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1 Solution-Processed Inorganic films for Organic Thin Film Transistors
Reference to Related Application 5 Reference is made to our earlier

United States provisional patent application number 60/802,122 filed 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 claimed, and the contents of which are hereby incorporated by
reference as if disclosed herein in their entirety. 10 Technical Field This
invention relates to electronic devices with solution-processed inorganic
films aff¢lntiothdttoasssatl loaipgndodine (e macioalticulBily thoughstut
exclusively, relates to thin-film transistors ("TFT"s) with

solution-processed films of an inorganic material 15 and/or mixtures of
inorganic materials, and methods of fabricating such thin-film transistors.
Refentietd 4, Bekatest dpaisatidnso, the invention relates to organic thin-

film transistors ("OTFT"s) with at least one dielectric layer and/or surface
Refarraec|myapdabiecarcertlich drivwl tBaiperaovieisoilioteio apybraven number
carrier mobility in the transistor structure. 20 Background Research into
V1808 IR3Jiindaygtd a2 Mte fes b dcemsimofithelr ' fotbniial Bpksstibh®iganic
low cost and large area flexible electronics. These include driving circuits
forreyseOate Dielectric for Organic Thin Film Transistors " the priority of which is

hereby claimed, and the contents of which are hereby incorporated by reference as if

disclosed herein in their entirety.

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 (“TFT”s) with solution-processed films of an inorganic material
and/or mixtures of inorganic materials, and methods of fabricating 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-
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organic OLLD-based flat panel displays, plastic RF-ID circuits, gas
sensors, and chemical sensors. The most common gate dielectric in
organic OTFTs is a thermally-grown silicon oxide S (SiO2) on crystalline
silicon. However, For low-cost, all-plastic, and large-area applications the
use of thermally grown SiO2 is not of particular interest. A solution-
processable gate dielectric is the most attractive alternative as it can be
eRaiNchrépardnssy Spipeedtheplesstastir pFintiAgiaeiow temmsosatarend
and under ambient conditions. 10 Various solution-processable gate
ehemiaplcsHave been used in the past. These include poly-4-vinylphenol
(PVP), polymethyl methacrylate (PMMA), poly vinyl alcohol ("PVA"),
benzocyclobutene ("BCB"), polyimide ("PI1"), and self-assembled
monolayers. OTFTs using a polymer dielectric operate at high voltages

Ghemesbeanansceite Bplseirie (e patnis<O Thérdforehmorg linioxigedicon oxide
such as TiO2, Ta205, and 15 A1,03 are used as they have higher k
(Hfdevanaviudinreibseratignoreagts tayrenstratudasticaneegs-arca
inorganic oxides require fabrication techniques such as anodic oxidation,
PREYFRELASE Ssuttsrm dhermnBlestror Saem eveipot aadtruTHiintaeises Ahlution-
deposition process and consequential device fabrication relatively difficult
BivgesrpknEtreditiectiersihiemes e i hiaraive 6 b rotduseasidy prepared
inorganic dielectrics for 20 low operating voltage OTFTs. Summary
WesiftgitbLass B mprapy adpeat tneriemRnsratiaeand mseicanfoient conditions.
fabricating a Sol-gel film composition for use in a thin film transistor, the
method comprising fabricating the 3

Various solution-processable gate dielectrics have been used in the past. These
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,Os, and
AL O; are used as they have higher & 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
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sol-gel dielectric composition by solution processing at a temperature in

the range 60 C to 225 C. The sol-gel film composition may be made from

a precursor. The precursor may 5 comprise at least one of.

organosilicates, organosilanes, silane coupling agents, silicates

derivatives, tetraalkylorthosilicate, and silane derivatives. Alternatively, the
precursor may comprise at least one member selected from the group
worassdivdcolriogyanpsiiiconds, srydicogiasessisiane touptingiagentis; range 60 °C
silicates derivatives, tetraalkylorthosilicate, silanes derivatives, metal
@lIk3%ides, metal alkoxyalkoxide; and 10 at least one polymer consisting of

at least one of. poly(methyl methacrylate), polyvinyl alcohol), polyethylene
oxide-based block copolymers, and polystyrene-poly(4-vinyl pyridine)

diblock copolymer, The sol-gel film may be fabricated from at least one of.
ThclopettspimengiassianthaSdaped spim-apglassod ithsekgekitmmay

