200 because the solubility
would decrease in that case.

The cylindrical host molecule may be either a low-
molecular-weight compound or a high-molecular-weight compound.
Examples of preferred host molecules include cyclodextrin,

25 crown ether, calix arene, cyclic silazane, cyclic hemiacetal

15



conductivity of the guest polyner. Neverthel ess, the degree 20 of

pol yneri zati on shoul d not exceed 200 because the solubility would decrease
in that case. The cylindrical host nolecule nay be either a | ow

nol ecul ar - wei ght compound or a hi gh-nol ecul ar-wei ght conpound. Exanpl es of
preferred host nol ecul es include cyclodextrin, 25 crown ether, calix arene,
cyclic silazane, cyclic hem acetal 15 ester and derivatives thereof.

Nat ur al | yesthe pahdgnederivaieiesd nehemdcin be WNeathraAmyng dhleer pbAymgss
cyclodextrin, a derivative thereof, and a polynmer in which cycl odextrin

mol ecul estherdéf i May | ¥ESo theresdd ar eantgp otiHdik athilmRget keic1d@ext®in, a
preferably used. A preferred conbination of a guest nolecul e and a host

mol ecul e ghoul gt Pge setigst&sle sucdhd hat g{lﬁg}g}élearirﬁo'%ﬂﬁ@hi Veycdsasktrghecul e
|

is included in the cavity of the cylin host nol ecul e through a

non- coval r‘ﬁpiﬁ'&ﬁ‘i@é 118 ix}%}tif\'?és 181&1{253 IR % £XRG 'eﬁe%g that dre
cylindrical host nol'ecul’e having a polar group extéernally a §a

hydr ophobi ¢ ga¥i%¥ inggrnally (such as a cycl odextrin nol ecule) would

i nclud® Part6td°tYpd¥®dbtr 1inear conductive polyners by itself. That is to

say, the cylindrical host nolecule and the |inear 15 _conductive polyner
forma sort of®aPEEfPTEpFamiomdndtiedy ffe. 2 FHESHuMSde B e Bt s2 oROFRe

| i near conductive polyner(s) to be included in the host nolecule is
t ypi cal | yngheceiet ghopda | selected such that the linear conductive

guest molecule is included in the cavity of the cylindrical

host molecule through a non-covalent interaction. It was

10 confirmed wvia experiments that a cylindrical host molecule

having a polar group externally and a hydrophobic cavity

internally (such as a cyclodextrin molecule) would include

various types of linear conductive polymers by itself. That

is to say, the c¢ylindrical host molecule and the linear

15 conductive polymer form a sort of a self-organized structure.

The number of chains of the linear conductive polymer(s) to be

included in the host molecule is typically one or two but is
not limited thereto.

When the 1linear conductive polymer is included in the

20 cavity of the cylindrical host molecule, the movement of the

linear conductive polymer is constrained and the conformation

of the complex is limited. As a result, the carrier mobility

increases along the chain of the linear conductive polymer.

In addition, since the conformation is limited, the creation

25 of the thermocromism due to the micro-Brownian movement is

16



not limted thereto. Wien the linear conductive polynmer is included in the
20 cavity of the cylindrical host nolecule, the novenent of the I|inear
conductive polymer is constrained and the conformation of the conplex is
limted. As a result, the carrier nobility increases along the chain of
the linear conductive polynmer. |In addition, since the conformation is
limted,. the creation 25 of the thernocrom smdue to the m cro-Browni an
novenment kdsol@ialisdzeiini nhosd,indueasingr dae nchermal hetated 1stybofi ttheof
the conplex. Furthernore, interaction between the cylindrical host

mol ecul escampasges the polymer inclusion conplexes to be 5 parallel or
substantially parallel to each other. Then, the linear conductive pol yners,

included in theyeaybih&se Of fh@rdtidiflr beglieBASItH®! @5Mlie%r 1A ahbaRged
substantially parallel or parallel to each other along the chains thereof.

o : e ¢ : :
coﬁ?gggg&hfy‘ﬁghggrgpi% rm%(lgsl'ltaci/ﬁee; u%tggg}ng%ncgg%%gésy&glr o%ognélhrééleﬁ:ii%n%s BF t he
i d ' I . Furth . th |indrical_h I I

nor mal Py RASSAER) B8 RYCEaPSAray, PR LAdr ol Thabil iy coRdtht | He.
between the |inear conductive polyners, which are adjacent to 15 each

ot her ver t1B&RFy GORdued iv6,i RRIYMET Sy sHNGd AieH 228, thsuLCavtid &saref ethe

nmobility further increases along the chains of the
cylindrical host molecules, are arranged substantially

parallel or parallel to each other along the chains thereof.
Consequently, 1in an organic layer made of the polymer
10 inclusion complexes, the carrier mobility further increases
along the chains of the linear conductive polymers.
Furthermore, the cylindrical host molecule normally has
insulating properties, and therefore, hopping conduction
between the linear conductive polymers, which are adjacent to
15 each other vertically to the chains, is also minimized. Thus,
the carrier mobility further increases along the chains of the
linear polymers. Generally speaking, the conventional
conductive polymer has a carrier mobility that is lower than
that of a-Si or p-Si because the hopping conduction often
20 occurs between the hopping sites of the conductive polymers.
In contrast, according to this preferred embodiment of the
present invention, a polymer inclusion complex is made up of
the conductive polymer and the cylindrical host molecule,
thereby minimizing the hopping conduction vertically to the

25 chains. Consequently, the carrier mobility increases along
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| i near pol ynmers. Generally speaking, the conventional conductive pol ynmer
has a carrier nobility that is lower than that of a-Si or p-Si because the
hoppi ng conduction often 20 occurs between the hopping sites of the
conductive polynmers. In contrast, according to this preferred enbodi nent
of the present invention, a polyner inclusion conplex is nmade up of the
conductive polyner and the cylindrical host nolecule, thereby m nimzing

t he hoppi egecondingi amd veti¢ | candyct Drithe EhibidisnsotCoesbdecanligotirhpy.
carrier nobility increases along 17 the chains and the conductivity

exhibits pabtcead! eanisagt r ophe Jddtidrs t @afaybet hetLrRIZd®r muehn R6re
utilized much nore efficiently. It should be noted that the orientation

directionéfeiciéﬁtp%!ynerxkncgﬁéhea cgepl gyesaar engent takl aBleeRthYiyai Ng
the surface of a substrate that has been subjected to an alignnent

Lreal ment 41 108 2bhgNIENR r%ﬁ%«% niﬁlr%%\%o% doltRYlefd ! Bea! WAt -h91081c

performed on polyimde or nylen r known "al' i gnnment
treatments_may. al so be used. 10 The cylindrical host . nolecule b

ol Cher Sa. PBAESHER Ll o SHEAGH S Ot Sl | BEaPariRdpgREd o
conpound. I f a high-nol ecul ar-wei ght cylindrical host nolecule is used,
then the 88r 39wt | t3eaiethe stBf 1 ALY IRMPRL| Asaident A%, P& i el v,

the |linear conductive polyner nmay be included 15 in the cavity of each of
mul ti pl e rekbhbdgecutzgatmanght to be performed on polyimide or

polyphenylenevinylene. Other known alignment treatments may
also be used. |

10 The cylindrical host molecule may be either a low-
molecular-weight compound or a high-molecular-weight compound.
If a high-molecular-weight cylindrical host molecule is used,
then the carrier mobility and the stability will increase.
Alternatively, the linear conductive polymer may be included

15 in the cavity of each of multiple low-molecular-weight
cylindrical host molecules, and then the low-molecular-weight
cylindrical host molecules may be polymerized with each other.
Then, a polymer inclusion complex, in which the 1linear
conductive polymers are included in the cavity of a high-

20 molecular—weighf cylindrical host molecule, can be obtained.

By using a cylindrical host molecule having a polar
group outside of the molecule or by introducing a polar group
into the outside of a <c¢ylindrical host molecule, the
solubility of the complex in a polar solvent can be increased.

25 That is to say, even when a linear conductive polymer is
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cylindrical host nolecules, and then the | ow nol ecul ar-wei ght cylindrical
host nol ecul es nay be pol ynerized with each other. Then, a polyner

i nclusion conplex, in which the linear conductive polyners are included in
the cavity of a high 20 nol ecul ar-wei ght cylindrical host nol ecule, can be
obtained. By using a cylindrical host nol ecul e having a polar group
outside of the nolecule or by introducing a polar group into the outside
of a cylihdsotabléocsn avtetweml bheitselfibi &ipglylen hiencbaplex ¢omplewl ar
sol vent can be increased. 25 That is to say, even when a |linear conductive
pol ynmer imadd8upnssf ubhe ilAnaatsolamidudmyivd spbiymer pandnmer cprindrocal
conplex, nade up of the |inear conductive polyner and a cylindrical host

nol ecul e,n6ef RR1dcs3el, vashd NbEheal SHE1I v VeRt @ie asahkghedlpeieeatage. The
polarity on the outside of the 5 cylindrical host nolecule is controllable

Lhrough ohesheal paReb{ a1 on. ehikeybsgestie G f il yoatshle | peathe

conductive t ‘cavity of the cylindrical host nolecule is also

cont ol agl . AArough Gem Sal, JMALTT 5t iy Ml e, 8R! b hovgyer.

t hat conjuga ol'ymer " T's USe e |linear~conductrve
polymer, the polyner <chain is essentially hydrophobic._ Accordingly, in

t hat case'f‘°§3agﬁ% PRt ecul & HRHITRE A hfra?opr%ﬂﬁléué:é’vi t9-i s%gﬁeef efla%??r used
wi t hout making any chem cal nodification to the it conjugated pol yner.
This is beenddetive g peHaReEg/for the cavity of the cylindrical host

molecule is also controllable through chemical modification.
It should be noted, however, that when a 7T conjugated

10 polymer is used as the linear conductive polymer, the polymer
chain is essentially hydrophobic. Accordingly, in that case,
a host molecule having a hydrophobic cavity is preferably
used without making any chemical modification to the T
conjugated polymer. This 1is because if a chemical

15 modification is introduced into the 7T conjugated polymer,
then the polymer chain will increase its size too much to be
included in the cavity of the cylindrical host molecule easily
or the volume percentage of the functional portion relative to
the overall polymer inclusion complex will decrease.

20 Furthermore, by including the linear conductive polymer
in the cavity of the cylindrical host molecule, the linear
conductive polymer can be protected from the external
environment. That is to say, the conductive polymer that has
been included in the hydrophobic cavity is protected from the

25 water or oxygen in the air. Thus, the deterioration of the
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15 nodification is introduced into the it conjugated polyner, then the
polymer chain will increase its size too nmuch to be included in the cavity
of the cylindrical host nolecule easily or the volune percentage of the
functional portion relative to the overall polyner inclusion conplex wll
decrease. 20 Furthernore, by including the |linear conductive polynmer in
the cavity of the cylindrical host nolecule, the linear conductive polyner
can be prpbeghed Huoemtoheo:eddatrival, £owi egamphe, TIkatprnevendeslaygnd hehe
conductive polyner that has been included in the hydrophobic cavity is

prot ect ed1ifemihéetEérdstt edardbedekd@nded hgnakicadbug, the deterioration
of the 19 polyner due to oxidation, for exanple, is prevented and the

lifetime theregf haaRybe 1t RATCErhGNIild G ratAPUlddrdRidBdIa ng5 0l 1S
preferably introduced into at [east one termnal of the |linear conductive

PO Yol alB8st O JE LA R LN G1° hufIEaE CONMEELIL, PROITRE.S, 1hE) Hded

I n the cavi e Cy rical host nolecule 1s a sort equi librrum
reaction. _Thus, the linear caonductive_ pal r . .that has been once.included
e heS CabPeyEhphy RY ISt e bho Ry COBORCSAYE: RATITors hESEABREY
However, by introducing a 10 bulky termnal_ group into_the termnal of the
| i near cbﬁd&@?iﬁ@ﬁ&ﬂ%ﬂﬂﬁ,tQ%i%Yé+%gfkﬁ%&iBﬂSEaHOBQCB}%VéﬁtéH SO%E t At

pol ymer inclusion conplex can be stabilized. It is preferable to introduce
two ternieapriyioniemi meacbéon -t er Phnal s Wie t Bdnear conductive polymer

that has been once included in the cavity of the host molecule
may be dissociated from the cavity. However, by introducing a

10 bulky terminal group into the terminal of the linear
conductive polymer, this dissociation can be prevented and the
polymer inclusion complex can be stabilized. It is preferable
to introduce two terminal groups into both terminals of the
linear polymer. However, sufficient effects are achievable

15 even 1if the terminal group is introduced into Jjust one
terminal of the linear polymer.

