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Sol uti on-Processed Inorganic filnms for Organic Thin
Fil m Transi stors Reference to Rel ated Application

woedoensgyse is made to our earlier United StatescT/sSG2007/000142

provi sional patent application nunber 60/802,122 fil ed
May 22, 2006 for an invention titled " Solution
Processed Inorganic films As Gate Dielectric for
Organic Thin Film Transistors " the priority of which
is hereby clained, and the contents of which are
hereby incorporated by reference as if disclosed
her ei nSdlatibRPirocessdd Indkganid AR for Drgan! Thih!Fifin Transistors
invention relates to electronic devices with
sol ution-processed inorganic filnms and net hods of
fabricating such devices and particularly, though not
e i relates to thin-filmtransistors ("TFT' s)
wﬁ&ﬁpeé‘c??{yf #glﬁ'-tep‘ir %B r;i%aé'dmf ilms of an inorganic materi al

or nmxtures of inorganic materials, and nethods of
?@%ﬁe&%& ﬁSﬁlgad%a% RuE g3l dnited tcsﬁaéwrgvlémal natenp apRlicatiengpumber
but not exclusively so, the invention relates to
RO 221 e May 32, PO0fslos aminyequiaTitiede) Salitidn Brocdssabinorganic
one dielectric layer and/or surface nodifier |ayer
ffallorsi AsGatd Dielettria fororgaminThiraFilmd ransistdrs O the grioritp bOwWhich is
carrier nobility in the transistor structure.

Bredtyaifidd RReRs Edhtdntd 6F WHEH areRfebyaheRpor@le8 BY reference as if

i nterest because of their potential "applications in

hﬁﬁﬂ&ﬁﬁhg%ﬂﬁnhﬁﬁgéuﬁ& a flexible electronics. These
i ncl ude dr '

inclu lving circurts for future allorganic
OLED- based fl at panel displays, plastic RF-UD
circuits, gas sensors, and

Technical Field

This invention relates to electronic devices with solution-processed inorganic films and
methods of fabricating such devices and particularly, though not exclusively, relates to
thin-film transistors (“TFI’s) with solution-processed films of an inorganic material
and/or mixtures of inorganic materials, and methods of fabricaﬁng such thin-film
transistors. In particular, but not exclusively so, the invention relates to organic thin-
film transistors (“OTFT"’s) with at least one dielectric layer and/or surface modifier
layer fabricated with a low temperature solution to improve carrier mobility in the

transistor structure.

Background
Research into OTFTs has gained great interest because of their potential applications in

low cost and large area flexible electronics. These include driving circuits for future all-



chem cal sensors. The nost conmon gate dielectric in
organic OTFTs is a thermally-grown silicon oxide

w@ B10d23636n crystalline silicon. However, for |peEsSeEN7/000142

all-plastic, and |l arge-area applications the use of
thermally grown SiQ2 is not of particular interest. A
sol uti onprocessabl e gate dielegtric is the nost
attractive alternative as it can be easily prepared by
spiganic €iEDrpaseddbt parg] displaps, iphstio RFaID kivsuits egapaemion, and
and under anbi ent conditions. Various
sclentitORempoaceSsabl e gate diel ectrics have been used
in the past. These include poly-4-vinyl phenol (PVP),
pol ynmet hyl net hacrylate (PMVR), poly vinyl alcohol
("PVA"), benzocycl obutene ("BCB"), polyimde ("PI"),

f- e l.ayers. S. usin pol yner, .
Pt BBt BT S RPRR i Bie, LDEL S 3ty oW Shicon oxide
djelectric nst.ant ( val ues. Therefore,. inaorganic
oéﬁlé@gn@rﬁﬁa‘iﬁge SHIQSR- ,I}[(‘Zr‘é@’@é, OLIY-99sb @llplastigand largeapray
have hi gher k values and thus the operating voltages
canplipations hecusg of thewmalbt gromncYiQaisi ot ok pattienlardyigrast A solution-
fabrication techni ques such as anodi c oxi dati on,
nergeessabbagae dicteetricrig theandst attencti voltdpeaive ay ilearn Bé eadily prepared
Thi s nmakes the deposition process and consequenti al
d@Vipiecoating ] aoling) Br pehtaie A QW téthperathire! dnd FNFerSHRBAR c¥hditions.
It is therefore desirable to have sol ution-processabl e
inorganic dielectrics for | ow operating voltage OTFTs.
Summary According to an exenplary aspect there is

10 Provi d@%io%s ’ISl%Hé?ﬁj-pﬁo%EssBél% rgla&aac{itlzlg ric I?a%le _bggrl used in the past. These
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include poly-4-vinylphenol (PVP), polymethyl methacrylate (PMMA), poly vinyl
alcohol (“PVA”), benzocyclobutene (“BCB”), polyimide (“PI’’), and self-assembled
monolayers. OTFTs using a polymer dielectric operate at high voltages due to low
dielectric constant (k) values. Therefore, inorganic oxides such as TiO,, Ta,0s, and
Al,O; are used as they have higher k values and thus the operating voltages can be
reduced. However, inorganic oxides require fabrication techniques such as anodic
oxidation, magnetron sputtering, and electron-beam evaporation. This makes the
deposition process and consequential device fabrication relatively difficult and
expensive. It is therefore desirable to have solution-processable inorganic dielectrics for

low operating voltage OTFTs.

Summary
According to an exemplary aspect there is provided a method for fabricating a sol-gel

film composition for use in a thin film transistor, the method comprising fabricating the



filmconposition for use in a thin filmtransistor,
the nmet hod conprising fabricating thesol -ge

wal2ebh/esBsi ¢ conposition by sol ution processi ngP@EI/SE2007/000142
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tenperature in the range 60 Cto 225 C. The sol -ge
filmconposition may be nmade froma precursor. The
precursor nmay conprise at |eas3 one of:
organosi |l icates, organosilanes, silane coupling
agipebdiektiriceain®ssited by Qélhﬁi&ﬁprocessmg at a temperature in the range 60 °C
tetraalkylorth03|llcate and silane derivatives.

r%? ngtively, the precursor may conprise at |east one

er selected fromthe group consisting of:
organosi |l i cates, organosil anes, silane coupling
agents, silicates derivatives,
tetraalk |orthosilicate, silanes derivatives, netal
#ekfilmheqraposiidagrasabddmadedizom arptecursdr Bt preswasor may

polyner consi sting of at |east one of: poly(nethyl
nesnipcse yt kas ope pbloyganoyilicaes; otgahdsilaped, yiddneycbapléing agents, silicates
oxi de- based bl ock copol yners, and

Pddrivati VaseReragIRYIb{tHosilidayd, afd Silade Aevivalives. OAlfera Ry, TR precursor
The sol-gel filmmay be fabricated fromat |east one

Ohay é@gﬁﬁ’s%qit fe%trblﬁ '?negﬁlﬁe? §ele&&fjfrgﬂﬁﬁ? gﬁﬂg QoRﬁstﬂJ

The sol-gel filmmay be a mxture o
oAy g€ SRR R g %qvmwrgy be
| f I d d
tsﬁea‘f{svﬁévh%gw%%i%I;a%@%e"rwae%qsgem%a xiohy ek @m@kome and

materials, netal, or netal -oxide. The bl ock copoly

ryeasipRsriobangrsopsisinzafet jsestyona ofti peyy(methyi meﬂa):rylzmd poly(vmyl

may contain netall organic precursors. The neta

rxﬂaﬂmt)smlyethﬂyn@onpe—bmdﬂ)ldckmbpnﬂymﬂ;pm&bmysiﬁcnéﬁbely@ -vinyl
netal oxide may be at | east one of: netal

apykidxed dibtodkdepolgnidr.met al - al koxi de. The sol -gel may
further conprise a m xture of hydrophobic nol ecul es.
The

The sol-gel film may be fabricated from at least one of: undoped spin-on-glass, and
doped spin-on-glass. The sol-gel film may be a mixture of one or more of: an organic
polymer, an organic monomers, and organically modified sol-gels. The sol-gel film
may be doped by at least one of: a metal oxide, and a block copolymer composite with
core comprising inorganic materials, metal, or metal-oxide. The block copolymer may
comprise polystyrene-poly(4-vinyl pyridine), and may contain metallorganic precursors.
The metal precursors may comprise titanium isopropoxide. The metal oxide may be at

least one of: metal alkoxyalkoxide, and metal alkoxide.