be a mixture of one or more of: an organic polymer, an organic

enopoiseers] casdoargai icalhnoaidifies, sobgrlsidiiee, stlagekblplimaybes, silicates
doped by at least one of: a metal oxide, and a block copolymer composite
deitivatioes, cetmaplisingtinoitedtic andteilials daetatiasmatadraxidel vl liecagarsor
copolymer may comprise polystyrene-poly(4-vinyl pyridine), and may
oapteimpretaliolganicnprecursorse20tdh & onetat predyrsaisistiay epmprise
titanium isopropoxide. The metal oxide maybe at least one of metal
algmomlicaxidey@adayibiatabitaddeodplineagehgekitiaydubercomprise a
mixture of hydrophobic molecules. The hydrophobic molecules may
etapkiderdidedshon eibhesidkaeayitrichiosadildRexides, metal alkoxyalkoxide; and

at least one polymer consisting of at least one of: poly(methyl methacrylate), poly(vinyl
alcohol), polyethylene oxide-based block copolymers, and polystyrene-poly(4-vinyl

pyridine) diblock copolymer.

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.
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hexamethyldisilazane, and derivatives thereof'. 5 The so]-gel film
composition may have a. dielectric constant in the range 2 to 50, and may
be formed on a substrate. The substrate may be selected from: glass,
plastic, quartz, metal foil, undoped silicon and heavily doped silicon.
According to another exemplary aspect4here is provided a sol-gel film
composition 10 when prepared by the above. According to a further

B prpiasyaapdetthse romppiAdaik B sorgeydiaphebissadecatganitehin
film transistors as a dielectric film, the sol-gel film comprising at least one
TyrdEo PR EROMP RIS SCHPIPMEBTI sthe! aeiseome oftadeliiyahigrapidane,
co-polymer 15 containing clusters of nano-particles of at least one
el yidinilarangroug esmsistiieg tegreabrganic materials, metal, and
metal-oxide. The sol-gel file may comprise at. least one member selected
from of., organosilicates, organosilanes, silane coupling agents, silicates
derivatives, silanes derivatives, metal 20 alkoxides, metal alkoxyalkoxide,

Tos aalrgrbiiasinartesitng Rpolivier ebnersingarssmnbistsrangemise Gfand
the group consisting of: poly(methyl methacrylate), poly(vinyl alcohol),
%&y%ﬂﬁ%ﬁgic%d’e&%@d%é}&%gé%iﬁww %W&m%ﬂw@l@m quartz,

pyridine) diblock copolymer. 5 The so]-gel film may comprise at least one
BEngdpsadgmel sHigpase Bherydpdargdisilisamlass. 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 so]-gel film may be

doped. by at least one of: a metal oxide, and a block copolymer composite
“ipg to another exemplary aspect there is provided a sol-gel film composition

when prepared by the above.

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.
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5 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. 10 Fhe sol-gel may further comprise a
mixture of hydrophobic molecules. The hydrophobic molecules may
Ebmpriseekil lsasryrebrsstatiseyitrehiofosikomed heixarnettadslisiidzbuped spin-
and derivatives thereof. The sol-gel film composition may have a.
eieBatriclduristaneliniherane 2o:8eeld prcordingetofa yreofgatiepolymer, an
aspect there is provided an organic thin film transistor comprising a

staget manes elesenibetabesly thedbledebtialbeiNeforhmd Akiayey be doped
before the semiconductor layer and/or on substrate. The substrate may be

BY: 3j|teast prestic, aquaie onigearfsila biubpeodiiesn comiios2o wshvidye

doped silicon. The organic thin film transistor may have at least one

prBEIN SElead frogicrady ugirdstiolicsibpeites  Hedn @k ehpqiemer may
decade, and an on/off ratio of at least 103. 6 The sol-gel film may be a
seiRBschebisidreecarscsité maibpek prdpaticsitiia wetaitoaauctprecursors.
The semiconductor may be at least one of: organic, inorganic, hybrids, or

ik tinEa! trerabToTHBAATEBTI BRI EteRivEy BB pRMtAde T GiTttel organivay be at
thin film transistor may further comprise a layer of poly[5,5 -bis(3.-dodecyl-
IeattiongIp2 metsitribprenkpaidg/ond wespinoaids of organic, inorganic,
hybrids, or mixtures thereof between the sol-gel layer and the

semiconductor layer. The capping

The sol-gel may further comprise a mixture of hydrophobic molecules. The
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°.
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layer maybe at least one of., poly-aanethylstyrene and octyltrichlorosilane