As used herein, the "bulky” terminal group refers to a
terminal group that is big enough to prevent, or at least
minimize, the dissociation of the 1linear conductive polymer

20 from the cavity of the host molecule. Thus, the "bulkiness”
is changeable depending on the size of the cavity or the
structure of the linear conductive polymer. Suppose
cyclodextrin is used as the host molecule. For example, if
@ -cyclodextrin having the smallest cavity size is used, even

25 a terminal group having a single benzene ring would function

20



| i near pol ymer. However, sufficient effects are achievable 15 even if the
termnal group is introduced into just one termnal of the linear polyner.
As used herein, the "bulky" termnal group refers to a termnal group that
is big enough to prevent, or at least mnimze, the dissociation of the

| i near conductive polymer 20 fromthe cavity of the host nolecule. Thus,
the "bul ki ness" is changeabl e depending on the size of the cavity or the
structurea®f ahechpneaufeoadestiye pol pner th8uppoher chahddexwhen i sy used
as the host nolecule. For exanple, if cr-cyclodextrin having the snall est

cavity siggcisdemsesin erividy a they mbiggegtoupaktatiyngsazei ngke hesaeneari ng
woul d function 20 as a cap sufficiently. On the other hand, when y-

cycl odext ¢& AnfRyi NGrélls PIGHESt tKAYd t¥r ShéBe | BehsEfle emgerraw@a 86248
havi ng three or nore benzene rings would serve as a cap. 5 Exanples of

preferred,bul ky,t erm nal groups include conpounds having unsaturated bonds
such as pery en derivative > perylene > pyrene derivative > pyrene >

phenant hr ene eriv trve anth cene d nant hr ene, hracene
> naph%halene gﬁ ??v st %She Cﬁ&& ermﬁga at8§°EBSthé“F%886arrty

i n volune). Exanpl es of preferred saturated conpounds include
cycl ooct adeeRME” (ﬂﬂﬂ%ﬂ%ﬂqﬁﬁﬁﬁﬁﬁi§edc§PP6§O§€EQn83>98§39888c§ﬁ€lvatlve

adanmant ane.
perylene > pyrene derivative > pyrene > phenanthrene

derivative, anthracene derivative > phenanthrene, anthracene
> naphthalene derivative > naphthalene (where > indicates
10 the inequality in volume). Examples of preferred saturated
compounds include cyclooctadecane > cyclotetradecane >

cyclododecane > cyclodecane, adamantane.
Also, the terminal groups preferably have reactivity and
are preferably bonded with each other. Particularly when a
15 7T conjugated polymer is wused as the 1linear polymer, a
compound having an unsaturated bond is preferably introduced
as each of the terminal groups and the terminal groups are
preferably bonded with each other. Then, the 7T conjugate
length will increase, the number of terminals of the
20 conductive polymers will decrease, and the number of hopping
conduction sites will further decrease. As a result, the
carrier mobility can be further increased along the chains of
the conductive polymers. In addition, if terminal groups
having unsaturated bonds are introduced, those terminal

25 groups may be bonded with each other through a photo-reaction.
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Al so, the term nal groups preferably have reactivity and are preferably
bonded with each other. Particularly when a 15 7t conjugated polyner is
used as the linear polyner, a conpound having an unsaturated bond is
preferably introduced as each of the term nal groups and the term nal
groups are preferably bonded with each other. Then, the n conjugate

|l ength will increase, the nunber of termnals of the 20 conductive pol yners
wi || decreasshoahd tblee nutddertaft happi agfecvadachienesi teys andidgr ther
decrease. As a result, the carrier nobility can be further increased al ong
the chai nsefétitvdeteenddali \G@ot@lsyBith éacBd@ithiedn ard igcréaeingr eHES
havi ng unsat urated bonds are introduced, those term nal 25 groups nay be

bonded wi ¢ zi—‘f‘cﬂo%ﬁﬁiaf hiQught 2ok R reafdd©ONcondlct fves ol gndes ngl-ed

that the effects achieved by bonding the reactive term nal groups wth

each ot heéct?ﬂ?vétgfé ex%?tj. nqust %n ztgxglltl% rf%'rﬁﬁ“'air WEHEE;I)BE tat_ﬂgol !i.HegEher

conductive polyners ‘are - achiev e not just i termnal groups but

also in other, 5 termnal groups. In a transistor according to a preferred
enbodi Trent®TRIETheI %Nt i nvention to be described bel ow, a cyclodextrin
compound (which may be a derivative or a cross-linked polymer_  thereof) is

used as the hok® AoltdARE ST 2TPIHUghPed PHEISARAREMROAN L SOF he

conductive guest polyner. First, a polynmer inclusion conplex that can be
used the present invention to be described below, a cyclodextrin

compound (which may be a derivative or a cross-linked polymer
thereof) is used as the host molecule and a 7 conjugated
10 polymer is used as the conductive guest polymer.

First, a polymer inclusion complex that can be used
effectively in an organic semiconductor layer of a transistor
will be described.

A typical cyclodextrin molecule is a cyclic oligomer of

15 glucose units as represented by the following Chemical

Formula (1):

H;

H ZHZOH H,OH I)HzOH CH,

H B H dn H
©
n =4 - 10
20 The cavity size of a cyclodextrin molecule is changeable
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effectively in an organic sem conductor |ayer of a transistor wll be
described. A typical cyclodextrin nolecule is a cyclic oligonmer of 15
gl ucose units as represented by the following Chemcal Formula (1): H JH2

HOH H2ZOHCH HQ H3 O \ HHHHHnNH n =4 - 10 20 The cavity size of a

cycl odextrin nol ecul e i s changeabl e
(in the range from4 to 10).

22 with the nunber of glucose units
A cycl odextrin conpound with high purity is

easi |y aveithbtke muwdbar| ofisglecosarumiss chem thé nangéi £admosstoArodr di ng
to their cavity sizes, cyclodextrin conpounds 5 are classifiable into
a- cycl odext eyBlo&eLyeindesmpbin@ndi¥h BYghoGRMiftiy CHNEPOLNT . aFA€lable

a-cycl odextrin conpound has the

smal | est cavity and the 7-cycl odextrin

conpound Hag 4€owhaEGBStas ks YendYc HhbESEisNELgRgxtrin conpounds of

nmutual ly different cavity sizes may be selectlvely used 10 dependi ng on

the intended aRB&&E@#gﬁ.”gﬁr t%%ﬁ?o%%vﬁ 9@'&”%3%15’8&?@1:‘? g?ﬁggFg Se of

functional group w
t he nDIecuIe Accordi ngly, the cavit t he cyglodextrln nolecu%g has

10

15

20

25

arity ( u as a I OXY

gr oup

are classifiable” into «@-cyc odextrln cyclodextrin an
cyclodextrin compounds. The @ -cyclodextrin compound has the
smallest cavity and the 7 -cyclodextrin compound has the
largest cavity. Any of these cyclodextrin compounds of
mutually different cavity sizes may be selectively used
depending on the intended application or purpose.

A cyclodextrin molecule has a functional group with high
polarity (such as a hydroxyl group) outside of the molecule.
Accordingly, the cavity of the cyclodextrin molecule has low
polarity and high hydrophobicity. Thus, the cyclodextrin
molecule easily absorbs a highly hydrophobic compound such as
the 7 conjugated polymer into its cavity to form an
inclusion complex.

Also, due to the function of the polar group outside of
the cyclodextrin molecule, the polymer inclusion complex is
easy to dissolve in a polar solvent. Furthermore, the guest
molecule that has been absorbed into the cavity of the
cyclodextrin molecule has its movement constrained and the
conformation of the polymer inclusion complex is 1limited.
Consequently, the carrier mobility and the stability are

significantly increased as described above. In addition,
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polarity

into its

t he pol ar
I ncl usi on
t he guest

and hi gh hydrophobicity. Thus, the cyclodextrin 15 nol ecule easily
absorbs a hi ghly hydrophobi ¢ conpound such as the X conjugated pol yner
cavity to forman inclusion conplex. Also, due to the function of

group outside of the cyclodextrin nolecule, the polyner

conplex is 20 easy to dissolve in a polar solvent. Furthernore,

nol ecul e that has been absorbed into the cavity of the

cycl odext sincevl tkel ehopping s candmenitorc ornsttwaiened adljcicend confuoctéaveon of
the polyner inclusion conplex is limted. Consequently, the carrier

mobi lity
above. In

polyhées siabmlihiyisea, 2bhei garkieanmbyilneye&sethas dastenbed
addition, 23 since the hopping conduction between adjacent

conducti veo pRLYIEBE SvéSy MIYHN Fadidrheobaliitgl, mobility further increases

to provid
FIGS. 1A
conductiv
cycl odext
conpl eX s

e very high carrier nmobility. As schematically illustrated in
and 1 t 2 Xt ki lea in es [ onjdiga
e po f/m%ﬁ%ﬁ%%c”?gsggéﬁ%#e%%o%ésh F]IaAGS%néArufn'g ‘I-%g
rin lecule is jllustrate s a cylinder. The | yner
ORI Tolanity  Inelulgsl &Y o

conductive £O| mer extends 10 through the cavities of nultiple

cycl odext
i ncl udes

10

15

20

25

p? ecull®s the SRS SXRAMRLS oRPeBRpAax Ffidwn Ph #3% 1BA

a plurality of Iom#nnlecular-wei%ht cycl odextrin nol ecul es.
the cyclodextrin molecule is illustrated as a cylinder.

The polymer inclusion complex shown 1in FIG. 1A has a
structure in which a single linear conductive polymer extends
through the cavities of multiple cyclodextrin molecules. The
polymer inclusion complex shown in FIG. 1A includes a
plurality of low-molecular-weight cyclodextrin molecules.
Alternatively, as shown in FIG. 1B, the polymer inclusion
complex may include a cross-linked cyclodextrin polymer in
which adjacent cyclodextrin molecules are cross-linked with
each other. A cyclodextrin polymer having such a cross-linked
structure may be synthesized by the method disclosed in
Japanese Laid-Open Publication No. 10-195108, for example.
When a polymer inclusion complex including such a cross-1linked
cyclodextrin polymer is formed, the effects of increasing the
carrier mobility and the stability are improved. It is
possible to combine a low-molecular-weight cyclodextrin
molecule with a cross-linked cyclodextrin polymer.

The cavity size of a cyclodextrin molecule changes with

the number of glucose units. Accordingly, as shown in FIGS.

24

t he

rid 18
S P (i CIPTHUERHECe’ FPREUFELVS



Alternatively, as shown in FIG 1B, the polyner inclusion conplex may

I ncl ude a cross-1linked cyclodextrin polynmer in 15 which adjacent

cycl odextrin nolecules are cross-linked with each other. A cyclodextrin
pol ymer having such a cross-linked structure may be synthesized by the

met hod di scl osed in Japanese Lai d-Qpen Publication No. 10-195108, for
exanpl e. Wen a polyner inclusion conplex including such a cross-Ilinked 20
cycl odext eAnapdl 2Ber the poiymdr tihelesfertsompléexcmamrshayet hestractiee
nmobility and the stability are inproved. It is possible to conbine a

| ow- nol ectthawhighghtheyewodextidims 68 etdd elihthra cdmBsctivkegolymers

cycl odextrin polyner. The cavity size of a cyclodextrin nol ecul e changes
wWith 25 &ia@eﬂanba;rnﬁugg{ UCQRE UNddit AL Or diEnglul @Sp BOWRykNolbibrin24 2A
and 2B, the polyner inclusion conplex nmay have a structure in which the

two cha ”ﬁgi’%g/%}‘%s' | ne@ﬂec%%%c%t\eﬁ.?eb%gﬁﬁé‘r exbengt t PBQHQHe&h Fayhlies

of multip dextrin nolecu . e conductive polyners to be I ncluded
in the_5 cyclodextrin nolecu es are typically of the sane e but nmm be
of ittt FYELPRTRISHT ToRECHSs BrE RIGTHY O 108 SARE HUPE Ut (B
functi onal ant hracene in the exanple illustrated in FIG 3)

roqgs (QB?._

may be i nPf ot Rt ot B SRR FP€Sof each |inear 10 conductive pol yrer
and the termnals of the |inear polyners may be bonded with each other

t hrough a phot®l$@actd®dn, sk in IG. 3, photo-reactive functional

groups (e.g., anthracene in the example illustrated in FIG. 3)
may be introduced into both terminals of each 1linear
10 conductive polymer and the terminals of the linear polymers

may be bonded with each other through a photo-reaction, for

example. Then, the number of hopping sites can be further
reduced. Accordingly, by introducing the terminal groups,
even higher carrier mobility 1is achieved. Examples of

15 preferred photo-reactive functional groups include anthracene
and naphthalene that exhibit photo dimerization reaction.
Furthermore, since bulky terminal groups are introduced
in this preferred embodiment, it is also possible to prevent
the linear conductive polymers from being dissociated from
20 the cavities of the cyclodextrin molecules. The size of each
terminal group may be appropriately selected depending on the
cavity size of the cyclodextrin molecule.
In the preferred embodiment described above, poly-p-
phenylenevinylene is preferably used as an exemplary 7T

25 conjugated linear polymer material having carrier

25



exanpl e. Then, the nunber of hopping sites can be further reduced.
Accordingly, by introducing the term nal groups, even higher carrier
nobility is achieved. Exanples of 15 preferred photo-reactive functional
groups include anthracene and naphthal ene that exhibit photo dinerization
reaction. Furthernore, since bulky term nal groups are introduced in this
preferred enbodinent, it is also possible to prevent the |inear conductive
pol yners tpagubeingtdi ssodExaingd ds ot 20thée Cpweteesedf tthecomglhgdestrin
nol ecul es. The size of each term nal group may be appropriately sel ected

dependi ngpenyinbe mavdidald zaneludae pyTYOplephenyldmd eculpdlyltthibbRene,
preferred enbodi nent descri bed above, poly-p- phenyl enevinylene is

pref er abl Yotgemle 8HoRp- %ﬁﬂ‘ipi%é/xcﬂg() PhetiYlenddti 8¢1bhBgar paly dh1RBLYLI al

harlng carrier 25 conductivity anpl es of other preferre 7L|conjugated
E’Eety@y"? hgﬁéﬁﬁzﬂx‘?%%ﬂ%‘?pﬁ% Eﬁg’éfﬂx%éﬂé%al@f‘? ‘y%%}%f’?q%e&y- THE' Begree

ol yiest 2 SE1 e L o ERBre ﬁ%ﬁvbﬁé%?ra e RPEF bl 2 cast
20. O her suitable polyner materia al so be used. An or%anlc Iager

whi ch caonﬁﬁEF?B%Yagt l§€ﬁFc89ducP§Perl§VéFaBFetR81§BF§n@PtF irLSi BR

conpl ex na{ be formed by any 10 of various known fil m deposition
t echni quedlseeherased-

An organic layer which can function as a semiconductor

layer of the polymer inclusion complex may be formed by any

10 of wvarious known film deposition techniques. Generally

speaking, a polymer inclusion complex is more soluble in a

solvent than a conductive polymer itself. Accordingly, a

solution of the polymer inclusion complex may be prepared by

using any of various solvents. A film of the polymer

15 inclusion complex may be formed on a substrate by applying or

printing the solution of the polymer inclusion complex on the

substrate by a spin coating technique, a dip coating

technique, a casting technique, a printing technique or an

inkjet printing technique and then drying and heating (if

20 necessary) the applied or printed material. Alternatively,

the organic layer may be formed on a supporting structure and

then transferred from the supporting structure onto the
substrate.