hydr ophobi ¢ nol ecul es may conprise at | east one of:
octadecyl trichl orosil ane, hexanethyl di sil azane, and

walznrymBives t hereof. The sol -gel fil m conposikriTSGIVAY000142
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have a dielectric constant in the range 2 to 50, and
may be formed on a substrate. The substrate may be
sel ected from glass, plastic,4quartz, nmetal foi
undoped silicon and heavily doped silicon. According
t Sheasmdigabmay fusthet eerpprisepenixturh of Bydreplmbavindiedulas. The
sol -gel filmconposition when prepared by the above.
Acybvorsliobi holeeulédinhy esmprisera laasyondsiesttadebtrchidiosilane,
provided a sol-gel filmfor use in organic thin film
tlﬁe@dﬁﬁieﬁiyﬁfﬁla@ﬁleaaﬁh &ér%més%ére&fm the sol-gel film
conprising at |east one of: a polyner, and a
co-polyner; the at | east one of the polyner and
co pol ynmer contai ning clusters of nano- particles of at

ast one.sel ected. fromthe up .consi stin

kAP Es B tion it ave a3t Gt trafle onge 2 0 50, and

soI eI filmmay conprise at | east one nenber sel ected
fmaypeformsd ga Asubstiatea The substraigpay beasslesteddranarglass, plastic, quartz,
coupling agents,. silicates derivatives, silanes
doetial/fili vedopedrsiliadn aiddwaividie dopedesiladonal koxyal koxi de,
tetraal kylorthosilicate; and a pol ynmer consisting of
at | east one nmenber of the group consisting of:
pol y(nmet hyl nmethacryl ate), poly(vinyl alcohol),

B,g{td}?glgg ke(%gﬁ)g%?( sfgﬁﬂeﬁﬁeﬂ %}t{ ?}Ifégel: %g)%\géf%qee{ s%&—g@ﬁﬁlm composition

qgﬁguygﬁﬁejﬁfﬂ%%$ Q;I filmmay conprise at | east one

n-on-gl ass, and doped spi non- gl ass.
The sol - gel f|In1nay be a m xture of one or nore of:
an organi c pol yner, an

According to a further exemplary aspect there is provided a sol-gel film for use in
organic thin film transistors as a dielectric film, the sol-gel film comprising at least one
of: a polymer, and a co-polymer; the at least one of the polymer and co-polymer
containing clusters of nano-particles of at least one selected from the group consisting

of: inorganic materials, metal, and metal-oxide.

The sol-gel film may comprise at least one member selected from of: organosilicates,
organosilanes, silane coupling agents, silicates derivatives, silanes derivatives, metal
alkoxides, metal alkoxyalkoxide, tetraalkylorthosilicate; and a polymer consisting of at
least one member of the group consisting of: poly(methyl methacrylate), poly(vinyl
alcohol), polyethylene oxide-based block copolymers, and polystyrene-poly(4-vinyl

pyridine) diblock copolymer.



organi ¢ nononers, and organically nodified sol-gels.
The sol-gel filmnmay be doped by at |east one of: a

worahati3e@xi de, and a bl ock copol yner conposite mat/bcmor/enoid2
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conprising inorganic materials, netal, or netal-oxide.

The bl ock copol ynmer may conprise

pol yst yrene-pol y(4-vinyl pyriddne), and may contain

net al | organi ¢ precursors. The metal precursors my

c Shpsalgel filnh amaly womipsispatdpask ombeof: Timbpo@ bpih-onxglaks, amlyddped spin-
at | east one of: netal al koxyal koxi de, and net al

abik-gkisslThe T6eged GillmGedy BEBY mixtireHE On€ 6FRbISST: #h &'géltnb' 'pBlymer, an
of hydrophobic nol ecul es. The hydrophobi ¢ nol ecul es

afie TRidofRr@hind 62ahicANPmBHified sol-gel
gg%gadlecyl tri cr:hl or o%?ﬁlgne mhelxlgrrg(t)h eIso'llpl;,lllel Sg%gel fim and be doped

dﬁ%htvl@ztisltx 1?5 §oft h%ge?zﬁ ox1d-£h2?n Oé)lﬂglie £QPO yélrﬁ%%% pf)%lit. \GRh core”

rrc constan
According to a yet f%rther aspect there is provided an

of Yapfiseng IHP'igaPﬁCHﬂ#t?fﬂ hanedilopr IBEfﬁb?’FIQ‘F Haleebl%| cogelymer may

as descri bed above, the sol-gel film being forned as

| egyapriss @pbiseTeneepcd i iyl dytdioe), kag say anntamr meallorganic precursors.
substrate. The substrate nmay be of: glass, plastic,

olibe inztal pretursors midy,compeie ttiniin isopropaxidé.ofheliganli dxyde may be at
doped silicon. The organic thin filmtransistor may

hRR¥g ofé of: QRstd] AR YRIKORAE tand SRk A aliRtider oM a
sub-t hreshol d slope less than 2 volts per decade, and

an on/off ratio of at |east 103. The sol-gel film my
be a surface nodifier to enhance the transport

operties | sem con conduct.or y
DIREi ek ey fifef FomaRE ARt RO RGURRE b DB TOF
m xtures thereof. The sem conductor may be pentacene.
hydrophobic molecules may comprise at least one of: octadecyltrichlorosilane,

hexamethyldisilazane, and derivatives thereof. The sol-gel film composition may have a

dielectric constant in the range 2 to 50.

According to a yet further aspect there is provided an organic thin film transistor
comprising a sol-gel film as described above, the sol-gel film being formed as layer

before the semiconductor layer and/or on substrate.

The substrate may be of: glass, plastic, quartz, metal foil, undoped silicon and/or
heavily doped silicon. The organic thin film transistor may have at least one property
selected from: a sub-threshold slope less than 2 volts per decade, and an on/off ratio of

at least 10°.



The organic thin filmtransistor may further conprise
a |layer of poly[5,5" -bis(3-dodecyl -

wQ2mbhitsayl ) - 2, 2' - bi t hi ophene] and/ or a cappi ngPGEY&200D600142
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organi c, inorganic, hybrids, or m xtures thereof
bet ween the sol-gel |ayer and the sem conductor | ayer.
The cappi ng | ayer may be at | efist one of :
pol y- a- net hyl styrene and octyltrichlorosilane The
ol apeleget filom mfay bmatspefacs modifientayenbannetheamspert pfapesties in a
bottom gate with top contact, a bottomgate with
badmioonduotor.athe séntiporgiat®r wmalytbetad asint @€ torghid, dibrgaii€ hybrids
with bottom contact, a top gate with top contact
esmnGRds ttredlr TRE & niBslidut@F ma?rl‘)@ penth@Regate with
bott om cont act enhanced by surface nodifier. According
to a final exenplary aspect there is provided an
organic thin filmtransistor conprising a sol-gel film _
descr.i bed .abqove .wher ei he sol -.gel filmfurther.

o TRl U0 SRR AOE oy MnS e BpiEE s ralohiha ra-dodecyl-
a_sem conductor material, a plurality of sem conductor

athienyd)-4.2-hifophene handfas asppRiBayshefRrgdC, iegranig) hybrids, or
The sem conduct or may be deposited on the sol-gel
f inixturep\theegof dietwesinythe sdlgeklayercamd de semnicorsipctootaybe The capping
deposited on the sol-gel film The sem conductor nay
blayatmayebesit leseonm of: polganmethyisbeémadmidoctyNyihlofssilafy
m xtures thereof.. Brief Description of the Draw ngsln
order that the invention may be fully understood and
readily put into practical effect there shall now be

, ' . . N Iy

T Ui B 6Py bb AR P P Wit contact o

idtfcﬁ%)ix'{ E%' ?v@t@%%ttgl% c\émat%l!gt, [ SEERGE 1 conilr, 3559 TR Wi D ttom

b4

contact, a top gate with top contact enhanced by surface modifier, and a top gate with

bottom contact enhanced by surface modifier.

According to a final exemplary aspect there is provided an organic thin film transistor
comprising a sol-gel film as described above wherein the sol-gel film further comprises
a semiconductor comprising at least one of: a semiconductor material, a plurality of
semiconductor materials, and a mixture of semiconductor materials. The semiconductor
may be deposited on the sol-gel film. Alternatively, the semiconductor may not be
deposited on the sol-gel film. The semiconductor may be at least one of: organic,

inorganic, hybrids, or mixtures thereof..