10 The organic thin film transistor may comprise 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 tof gate with bottom contact

enhanced by surface modifier. 15 According to a final exemplary aspect
hereoisgstdvimetaarbe ryamitaehim fithifipratosiston colinptisimg atgobgeltidsin a
as described above wherein the sol-gel film further comprises a

sEMfCHIY tictor Bonphsing Gideasnanbeoftdessimiconfustommatesiakmc, hybrids,
plurality of semiconductor materials, and a mixture of semiconductor
phatexiarss heosdmidergutomdnapbe deposiedemehe sol-gel film.
Alternatively, the semiconductor may not be 20 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 7 In order
ﬁ%qr@mwénﬂoﬂmﬁ%@m e detbooganptdseadiyepaf imtydracticap-dodecyl-
effect there shall now be described by way of non-limitative example only
Slbieiprhng eibodirhents aidies presematventidmrtweidesorption, bebrids, or
with reference to the accompanying illustrative drawings. 5 In the

eniieg Sherpdrb st e Shesnbselrsyrs sadttinoreoi eovstmgtariagevithe capping
structures of TFTs with set- get used in dielectric stack and/or surface
Ieiesaifsry a8k Jess]-¢fes TFpe)y-a-methylstyrene and octyltrichlorosilane

The organic thin film transistor may comprise 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.

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
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Figure 2 is a schematic representation of exemplary so]-gel use in gate
dielectric stack 10 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 capacitof with sol-gel dielectric; 15 Figure

6 is three graphs showing the output characteristic of a. control sample
Hnerdwothakewn praepiepnpoaihendhrigdeespos! tndeagbhaus iowirgahenl effect
transfer characteristics of a control sample and two exemplary
BBk ont; iriderer g Rapreseritatoriniadise exsnniecedssadnmbTy

and its performance contrasted 20 with a control sample; Figure 9 is
sehedaraiicH s R gsRitiorpitte sbe d POPidthbeiss)vgeh tiltevteetiatie

its performance contrasted with a control sample; Figure 10 is

resERERAtS HdusratseIdvHipEscessed PQT with a sot-gel dielectric and

a. SiO2 blocking layer, and its perionnance contrasted with a control

sample; and 8 Figure Il is a representation of an exemplary embodiment

with a nitride blocking layer on flexible substrates and its performance

bbih¢ £8861%81th a control sample. Detailed Description of the Exemplary
Embodiments 5 In Figure 1 there is shown a number of structures of

Kigragd) iprrshimide Regurmiaton slccurampbanc d etrscnanoies offAd s with sol-

modifier stack:
gel used in dielectric stack and/or surface modifier stack (sol-gel TFTs);

Figure 2 is a schematic representation 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
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(a) is a common bottom gate with top contact; (b) is a common bottom
gate with bottom contact: (c) is a patterned bottom gate with top contact;
10 (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 modifiér; (h) is a top gate with bottom
contact enhanced by surface modifier. 15 The dielectric stack and/or
Kisaeé I differ sterikizee elscdeseritmarwith bofirepentth Rigiral@bTuking layer
dielectric stack and/or surface modifier stack may comprise one or more
of S6Kee fibsHiatrormbHssuitiantfiinee Thetrstedolige bfilomimdybe Wrganic,
inorganic, hybrids, or mixtures thereof. 20 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

Brstdlcdydirs cripdipneiitlse Exaraplbeydhmbe divmvents. organosilicates,
organosilanes, silane coupling agents, silicates derivatives, silanes
AZiv e ShaiefalshosRexigath arnd siksiyistkokiud-THe bdlymith nedyedeliim in

one or more of. poly(methyl znethacrylate), poly(vinyl alcohol),
BUR/AIgIEHES ke Bk et widesc copdifimetaciand polystyrene-poly(4-vinyl
pyridine) ("PS-P4VP") diblock copolymer. The co-polymer

(a) is a common bottom gate with top contact;

(b) is a common bottom gate with bottom contact;

(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,

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
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may be polystyrene-poly(4-vinyl pyridine) containing metallorganie

precursors such as, 5 for example, titanium

isopropoxide(Ti(OCH(CH3)2)4). The sol-gel solution and/or film may be
fabricated from undoped spin-on-glass and/or doped spin-on-glass.