Hereinafter, a transistor including an organic layer of

25 the polymer inclusion complex according to a specific
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speaki ng, a polymer inclusion conplex is nore soluble in a solvent than a
conductive polyner itself. Accordingly, a solution of the polyner

i nclusi on conplex may be prepared by using any of various solvents. A film
of the polymer 15 inclusion conplex nmay be fornmed on a substrate by
applying or printing the solution of the polyner inclusion conplex on the
substrate by a spin coating technique, a dip coating technique, a casting
t echni queprafprradi ngmbedimegtie of arthe nigmtsemti ntingenticimi quiel hndbéhen
drying and heating (if 20 necessary) the applied or printed material.

Al ternati deb¥ribéfie OIgathe feyBswirmy il dsiratdven prefepmpedt empodimeatur e
and then transferred fromthe supporting structure onto the substrate.

Her ei naf t gk, tRet pAESESE Olnv Yot 16H Nth & QIO ¥FFe JtaX@anafi s td% SPETWOWW
i ncl usi on conplex according to a specific 26 preferred enbodi nent of the

present igyenti-aniuhgl j0e desehifed 1dhe f Qi igdustrati -
preferredeén‘gltf)zgie%%\r%ljil 8? tal?e prédent ina\(/he%]lth%onc:cg aﬂqﬂiégﬁ:d eéf]lf'le%lzl'lt‘1 %F)g%g?stor
(FET) will _be described as an exenplary active c nent .fqr an active 5
mat 11 x° adBPEESEARTERT R JLAEEY |4 o e SREPdA DRonersr: DPHEVSFhe
present invention is not limted to an FET but, is broadly applicable for

use i n anyPBEhdPer BRESF G (INGREIAT P ROk ildmitedysko @Bt Fofal YL edd

schematically illustrating an FET 10 of a bottomgate type according to a
broadly applicable for use in any other type of transistor.

FIG. 4 is a cross-sectional view schematically
illustrating an FET 10 of a bottom-gate type according to a
10 preferred embodiment of the present invention. However, the
present invention is not limited thereto and can be applied to
any type of transistors including a bottom-gate type, a top-
gate type, and a planar type (i.e., a non-stacked arrangement
in which source, gate and drain electrodes are arranged side
15 by side in a common same layer). As shown in FIG. 4, the FET
10 includes a gate electrode 2 on an insulating substrate 1, a
gate insulating layer 3 that covers the gate electrode 2,
source and drain electrodes 4 and 5 on the gate insulating
layer 3, and a semiconductor layer (an organic layer) 6
20 provided between the source and drain electrodes 4 and 5. The
semiconductor layer 6 also partially overlaps with the source
and drain electrodes 4 and 5.
The FET 10 may be fabricated in the following manner, for
example.

25 First, a gate electrode 2 is formed on an insulating
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10 preferred enbodi nent of the present invention. However, the present

i nvention is not limted thereto and can be applied to any type of
transistors including a bottomgate type, a top- gate type, and a pl anar
type (i.e., a non-stacked arrangenent in which source, gate and drain

el ectrodes are arranged side 15 by side in a common sane | ayer). As shown
in FIG 4, the FET 10 includes a gate electrode 2 on an insulating

substr at esibstaragat @.i nsBkanphgs | aferpBefdrated oveteriaks gfos dilect gatle 2,
source and drain electrodes 4 and 5 on the gate insulating layer 3, and a
sem condustectieger2 (e i ninoddatalc) nfat2@iplevisded hset geenAtheTapumee and
drain electrodes 4 and 5. The sem conductor |layer 6 also partially

overl aps Mbth ¢he SQUrcgy,anstdr apd, elct r gdes Maandb. alh®y-EthdPesRy be
fabricated 1n the follow ng manner, for exanple. 25 First, a gate

el ect rodepd s {OL0RA_GRoAnbOSUIA1MIN 2% SUIDSKIALE TndB@RLERP! ana

preferred erials for t gate el ectrode I ncl ude 1 norganic naterials
such as O P Nd, an_allQ

Al a, M. . N , Ag, Au, Pt o diNy NI :
Chereof, LpaEL; FReo R drol sREHs B i<hliert maberdds endlin 3k aetaRids
indiumtin oxide_ééT(» and organic materials such as a doped conductive
pol ymer . §PRIUGHEYE cBRAVEEFve pbR§nEPPREy IANANCTYve (pRLFReT may be a
pol yet hyl enedi oxyt hi ophene (PEDOT) and pol ystyrenesodi um sul fonate. The
gate el echP+¥HET® nay°© polyethylenedioxythiophene (PEDOT) and

polystyrenesodium sulfonate. The gate electrode 2 may
preferably include a stack of two or more layers.
10 Specifically, a conductive film is deposited on the substrate
1 by any of various known film deposition techniques including
evaporation, sputtering, coating and printing techniques, an
appropriate one of which is selected according to the material
adopted. Thereafter, the conductive £film deposited is
15 patterned into a predetermined shape by photolithographic and
etching processes, thereby forming the gate electrode 2.

Next, a gate insulating layer 3 is formed so as to cover
the gate electrode 2. Examples of preferred materials for the
gate insulating layer 3 include inorganic materials such as

20 SiO,, SiN and Al,0; and polymer materials such as

polychloropyrenepolyethylene terephthalate, polyoxymethylene,

polyvinylchloride, polyvinylidenefluoride, polymethyl
methacrylate, polycarbonate, polyimide, polysulfone, and
polyorganosiloxane. The gate insulating layer 3 may also

25 include a stack of two or more layers and may also be
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preferably include a stack of two or nore |ayers. 10 Specifically, a
conductive filmis deposited on the substrate 1 by any of various known
filmdeposition techniques including evaporation, sputtering, coating and
printing techniques, an appropriate one of which is selected according to
the material adopted. Thereafter, the conductive filmdeposited is 15
patterned into a predeterm ned shape by photolithographic and etching
processesdepdeitady bpr ahpgofheragdoaselkectwnodein diepdesitigmt techsidraés ng

| ayer 3 is formed so as to cover the gate electrode 2. Exanpl es of

pref er r edan@t eidril fa tftirridde iFyakeesBawlat i ng layer 3 include inorganic
materials such as 20 Si@2, SiN and A120G3 and pol yner materials such as

pol ychl or opyr egigpal yeddwaenesber&phtnal ai a1 PobyaxyPBa8Y! @€ana 5 are
pol yvi nyl chl ori de, polyvinylidenefluoride, polynethyl nethacrylate,

po 1521 boBsbn P OgpsBobysul oty sadesrd o callaiening e

i nsul ati ng Tayer I'nc of two or nore [ayers and

may al so be 28 deposited by any of various kn fil mdepqsit.ian
techniﬁue%le%FﬁP‘fer%nipﬁrtderﬁeJ' F Re&c y© S%eqﬁ%‘ﬁ?l 3??'3 seﬁag'e A drain
el ectrodes 4 and 5 are fornmed on the gate insulating |ayer 3. The source
and drai nfomned ech¥ odkBes ganes RgFRBE nadé ofthehe e neteFTEP9e and-

formed by the same nethod, as the gate electrode 2. Alternatively, the
sour ce ardlltgrnatisiedot.r otlee soumges gl drain electrodes 4 and 5 may

also be made of a different material from the gate electrode 2.
Each of the source and drain electrodes 4 and 5 may also be a
10 stack of two or more layers.

Thereafter, an organic semiconductor layer 6 including a
polymer inclusion complex is formed. As described above, the
semiconductor layer 6 including the polymer inclusion complex
may be formed by preparing a solution of the polymer inclusion

15 complex, applying or printing the solution on the source and
drain electrodes 4 and 5 by any of the techniques enumerated
above, drying the applied or printed material, and then
heating it if necessary.

The FET 10 shown in FIG. 4 is completed preferably in

20 this manner. In the illustrative preferred embodiment of the
present invention described above, the FET 10 is a bottom-
gate-type transistor. Alternatively, the present invention is
also effectively applicable for use to fabricate an FET of a
top-gate type or a non-stacked FET such as a planer type in

25 which the source, gate and drain electrodes are arranged side
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al so be made of a different material fromthe gate el ectrode 2. Each of
the source and drain electrodes 4 and 5 may also be a 10 stack of two or
nore | ayers. Thereafter, an organic sem conductor layer 6 including a

pol ymer inclusion conplex is forned. As descri bed above, the sem conductor
| ayer 6 including the polyner inclusion conplex may be fornmed by preparing
a solution of the polyner inclusion 15 conplex, applying or printing the
sol ution by &hée smrtiee agune drayiex .el ectrodes 4 and 5 by any of the

t echni ques enunerated above, drying the applied or printed material, and

then heating thei kef@eBa8atYor ThEYEET 00 theOWrddhild GEE asceedinét €d
preferably in 20 this manner. In the illustrative preferred enbodi nent of

the presgpl;blyenbi-gRedess’ | BRBoaRAYRLs! MR FERHD | 5résdiot t oOfhvEAatSohYPe
transistor. Alternatively, the present invention is also effectively

n . _ _
apol | cabl g borauseche (AIRER: 8 EET O odho 9L BUDEred 0BHyS acked

FET such as he sdurce, gate an ain elecftrodes
are arrange ide. .29 by side in the sanme_lLayer,. The sem conductor | ayer of
t he or@angﬁgFé?saB&gngﬁﬁrfﬁr ngfgbgypreﬁifgedtgﬁbSSWﬁﬁﬁPguﬁgofhiaﬁ? sent
I nvention includes the polyner inclusion conplexes as, descri bed above, 5

and has high ™ty | tesspBffecyedaRp, okKEeBeflcogtef ol ayRe 1L muehRd| ess

af fected by oxygen or water in the air, and
exhibits high stability, high reliability and high durability.

Furthermore, since the polymer inclusion complexes are aligned
to be substantially parallel or parallel to each other, the

10 semiconductor layer exhibits conductivity and anisotropy.
Optipnally, an undercoat layer for the semiconductor layer may
be subjected to an alignment treatment so that the polymer
inclusion complexes in the resultant semiconductor layer will
be aligned in the gate length direction. Then, the carrier

15 mobility of the semiconductor layer can be increased very
significantly.

Furthermore, this semiconductor layer can be formed by
simply applying or printing a solution including the polymer
inclusion complexes and does not have to be processed at an

20 elevated temperature. Accordingly, the semiconductor layer
can be easily formed even on a plastic substrate.

Furthermore, by selecting an appropriate type of
conductive polymer for the polymer inclusion complex or by
adequately increasing the doping level thereof, a f£ilm that

25 has conductivity high enough to be an electrode may also be
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exhibits high stability, high reliability and high durability.

Furt hernore, since the polyner inclusion conplexes are aligned to be
substantially parallel or parallel to each other, the 10 sem conductor

| ayer exhibits conductivity and ani sotropy. Optionally, an undercoat | ayer
for the sem conductor |ayer may be subjected to an alignnent treatnent so
that the polynmer inclusion conplexes in the resultant sem conductor |ayer
will be &brgedd i nActkerdahglirengideidi p€ctitom. gHven, bbercarrdamt @%ain
mobility of the sem conductor |ayer can be increased very significantly.