Brief Description of the Drawings



In the drawings: Figure | is a schematic
representati on of exenplary device structures of TFTs

womhvizesigel used in dielectric stack and/ or SROT/SE®07/000142
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nodi fier stack (sol-gel TFTs); Figure 2 is a schematic
representation of exenplary sol-gel use in gate

dielectric stack and/or surfacé nodifier stack; Figure

3 is a series of AFMinmages of different filns; Figure

41 grder thatapérinyent@on ay by fullyfundestood and ecadily pugidtoepractical effect
capaci tance-vol tage curve of a

Ntiead shial) o vaieescr el &9 MHYIf Abn SidlAive exadplt Bn§xe@plary
dielectric; Figure 6 1s three graphs show ng the

ObhBdtimehR oR feSirkstht invaitiod, @8 'ch?ii)titéﬁBB'ng “ﬁfﬂq'ﬁfse‘che to the

exenpl ary enbodi nents; Figure 7 ree-grap

2%%gna)ﬁg§y%%e}xw§%?&ﬁ g.act eristics of a control

ary ‘enbodi nents; Figure 8 is
representati ons of a solution processed PQI, and its
performance contrasted with a control sanple; Figure 9
IS representations of a solution processed PQIr with a
sBithgdravdngst ectric, and its perfornmance contrasted
with a control sanple; Figure 10 is representations of
aFigoteult is arscheroat wgrs prisda@rioniof hxanlaty-dgelice dirattares bf TFaNWith sol-
a Si2 blocking |ayer, and its perfornmance contrasted
Vdl nséll ia@idlédtic stackohrl/orantiiegtbdifiddsthck Bol-gel TFTs);

representation of an exenplary enbodinment with a

NFilghtedeis Bl sORdthat rbpré&intation of exemplary sol-gel use in gate dielectric stack
and/or surface modifier stack;
Figure 3 is a series of AFM images of different films;
Figure 4 is a graph of an X-ray diffraction scan;
Figure 5 is capacitance-voltage curve of a metal-insulator-semiconductor capacitor with
sol-gel dielectric;
Figure 6 is three graphs showing the output characteristic of a control sample and two
exemplary embodiments;
Figure 7 is three graphs showing the transfer characteristics of a control sample and two
exemplary embodiments;
Figure 8 is representations of a solution processed PQT, and its performance contrasted
with a control sample;
Figure 9 is representations of a solution processed PQT with a sol-gel dielectric, and its
performance contrasted with a control sample;

Figure 10 is representations of a solution processed PQT with a sol-gel dielectric and a

Si0; blocking layer, and its performance contrasted with a control sample; and



on flexible substrates and its performance contrasted
with a control sanple. Detail ed Description of the

waeempleaasty Enbodi ments In Figure 1 there i s sheowiSGR007/000142
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nunber of structures of sol-gel TFTs with sol-gel film

in gate dielectrics stack and/or surface nodifier

stack: (a) is a common bottom §ate with top contact;

(b) is a conmon bottom gate with bottom contact; (c)

i Eigarephlt is@reprdsentitivo of gmexcmplaly endpdiert adth;a fitydeitdocking layer
patterned bottomgate with bottom contact; (e) is a

t opflgaible sobdtiatds@nd 40 peideimanté PoritfasRd Wath HnGrobaniple.
bottom contact; (g) Iis a top gate with top contact
enhanced by surface nodifier; (h) is a top gate with
bott om contact enhanced by surface nodifier. The

- | f di f i k
BTN TSRS oRRE b ARG, ° 7 ot 7

reference

S k and/or .syrface nodifier stack y conprise qne )
ol e Sk o7 g T ruires o P O Lo £ T TS Wi schregl ilm in
non-sol -gel filmmay be organic, inorganic, hybrids,
ogateflielegrics staple prdder surfigee mepifigeptagks| uti on and/ or film

may be formed from precursors conprising a polyner

and/ or (ag os podrymen batain getetveitniopgontactst er s  of
nano-particles of inorganic materials, netals or

net al - ®¥iida comfifonoReh @S FithBYuba cof@ctdr nore of:
or ganosi | i cat es,

(c) is a patterned bottom gate with top contact;

(d) is a patterned bottom gate with bottom contact;

(e) is a top gate with top contact;

(f) is a top gate with bottom contact;

(g) is a top gate with top contact enhanced by surface modifier;

(h) is a top gate with bottom contact enhanced by surface modifier.

The dielectric stack and/or surface modifier stack are as described with reference to
Figure 2. The dielectric stack and/or surface modifier stack may comprise one or more
of sol-gel film and/or non-sol-gel film. The non-sol-gel film may be organic, inorganic

2

hybrids, or mixtures thereof.

The sol-gel solution and/or film may be formed from precursors comprising a polymer
and/or co-polymer and containing clusters of nano-particles of inorganic materials,
metals or metal-oxide. The precursors may be one or more of: organosilicates,

organosilanes, silane coupling agents, silicates derivatives, silanes derivatives, metal



or ganosi | anes, silane coupling agents, silicates
derivatives, silanes derivatives, netal al koxi des, and

watdooxyeabkoxi de The pol yner may be one or nor eP@if/$G2007/000142
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pol y(nmet hyl nmethacryl ate), poly(vinyl alcohol),

pol yet hyl ene oxi de-based bl ock copol yners, and

pol yst yrene-pol y(4-vinyl pyrid ne) ("PS-P4VP') dibl ock
copol ymer. The co-polynmer may be pol ystyrene-pol y(4-
valkonidgsyariddilkex)yalkoridaThe pglymet aldydeganioe mopieof: psly(methyl
such as, for exanple, titaniumisopropoxide(Ti (OCH CH
%&hé&rylaf@)@o‘bﬂkzh‘@ﬁhlc&ﬁ{ljﬂ pblgBthgrReé axidkibas8dBycki®polymers, and

fabricated from undoped spi n-on-glass and/ or dope

- . . . @ 1 I

illir?ljcli}?S To’?g%f%%‘?i@c%‘%ﬁ rr% #‘{E?g #g g%mg%ﬁ)tlﬁéka&g oﬁe o’fﬁi& &{)ep()lymer
I norgani,c_.nateri . netal. Qr tal -oxide. The core
TR R TV BhE Rl i P icine o fBiede Beeflizan s P sueh as,

koxid?. The sol - gel solutiﬁn and/or filmmy be a

LEARMP LG ftitdrem dsoPHRpoxidst L QRHE Banie pol ymer, organic
nmononers, and organically nodified sol-gels. The
sol -gel solution and/or filmmay include a m xture of
hydr ophobi ¢ nol ecul es such as, for exanple,
Oitteasd b gall sbhutioh land/osfilnanay bb éxtaiveted ot sndoped Bsin-oargass and/or
derivatives thereof. The sol-gel filmmy have a

diopkE Sgihlof-g1RARSHépihg 'hﬁ]y'bg By u818€a neAMbXidE And¥BPBIbcIEbpolymer
and may be used as surface nodifier to enhance the

RAREPR b SRR el W BR AT Y Bl ol BT TR Ry be
P s L b e e YR R 755 Shtion ndior
and/or c) a _charge-carrier nobility at |east about

fggn/quy b& 2 glxtp ORe O A9 ¢1s amoxgapdr polymer, organic monomers, and

organically modified sol-gels. The sol-gel solution and/or film may include a mixture of
hydrophobic molecules such as, for example, octadecyltrichlorosilane,

hexamethyldisilazane, and derivatives thereof.

The sol-gel film may have a dielectric constant in the range from 2 to about 50 and may
be used as surface modifier to enhance the transport properties in the semiconductor.
The organic thin film transistor may have:

a) a sub-threshold slope below about or less than 2 volts per decade; and/or

b) an on/off ratio of at least about 103; and/or

¢) a charge-carrier mobility at least about 100% greater than a comparison OTFT

that lacks the sol-gel layer.



that |acks the sol-gel layer.Sol-gel processing to
fabricate dielectrics for OIFTs nay be perforned by

wemhissmng a precursor such as, for exanple, PCT/SG2007/000142
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tetraethyloithosilicate ("TECS') at 99.9 %opurity,

et hanol , dei oni zer water, and concentrated HC then
stirring at roomtenperature flOr 90 minutes in the

followi ng nolar ratios: 1:10:3.5:0.003. Base catal yst
sSalkgehprocésingan fatpicate dielddvitdHOOTIRTY nvy bag@efdrmddiey comblmng a
solution may be aged at tenperature ranges 0 to 100 C
aﬁl@élﬁgor%ﬁé'ﬁ)i@ PJr'eﬁﬁ‘lﬁgkh@&ﬁ&flyloﬁﬁ@sll@&ké@ﬁwﬁ ) 8899 9 @iy,

from10 mnutes to 14 days. Films nmay be nade from

{ dehdrfd i GhpAel bR csgéewaea B HfaRal nn%ﬁ%wma%g&%m for 90
SRRy %oéaroretfgs LR

exanpl e, ass, plastic, quartz, metal foil, undoped
sqnan"@ 0 A sl e 6olon Fiey 6 @ged afemperature ranges
other materials on the substrate. Such as, for

e 810 afor-qpaibidtions therepfpdhe agiug Gmeonay fangeefromJi0 minutes to
waf er substrate or Si wafers (as a gate el ectrode),