Doping may be by use of a metal oxide 4nd/or block copolymer

composite with a core of inorganic materials, metal, or metal-oxide. The
dbpsignsy e atkonebiormidrel bf pedtalcilkiwybikoxide, mntk it latkosdole.
The sol-gel solution and/or film maybe a mixture of one or more of. an
BEGATIE Botynvety orgah i spleniorelscthntenergaidicdipan btk s soyelsts, and
The sol-gel solution and/or film may include a mixture of hydrophobic
PAbIEITES-80bH B3yt eYadipe (St itidibrdsitanelymer. The co-polymer
hexamethyldisilazane, and derivatives thereof. 15 The sol-gel film may
Hay®andibiEatse constahvinhevrshoe fonteinio abett Bogant: mayuters such as,
used as surface modifier to enhance the transport properties in the

foe wieBmia s iTREORIAPREIgRAH(MGRSIEto thay have: a) a

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

20 b) an on/off ratio of at least about 103; and/or c) a charge-carrier

mobility at least about 100% greater than a comparison OTFT that lacks

The 12 1selysion andiey-Glen et dssinbyerted fieareudibtipedrRpdfomeyTET end/or
may be performed by combining a precursor such as, for example,
denebiRyiorthakifitdie PrE DS Pabogiseonf suriegal etidnendeidnimr eacdymer

and concentrated HC1 then stirring at room temperature for 90
composite with a core of inorganic materials, metal, or metal-oxide. The core may be

one or more of: metal alkoxyalkoxide, and metal alkoxide. The sol-gel solution and/or
film may be a mixture of one or more of: an organic polymer, organic monomers, and
organically modif;ed 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 10°; and/or

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

that lacks the sol-gel layer.
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minutes in the following molar ratios: 1:10:3.5:0.003. Base catalyst such

as, for 5 example, 0.1 M NH40H may be added. The solution may be

aged at temperature ranges 0 to 100 C and/or combinations thereof. The

aging time may range from 10 minutes to 14 days. Films may be made

from filtered solution by solution processthg methods. One of the methods

can be spin coating (ranges from 500 rpm to 6000 rpm). It maybe
depasitewestinsubdtbissteTtiel seipist dve A lIserofy mpatdiansddty aspfoming a
example, 10 glass, plastic, quartz, metal foil, undoped silicon and heavily
HElsEEPesh Mthoasteitsotatoeiby vrhesidicatn(tHEO mafd. Slichuary,

for example, sol-gel film is deposited onto a bare n-Si wafer substrate or
shirbrdc{ani sy ar el ceg cgayonithier dtaiher stiwm SIO2 ¢astengateiture for 90
leakage blocking layer). The substrates are carefully cleaned and/or

TPERMES Bridretd Bpmienatingr mtesdl-HabfilAd AlayBse et vt anvbientfor
condition and/or 15 under different conditions. The different conditions
FrayAkvE- Yhdidetid srandre eddser Thohedution asathecarpeidon tesntegatsre ranges
Solution processing is preferably at a relatively low temperature more

Brerd Py ardiee sembmaions berevfo Bhoagizesine miernatyfigrowh Bnutes to
nm thick SiO2onto n-type Si- wafer can be used as a reference 20

sdwre foleTray fapMedsdiomAdseidpalatiendonsadiiiamplecssainpenethods. One
heated at 100 C in vacuum to further treat the so]-gel. The semiconductor
bl ShgdmranhergunieoHiFaan BRI tEndof 6088 rpm). It may be
semiconductor materials may be mixed in the sol-gel solution and/or film.
qepopygaprEntEienT Fhpamssasenvad pofifiotisic! todses, AoBexample,

thick pentaeene film was deposited at 0.5 A/s rate on both the sol-gel and
ﬂ;l%g%dﬂﬁ%]csﬁmé meial foil, undoped silicon and heavily doped silicon with and

without other materials on the substrate. Such as, for example, sol-gel film is deposited
onto a bare n-Si wafer substrate or Si wafers (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 grbwn 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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evaporator at a base pressure of 10-7 mbar and maintaining the substrate
temperature at 5 100 C. Gold source and drain electrodes were deposited

on the surface of the pentacene film by shadow mask evaporation to

obtain a top-contact structure as shown in Figure la (but without the
passivation layer). Gate width may varylfrom 500 to 4000 m, while gate