Furt her noggecthbogeser] candnat or mhgybe €apmbe ber whd B 1mSiiAphvaapg! ¥heg or
printing a solution including the polynmer inclusion conplexes and does not

have to bgop{RELSSEEI@idh hplaxated tenperature. Accordingly, the
sem conduct or Iayer can be easily forned even on a plastic substrate

Furthermore, by,selggti %Qn@Qn@EBanPr | é‘[gjﬂd&é( 89 Let M%‘%&’O' 48FT o

t he pol yner |ncPu5|on conpl ex or equa asl ng e doplng IeveI

Leeths SherEihes MafSrl A or i Siging O?h%hai?til qe&terr%@@%&ﬁ eFi¥RkLoET ™Y

el ectrodes 2, 4 and 5 may be formed of the filmincluding the polyner
i ncl usi ona’éorrﬁzéxescori‘l?f"i‘}f% cBRTEVRT B  cBnd RAT¥AEWol yRRFLIREWSs aR 5

el ectrode material, side chains of a phthal ocyani ne derivative,
quinacridon derivative, a polycyclic quinone derivative, a

cyanine derivative, a fullerene derivative, a nitrogen-
containing c¢yclic compound derivative such as indole or
10 carbazole, a hydrazone derivative, a triphenylamine derivative
or a polycyclic aromatic compound derivative are introduced
into a main chain such as a polystyrene chain, a polysiloxane
chain, a polyether chain, a polyester chain, a polyamide chain
or a polyimide chain. Examples of other known conductive
15 polymers include: conjugated polymer chains such as an
aromatic conjugated polymer (e.g., poly(p-phenylene)), an
aliphatic conjugated polymer (e.qg.. polyacetylene), a
heterocyclic conjugated polymer (e.g., polypyrrole or
polythiophene) and a hetero-atom-containing conjugated polymer
20 (e.g., polyaniline or polyphenylene sulfide); carbon-type
conjugated polymers such as a complex conjugated polymer
having a structure in which multiple constituent units of the
conjugated polymers are linked together (e.g., poly(phenylene-
vinylene), poly(arylenevinylene) or poly(thenylenevinylene));

25 polysilanes; disilanylene polymers; and disilanylene-carbon
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an azo compound derivative, a perylene derivative, a quinacridon
derivative, a polycyclic quinone derivative, a cyanine derivative, a
full erene derivative, a nitrogen- containing cyclic conpound derivative
such as indole or 10 carbazole, a hydrazone derivative, a triphenylam ne
derivative or a polycyclic aromatic conpound derivative are introduced
into a main chain such as a polystyrene chain, a polysiloxane chain, a
pol yet her cehpugated oo Wwesirers tetuaitmrea .pol yam de chain or a polyim de
chai n. Exanpl es of other known conductive 15 pol yners include: conjugated

pol ymer chai nsSTgr&ICRERSa@dbrRImYTRid praFeried eftbpalinshts(o£fJthe present
pol y(p-phenyl ene)), an aliphatic conjugated polyner (e.g., polyacetylene),

a heterogygli £i SPNIMOAE AL PUNSER! ddh Jve POLYPYELSEEI W1y POL VAN 9gheqe)
and a hetero-atomcontaining conjugated polyner 20 (e.g., polyaniline or

pol ypheny%@ggﬁf' Higﬁg'wcaareb,%éty aficny Itigﬂ 2E! mpgagucag@lscea cgppl ex

conj ugat e yer ng a structure in mul t7p onstituent units

of the_ conjugated pol rs are |linked together .(e.qg., Rol h I -
01 nyl evey PR A e i AR e oo, & Erdfpianat ny FoRLpRanpLe
pol ysi | anes; disilanyl ene_polyners; and disilanyl ene-carbon 31 conjugated
pol yner stabEicallng The @%@%rﬁ%@l% praf PR en®bFHEPAR ofCt hB

present invention described above can be used effectively in a liquid
crystal dfepregteldvieecthbe dnabpgahectepdei Splody tieviFES, X} needs to be

formed. In a transmissive liquid crystal display device, the

pixel electrode may be formed by patterning a transparent

10 conductive film of a tin oxide, an indium oxide or ITO. 1In a

reflective liquid crystal display device on the other hand,

the pixel electrode may be formed of a metal film of Al or Ag.

Also, in an organic EL display device, the pixel electrode may

be formed of a metal £film of Mg, Ca, Al or Au. The pixel

15 electrode 1is preferably made of the same material as the

source and drain electrodes because the pixel, source and

drain electrodes all can be formed in the same manufacturing

process step in that case. When the pixel electrode is made

of a different material from that of the source and drain

20 electrodes, the pixel electrode may be formed either before or
after the source and drain electrodes.

By using the FET according to the above-described

preferred embodiment of the present invention, an active-

matrix-addressed display device such as a 1liquid crystal

25 display device or an organic EL display device can be
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5 other display devices including a transistor. For exanple, in

fabricating a display device, a pixel electrode to be connected to the
drain el ectrode 5 of the FET 10 needs to be forned. In a transm ssive
liquid crystal display device, the pixel electrode may be forned by
patterning a transparent 10 conductive filmof a tin oxide, an indium oxide
or ITO In a reflective liquid crystal display device on the other hand,

t he pi xel mehefactaeedrnyatbe & ogredtdly aredteédf idostofl Al Thve Agranslistorin an
organi ¢ EL di splay device, the pixel electrode nmay be forned of a netal

filmof Mccéadidy 66 prefdiredientlodimeditecioodte prisehtr ankgnthdr & the
sane material as the source and drain el ectrodes because the pixel, source

and drai Bpgh €64k DEefoRl hs& ath Renf YMBAAIRDUNS tIRFE tpRdl 3¢t WhkBEroRE8cess
step in that case. Wen the pixel electrode is nade "of a different

material from. of the source and drain 20 el ectrodes, the pixel
el ectrode ng %E@%%rhed either before or after the source and drain

el ectrodes. By,usin e FET,acc [ to the. above-describe referred
enbodi Rent of Fﬁléejplg%’%sgﬁ & %&en"f%ﬁn,ggndge clrvlé)-e%rmlf?‘i’x-scgdﬁ%rg%%‘%ltﬁesp?ay
device such_as a liquid crystal 25 display device or_ an organic_EL di spl ay
devi ce caRob¥eB) IRGHHSHILr PRIEK gr t%? r ®FGEeFaLAYt . vPRE t A3nsHBEor

according to preferred enbodi nents of the present invention is applicable
for use iBCBRAGORAUGERT olaYeH It thpdsasfsisites pesegding to a preferred

embodiment of the present invention.
A linear conductive polymer may be included in a
10 cyclodextrin molecule by a conventional method. Specifically,
an inclusion complex may be formed just by dissolving a
cyclodextrin compound in a predetermined solvent, stirring the
mixture and then adding a linear conductive polymer to the
mixture. The stirring process step is preferably performed at
15 a temperature that is within the range from approximately room
temperature to about 70 C, more preferably from about 20 T
to about 40 TC. Various cyclodextrin compounds are readilf
available. For example, a cross-linked cyclodextrin polymer
may be synthesized by the method disclosed in Japanese Laid-
20 Open Publication No. 10—195108 identified above.
Hereinafter, it will be described with reference to FIG.
5 how to synthesize a polymer inclusion complex in which a
photo-reactive functional group is introduced into the
terminal of a linear conductive polymer. In this specific

25 example, polythiophene is used as the conductive polymer.
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apparatuses. 5 Hereinafter, it will be described how to synthesize a

pol ymer inclusion conplex to be preferably used in the sem conductor |ayer
of the transistor according to a preferred enbodinment of the present

i nvention. A linear conductive polyner may be included in a 10

cycl odextrin nol ecul e by a conventional nethod. Specifically, an inclusion
conplex may be fornmed just by dissolving a cyclodextrin conpound in a
predet er mi ned Bbtyent podyithiopigend erepi&setitednply t brembcki NnBoemiilaeée)
conductive polynmer to the mxture. The stirring process step is preferably

perfornedigt tiirned efpes ataur ottt  i(SrM 41deh§de) I RGBUHHOMA appLemeatel y
room tenperature to about 70 OC, nore preferably fromabout 20 C to about

40 C. Varj G| SN R epvFeheXagpl €, a
cross-lintggégg% oggﬁ%%éﬁppolynggggﬁéicﬁg{synfhggp§égbbsg?hgynetﬁo

di scl dp L 0 95 d

aL§$eosﬁbréPna €§ft al%Peé e§2r$%£%$ggéh é%%fgﬁgé%t %% tﬂg@&h%%fto
th I hot t

Funct | snafe a@ﬁ@y )| Hr SRIERG B ne TH T TSROE | hosr: coRbbERFve

polymer. In this specific 25 exanple, polythi €hene s used as_the

conductlvémB%PyWBr1038)F|Pgiytbb?9¥?ﬂ%pﬁéﬂﬁe$%% 4 chY e ePieptnf AMUESr mul a

(2) is turned into a fornyl (or aldehyde) through a Vil sneier
(4), 4including a terminal that has been modified with a

carboxyl group, can be obtained.
Furthermore, when the carboxyl group of the polythiophene
10 represented by Chemical Formula (4) is reacted with a reagent
such as thionyl chloride, an acid chloride can be obtained as
represented by Chemical Formula (5). Next, the acid chloride
of the polythiophene represented by Chemical Formula (5) is
included in cyclodextrin and then the resultant complex is
15 reacted with anthracene methanol, thereby obtaining
polythiophene including an anthracene terminal group as
represented by Chemical Formula (6).
When the polymer inclusion complex represented by
Chemical Formula (6) is exposed to a radiation having a
20 particular wavelength, the photo-dimerization reaction of
anthracene occurs. As a result, a cylindrical polymer
inclusion complex having an increased conjugate length can be
obtained as shown in FIG. 3.
In the preferred synthesis example described above,

25 polythiophene is used as the conductive polymer. However, the
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reaction, thereby obtaining a conpound represented by Chem cal Formula
(3). When the conpound represented by Chemcal 5 Fornula (3) is oxidized
with a Tollens reagent (i.e., silver anmoniumions), polythiophene
represented by Chemical Fornula (4), including a termnal that has been
nodified with a carboxyl group, can be obtained. Furthernore, when the
carboxyl group of the pol ythi ophene 10 represented by Chem cal Fornula (4)
i s react etiewmiihad ofagewntotlsen hcarsduditiiore | pahimer dechamsagod.yphleoyildaecan
be obtained as represented by Chem cal Formula (5). Next, the acid

chl ori de pelyphenpiénédimphane oepr psept Bdobyndhaaiycahlsor rad ampd)iflied
i ncluded in cyclodextrin and then the resultant conplex is 15 reacted with

ant hr aceneng#Bhgang! sihiesL Y HiHa i HFodeueni ophene i ncl uding an
anthracene terninal group as represented by Chenlcal Forrmula (6). Wen the

polymer 1nclushgResRApLex, [ qR! evsfﬁe%ebyaeg?gngt spRLTY 219} I PxRgsed

to a radiatlon aving a 20 partlcular wave he phot o-di neri zati on

reacti f ant hy acene occurs. [ es t, .a cylindric p

ol usbon CBABFKE hal na ST I r el ey 1 gt 20 BV B, ot e as
shown in FIG 3. In the greferred synt hesi s exanple described above,

pol yt hi oph&8KETFE BEagueked iSO I AP ELG - Hivev R, thie Sﬁﬁcﬁgﬁﬁlnal

of any other conductive polyner such as pouyphenylene
example of preferred embodiments of the present invention, the

gate electrode 2 may preferably be made of Ta, the source and
drain electrodes 4 and 5 may preferably be made of Al, and the

10 organic semiconductor layer 6 may be made of any of wvarious

polymer inclusion complexes in which polythiophene is included
in a cyclodextrin compound.

The transistor 10 may preferably be fabricated in the
following manner.

15 (1) Ta is deposited on a substrate 1 by an evaporation
process wusing a mask, thereby forming a gate
electrode 2 on the substrate 1.

(2) The surface of the gate electrode 2 is oxidized to
form a gate insulating layer 3 thereon.

20 (3) Aluminum is deposited on the gate insulating layer 3
by an evaporation process using a mask, thereby
forming source and drain electrodes 4 and 5. In
this process step, the gap between the source and
drain electrodes 4 and 5 is adjusted so that the

25 transistor 10 will have a channel 1length of
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pol yphenyl enevi nyl ene or pol yfluorene nmay al so be nodified through a
simlar synthesis procedure. Hereinafter, it will be described specifically
howto 5 fabricate an organic thin-filmtransistor 10 having the reverse
staggered structure shown in FIG 4. In this specific exanple of preferred
enbodi nents of the present invention, the gate electrode 2 may preferably
be made of Ta, the source and drain electrodes 4 and 5 may preferably be

made of Al, and theaﬂﬁr@kga@i@lﬁendcmﬁguebgrekamFleﬁ may be nmade of any of
various polymer inclusion conplexes in which polythiophene is included in

a cycl odextrin(gpnpRugdiuiién t ikdBiEiny tHe P yResf andhlyiba taRplerbsd in
the follow ng manner. 15 (1) Ta is deposited on a substrate 1 by an

evaporation processsUshpfida "&sko 4 et i - 2abs by Sht mﬁgeg on

the substrate 1. (2) The surface of the gate electrode 2 is oxidize

forma gate fnsulatingel HET (chIELEON ang0 bl ALLIUMLE, GPOSLLRTNGN he

gate insulating |ayer evaporati on process usin
forning source and drain electrodes this process ste the gap

n
ot e Thar e A e Sppaftt L een Sondiater o Ket et P uot ThSs corRaR e Jon

transistor 10 wll have a channel length of 35
semiconductor layer 6 may include at least one

molecular layer and preferably has a thickness of

about 100 nm to about 1,000 nm.
If a polymer inclusion complex, in which polythiophene
10 represented by Chemical Formula (2) is included in
cyclodextrin represented by Chemical Formula (1) (where n=7),
is used, the organic thin-film FET 10 can have as high a
carrier mobility as about 0.3 cm®’ V! s'. The carrier mobility
may be measured by a time-of-flight method, for example. Also,
15 the current-voltage characteristic of the organic thin-film
FET 10 may be represented by an ON-state/OFF-state current
ratio of approximately 7 digits. The carrier mobility and ON-
state/OFF-state current ratio of the FET 10 are comparable to
those of a currently available a-Si transistor. Furthermore,
20 the lifetime of this organic thin-film FET 10 can be at least
five times as long as that of the conventional organic FET
including a semiconductor layer that essentially consists of
polythiophene represented by Chemical Formula (2). The organic

thin-film FET 10 may have a lifetime of greater than 10,000

25 hours, for example. It should be noted that the conventional
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approximately 12 /.gym for exanple. (4) A solution including the polynmner