Wi4 duys Heéiimednby be made fromQRl dréd sautiiiit 9y dohrtoagRodebaaK indthods. One
| ayer). The substrates are carefully cleaned and/ or

t4rQRd REthBAS Qdn BeQpiPédatin® Bah il -frolS0G Aim #F6000ibHE. IRy be
be dried at anblent condi tion and/or ‘under diftfeéerent

C&?gélte Yo suglfk?atég :l‘ﬁg Elﬂﬁtr %:fy l;eI S5 %@Hal@ﬁgh as%or etxample,

ecu es and/or o es as envi ronne

. | ut t | at I
135 s AR ERRRT B, p&i sﬁféoﬁ? A e e i Vg and
C to about 225 0C. Athermally grown 30 nmthick SiO2
otithpuh othgr matsrials ety subsiitpeS st TBekRM SplERl dilm is deposited

sanpl e for OTFT fabrication. The sol-gel and control
smtiph bangmySiveaferssubettateor 310@afers (as a gate electrode), with thermally grown

Si0; (as a gate leakage blocking layer). The substrates are carefully cleaned and/or
treated prior to spin coating. The sol-gel films may be dried at ambient condition and/or
under different conditions. The different conditions may have O, molecules and/or other
molecules as the environment gas. Solution processing is preferably at a relatively low

temperature more preferably in the range about 60 °C to about 225 °C.

A thermally grown 30 nm thick SiO; onto n-type Si- wafer can be used as a reference
sample for OTFT fabrication. The sol-gel and control sample may be heated at 100 °C

in vacuum to further treat the sol-gel.

The semiconductor may be organic, inorganic, hybrids, or mixtures thereof. The

semiconductor materials may be mixed in the sol-gel solution and/or film.
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m xed in the sol-gel solution and/or film To fabricate
the OTFT pentacene was purified prior to use. A 50 nm
thi ck pentacene fil mwas deposlilted at 0.5 A/'s rate on
both the sol-gel and the control sanple in an
evaporator at a base pressure of 10 7 nbar and

mai ntai ni ng the substrate tenperature at 100 C. Cold

STl fabeical dheJOTFT pehtaédne AEhe urEE® pAENOsé. &4 50 Aml tARk pentacene
surface of the pentacene fil mby shadow mask

S Wa@ﬁéﬁﬁltécpat‘@% AlsTaR dnPREARLBE fi;el $hé Hﬁ:t Bﬁolai%m?)gmn

in Figure la (but without the passTvation

V\é\%bgra[m)ﬁ ér{ g{lns% f%{fgﬁ?g%g 88l7 ?nb%p%gd m@’f‘fi‘f“é‘nl%\@} g;%f)éetrate {e]zglperature at

may vary
ri.zed usi a Keit SCS 42

il ?lfifg?f%ﬁmg%tﬂeﬁmw By VRdenmEn R ks W ofiibe 4

to 10 5 Torr) using a Desert Cryogenic probe station.

TRratacens film hy shadgwanask eypporation foobtaima tapogamtact Mrustuye ps shown

were extracted from / D=CL . x//(W2L)(V G- 1 )2

windiigure Da (ut hthour the passivatiemtayerl Gate wideh map aaiytfeoms 600 to 4000

per unit area of the gate dielectric layer, Vis the

dudj whikogdteagth\imy vary iOngE0Co\200@ge, VT is the

threshold voltage, mis the field-effect nmobility, and

Wand L are the channel wi dth and | ength di nensi ons,

respectively. The VT of the device was determ ned from

L1 SR B ARG R TAISELO8 g
dﬂ-{?ﬁgrv ?qggf Lhe dgl\llsl (C ?Om(o ?6( 5 Ji‘ 1Er))01|1s11t1é Q %egel?teCrr;%ggnl{cr: gr%be station.
The mobility values in the saturation regime (Vp > V) were extracted from:

I, =CxpuW/2L)V; -V, )

where Ip is the drain current, C; is the capacitance per unit area of the gate dielectric

layer, V) is the drain voltage, Vi is the gate voltage, Vr is the threshold voltage, u is the

- field-effect mobility, and W and L are the channel width and length dimensions,

respectively. The Vy of the device was determined from the relationship between the
square root of the source-drain current I at the saturated regime and the Vg of the

device by extrapolating the measured data to Ip=0.

The sol-gel and pentacene films were analyzed by atomic force microscopy to
investigate the film quality and surface roughness. Figure 3 has images that illustrate the
result of the analysis. Figure 3a is a 45 nm thick thermally-grown SiO, on silicon

substrate and Figure 3b is a 399 nm thick spin coated sol-gel film on silicon substrate.
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the result of the analysis. Figure 3a is a 45 nmthick
thermal | y-grown Si Q2on silicon substrate and Figure 3b

is a 399 nmthick spin coated Kol -gel filmon silicon
substrate. The sol-gel filns were typically 399 nm

t Whe $ol-gehfilnoy were aypcadlys}9D amre thick, anifarih) asdi displagedia §hooth surface
root - mean- squar e roughness of -1.9 A whereas the

t véth #dtHiea@r squbire froh giheddi oF 11 YA v rdab et thOMBNG 'orewh Fighe
of ~3. 1A rnms. Figure 2c shows a 50 nmthick pentacene

fallsl?rﬁ A 4 REEN R uerghﬁmo?u% Ahgseas Figure 2d is a 50

I ck pentacene 'mgrown on a sol-gel film The

_pent acene f|In1gromn on the sol-gel film shows

different nol ecul ar arrangenents than those of the

ntacene fil on h thermal ly grown Si Q2. Figure 3e

gﬁr erﬁcg*ﬁ"%% &H‘F Aepfacrhefdmyen termallyesrews I$1@2)Wh‘?j§43 Figure
and Figure 3f shows the surface profile of the
p&hisac ghickspantagene Him grayur en dsolgebfiimdihepeatacene film grown
terrace height of about 1.5 nmand orientation of the
pemtha celrgel fiith showediffetemt modectilar hitengeeatsriihdnethoSeef the pentacene
pentacene thin filns deposited on sol-gel dielectrics

effii bh thedhé@n@ligfowal 8i©,0f - 1.0 nm and each grain has a
terrace-structure, with a series of 12 tol4 terraces.

Cont act angl e neasurenent of the surface of the
sol -gel and thernally grown Si 2 sanpl es yi el ded

taﬁr@zs%.% SRR P 0e] BB el igure 3 shows
o hObIC than t he thernally grown oxi des. The
Rl %Og the peptagrae onepl-pel Of Eigyee oangt igdicatese terrace height

mhen the soI gel is subjected to heat treatnent in
of about 1.5 nm and orientation of the pentacene molecule relative to the substrate.

The pentacene thin films deposited on sol-gel dielectrics exhibited a grain size of ~1.0

um and each grain has a terrace-structure, with a series of 12 to14 terraces.

Contact angle measurement of the surface of the sol-gel and thermally grown SiO,

samples yielded wetting angles of 50° and 40° respectively, thus indicating that the sol-
gel surfaces are more hydrophobie than the thermally grown oxides. The contact angle
of sol-gel may increase to around 80° when the sol-gel is subjected to heat treatment in

an ultrahigh vacuum.