length may vary from 100 to 200 pm. 10 The OTFTs were characterized

using aKeithley SCS-4200 characterization system under vacuum

conditions (10-4 to 10-5 Tort) using a Desert Cryogenic probe station.
ThdavidwsitryhgaRiESTimenteeearationwficher(vilc We ) Weleextadtedntacene
from: In =C; x,u(WI2LX! -V,)" where It) is the drain current, C, is the
Edpatnnieeopésd #id 4y o Dt hrshuibtectrigel Bridybe, osDtig] thengitaim an
voltage, VG is the gate voltage, V- is the threshold voltage, p is the

feNrENeE Rhidpe DAt and (. anbahendiasinglinideHmribstigth temperature at
dimensions, respectively. The Vr of the device was determined from the
idflonShaimetveintheraiy ghaetiestss of arvedsposteddraithc snmdmtd Df diehe
saturated regime and the Vo of the device by extrapolating the measured
BetresIREON 2y Fvdepyekavanseriandn e iis aterecantdytzeitibipre as shown
atomic force microscopy to investigate the film quality and surface

foliggHeds PryurdiDHad pasvatien [Hsttaeatsevidduinaf theydhalySid) to 4000
Figure 3a is a 45 nm thick thermally-grown SiO2 on silicon substrate and
FiuYd e gate lamthin At Sisim dORtEU298tig8! film on silicon substrate.

12 The sol-gel films were typically 399 inn thick, unifonn, and displayed a
smooth surface

The OTFTs were characterized using a Keithley SCS-4200 characterization system
under vacuum conditions (~10™ to 10 Torr) using a Desert Cryogenic probe station.

The mébility values in the saturation regime (Vp > V) were extracted from:

I, =Cxu(w/20Y\v, -V, )

where Ip is the drain current, C; is the capacitance per unit area of the gate dielectric
layer, Vp is the drain voltage, ¥ is the gate voltage, Vris the threshold voltage, u is the
field-effect mobility, and W and L are the channel width and length dimensions,
respectively. The V7 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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with root-mean-square roughness of -1.9 A whereas the thermally grown

films displayed a much rougher surface of -3.1 A rms. 5 Figure 2e shows

a 50 nm thick pentacene film on thermally grown SiO2 whereas Figure 2d

is a 50 nm thick pentacene film grown on a sol-gel film. The pentacene

film grown on the sot-gel film shows ditférent molecular arrangements

than those of the pentacene film on the thermally grown SiO2. 10 Figure
Bhasod-BryhivesaHste By RiEMM AP anfthiskiane fronasdl ¢eplanddrigareodf surface
shows the surface profile of the pentacene on sol-gel of Figure 3e and
Widiceeishemsrmeesarthetsalnd ot 95\ wheisdsofierbationlbf ghewn films
pentacene molecule relative to the substrate. The pentacene thin films
disptidd sebrohremefirsdxiibitddmyrain size of -1.0 pm and each
grain has a terrace-structure, with a series of 12 tol4 terraces. 15 Contact
angle measurement of the surface of the sol-gel and tbennally grown SiO2
samples yielded wetting angles of 50 and 40 respectively, thus indicating
hatihécstiowepstit reddiskepsidrechy diap ot Yreramentially eosen Figure
oxides. The contact angle of sol-gel may increase to around 80 when the

2oy Pl Hnjeekoeriiasens faamraw ion 20drealtfimghhereninsemidire grown
is a graph of an X-ray diffraction scan of 50 ran thick pentacene film

ofe st et pa ot BTG roRls ol 2 isagranerty; thad thesqley ghe pentacene

sol-gel film (grey line).
ﬁlmgon the th(gnnglly gzown Si10;.

Figure 3¢ is a high resolution AFM image of pentacene on sol-gel and Figure 3f shows
the surface profile of the pentacene on sol-gel of Figure 3¢ and indicates a terrace height
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

pm 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 hydrophobic 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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All peaks correspond to (001) planes, indicating that all crystals are
oriented to their (001) planes parallel to the substrates and come from the
substrate-induced thin film phase. This is characterized by an inter-planar
spacing of 15.5 A in the pentacene film. 5 The small contribution of the
triclinic bulk phase exhibits a vertical perfodicity of' 14.5 A. The dielectric
properties of so]-gel films were investigated using a conventional metal-
insulat@p sesplcen diatdereminy structure. Figure 5 shows high frequency
capacitance- 10 voltage curves measured at room temperature in vacuum
f&lg)@%hba@)treﬁner@etm&@%khlmxypfﬂéeﬂtim@m@émksﬂmrwmemed to their
accumulation and depletion regions. In the accumulation region, a
télhelesepurld trthpebiserrandramofrespdndwitstatdizidetdd thin film
constant, k=11, which is much higher than the dielectric constant for
thepmdilisgiroviarsis R 1R ByYoyn fithar otsenadndiele bt Aondtartsnoicene film.
sol-gel films 15 may be attributed to the presence of polar molecules
rap padllrsipie tvd e R Eiditrir ame b ko briopdnereaticgresendicithef 14.5