I ncl usion conplexes is applied onto a predeterm ned portion by an inkjet
printing technique and then dried, thereby formng 5 an organic

sem conductor |ayer 6. The organic sen conductor |layer 6 may include at

| east one nolecular |layer and preferably has a thickness of about 100 nm
to about 1,000 nm If a polyner inclusion conplex, in which polythi ophene
10 represengenidy FETemmaEludioigrusac 2h | seniradndiedtorm layet oderbishing

represented by Chenmical Fornula (1) (where n:-17), is used, the organic
thin-fil mp&gEdnifathy BavVeoAgthiephaneCdiohealicalbirdrint1as ePPYt nBrRatig V-1
S-1. The carrier nobility may be neasured by a tinme-of-flight nmethod, for

exanmpl e. ALSO, LartBErCHbbeNltyObE2g®otRaBAGKADHStdw? 9ft Khe K @Pagh Con-
thin-film FET 10 may be represented by an ON-state/ OFF-state current

ratio of gpproxately.d JLAlds: TS CRE LELBRRRLELYya0ds DY o

state/ OF ate curren F are conparable 1o those of a
currently available a-Si transistor. Furthernore, 20 the lifeti of this
organ & thi nfFEmtaer qucladPRetly pomBpunt \RE | thes RRlR 3BCTHSLOB ¢ he
conventional organic FET including a sem conductor |ayer that essentially
consi sts &PMPEBXyiEi FisReRserepiddert eBT DTS Chitiedl CYolpdeAtY ) . PYhEMEFgani ¢
thin-filmFET 10 nay have a |lifetinme of greater than 10,000 25 hours, for
exanpl e. (seehdlil@. bdBiot ethehatthéhe cagmienm i ppbllity can be further

increased (to about 0.8 cm? V! s™!, for example).

Also, if the terminal of the polythiophene (or
10 polythiophene chain) of the polymer inclusion complex is
capped with anthracene, then an even higher carrier mobility
of about 1.3 cm’? V! s!' is achieved. Furthermore, if this
anthracene terminal group is subjected to photo-dimerization
reaction, the carrier mobility can be further increased to

15 about 8.5 cm® V! st
Next, a liquid crystal display device 100 including the
transistor according to preferred embodiments of the present
invention will be described. FIG. 6 is a cross-sectional view
schematically illustrating the 1liquid crystal display device
20 100. This liquid crystal display device 100 is a typical TN~
mode TFT liquid crystal display device. The liquid crystal
display device 100 has the same structure as the conventional
one except that the TFT of this liquid crystal display device
100 is the FET 10 including the semiconductor layer made of

25 polymer inclusion complexes. Thus, the liquid crystal display
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36 organic FET including such a sem conductor |ayer consisting essentially
of pol yt hi ophene (Chem cal Fornula (2)) normally has a carrier nobility of
about 8.5x105 cn2 V-1 s-1 and an ON state/ OFF-state current ratio of
approximately 3 digits. 5 If the cyclodextrin conpound of the polyner
inclusion conplex is replaced with a cross-|inked cyclodextrin polyner
(see FIG 1B), then the carrier nobility can be further increased (to
about 0. 8detRcd- 109- Inay obeextatijated Sby iaf kiewi emgithald ofxddpt for

pol yt hi ophene (or 10 pol yt hi ophene chain) of the polynmer inclusion conplex

i s cappedohhbiemt b aged esenitdhACtOEN fledhRladeabl pol1gmiicl ih¥1usioabout
1.3 cn2 V-1 s-1 is achieved. Furthernore, if this anthracene term nal
group is syhphecked to photo-dinerization reaction, the carrier mobility
can be further 1ncreased to 15 about 8.5 cn2 V-1 S-1. Next, a liquid

crystal displ a‘)(fdes\ﬂog\g1 198 i}pféydiﬁng ;_Hgl |Pt5£)'12n?;i08t oi%(g%?g{:ﬁg%nq: te?SBé%errEd

enbodi nents of The presen I nvent1’on "W escri

cross-sectjonal vie schematically illustrating the liquid crystal display
devi ces 20°40BEradf o 13-quPa ter y LRSHLah i ay 78T obS10FTEGE | PR ARTTRE node
TFT liquid créstal di spl ay device. The liquid crystal display device 100

has the s&hBCE¥PdRS ultd 389 H candeRTPBRAF SE6RECEREBFLOTha@YFe Y&T &F this

liquid crystal display device 100 is the FET 10 including the
sem Condupr@vidg@ecpnnadglgfss substrate 11. A pixel electrode 17 made

of ITO is connected to the drain electrode 15 of the FET 10.
On another glass substrate 11 that is provided as a counter

10 substrate, a counter electrode 19 of ITO is provided. The
inside surfaces of these substrates 11, which are in contact
with a 1liquid crystal layer 20, are entirely covered with
alignment films 18. In the liquid crystal layer 20, liquid
crystal molecules are aligned in a twisted nematic fashion by

15 the alignment films 18. In this preferred embodiment, the
liquid crystal layer 20 is preferably made of a nematic liquid
crystal material having positive dielectric anisotropy and the
alignment films 18 are preferably made of polyimide to define
a pretilt angle of about 2 degrees.

20 This liquid crystal display device 100 may be driven at
an applied voltage of about 4 V. As described above, the
transistor according to the preferred embodiment of the
present invention has a higher carrier mobility and a greater
ON-state/OFF-state current ratio than the conventional a-Si

25 transistor, and therefore can have a greatly reduced size.
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25 pol yner inclusion conplexes. Thus, the liquid crystal display 37 device
100 may be fabricated by a known nethod except for formation of the

sem conductor | ayer made of polyner inclusion conplexes. As shown in FIG
6, the FET 10, including the gate 5 electrode 12, gate insulating |ayer

13, source and drain electrodes 14 and 15 and organi ¢ sem conductor | ayer
16, is provided on a glass substrate 11. A pixel electrode 17 nmade of ITO
I S connectiggs | othéeageaitnrel eattiodeald wé fheré&kded O frofin aboatther5yl afs
substrate 11 that is provided as a counter 10 substrate, a counter

el ectrodetH® Qén¥diiticsnd ayigledrFrihe, hpprerimardpgess®df thecerauhglyat es
11, which are in contact wth a liquid crystal layer 20, are entirely

covered wildy, al 'SBi‘ED&a'EFxM@ Hoe! bdderd dgug@l dsCryst@l lemeer r@uithfHid
crystal nnlecules are aligned in a tmnste nematic fashion by 15 the

al T gnenty () 0k, d8. Lo thbs PURLRLLEdaemBoghTabe,kNe 3qly il Cgystahel aver
Ty y . qu

20 is pre e of a nenmn crysta mat'eri al  havi ng p05|t|ve

di el ectric ani sotropy il 8 are preferably m

ol yi it deoreant S0 cbpr Pbaﬂtgrég@f oo rheaigsl St TN o
crystal display device 100 may be driven at _an applied vol tage of about 4
V. As destFrRiPHEHbLuIAtY t@quer"éns’%asttlé’r e dBich iyt e nehah Rt ot t

enbodi ment of the present invention has a higher carrier nobility and a
greater conventional a-Si TFT, the conventional front contrast ratio

of about 300:1 can be increased to about 500:1. As a result,
the viewing angle characteristics are also improved.
10 Specifically, the viewing angle ranges resulting in contrast
ratios of about 10:1 or more are defined at about 80 degrees
or more both vertically and horizontally alike.
As can be seen, by using the FET according to preferred
embodiments of the present invention, the 1liquid crystal
15 display device achieves greatly enhanced performance. Also,
since the FET can be manufactured by a simplified process, the
liquid crystal display device can also be fabricated at a
reduced manufacturing cost. It should be noted, however, that
the PFET according to preferred embodiments of the present
20 invention is applicable not just to the liquid crystal display
device described above but also to any of various other types
of liquid crystal display devices and other display devices.
Hereinafter, an organic EL display device 200 including
the transistor according to preferred embodiments of the

25 present invention will be described. FIG. 7 is a cross-
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ON-state/ OFF-state current ratio than the conventional a-Si 25 transistor,
and therefore can have a greatly reduced size. 38 Thus, the aperture ratio
may be increased from about 65% of the conventional a-Si TFT to
approximately 85% Accordingly, when a cold-cathode tube backlight is
used, the resultant |um nance can be increased fromabout 300 Cd of the 5
conventional TFT to about 500 Cd. Furthernore, since the O\

st at e/ OFFsethienalr reiaw r ag¢henat inadiyhi ghdustthratinbat tbe t hegandaveBLi onal
a-Si TFT, the conventional front contrast ratio of about 300:1 can be

i ncreaseddispohpulie®06e 1208s aThasuldrgantikee BRI el g1g aanledrictear 2@t e1$ shi €S
are also inproved. 10 Specifically, the view ng angle ranges resulting in

contrast typiéQs @%Tabegranie: ELoraiyieyai wHeld nath aprabcinBP Klegr eas or

nore both vertically and horizontally alike. As can be seen, by using the

FET j j t i ' h
accor dLg E‘Pﬁgé%leé@g tﬁngth%ﬁ{:fo&él &e p%:géﬁ;ﬂ% tHYEMEhQNTrE NEE

liquid crystal di spl ay device I eves great anced performance.

Al so, singe.the FET. c be. manuf act ur ed a si.mpl i.ti.ed.pt ss. . th
l'i qui d§cr§‘§%%| °% %ijr%iﬁ' de‘gjisnglauya?ldcea‘{lls?@ bzg% f abr itg;%t g‘@ilra? oaﬂ&r%g é%relg Ehe
manuf acturing cost. It should he noted, however, that he FET accqrding to
Dy of o1 cds ML IRSHE ofoTHE PPoRAIITEF | TRCHITIN | COMpHPTenbPEcHORiPHoy (o
the liquid crystal display device described above but al so to any of
vari ous offPer BFsEerTefl [embpeddmenystodfi HheppPrgserti tr¥enkion: AeFcyibplay
devi ces.

above. As noted above, the FET 10 includes a gate electrode

102, a gate insulating layer 103, a source electrode 104, a

10 drain electrode 105, and an organic semiconductor layer 106.

Thus, the organic EL display device 200 may be fabricated by a

known method except for formation of the semiconductor layer

including an organic layer made of polymer inclusion complexes.

In the organic EL display device 200, an

15 electroluminescence layer 111 and a hole transport layer 112

are stacked in this order over a transparent substrate 101

that is covered with an transparent electrode 107 of ITO. On

the hole transport layer 112, multiple pixel electrodes 113

are arranged in a matrix configuration. An FET 10 1is

20 electrically connected to each of the pixel electrodes 113 by
way of the drain electrode 105 of the FET 10.

This organic EL display device 200 can have a high

aperture ratio on its emission plane, because the emission

plane can be defined without depending on the size of the FETs

25 10. Also, an interlevel dielectric layer 114, which is
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Her ei naf

ter, an organic EL display device 200 including the transistor
according to preferred enbodi nents of the 25 present invention wll be

described. FIG 7 is a cross- 39 sectional view schematically illustrating
the organic EL display device 200. This organic EL display device 200 is a

typi cal

structure as the conventi onal

pol yrner

TFT organic EL display device and preferably has the sane

one except that the TFT of 5 this organic EL
di spl ay dewbeed2@Obeswedm €fd dixe hod Lebtnpddse 11S3eancbrithec FETs| Ager cah
i ncl usi on conpl exes according to a preferred enbodi nent of the

present | @muABtioN @eSH i pEananboviey Asyspt ed mduwiRlinddls ,FEdhekD & nghades a
gate electrode 102, a gate insulating layer 103, a source electrode 104, a

10 drain ebegkradepily. a@fdcanisr ¢aBkscae8hCoRHUCHRTs! d¥ehrl@ls

organic

of pol yne

15 elegt
st acke
with an

mul tipl e BPREFeeVeLliageedt 1aBoUL % b anthfly & Watenyialitadeo ffi ghPati onV-

FET 10 i
way of t

10

15

20

25

eklRyge the

EL display device 200 nay be fabricated by a known ﬁetﬁod except
for fornabkggl fcggebéepgfmgﬁhgﬁcgh%agfgf f%¥grughqg an organi c |ayer made
I'n gari c

I NCl USI on conpl exes. he or

transparent electrode 107 of ITO On the hole transport |ayer

L di spl ay device 200, an
| umi I 11. le t t | 112
ot SRSPeraRmar X  AASPLPEnASYaGE: AltE GH1 OEndven. gt B

112,

An

s 20 electrically connected to each of the pixel electrodes 113 by

hdlgpai n @liect r oggands ofElf hedfeplap. device 200 can emit

electroluminescence with an intensity of about 7,000 cd/m?,
which is significantly higher than the conventional
electroluminescence intensity of about 2,000 Ccd/m®* to about
3,000 cd/m?. Furthermore, this organic EL display device 200
can also display a moving picture thereon.