Figure 4 is a graph of an X-ray diffraction scan of 50 nm thick pentacene film deposited
on:

(a) a thermally grown SiO2 (black line); and
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an ul trahigh vacuum Figure 4 is a graph of an X-ray
diffraction scan of 50 nmthick pentacene film

waolemossdssd on: (a) a thermally grown Si Q2 (bl apkr/kGre)noo42

and(b) a sol-gel film(grey line). Al peaks
correspond to (00/) planes, indicating that al
crystals are oriented to theid3(00/) planes paralle
to the substrates and cone fromthe substrate-induced
t hi n f(b) asgdkges Blm (hey lins). char act eri zed by an

i nter-planar spacing of 15.5 A in the pentacene film

TR p&dK8 lcbrréspohd tdX@OI)Plaret, ihdi€ating thati ai Gyseall KreRIRRARd to their
ethbits aaggrtical periodicitygof 14.5yA. The

Ftb@)) ?Eﬁléé i @@fl{eisﬁﬁstﬁtes S04 'c&ﬁk Flfohl e sﬁfs'hﬁ}eéitn%l#c_ed thin film

investigated using a conventional netalinsu

sem cehductor ("M $') structure. Fi.gur ho hi gh
R0 dHeyE Cisateet ok B PG R pad hBlLTs AgRife Misfitene film.
tenperature_in vacuum (10~5 pbar). The device exhibits
t Uhsi sl copisibufign aﬁ&hé tidinichullphase sxhibis p yeqtisal pergdicity of 14.5
depletion regions. In the accunul ation region, a

paci tance of 24 nF was observed that corresponds to
a dielectric constant, k=l 1, which is nuch higher
than the dielectric constant for thermally grown SiQ2
(fc=3.9). Hi gher observed dielectric constants of

SfHe-di@kctfié pFopeARY oPSol k! filnkih&d ifvRshigdifediis CShvBiitional metal-

pol ar nol ecul'es trapped inside the sol-gel Tilmand/or

S ORGP NP1 578 b 3543 ey e
(r:ve ﬁgéega{r\?es%ggats{lri Hlill% reoognotehl?)graitur}g Ene\?asc%urinrhb'h Ie}lbgri).e %ﬁec(tierviicce
exhibits typical MIS characteristics with accumulation and depletion regions. In the
accumulation region, a capacitance of 24 nF was observed that corresponds to a
dielectric constant, k=11, which is much higher than the dielectric constant for
thermally grown SiO, (k=3.9). Higher observed dielectric constants of sol-gel films
may be attributed to the presence of polar molecules trapped inside the sol-gel film
and/or ~OH bonds inherently present in the sol-gel film structures. Polar molecules such
as water and organic reactants contribute to the increase in the dielectric constant. A
clockwise hysteresis and capacitance-voltage curve shifts toward negative voltages
indicate the presence of the trap states and mobile ions. The trapping sites are expected

to be at the interface of sol-gel. The mobile ions such as CI', H" and OH" originating

from the sol-gel synthesis also contribute to the observed hysteresis.

As stated above the control sample is a thermally grown SiO2 dielectric consisting of 30

nm thick thermally grown SiO, dielectric with W= 500 um and L= 150 pm. The
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are expected to be at the interface of sol-gel. The

nobil e ions such as O , H+ and OH originating from

the sol-gel synthesis also con#ribute to the observed
hysteresis. As stated above the control sanple is a

t électriedlIchargetonisticSoOthe dorirelcsamiple 40 Blsdvirt ing@re 63And M. Transfer
thick thermally grown SiQ2 dielectric with W= 500 nm

afthrdeteribBEs dPthe AR Srhple Gte ﬁl@ﬁl?éﬁttﬁféw%Ebi%g .t&f 'I'%%ﬂ g?léalge (Vg)

control sanple are shown in Figure 6a and

c ek kSl . c I e asured b
hERALES MhitbRnEhiab IR 1) AR B SRR e

bi - V (reverse. bi as) .at constant ) )

cvlinke 00 2E-505 e gL ROp iy Was b CoEd B pagpration region from
mobility was cal culated in the saturation region from

t fhe pint 8¥ thsfsqpaie ragy gk the drgiprcuigenti(f varsus Mg dnforeand hiasdFigure 7a).
versus Vg in forward bias (Figure 7a). Fromthe

elfrent the elgrtrichlanhatarterisiaesi paramptrsasweh es sarderdield smobiity,i threshold
field nobility, threshold voltage, sub-threshold sw ng

avultage)/sob-threstiol dswiaig @ndlei/effiThie dercldeas@iRdE TR @ft giflen in Table
Tabl e 1 bel ow. The control sanple exhibited a carrier

NDBé1bW! YThe toftrol Pl eXhibitéd & carfiet OB . age of
TRBw] e botlrol ahE Xhibice & cudicl AOBIRPRAD N ERANe Sy threshold

f [ f e I te .
L R T
oS Paralnpepdife Sl FRESt for isnesaget BT wihdndmitly fwn sio;
399 nmspin coated sol-gel film 50 nmthick thermally
Fsdbepsediclsclise fi1m and thermal |y evaporated gol d

contact were fabricated (e.g. see Figure la). The
out put and transfer

To evaluate the quality of sol-gel gate dielectric OTFT devices consisting of 399 nm
spin coated sol-gel film, 50 nm thick thermally grown pentacene film, and thermally
evaporated gold contact were fabricated (e.g. see Figure 1a). The output and transfer
characteristics of OTFT are presented in Figures 6b and 7b and included in Table 1
below. Carrier field mobility, threshold voltage, sub threshold swing and on/off ratio
were determined as 2.08 cm?’ v! s", -1.76 V, 750 mV/ decade, 103 respectively from
forward bias Id-Vg curve. The sol-gel OTFTs showed hysteresis behavior both in the
drain-source voltage sweep and the gate-source voltage sweep. Table 1 is a summary of
the parameters extracted from the OTFTs fabricated using thermally grown SiO,, sol-

gel, thermally grown SiO, + sol-gel dielectric.
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on/off ratio were determned as 2.08 cn2 v 1 s 1 ,

-1.76 V, 750 mv/ decade, 103 respectively fromforward
bias 1d-Vg curve. The sol -gel ISTFTs showed hysteresis
behavi or both in the drain-source voltage sweep and

the gate-source voltage sweep. Table 1 is a summary of
the paraneters extracted fromthe OIFTs fabricated

Piglgctriter mal | ypygrown Syp2, sl gel, they

Si 2 + sol -gel g?el ectric.Dielectric h \%mlow Q’%F '

D, SATTWG (cpm#y ( V) Am) (F Ss)

S 012 - 250" A vg 88 (ﬁ@%}’fgo nm 1. (‘ﬂu@s (Flem?)

olOlOSSoIg 2.08 - 750 1.00 X -3.33 x 2.44 x

399 nn) 1.76 103 1 @ 10 Si 2( 18nn)+Sol - 0.67 -

B00 2 64—%—-9-04 x 2.2 x gel (391 nnj 1.10 105 jo0-10

192 Table 1 Sof- Agel OTFTs v@2h t her nal ﬂyf*’gromﬁ@m 1.5x

bl ocki ng | ayer were fabricated that consisted of 391 o

n@09¥nh coated sol -gel 1i6lns, on an 18 nglt hi cko™® 10

t hermal |y grown Si Q2 | ayer that

Sol-gel 2.08 - 750 1.00x -333x 244x

(399 nm) 1.76 10° 10°® 10®

SiO,(18nm)+Sol- 0.67 - 300 2.64x_ 9.04x 22x

gel (391nm) 1.10 10° 107° 108
Table 1

5 Sol-gel OTFTs with thermally grown SiO; blocking layer were fabricated that consisted
of 391 nm spin coated sol-gel films, on an 18 nm thick thermally grown SiO, layer that
acts as a ‘blocking’ layer (e.g. Figure 1g). The output and transfer characteristics are
shown in Figures 6¢ and 7c as well as in Table 1 above. They show excellent transistor
characterisﬁcs at -5V. The value of on/off ratio reaches to 2.64 x 10°, carrier mobility
10 of 0.67 cm® V' 57!, threshold voltage of -1.10 V, and a sub threshold swing of 300 mV/
decade. The on/off ratio is improved by a factor of 100 compared to OTFT device
without thermally grown SiO; blocking layer. The mobility value is also improved by

factor of 5 compared to the control sample OTFT.
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show excel | ent transistor characteristics at -5V. The
val ue of on/off ratio reaches to 2.64 x 105, carrier
mobi ity of 0.67 cn2 V 1 threskold voltage of -1.10 V,
and a sub threshold swing of 300 nmv/ decade. The
on/off ratio is inproved by a factor of 100 conpared
to OTFT device without thermally grown Si Q2 bl ocking

| &glation ploeessebsdligey OTRT febricatiah @y ibeby Py&ariby a 0B® 0% solution
of 5 conpared to the control sanple OTFT. Sol uti on

pbﬂﬁ&ﬁ@@ibﬁ(ﬁ deRkyI Fh-li_eﬁ}flpﬁ Qcﬁiﬂlé’ﬁheﬂ@]y(“PQTbM”P(ﬁQ@rE I888in

% sol ution of

p I 0,
%%@b%%%*? e 28 o e Y i s b R bt

tin | uti on was subj o ultr onlc
i EhOF o Rring SRSl tondl ehipr S oiHesalipien 1 Fleresising o
solution was filtered using a | mmfilter and then
spt flishandthemspin goatgdhan an-typmsi substeatevith 438mrthermally grown
thermally growmn SiQ2 (Th-Ox) to forma PQl- 12
sBifd2d Ehdio toforinea/ RQT 1R mivamd@@omlaydrhthat lwas RO gy thi&dFigure 8d).

The PQr- 12 sem conductor |ayers were then dried in a

VEPQTa2demivoadhaot 1ajert herdiQBn didedinld idingn @hd Shidalede the
phase transition tenperatures of 120-140 OC

Shrauemfdiy cry"sltéﬁltﬁ%gsest%@ﬁi%n Q&%_)I_éii{xt?feg of86l1ugdes Subsequently,

wer e vacuum deposited onto sem condu

PGB S .ﬁ‘rg?ﬁ;é%&’n@%%?}éﬁs&a@ S iRbd SuMnaboR Nz,
500.t 0 ,4000 J& aje le th varies from100 to
z%?ﬁumﬂd“ﬁtﬂalag?féle&% asHadoRt masks thus creating an prray offATF by with

sanple Si 2 dielectric and spin coated PQl-
various dimensions. Gate width varied from 500 to 4000 um, while gate length varies

from 100 to 200 pm.

The electrical characteristics of the control sample SiO2 dielectric and spin coated PQT-
12 are shown in Figures 8b and d as well as Table 2 below. The control sample SiO2
dielectric exhibited a carrier mobility of 0.005 cm? V! s}, and an on/off ratio of 6x10°.
For the spin coated PQT-12, I (@V, = -5V) was 1.02 x 10""'A and the integration time
was normal. The gate leakage in I3V, was taken from I;V4 measurements. For the top
contact, W/L were 500/150; pwas 0.005 cm?/V s; V. was 3.94V; s.s was 1205
mV/decade; I,n/Ioi was 6.96 x 105; Ljsa (@Vy =-20V) was -4.62 x 108 A; Lys/W (@V,

=-20V) was -9.23 x 10" A/um; and the integration time was normal.
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rati o of 6x105. For the spin coated PQI- 12, Ig (@g =
-5V) was 1.02 x 10 11A and the integration tinme was
normal . The gate | eakage in Id/Vvg was taken from!| Vd
nmeasurenents. For the top contact, WL were 500/ 150;

nifigereMcGObws OATFTsdevidksvimt Fef@Aubricates] sy alBFnm spin coated sol-gel
nv/ decade; Wwas 6.96 x 105; | (@/g = -20\/) was -4.62

XfilhWora 49\nMY thi@athérnmall) VrowRSiO,3ayes. Fhel Th-OR/ 2t as ﬁ'?)@ockﬂl% layer

integration tine vvas nor mal . Fi gure 9c shovvs OTFT

tnAt [ 300

S‘%ﬁ%ﬂ e e R A ST Bk A 1 Row B Pl 3 pclow. The
Th .Th- ct a, pliogki n e 5

i npr o&ép{lgg?dea FEHREE lhg‘é ﬁ)n i ﬁ Bi g?ﬂdg@@z trgfﬂﬂ’ok?f 13L0°. The

wel | - as Table 2 below The OTIFT exhibited a carrier

RePilint is npreasedby (0% campared tothe capire) spmple. Feiithespin coated

IXxIO5. The nobility is i ncreased by 7000% conpared to

tPRTd@nk(8 V sarf)evas0 x 1 @pind tho attextatik@Ttird@was gormal. The

(@/g = -5V) was 6.00 x 10 10A and the integration tine

vgse leakagalin [;Whevag #dken Iieak Ve measurerdeimi s Foratke fopf doffiict, W/L were
nmeasurenents. For the top contact, WL were 500/ 150;

2w V, d
R SR i L0 YR A

%051 " grétlé@@was 131%\{210“5‘& sat (,égvlur e&Yg{va% I S digto

time was nornk
s own ce fabricat ed using a 365 nm spin

(imggfegl&egﬁt‘f’ml&}? wasAormal ¢ hi ck thermal Iy grown
Si 2 as blocking layer, a 10 nmthick poly-
a- net hyl styrene ("PAMS') (Figure 1Qd) |ayer as a
cappi ng layer, and the PQT-12 | ayer.
In Figure 10c there is shown an OTFT device fabricated using a 365 nm spin coated sol-

gel film on a 45 nm thick thermally grown SiO, as blocking layer, a 10 nm thick poly-
a-methylstyrene (“PAMS”) (Figure 10d) layer as a capping layer, and the PQT-12 layer.
As shown in Figures 10b and ¢ as well as Table 2 below, the OTFT exhibited a carrier
mobility of 0.019 cm® V' s, and an on/off ratio of 1x10°. The mobility is increased by
380% compared to the control sample. For the spin coated PQT-12, I; (@V, =-5V) was
-3.79 x 10""2A and the integration time was normal. The gate leakage in I3V, was taken
from 14V4 measurements. For the top contact, W/L were 500/150; u was 0.019 cm?/V. S;
V. was -1.97V,; s.s was 584 mV/decade; L,,/I,« was 1.04 x 106; Lisat (@Vg =-20V) was -
3.08 x 107 A; [y/W (@V,=-20V) was -6.15 x 10™'? A/um; and the integration time
was normal. Table 2 below is a summary of the parameters extracted from the OTFTs
fabricated using Th-Ox (thermally grown Si0,), Th-Ox + Dielectric (Sol-Gel), Th-Ox +

Dielectric + PAMS (poly-a-methylstyrene).
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bel ow, the OTFT exhibited a carrier nobility of 0.019
wa1B7/156351s 1, and an on/off ratio of IxlI O 6. THE/SG2007/000142

nmobility is increased by 380% conpared to the control

sanple. For the spin coated PQr-12, Ig (@4g = -5V) was

-3.79 x 10 12A and the integral8 on tine was nornal .

The gate | eakage in L;Vg was taken from | dvd

measurenents. For the top contact, WL were 500/ 150; m

was 0.019 cnmWs; V, was -1.97V; s.s was 584 nV/ decade;
Wloff was 1.04 x 106 Id sat (@/ = -20\/) vvas - 3.08

1Didleéiricsa / =y 2 ,1'\?, A Py
andpf; J tkg’f r mal 85 f"’ wils 7
u y o Ig ar anet er G¢et ed fro the Fr4 (Flem?)
i (ke

Th-Ox(ther )Iv grown SijO2), Th-Of +

) .-383- Qx todg €| eies fost eS¢ 108 | 7.13x 108
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i | (Digectrie)t rfi de, a [monol ayler of oftyltricHl orosilang
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|gur Jnd Tabl § 3 bel qw, the POIFT exhl blted a
ar 1’ biffity off 0.64 dqnWw s, pnd an on/off rati¢
5FEMR3. ITable 3is a qunmmary pf the paraneters

extracted fromthe OIFTs fabricated using silicon
nitride+sol -gel +OTS on al um ni zed pol yester flexible
substrate.Dielectric h V , OV'OFF I D, SAT C1
(cm2/V s) (V) (mV/ decade) ?%)‘eEF/cm 2) Silicon 0.64
300 5 x 10a -9.52 x 10 1.56 x

10

In Figure 11, there is shown an OTFT device fabricated using a 69 nm spin-coated sol-
gel film on a 35 nm thick sputtered silicon nitride, a monolayer of octyltrichlorosilane
(OTS) layer as capping léyer, and the PQT-12 layer on aluminized polyester flexible
15  substrate. As shown in Figure 11 and Table 3 below, the OTFT exhibited a carrier
mobility of 0.64 cm¥V s, and an on/off ratio of 5 x 10°. Table 3 is a summary of the
parameters extracted from the OTFTs fabricated using silicon nitride+sol-gel+OTS on

aluminized polyester flexible substrate.
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Nitride 0.61 7 10 (35nn) +Sol gel (69nm +OTS Table 3 As

shown bel ow, for the synthesis of sol-gel polyner
weonpesitse filns as a dielectric |ayer a titanr@/sG2007/000142

precursor - titaniumisopropoxide(Ti (OCH(CH3)2)4) -

was | oaded into the core of PS-P4VP in toluene

solution. The organic salt of 19itani um has good

solubility in the mcellar solution and strong

i nteraction between pyridine and Ti (OCH(CH3)2)4 is

expected. Coordi nation occurred between the Ti in the

oDiEdeetgicsal tyand the yjitreogen 1n the [ ng. ¢,
Dielectric fﬂ?rrs can \Qe prepared by sgméF?onrﬁ's%llrn '

coating, castdhy sy’ I N w t enmper re and 2
under anbi en{‘:I com??t i(g?ws. k%?@qﬂ;é?#@par ed bya‘we (Flem’)

Ak nmnmreol A

net-hods—dt-sclasetdhave—apphifat-on—+n—conrgreial -
p$'h%ts sucm%s, for exar/?Bpe, backpla%d9 fo'rg‘jsﬁ'ﬁzlﬂi c1.56 x
light emtting diodes, RFID tags, organic sepnsors, gas .
§3ﬁ¥%§s, bi o sensors,0-@hd ASICs. Wil st thesg has beem0”
described in the foregoing description exenplary
g@boai)mBaks of the present invention, it will be
under st ood by those skilled in the technol ogy

ageicerned that many variations in details of design,
construction and/ or operation may be nade w thout
depar) 0TS rom the present invention. The Cains: 1. A
net hod for fabricating a sol-gel filmconposition for

use T a thmmftm

Table 3

As shown below, for the synthesis of sol-gel polymer composite films as a dielectric
layer a titania precursor — titanium isopropoxide(Ti(OCH(CHs),)4) - was loaded into the
core of PS-P4VP in toluene solution. The organic salt of titanium has good solubility in
the micellar solution and strong interaction between pyridine and Ti(OCH(CHjs),)4 is
expected. Coordination occurred between the Ti in the organic salt and the nitrogen in

the pyridine ring.