Furthermore, if +the electroluminescence layer 111 is
formed as a striped arrangement of red, green and blue
emission layers, then a color display device can be provided.
When this color display device is operated to present a moving
picture thereon at a source voltage of about 5 V and at a gate
voltage of about 5 vV, for example, the resultant
electroluminescence intensity can be increased from about
1,000-1,500 Cd/m®’ of the conventional display device to about
3,000 Ccd/m?. In addition, since the ON-state/OFF-state
current ratio of the FET 10 is much higher than that of the
conventional a-Si TFT, the front contrast ratio can be
increased from the conventional ratio of about 300:1 to

approximately 550:1.
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This organic EL display device 200 can have a high aperture ratio on its
em ssion plane, because the em ssion plane can be defined w thout
depending on the size of the FETs 25 10. Also, an interlevel dielectric

| ayer 114, which is 40 provided between the pixel electrodes 113 and the
FETs 10, can function as a planarizing |ayer. Accordingly, when a full-
color display device is fabricated, the FETs 10 of respective pixels can
be forned on the fdat bayeseerid. by Thhtrodweinmg HEbedi BBET ayadmrdieg?08ocan
be driven at a source voltage of about 5 V and at a gate vol tage of about

S V. Al spretéife@r gtbdindntd T hel Pree@ndOAns@MtedN, the organic EL
el ectrol um nescence with an intensity of about 7,000 Cd/n2, which is

signi ficagi} 1&%38@91&8aacm@ve9n§% iranal el RleRr t g tiBmIEREENCeal Bbensi ty
of about 2,000 Cd/n2 to about 3,000 Cd/nR2. Furthernore, this organic EL

5, 5Plov 951h58, £A0 nee ol 3 Sl o 00 P, Sina e oo bgror o

if the electrol um nescence arrangenent of

d, d, bl 15 enm ssi I t h I i spl devi b
br ovi dba. STRERTHEE abrREt SpPise dien calre BperapeieebeRrbin "o kofing
picture thereon at a source voltage of about 5 V and at a %ate vol t age of
about 5 \Vnapgfagturine cefe r&ulst%é’r\’tld A aOtSOunitRueveRc e that ehBft FETan be

i ncreased from about 20 1,000-1,500 Cd/n2 of the conventional display
devi ce t oaaperding to the preferred embodiment of the present invention

is applicable not just to the organic EL display device
described above but also to any of various other types of

10 organic EL display devices.

The transistor according to the preferred embodiments of
the present invention described above is preferably a reverse-
staggered FET 10. Alternatively, a planar FET may also be
used.

15 In addition to the various structures of the different
displays described above, other arrangements of a transistor,
for use, for example, in a display device, including an
organic layer including a polymer inclusion complex are
possible. FIG. B8A is a cross-sectional view schematically

20 illustrating an FET 300 of a bottom-gate type according to yet
another preferred embodiment of the present invention.
However, the present invention is not limited thereto and can
be applied to any type of FET or other transistor including a
top-gate type FET and other transistors. As shown in FIG. 8A,

25 the FET 300 includes a gate electrode 302 on an insulating
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3,000 Cd/n2. In addition, since the ON-state/ OFF-state «current ratio of
the FET 10 is nuch higher than that of the conventional a-Si TFT, the
front contrast ratio can be increased fromthe conventional ratio of about
300:1 to 25 approximately 550:1. 41 As can be seen, by introducing the FET
according to preferred enbodinents of the present invention, the organic
EL display device achieves greatly enhanced perfornmance. Al so, since the
FET can beubvatitdtectiokrd bynhilse nphe f cenveniobess] déweicesragmahi th&lothepl ay
device can al so be fabricated at a reduced manufacturing cost. It should

be not ed, pRopeMetd éhisddinken fETde 8€E£D664 Ngbdwe | hehps eFemr exboerduxl nest  of
the present invention is applicable not just to the organic EL display

device deseihdeth ahave L IFSAd Aa3RY fhatabbougsOother ghyees18étrdde
organi ¢ EL di splay devices. The transSistor according to the preferred

enbodi neng;’?z.of tlgglggégsen‘;% o\ el ?@@gg b aliqlv?giids_ﬁl_ e%erggiymgr
reverse- staggere 10. ternatively; a planar FET nmay also be used.
15 In addjtion to the variqus structures of the different Q's | ays
descri%edl%ﬁék%%OQHQﬁﬂpgﬁﬁdﬁb e@ st hFrgﬁgﬁs?%??%r?g? 3 %,g o?S 5@l e,
in a display device, including an_organic Ia&er including a BOl nmer
i ncl usi onCRERH| e Hake fdssuode P& - gAhps sQuEFgsandetrfiRaf 9?éﬁPdes
schematical ly
304 and 305 are formed on the organic layer 306. The organic
layer 306 has the functions of a semiconductor layer and a
gate insulating layer. The organic 1layer 306 may be a
10 monolayer of the inclusion complex or a single molecule of the
inclusion complex.
The FET 300 may be fabricated in the following manner,
for example.
First, a gate electrode 302 is formed on an insulating
15 substrate 301. Examples of preferred materials for the gate
electrode 302 include inorganic materials such as Cr, Al, Ta,
Mo, Nb, Cu, Ag, Au, Pt, Pd, In, Ni, N4, an alloy thereof,

polysilicon, amorphous silicon, tin oxide, indium oxide and

indium tin oxide (ITO) and organic materials such as a doped

20 conductive polymer. The doped conductive polymer may be a
mixture of polyethylenedioxythiophene (PEDOT) and
polystyrenesodium sulfonate. The gate electrode 302 may

preferably include a stack of two or more layers.
Specifically, a conductive film is deposited on the substrate

25 301 by any of various known film deposition techniques
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20 illustrating an FET 300 of a bottomgate type according to yet another
preferred enbodi nent of the present invention. However, the present
invention is not limted thereto and can be applied to any type of FET or
other transistor including a top-gate type FET and other transistors. As
shown in FIG 8A, 25 the FET 300 includes a gate el ectrode 302 on an
insulating 42 substrate 301. Unlike the conventional devices and the other
pr ef er r edigobadingnt evdescathed, abepattebiaghET 2@ itdges axod pnthtudlega
gate insulating |ayer that covers the gate el ectrode 302. Instead, an

organi ¢ | a¥ehn3@8es NChNdhpPrépPLAYEESnS bACKHSERNiIGOBBhEXtEE heeording the
gate electrode 302 so as to cover the gate el ectrode 302. The source and

drain el egbradis maParand 3R .l Or MBI AdE OF 8RB CeditiRiti¥e0- £I1R

organic layer 306 has the functions of a sem conductor |ayer and a gate

i nsul atin The _or i r 306 may b | ayer he
i ncl usi ong%éﬁ%féidorgg sigllﬁag']ltgerlr?o ecu r(131:6%f %he% I ncqfsﬁg%e?omﬁgfé ThgyFET
300 may be fabricated in the follow.ng nmanner, for_exanple. First, gat e
ol ect r acrnpBoLL R Fraic, "Sna AR R BT OB seass, r e oYL ERSiAd othsf
preferred materials for the gate electrode 302 include inorganic materials
such as cgate|eleggtrodsy 30y Cu, Ag, Au, Pt, Pd, In, Ni, Nd, an alloy
t hereof, polysilicon, anmorphous silicon, tin oxide, indiumoxide and

' Next, an organic layer 306 including a polymer inclusion

complex is formed so as to cover the gate electrode 302. The
organic layer 306 including the polymer inclusion complex may

10 be formed by preparing a solution of the polymer inclusion
complex, applying or printing the solution on the gate
electrode 302 by any of the techniques enumerated above,
drying the applied or printed material, and then heating the
applied or printed material, if necessary.

15 In the preparation of the solution of the polymer
inclusion complex, preferably the host molecules (e.g., CD) in
an excess amount are mixed with the guest molecules, as shown
in Fig. 8B. By using the solution including the host
molecules, which have an insulating property, in an excess

20 amount, the guest molecules are more completely covered by the
host molecules. In addition, the excess amount of the host
molecules may form a layer which functions as a gate
insulating layer. Therefore, in the formation of an organic
layer that functions as a semiconductor layer and a gate

25 insulating layer, the solution containing the host molecules
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indiumtin oxide (ITO and organic materials such as a doped 20 conductive
pol ynmer. The doped conductive polyner may be a m xture of

pol yet hyl enedi oxyt hi ophene (PEDOT) and pol ystyrenesodi um sul fonate. The
gate electrode 302 may preferably include a stack of two or nore | ayers.
Specifically, a conductive filmis deposited on the substrate 25 301 by any
of various known filmdeposition techniques 43 including evaporation,
sputteringn anaékagssandnqurintisnprdfefatiguasedan appropriate one of which
is selected according to the material adopted. Thereafter, the conductive

film depositedubsegaéheiPedsdutice aar efelier ¥1eed rofage 30 and 305 are
phot ol i t hographi ¢ and etching processes, thereby formng the gate

el ectrod_efégl%eaNe&, t#2 06988hsc! aV&Ye30GddC! UdbRY B NA YT AndIC kel AN
conplex is forned so as to Cover the gate el ectrode 302. The organic |ayer

306 i ncl udy 0ot BE.POLYECLAANSHNS kA GAMRLEHe Y £: DEahOr HEL-RYaPY BRI MY 2
solution O e polyner rncldsron “conpleX, applying or prln?lng t he
solution gn the gate _electrode 302 by any of the techni ques enune ed
Sbove. 5 GEGFHSt HBY apbRe ccPBHE pri Al (s | dE o enoR IRELEPAS ¢ RE2:

appl i ed origrinted material, if necessary. 15 In the preparation of the

sol uti on BiterBapbyeher theyFUHHHh Fvhsidin glecérasey 8R4 RBY: 3ABI BEYl es

(e.g., CD) in an excess amobunt are m xed with the guest nol ecul es, as
shown also be made of a different material from the gate electrode

302. Each of the source and drain electrodes 304 and 305 may
also include a stack of two or more layers.

10 The FET 300 shown in FIG. 8A is completed preferably in
this manner. In the illustrative preferred embodiment of the
present invention described above, the FET 300 is a bottom-
gate-type transistor. Alternatively, the present invention is
also effectively applicable for use to fabricate an FET of a

15 top-gate type or a non-stacked FET in which the source, gate
and drain electrodes are arranged side by side in the same
layer.

The structure and arrangement show in FIG. 8A can also be
used in any type of transistor for use in, for example, any

20 other of the displays disclosed herein or other suitable
displays.

Other arrangements of the organic 1layer including a
polymer inclusion complex and the gate, source and drain
electrodes are possible.

25 FIG. 9A schematically illustrates the structure of a
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in Fig. 8B. By using the solution including the host nolecules, which have
an insulating property, in an excess 20 anount, the guest nolecules are
nore conpl etely covered by the host nolecules. In addition, the excess
anount of the host nolecules may forma |ayer which functions as a gate
insulating |layer. Therefore, in the formation of an organic |ayer that
functions as a sem conductor |ayer and a gate 25 insulating |ayer, the

sol uti on pontiomi og tdre EBFt 400 etntdsdidd iamodinegxcarsangemanti ©f an
preferably used. Subsequently, source and drain el ectrodes 304 and 305 are

formed onekdip MBADELYmEindl@sibhecenples.and dimi n FBG ect ramles 30de and
305 may be nade of the sane material, and 5 forned by the sane nethod, as

the gate 5&@@é§@d§o§020rmﬂu§;eaaa_t kyel YrrbigerRuiC @ anthdr i guifd €clapses 304
and 305 may also be made of a different material fromthe gate el ectrode

302. Each?gé tfﬁcf&&iﬁ& aggedrg%gyﬁhgcté$@§§8§g a@%ﬁ$¥§%gn/tggscbégglude

a stack o wo or nore”l ayers. F own | 8A 1s tonpl eted
preferably.in _this ner,. In the illustrative pr rred en@gdi nt.of the
pr esen? i%}/%'ﬁﬁ%cﬂe de‘g%?pi betPabavRIF the ‘?:]tl':elca%%&? s ‘gé‘got?%(?‘n T e-TypeE”
transistor, Alternatively, the present invention is _also effectivel

appl i cabl @1¢oFe A85f 4§ cRFefsRaREY FiMilAT  bB- Jrosa ype §1Gy 83,

non- stacked FET in which the source, gate and drain electrodes are
arranged e¥erRPbytRateaj RorkdosgeE the insulated inclusion compound is

removed such that the source electrode 404 and the drain
electrode 405 are directly above and in electrical contact

10 with the conducting polymer in the organic layer 406
including the polymer inclusion complex.

A method for preparing the organic layer 406 will be
described with reference to Fig. 9B. In this specific
example, polythiophene is used as the conductive polymer.

15 First, polythiophene represented by Chemical Formula (7)
is turned into a di-formyl (or di-aldehyde) through a
Vilsmeier reaction, thereby obtaining a compound represented
by Chemical Formula (8). When the compound represented by
Chemical Formula (8) is oxidized with a Tollens reagent (i.e.,

20 silver ammonium ions), polythiophene having carboxyl groups,
can be obtained. Furthermore, when the carboxyl group of the
polythiophene is reacted with a reagent such as thionyl
chloride, an acid chloride can be obtained as represented by
Chemical Formula (9).