' toluene O toluene
@ + Ti(OCH(CH3)2)y — > N —_—
24 hrs E

" Ti
I

Dielectric films can be prepared by solution spin coating, casting, or printing at low

temperature and under ambient conditions. OTFT's prepared by the methods disclosed



transi stor, the nmethod conprising fabricating the
sol -gel dielectric conposition by solution processing
w@tooxv1deaemperature in the range 60 C to 225 C. BCT/$G2007/000142
nmet hod according to claim 1, wherein the sol-gel film
conposition is made from a precursor, the precursor
conprising at |east one menberOsel ected fromthe gr oup
consi sting of: organosilicates, organosilanes, silane
cleayp lapplésatige it eommeérciat prodyctsl sudhvaat fov esgmple, backplanes for organic
tetraal kylorthosilicate and silanes derivatives. 3. A
nigghiv enhiteing diodes) RAID tagsabiPadic sedverse g sehiors ®io gkork)] dndASICs.
conmposition is made from a precursor, the precursor
conprising at | east one nmenber selected fromthe group
consi sting of: organosilicates, organosilanes, silane

C |
¢ A e PR ek H 8 f@%@égééssﬁé g7 GAsmplapy egybodiments of
oxi des, netal. al kox e; . and e e
5 ObF Pirsapediiaf .%ﬁﬂﬁr epsEaRbSsnEe il B teBOige pncemed
consi sting of: (met hyl methacryl ate), poly(vinyl
AhatdnwIY)varigierpdn H?éléﬁ af féﬁﬂ&&ecws%lqm apdlor epgreligmmay be made
and pol ystyrene-pol y(4-vinyl pyridine) diblock
cwithsiuy departing frém et presenbioyentibmg to claim 1, wherein
the sol-gel filmis fabricated from at Ieast one of:
undoped spi n-on-gl ass, and doped spin-on-glass. 5. A
nmet hod according to claim 1, wherein the sol-gel film
Is a mxture of one or nore of: an organic polyner, an
organi ¢ nononers, and organically nodified sol gels. 6.
A net hod according to any one of clains 1 to 5,
wherein the sol-gel filmis doped by at |east one of:
a nmetal oxide, and a bl ock copol ynmer conposite with
core



conprising inorganic materials, netal, or netal-oxide.
7. A nmethod as clainmed in claim®6, wherein the bl ock

waeopohywser conpri ses pol ystyrene-pol y(4-vinyl PCT/SG2007/000142
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pyridine). 8 A nethod as clainmed in claim6 or claim
7, wherein the bl ock copol yner contains netall organic
precursors. 9. A nethod as cl &lmed in claim8, wherein
the netal precursors conprise titaniumisopropoxide.
10. A nmethod as clained in any one of clains 6 to 9,
wherein the netal oxide is at |east one of: netal
aTkexYsinisoxi de, and netal al koxide. 11. A nethod
according to any one of clainms 1 to 10, wherein the

SOl 9@l méibd R TatTRATAS 8 621 Rink EHII‘DSOQIIOIF%(E {IQGOIT%ICHIH‘I film

nDIecuIes 12. A nethod as clainmed In

wher e (?ragﬁé é%{f%%(iﬁﬁ%ggrgeﬁ%gncﬁm (&S Il ?ggl it electrlc composmon by

one o
hexaneth Id|S|Iazane and derivatives thereof. 13. A

met ho#f 'é‘é‘?,‘bﬁ’rBFfﬁ@mB 8t & INRSFARUIS AN thedpngs 60 SGto225 *Gher ei n
the sol-gel filmconposition has a dielectric constant

i n 2 h& methgka@otdindO.cldith 1, Avhestih et sab-gelrfil mn@niposi@ioy is made
one of clains 1 to 13, wherein the sol-gel film

CONMPOfibini dfredufisdrOthPetc@RoPcSTH ik 24t QeasiSne MeMBerRERCcRE from the

clainmed in claim14, wherein the substrate is sel ected

from LRGp 860 Ring of: organosilicates, organosilanes, silane coupling agents,
silicates derivatives, tetraalkylorthosilicate and silanes derivatives.

3. A method according to claim 1, wherein the sol-gel film composition is made
from a precursor, the precursor comprising at least one member selected from the
group consisting of: organosilicates, organosilanes, silane coupling agents,
silicates derivatives, tetraalkylorthosilicate, silanes derivatives, metal alkoxides,
metal alkoxyalkoxide; and at least one polymer consisting of at least one member
of the group consisting of: poly(methyl methacrylate), poly(vinyl alcohol),
polyethylene oxide-based block copolymers, and polystyrene-poly(4-vinyl
pyridine) diblock copolymer.

4. A method according to claim 1, wherein the sol-gel film is fabricated from at least
one of: undoped spin-on-glass, and doped spin-on-glass.

5. A method according to claim 1, wherein the sol-gel film is a mixture of one or

more of: an organic polymer, an organic monomers, and organically modified sol-

gels.



consisting of: glass, plastic, quartz, netal foil,
undoped silicon and heavily doped silicon.16. A

woenlo7/g®Bsf i | m conposi ti on when prepared by thepaBsdmdr 000142
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of any one of clains 1 to 15. 17. A sol-gel filmfor
use in organic thin filmtransistors as a dielectric
film the solgel filmconprisi3yy at |east one of: a
pol ymer, and a co-polyner; the at |east one of the

pol ¢.mex mashdd accopdihy MRinyCaRtcichimg 1 ¢ §5Wkdr&in@he sol-gel film is doped
nano-particles of at |east one sel ected fromthe group

consi $§apRadlone b AHARM SxidB LAY b Blodk &ﬁ?p
net al o§<l|adea fge A sol -ge1 film accof nglhfro é)iSlrtr?‘f h core

mherelggbﬁ R{H%Skxghe SQH83¥%F§mEQoxE@St one nenber

sel ect group consi's

oo & e R{pini aBeiis g Rk sapalymer srsuprise

nmet al aIkOX|des netal al koxyal koxi de,

t et r aBPW§YERE WOyl Byriding)- a pol ymer consi sting of

at | east one nenber of the group consisting of:

pol & ( Aemethpd aetlhiamdyih ataith 6 gelapvi, mpkreal the bbdck,copolymer contains
pol yet hyl ene oxi de-based bl ock copol yners, and

pol ysietatiofzapiel préctrsors.nyl pyridi ne) di bl ock copol yner.

19. A sol-gel filmaccording to claim17, wherein the

5019, 0@l méthbdMCARRIAISR Elafth 8, GASEinNE it o
spi h-on-glass, and doped spi ns ohnqgfgggal pl‘%ég&gﬁdcoplpns? titanium

fllm to claim17, wherein the sol-gel f|Im
' %8&;%&?&618% one or nore of: an organl c poI ymer, an

or gl%nA met o zrirse crli?lmegqg arcl)}E g an fC c? 1lny 6r{8(3| w eergzmst e metall oxide is at

least one of: metal alkoxyalkoxide, and metal alkoxide.

11. A method according to any one of claims 1 to 10, wherein the sol-gel further
comprises a mixture of hydrophobic molecules. |

12. A method as claimed in claim 11, wherein the hydrophobic molecules comprise at
least one of: octadecyltrichlorosilane, hexamethyldisilazane, and derivatives
thereof.

13. A method according to any one of claims 1 to 12, wherein the sol-gel film
composition has a dielectric constant in the range 2 to 50.

14. A method according to any one of claims 1 to 13, wherein the sol-gel film
‘composition is formed on a substrate.

15. A method as claimed in claim 14, wherein the substrate is selected from the group
consisting of: glass, plastic, quartz, metal foil, undoped silicon and heavily doped

silicon.



21. A sol-gel filmaccording to any one of clains 17
to 20, wherein the sol-gel filmis doped by at | east

wop®7alessa metal oxi de, and a bl ock copol yner ponpemiot/e00142
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with core conprising inorganic materials, netal, or

net al - oxi de. 22. A sol-gel filmas clainmed in claim

21, wherein the bl ock copol yned3 conpri ses

pol ystyrene-pol y(4-vinyl pyridine).23. A sol-gel film

as . A svdgel filncéanposioh witengirepare?®y thamesticidoftag ohé 6£Maims 1
copol yner contains netallorganic precursors. 24. A
sol-ged13.ilmas clained in claim23, wherein the netal
precursors conprise titaniumisopropoxide. 25. A

sol | gofid | ; j 3 LTS .

24, ToRe LR RSO FRAedd, @ R Bpia i3 Doickechic Mgy the sol-
al koxyal | de. . and netal alkoxide. 26. A so]l-gel film
accor g‘i?lndgg?éé’ gnapr%?m(gna(te Bt e QAP ympr, anda 09\]1?813'8%& the, gt least one
sol -gel .furfher c rises a mxture of hydrophobic

nol egﬂ*'@gl’o 1er An g@?@lamef F?W&glgcql%t%ﬂyﬁlwod?a&i%sﬁ At least
wherei n the hydrophobi c nol ecul es conprise at | east

one ofne ssdac &9 thej growpeansisting ef: inorganic materials, metal, and metal-
hexamnet hyl di si | azane, and derivatives thereof. 28. A

sol - gexidé.i | m according to any one of clains 17 to 27,
wherein the sol-gel filmconposition has a dielectric

Const Ansol-gél filieacteddR 18 cladmIA9, whrein/he 96102 Fifin thinPrises at least
filmtransistor conprising a sol-gel filmaccording to

o o A By ol 5, b Ao
silane coupling agents, silicates derivatives, silanes derivatives, metal alkoxides,
metal alkoxyalkoxide, tetraalkylorthosilicate; and a polymer consisting of at least
one member of the group consisting of: poly(methyl methacrylate), poly(vinyl
alcohol), polyethylene oxide-based block copolymers, and polystyrene-poly(4-
vinyl pyridine) diblock copolymer.

19. A sol-gel film according to claim 17, wherein the sol-gel film comprises at least
one of: undoped spin-on-glass, and doped spin-on-glass.

20. A sol-gel film according to claim 17, wherein the sol-gel film is a mixture of one
or more of: an organic polymer, an organic monomers, and organically modified
sol-gels.

21. A sol-gel film according to any one of claims 17 to 20, wherein the sol-gel film is
doped by at least one of: a metal oxide, and a block copolymer composite with
core comprising inorganic materials, metal, or metal-oxide.

22. A sol-gel film as claimed in claim 21, wherein the block copolymer comprises

polystyrene-poly(4-vinyl pyridine).



| ayer and/or on substrate. 30. An organic thin film
transistor as clained in claim?29, wherein the

wobshsase i s sel ected fromthe group consi stimgr/e62007/000142
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gl ass, plastic, quartz, nmetal foil, undoped silicon

and heavily doped silicon. 31. An organic thin film
transistor as clainmed in clai2429 or claim 30 having

at | east one property selected fromthe group

coasi Atsolrgel dilm aa chirhed forodsima? Idorsllme22, edsreihie block@bpsiymer
per decade, and an on/off ratio of at |east 103.32. An

or gandoatainy Methlldrighnit pReusbRr according to any one of
claims 29 to 31, wherein the sol-gel filmis a surface

mogjf A §tgl u%e@ fifH Qggﬁﬁn&hﬁl le[lﬂf'}?jo Whl‘.reﬂ‘lz ﬁ’i? %Jtél%%‘%dugsto?s comprise

sem con organic’thin mtr

accortﬂ gm R 32, wher ein the sem conductor is at
| east " OH df(’p %?d‘ i'c, inorganic, hybrids, or m xtures
t her eof . org anlcthlnfllmtran5|stor

cl &P &k %?1 @Illa.aw@szn%ﬂ inanyofs ghclaippscd o4 wéer%fc'n the metal oxide

sem conductor is pentacene. 35. An organic thin film

t r ang stleast aoe of: daty alkoxzaliroxide and netaliahoxile. t o 34

further conprising a |ayer of

pol§[A sal-gebfitrh Acctading yo aid difei ofieidinhs 27 & 24)ivilerap fiRn®e]-gel further
36. An organic thin filmtransistor according to any

one Qfongr@émm%&uﬁe%f%?dxfoyﬁéﬂi@ﬁmf&mgI sing a capping
or

| ayer gani c, inofganic, hybrids, or mxtures

th 5% R Ec&kﬁe@ Wi Q% Eﬂﬁllé(g]!?% ﬂ@%ﬁ&e?ﬂ?g hﬂgrfoppoblc molecules

sem con of gani

It ;32?' =) Pise Sr1east gng gf tagecyitmclﬁox‘osﬁ\'h e Eexameqmyl(ﬁglPdKz)ane and

derivatives thereof.

28. A sol-gel film according to any one of claims 17 to 27, wherein the sol-gel film
composition has a dielectric constant in the range 2 to 50.

29. An organic thin film transistor comprising a sol-gel film according to any one of
claims 16 to 28, the sol-gel film being formed as layer before the semiconductor
layer and/or on substrate.

30. An organic thin film transistor as claimed in claim 29, wherein the substrate is
selected from the group consisting of: glass, plastic, quartz, metal foil, undoped
silicon and heavily doped silicon.

31. An organic thin film transistor as claimed in claim 29 or claim 30 having at least
one property selected from the group consisting of: a sub-threshold slope less than

2 volts per decade, and an on/off ratio of at least 10°.
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at | east one of: poly-a-nethylstyrene and
octyltrichlorosilane 38. An organic thin film

wo b@nasesor according to any one of clains 29 pOr/862007/000142

wherein the organic thin filmtransistor conprises one

of: a bottomgate with top contact, a bottomgate wth
bottom contact, top gate with2Pop contact, a top gate
with bottom contact, a top gate with top contact

en3anAe drgapicshinffdoetranstdriaecqrdingdo any one afalamei2f o 31, wherein
bott om contact enhanced by surface nodifier. 39. An

or ganihe sblbgen filth liga §urfuds nfldifier ¢ Biianse 1hg tANGRYt [#6perfitd ifa
according to any one of clainms 16 to 28, wherein the

sol - ggmifdddmbpr t her conprises a sem conduct or
conprising at | east one selected fromthe group

of 23u oBtaBpin SRR 4EL R EE) i p-o i o sehfconductor
sem conduct or terials, .40. An.organic thin film

Cr ansh &t 5pst QB¢ BF Qs o8 Gy brids, A mistires Higreot.

sem conductor is deposited on the sol-gel film 41. An

or g&nf\e organig thin| fihm trangistos s elagiesbindlaig Y2morelamB33Wherein the
wherei n the sem conductor is not deposited on the

sol - gemidanidnetodid peftacemegani ¢ thin fil mtransistor
according to any one of clains 39 to 41, wherein the

s e CAR BtahRIthinFilA trdnSRr a8RRdiAk to MyIRHRI JF claii9 DY 8B £ further
hybrids, or m xtures thereof.
comprising a layer of poly[5,5'-bis(3-dodecyl-2-thienyl)-2,2'-bithiophene].

36. An organic thin film transistor according to any one of claims 29 to 35 further
comprising a capping layer of organic, inorganic, hybrids, or mixtures thereof
between the sol-gel layer and the semiconductor layer.

37. An organic thin film transistor according to claim 36, wherein the capping layer is
at least one of: poly-a-methylstyrene and octyltrichlorosilane

38. An organic thin film transistor according to any one of claims 29 to 36, wherein
the organic thin film transistor comprises one of: a bottom gate with top contact, a
bottom gate with bottom contact, top gate with top contact, a top gate with bottom
contact, a top gate with top contact enhanced by surface modifier, and a top gate
with bottom contact enhanced by surface modifier.

39. An organic thin film transistor comprising a sol-gel film according to any one of
claims 16 to 28, wherein the sol-gel film further comprises a semiconductor
comprising at least one selected from the group consisting of: a semiconductor

material, a plurality of semiconductor materials, and a mixture of semiconductor

materials, .
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40. An organic thin film transistor according to claim 39, wherein the semiconductor
is deposited on the sol-gel film.
41. An organic thin film transistor according to claim 39, wherein the semiconductor
is not deposited on the sol-gel film.
5 42. An organic thin film transistor according to any one of claims 39 to 41, wherein
the semiconductor is at least one of: organic, inorganic, hybrids, or mixtures

thereof.