25 Next, the acid chloride of the polythiophene represented
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| ayer. The structure and arrangenent show in FIG 8A can also be wused in
any type of transistor for use in, for exanple, any 20 other of the

di spl ays di scl osed herein or other suitable displays. O her arrangenents
of the organic layer including a polyner inclusion conplex and the gate,
source and drain electrodes are possible. 25 FIG 9A schematically
illustrates the structure of a 45 portion of an FET 400 i ncl udi ng anot her

arrangenepy OhedilcaEXeshhaly (P) YO®r ih8thdéd obncoppledextrid| € Bdrmt he
process for formng and the arrangenent of the organic |layer 406 including

the pol yngs1{M&t Ush OTusP! Bmp1lie 143518 senleRC bi0daemPalt RErRQUACE10) .
el ectrode 404 and the drain electrode 405 are preferably simlar to those

of F1G Bfhon 3P L0M L hOEbhBRCR! (1) 108Ul Ghit OlnEARREUAL | S
e 4

renoved such that the source e trode and the drain electrode 405 are

directly abpve d j.n electrical .contact .1Q with t dyct | | [
the or garEEaSET bR TR R e B trstry ARgARECHE) BfSnREKRR "
or preparing the organic |ayer 406 wll b d | bed wit f t

g 0B THITHISL el 145 TermmReRtetory: Argpheas Fertela Bl fhe conductive

polymer. 15 First, polythiophene regresented by Chem cal Formul a (71
When the mixture o the polymer inclusion complex

represented by Chemical Formula (11) and polythiophene having
an anthracene terminal group as represented by Chemical
Formula (12) is exposed to a radiation having a particular

10 wavelength, the photo-dimerization reaction of anthracene
occurs. As a result, a cylindrical polymer inclusion complex
having the conjugated polymer chain exposed at both ends of
the polymer as represented by Chemical Formula (13) in FIG. 9B
is produced.

15 FIG. 10 schematically illustrates the structure of a
portion of an FET 500 including another arrangement of an
exemplary polymer inclusion complex.

The structure shown in FIG. 10 is different from that
shown in FIG. 8A in the arrangement of the source electrode

20 504 and the drain electrode 505 which provide electrical
contact between the source electrode 504 and the drain
electrode 505 and the conducting polymer in the organic layer
506 including the polymer inclusion complex. The gate
electrode 502, the source electrode 504 and the drain

25 electrode 505 are made of a metal crystal. The source
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Is turned into a di-fornyl (or di-aldehyde) through a Vilsneier reaction,

t hereby obtaining a conpound represented by Chemcal Fornmula (8). Wen the
conmpound represented by Chemical Forrmula (8) is oxidized with a Tollens
reagent (i.e., 20 silver ammoniumions), polythiophene having carboxyl
groups, can be obtained. Furthernore, when the carboxyl group of the

pol yt hi ophene is reacted with a reagent such as thionyl chloride, an acid
chl ori de saacheoabt diorcdamd thpr ebsditrede byct £hdei a5 Farerubaefricabliext ,
the acid chloride of the polythi ophene represented 46 by Chem cal Formul a

(9) is ingbHAedtba e¥CtrEesbhatct OnfopoLgmePO! WARENI DE| HSHABLCRABDEEYLe
represented by Chem cal Fornmula (10). Then the resultant conplex (10) is

react ed Wokh it BACHRSr TRENAEILn (UM% OPLRI Hined Wotyt Rhashee payi ng

an anthracene 5 termnal group as represented by Chem cal Formula (11).

‘é‘gfﬂuf ge(%ﬁnﬁ[ﬁg O%Pépﬁlsgé?ﬁy”@&ﬁgﬂ&'&“ N @My &L régéﬁﬁ%&gd Ebfzghgg cal

p phené " having an anthracene termnal grou
represented by Chem cal Formula_ (1 i s exposed to radi atj on havi a
bart§ ol iR aEe8) Gromh, (HhaCpROPGE AP A MO S PRatPro Rt cPRERELRe
occurs. As a result, a cylindrical polyner inclusion conplex having the
conj ugat ef®p8t ym&P e A ik pGfe L BE U b3t HRENBEOBETtYhe pASynigle aBolymer

represented by Chem cal Forrmula (13) in FIG 9B is produced.
inclusion complex, the polymer inclusion complex having the

conjugated polymer chain exposed at both ends of the polymer
as represented by Chemical Formula (13) in FIG. 9B is
10 preferably used.

The top-gate type structure shown in FIG. 10 may be
formed as follows, for example. The source electrode 504 and
the drain electrode 505 may be formed on a substrate (not
shown) by any of various known film deposition techniques and

15 patterning techniques. After forming the organic layer 506
in the same manner as described with reference FIG. 8A, the
gate electrode 502 may be formed on the organic layer 506 by
an inkjet technique, for example. The process for forming
and the arrangement of the organic layer 506, the gate

20 electrode 502, the source electrode 504 and the drain
electrode 505 may be similar to those of FIG. 8A.

FIG. 11 schematically illustrates the structure of a
portion of an FET 600 including another arrangemeht of an
exemplary polymer inclusion complex.

25 The structure shown in FIG. 11 is different from that
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15 FIG 10 schematically illustrates the structure of a portion of an FET
500 i ncludi ng anot her arrangenent of an exenplary pol yner inclusion

conpl ex. The structure shown in FIG 10 is different fromthat shown in
FIG 8A in the arrangenent of the source electrode 20 504 and the drain

el ectrode 505 which provide electrical contact between the source el ectrode
504 and the drain electrode 505 and the conducting polyner in the organic
| ayer 50éhdwic! idi RgGt h@apalny nitie | &ctasgORecONPEexXheTgaie eBettsdele
502, the source electrode 504 and the drain 25 el ectrode 505 are nmade of a

netal crysgfl anfhetfourdEaint’ etbetirbade &0¢ antidihepdbaineel LdéOtlecHDS are
electrically connected to the conducting polyner, which is a gust nolecul e

of 1he POLyfBlcd NARIAh CAUMY Shoutlod! NR1RELDAARIS6Bh  BRa PORY Tirain

i ncl usi on conpl ex. e gate el ectrode 5 I's 5 insul ated omt he

conductin ol r the hast molecule (e.g, havi n | NS L.Ng
property. cp%é;(?%o%)@/%?ndi C}(1: uEY uc(’:tolnr'fﬁ e&?%%%rll y?rheér (?]ﬁ %‘Jisﬂpofné oifrpl ex
havi ng_ the conjugat ed polymer chain exposed at both ends of the polyner

as rept estM ed- IS cdﬁhq:orﬂ?u}wé{‘e(rlB)‘?‘Fr]ruﬁllGn 9§°f“?§ef0 pr et 8F ab¥3tBsed.
The top-gate type structure shown in FIG 10 may be forned as follows, for
exanpl e. rctirdee @2ct rRe STMEGR] IRCEFAER ALt rIRR 505 mdrpin

formed on a substrate (not
electrode 605 are made of a conventional conducting polymer

(mixture of a 7T conjugated polymer and a dopant polymer).
The source electrode 604 and the drain electrode 605 are
10 electrically connected to the conducting polymer, which is a
gust molecule of the polymer inclusion complex, at the both
ends of the polymer inclusion complex. The gate electrode
602 is insulated from the conducting polymer by the host
molecule (e.g., CD) having an insulating property. As the
15 polymer inclusion complex, the polymer inclusion complex
having the conjugated polymer chain exposed at both ends of
the polymer as represented by Chemical Formula (13) in FIG. 9B

is preferably used.
The top-gate type structure shown in FIG. 11 may be
20 formed as follows, for example. The source electrode 604 and
the drain electrode 605 may be formed on a substrate (not
shown) by any of various known film deposition techniques and
patterning techniques. After forming the organic layer 606
in the same manner as described with reference FIG. 8A, the

25 gate electrode 602 may be formed on the organic layer 606 by
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shown) by any of various known fil m deposition techniques and 15 patterning
techni ques. After formng the organic |ayer 506 in the sanme manner as
described with reference FIG 8A, the gate electrode 502 nay be formed on
the organic layer 506 by an inkjet technique, for exanple. The process for
formng and the arrangenent of the organic |ayer 506, the gate 20

el ectrode 502, the source electrode 504 and the drain electrode 505 may be
simlar teanthoxgedf tddhnitfue Flforlixambaeent i chhéypirbbestr dicas féeming
structure of a portion of an FET 600 includi ng another arrangenent of an

exenpl aryapa! yies i diemidr@OmBlieeXthdd dhgasid Ucldifer Sis@n | BhEl Ggadd is
different fromthat 48 shown in FIG 8A in the arrangenent of the source

elect rodee)160¢-880 1862 1 atle ol £6LL0de OPacVRLED PeOY! dgndl eEhd | Catain

contact between the source ectrode 604 and the drain eIectrode 605 and

t he conduc n Iy n the or y 6 | ugli ng the pol yner

i ncl usi on %%ﬁgfgg %ﬁ% %rodeL§ gho?%eggeﬂﬂge el ectrode 604 and
the drain el ectrode 605 are nade of a convention conductin B

(mixture of a TttRonjTgat eUPHIRS ne P THAR LG8 Y ENt a%?Vﬂer). ﬁﬁ g%%?%é

el ectrode 604 and the drain el ectrode 605 are 10 electrically connected to
t he conduetbegimentisreillypteated an FISS-mffecu?B: of Ot Gt ynefeVRERLsi on

conplex, at the both ends of the polyner inclusion conplex. The gate
el ectrodesignificant advantages are achieved. As is clear from the

above description, no gate insulating layer is used or formed
in any of the preferred embodiments of FIGS. 8A, 9A, 10 and 11.

10 This is because the organic 1layer including the polymer
inclusion complex has insulated compounds surrounding a
conducting polymer and therefore can be disposed so as to
cover the gate electrode and between the gate electrode and
the source and drain electrodes. As a result, the number of

1S manufacturing steps is reduced and the cost of the transistor
is also reduced.

Furthermore, the preferred embodiments shown in FIGS. 8A,
9A, 10 and 11 eliminate the need to control the ratio and
surface condition between a thickness of the gate insulating

20 layer and the thickness of the semiconductor layer as with
conventional transistors. As a result, the preferred em-
bodiments shown in FIGS. 8A, 9A, 10 and 11 have greatly im-
proved current-voltage and On-Off ratios, as well as greatly
increased carrier mobility as described above. For example,

25 in the case where polythiophene covered by non-cross-linked
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602 is insulated fromthe conducting polynmer by the host nolecule (e.g.,
CD) having an insulating property. As the 15 polyner inclusion conplex, the
pol ymer inclusion conplex having the conjugated pol yner chain exposed at
both ends of the polymer as represented by Chemi cal Fornmula (13) in FIG
9B is preferably used. The top-gate type structure shown in FIG 11 may be
20 formed as follows, for exanple. The source electrode 604 and the drain
el ect r odecOho Tayubes f araedsed, aas ubstost erdtiai irsithenodderanf ab*vasi ous
known fil m deposition techniques and patterning techniques. After form ng

the organbt4#Ned . 606he | OnidEr S SBIY Hurthedesaproodawtbhthef ergage Fl G
8A, the 25 gate el ectrode 602 may be forned on the organic |ayer 606 by 49

an inkj etgofeg, 1%“ s i c%aguhgnkgg cBl Acgssufigs formng and the
arrangenment of the organic |ayer the gate el ectrode 602 t he source

el ectrode 604 andf e, drain, &l eghrods 608 My be simdar do phese plaFl G

8A. 5 Wth th rquie arrangenents sho I'n"pre erred
illustrated in FIGS. 8A, 9A, 10 g nd 11, several %g{ |cant advantﬁ es are
achi evad. SAROGLMCRES,  Show, $RheFIGB oy BRI I8 PO 6H‘ gat®®i REAPSLPRGT I ayer

is used or fornmed in any of the preferred enbodi nents of FIGS. 8A 9A 10
and 11. 1@aq'hP§VPsdB@€&§é@théno &mr@chéeli FEANgE nERYe REPYiing a

i ncl usi on conpl ex has insul ated conpounds surroundi ng a
nanoscale organic transistor with greatly improved

characteristics as compared to conventional transistors. For
example, the dimensions of the organic layer including a
10 polymer inclusion complex shown in FIGS. 8A, 9A, 10 and 11 may
preferably have the dimensions of about 0.5 nm to about 10 nm
in the thickness and about 1 nm to about 20 nm in the length
(corresponding to the channel length).
The structure and arrangement shown in the preferred
15 embodiments of FIGS. 8A, 9A, 10, and 11 can also be used in
any type of transistor for use in, for example, any other of
the displays disclosed herein or other suitable displays.
By using the transistors of the preferred embodiments
shown in FIGS. 8A, 9A, 10 and 11 as transistors for a display
20 device, the following advantages are achieved. The pixel
aperture ratio of the display device can be increased
significantly and the brightness of the display device can be
increased. The pixel size of the display device can also be
reduced and the resolution of the display device can be

25 improved. Especially, an organic EL display device that is
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conducting polynmer and therefore can be di sposed so as to cover the gate
el ectrode and between the gate el ectrode and the source and drain

el ectrodes. As a result, the nunmber of 15 manufacturing steps is reduced
and the cost of the transistor is also reduced. Furthernore, the preferred
enbodi nents shown in FIGS. 8A, 9A 10 and 11 elimnate the need to control
the ratio and surface condition between a thickness of the gate insulating
20 |l ayer gRthide thickaessqeidt 8eysesi conshirdwrdéay@s @an\Wwbéhobtanneat i onal
transistors. As a result, the preferred em bodinents shown in FIGS. 8A,

9A, 10 angyddndavsrdr eat EYekib1or @i8g16yr et cEOl(leage ,anmtiOo brgahies, as
well as greatly increased carrier nobility as descri bed above. For

exampl e £) ! NuhienCRAILAThE RAIGHED! SnBVe! Sthile NOU: gy 0asrbiikad SO

CD nol ecul es” are use rati in the order of 104 IS obtal ned.

The On-Of ratio is further i ed_to t or . 106. b Si .
cross-linL%dgCD RSP@CU?@S?XEEE%%%'nDF%?nwﬁﬁﬁ tggﬁﬂ%géﬁ%n% rﬁ%#hrgg%%n?he
preferred 5 enbodi nents shown in FIGS, 8Ab 9A, 10 and 11, the transistor
can have TPMERRIARAL FRans 15tRdPet SR BRgBPLEHEYprovi ding a nanoscal e
organic transistor with greatly inproved characteristics as conpared to
conventional transistors. For exanple, the dinensions of the organic |ayer
i ncluding a 10 pol yrmer inclusion conplex shown in FIGS. 8A, 9A 10 and 11
may INDUSTRIAL APPLICABILITY

Various preferred embodiments of the present invention
described above provide an organic transistor that has

10 significantly improved characteristics and/or reliability as
compared with the transistor that uses the conventional
conductive polymer. A transistor according to any of the
preferred embodiments of the present invention described above
can be used effectively as an active component for an active-

15 matrix-addressed display device. Also, the transistor
according to the preferred embodiments of the present
invention can exhibit performance that is at least comparable
to, or even better than, that of the conventional a-Si TFT,
and yet can be manufactured at a greatly reduced cost.

20 While the present invention has been described with
respect to preferred embodiments thereof, it will be apparent
to those skilled in the art that the disclosed inventions may
be modified in numerous ways and may assume many embodiments
other than those specifically described above. Accordingly,

25 it is intended that the appended claims cover all possible
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preferably have the di mensions of about 0.5 nmto about 10 nm in the

t hi ckness and about 1 nmto about 20 nmin the length (corresponding to

t he channel length). The structure and arrangenent shown in the preferred
15 enbodi nents of FIGS. 8A, 9A, 10, and 11 can also be used in any type of
transistor for use in, for exanple, any other of the displays disclosed
herein or other suitable displays. By using the transistors of the

pr ef er r etheaPikaeidss, SkawiaitiohnlsGS. a8fer8Aiodd aill lthandesansbsties for
a display 20 device, the foll ow ng advantages are achi eved. The pi xel
aperture {@fdotdnd Nenst sPABY WevheR €A8 BeueNepe2sed andl WP K | yhand
the brightness of the display device can be increased. The pixel size of

t he di spl i C 0 be reduced and the resolution of the display
devi ce cé%%gggg% fééﬁﬁké?.' Especially, an organic EL display device that is
51 thinner than a liquid crystal display device can be obtained.
Furthernore, a flexible display device (e.g., LCD or organic EL), which
mai nt ai ns hi gher performance while being deforned (e.g., bent or extended)
than the conventional one having 5 conventional transistors, can be
obt ai ned. | NDUSTRI AL APPLI CABI LI TY Various preferred enbodi nents of the
present invention described above provide an organic transistor that has
10 significantly inproved characteristics and/or reliability as

53



conpared with the transistor that uses the conventional conductive
polymer. A transistor according to any of the preferred enbodi nents of the
present invention described above can be used effectively as an active
conponent for an active 15 matri x-addressed di splay device. Also, the
transi stor according to the preferred enbodi nents of the present

i nvention can exhibit performance that is at |east conparable to, or even
better than, that of the conventionakrLaiMs TFT, and yet can be

manuf actured at a greatly reduced cost. 20 Wiile the present invention has
been described; WA he r4185100€d - t Conpef Lided enbodi nents thereof, it will be
apparent to those skilled in the art that the disclosed inventions my be

nodified in n Wy Sc A KladBy assune many enbodi ments other than those
specifically 3escrlaed é%%ve. Accordingly, 25 it is intended that the

appended cl ai ns cover.. al %ﬁ?ﬁﬁ?gje 52 nodifications, variations

alterations and %ﬁﬁﬁ%ﬁ%ée fnventions that fall within the true spirit

and scope of the resent_invention. 53 CLAIN? #? A transi stor_conprising:
a first el ect r¥ye® %a%Je’%o]rﬁY‘:é?e‘ﬁl?’r%Be%s PN HIh ect"f%%ra?lﬁwi%*ﬁ%n%?%vi ded
between the first and
second electrodes; and
a third electrode for use to apply an electric field to
the organic layer:;

wherein the organic layer includes a polymer inclusion

10 complex.

2. The transistor of claim 1, wherein the polymer
inclusion complex has a guest polymer having electrical
conductivity included in a host molecule.

15
3. The transistor of claim 2, wherein the host molecule

includes a polymer having a cross-linked structure.

4. The transistor of one of claims 2 and 3, wherein at
20 least one terminal of the guest polymer includes a bulky
terminal group arranged to stabilize a state in which the

guest polymer is included in the host molecule.

5. The transistor of one of claims 2 to 4, wherein the

25 guest polymer has reactive terminal groups, the reactive
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second el ectrodes; and a third electrode for use to apply an electric field
to the organic layer; wherein the organic |ayer includes a pol yner
inclusion 10 conplex. 2. The transistor of claim1, wherein the pol yner

i ncl usi on conpl ex has a guest polyner having electrical conductivity
included in a host nolecule. 15 3. The transistor of claim2, wherein the
host nol ecule includes a polyner having a cross-linked structure. 4. The
transi st ofeghifle Ofrdipd "B adlhatenthelgientat po2§meeast benrgt ebondad of

t he guest polymer includes a bulky term nal group arranged to stabilize a
state in whg&bndhe guest polymer is included in the host nolecule. 5. The
transistor of one of clains 2 to 4, wherein the 25 guest polyner has
reactive term nal groups, the reactive 54 term nal groups of adjacent
guest pol yners being bonded together. 6. The transistor of one of clains 2

to 5, wherei t I
the " ter i nal B oBSat SERECSOE T oo Yt | SIRLETE Cohy Lhat i cny s Fem 7

The transistor of one of clains 2 to 5, wherein the .
5 guest polymer is a T conJugated polymer, and wherein the

terminal group and the guest polymer form a 7 conjugated

system.

7. The transistor of one of claims 2 to 5, wherein the

10 guest polymer is a linear polymer.

8. The transistor of one of claims 2 to 7, wherein the

host molecule is a cylindrical host molecule.

15 9. The transistor of claim 8, wherein the cylindrical
host molecule is one of a low-molecular-weight compound and a

high-molecular-weight compound.

10. The transistor of one of claims 2 to 9, wherein the
20 guest polymer has a degree of polymerization that is at least

10 to 200.

11. The transistor of one of claims 1 to 10, wherein the
transistor is a field effect transistor.

25
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10 guest polyner is a linear polyner. 8. The transistor of one of clains 2
to 7, wherein the host nolecule is a cylindrical host nolecule. 15 9. The
transi stor of claim@8, wherein the cylindrical host nolecule is one of a

| ow nol ecul ar-wei ght conpound and a hi gh-nol ecul ar - wei ght conpound. 10.
The transistor of one of clains 2 to 9, wherein the 20 guest polyner has a
degree of polynerization that is at least 10 to 200. 11. The transistor of
one of clainms 1121 orHd, t wdred £ tod hef dYaaisi 1Sk Orwhesreaid | ehel £id BT teffect
transistor. 25 55 12. The transistor of claim1l, wherein the field effect

transi st ofrd1asi S Ohad BAL! YR 0GRt BoBE HANGEEBNarrangRRegdt,e a A s gLreNt ,
and a planar arrangenent. 5 13. The transistor of one of clains 1 to 12,

wher ei n tgf%a&qéﬂgﬂéﬂ‘ﬁhd $ l%ﬁﬁgsﬁﬁkﬁngéﬂéﬂ£9 transistor. 14. A display

device conprising: the transistor according to one of clains 1 to 13; and
10 a pixel connected to the transistor. 15. A display device conprising: a
substrate; a thin filmtransistor disposed on the substrate; 15 wherein

5 13. The transistor of one of claims 1 to 12, wherein the

transistor is a nanoscale organic transistor.

14. A display device comprising:
the transistor according to one of claims 1 to 13; and

10 a pixel connected to the transistor.

15. A display device comprising:

a substrate;

a thin film transistor disposed on the substrate;
15 wherein

the thin film transistor includes an organic layer

including a polymer inclusion complex.

16. The display device of claim 15, further comprising a

20 gate electrode, a source electrode, a drain electrode, a gate
insulating layer provided between the gate electrode and the
source and drain electrodes, and the organic layer is

disposed on the source and drain electrodes.

25 17. The display device of claim 16, wherein the organic
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the thin filmtransistor includes an organic layer including a polyner

i ncl usi on conpl ex. 16. The display device of claim15, further conprising a
20 gate el ectrode, a source electrode, a drain electrode, a gate

i nsul ating | ayer provided between the gate electrode and the source and
drain el ectrodes, and the organic |layer is disposed on the source and
drain electrodes. 25 17. The display device of claim16, wherein the

organi ¢ béyéayeairdictegt looneErttact shé heonareec el aatagdxieandd thiee diraim

el ectrode. 18. The display device of claim15, further conprising a 5 gate
el ectrodeg1@cepsdiee el ectrode, and a drain electrode, and no insulating

| ayer is provided between the organic |layer and any of the gate el ectrode,
the source electrode and the drain electrode. 10 19. The di splay device of
claim 18, wherein the organic layer directly contacts each of the gate

el ectrode, the,.s e;e o) e | I FeTo[- of
formng a thi nl?i %?r%ﬁsﬁ%}éﬂ%{)ﬁgp&rilép ‘igéﬁglfh?‘g eps 0@“%%%@#% a
substrate; and bstrat inclég- i ng

& Egrninﬁ a thinijiln1t aniis or on the su stratg, gl
the step $1% oPAPRETEAC or FarF TS e PLPREFBEPNg B Doty AL et RRTHon
conpl ex.
P and no insulating layer is provided between the organic layer
and any of the gate electrode, the source electrode and the

drain electrode.

10 19. The display device of claim 18, wherein the organic
layer directly contacts each of the gate electrode, the

source electrode and the drain electrode.

20. A method of forming a thin film transistor compris-
15 ing the steps of:
providing a substrate; and
forming a thin film transistor on the substrate includ-
ing the step of forming an organic layer including a polymer
inclusion complex.
20
21. The method according to claim 20, further comprising
the steps of forming a gate electrode, forming a source elec-
trode, forming a drain electrode, and forming a gate insulat-

ing layer on the gate electrode,
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20 21. The method according to claim 20, further conprising the steps of
formng a gate electrode, formng a source elec- trode, formng a drain

el ectrode, and formng a gate insulat- ing |ayer on the gate el ectrode, 57
wherein the organic layer is formed on the source elec- trode and the drain
el ectrode. 22. The nmethod of claim 20, further conprising the steps 5 of
formng a gate electrode, formng a source electrode, and formng a drain
el ectrode, wheygéreinw tinsubnagamic | Payesr i ks fHomeed bet Wweles $hergatelec-

el ectrode and the source and drain electrodes. 10 23. The nmet hod of claim

22, wher ef foddeamd deme Catayerelsb¥esddy contacts each of the gate
el ectrode, the source electrode and the drain electrode. 24. The net hod of

claim 22, wherein the organic layer 15 covers the gate el ectrode, and the
source el ectrode and the drain electrode are disposed on the organic

ayer 25 The, Jetiiod RCGRLET00 L0a B0 ELANE: 20odc Sing WIRL L feple |

step of form ng an ofganic Tayer 1nc rmng a

t he polyner inclusion conplex by applying qr printing a solution of_the

pol yret 1 %61 EGFBIR COndPER 6r1eEChESEPATANE) DrRP oS SR Tt 1 i

technique, a dip coating technique, a casting technique, a printing
forming a drain electrode,

wherein no insulating layer is formed between the gate

electrode and the source and drain electrodes.

10 23. The method of claim 22, wherein the organic layer
directly contacts each of the gate electrode, the source

electrode and the drain electrode.

24. The method of claim 22, wherein the organic layer
15 covers the gate electrode, and the source electrode and the

drain electrode are disposed on the organic layer.

25. The method according to one of Claims 20 to 24,

wherein the step of forming an organic layer includes the

20 step of forming a film of the polymer inclusion complex by
applying or printing a solution of the polymer inclusion
complex on the substrate by one of a spin coating technique,

a dip coating technique, a casting technique, a printing
technique, a micro-patterning technique and an inkjet

25 technique.
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techni que, a mcro-patterning technique and an inkjet 25 technique. 58 26.
A nethod of formng a display device conprising the steps of: formng a
transi stor according to the nethod of one of <clains 20 to 25; and 5
formng a pixel so as to be connected to the transistor. 59

26. A method of forming a display device comprising the
steps of:

forming a transistor according to the method of one of
claims 20 to 25; and

5 forming a pixel so as to be connected to the transistor.
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