ol-gel film structures. Polar molecules such as water and organic

actants 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 20 to be at the interface of sol-gel. The mobile ions
Shenigteetic propeid © It whgipkiilas frem thecsblaell spinbesiomisotional metal-
contribute to the observed hysteresis. As stated above the control sample
jasylsteimranicopdumios (O Mdfe eeimettondisging SfsBowamighiblctuenamatigpacitance-
grown SiO2 dielectric with W= 500 m and L= 150 am. The 14
voltage curves measured at room temperature in vacuum (10” mbar). The device

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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electrical characteristics of the control sample are shown in Figure 6a and

7a. Transfer characteristics of the control sample were measured by

sweeping the gate voltage (Vg) from 1 to -5V (forward bias) and -5to 1 V

(reverse bias) at constant drain-source voltage (Vds) of -5V. The carrier

mobility was calculated in the saturatiori4egion from 5 the plot of the

square root of the drain current (Id) versus Vg in forward bias (Figure 7a).

st ehechheestivattharbdtedstivs] parariveter sisueh asliguniesfiatd! 7a. Transfer

mobility, threshold voltage, sub-threshold swing and on/off ratio were

elesensitirieidesTiiebe eretiyileaminl T alsies b deiond Thevoamtngt sanple voltage (Vg)

exhibited a carrier mobility of 0.12 cm2 V-' s r, a threshold voltage of -1.61

yom dib-thrediherd awibigoRag 0y d¥cadesrandias) ehfoffsatiodrfihOute

These parameters arc quite typical for the pentacene OTFT with thermally

Hednge $1d9 ds e FheecaisReanitility evalgateulhediality eftsoltgel gaten from

dielectric OTFT devices consisting of 399 nm spin coated sol-gel film, 50

A riERtHe seamyegewaipbatreaneviiant 4fd tresmally il SoewapbhasedFigure 7a).
old contact were fabricated (e.g. see Figure 1 a). The output and transfer

gﬁéﬁa@l@ﬁ@ﬁ&%f dmrTtarstne senetierFigahess Sbrandidamd bridtuddshold

in Table 1 below. Caner field mobility, threshold voltage, sub threshold

¥lfagcaneb ohreshedi s Winerendevarpifiet aw @08 atenmingds Fhebe7&d/givs0 in Table

mV/ decade, 103 respectively from forward bias 1d-Vg curve. The sol-gel

by shbweenkpstavasis petibitet betriar tho Riigrafit-d8ues Voltahe: threshold

sweep and the gate-source voltage sweep. Table | is a summary of the

peliaasetbrd - ekttactcubrbrsdhe GTHTE $ABABATSY Usingthardvallywidifmtio of 10°.

SiO,, sol- gel, thermally grown SiO2 + sol-gcl dielectric. 15
These parameters are quite typical for the pentacene OTFT with thermally grown SiO,

as the gate dielectric.

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‘l, -1.76 V, 750 mV/ decade, 10° respectively from
forward bias /d-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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Dielectric ph Vt s.s ION/IOFF ID,SAT/W C; (cm2/V (V) (mV/decade)
(A/pm) (F/cm2) s) Si02 0.12 - 250 1.4x -3.88 x 1.5x (30 nm) 1.61 105
10-10 10-8 Sol-gel 2.08 - 750 1.00 x -3.33 x 2.44 x (399 nm) 1.76 103
10-9 10-8 Si02(18nm)+Sol- 0.67 - 300 2.64 x -9.04 x 2.2 x gel (391 nm)
1.10 105 10-10 10-8 Table 1 5 Sol-gel OTFTs with thermally grown SiO2
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
Riglagsitn in Figulds 6¢ and M as vieft as in Table loallove. ThexrBowC;
excellent transistor characteristics at -5V. The value of on/off ratio

reaches to 2.64 x 1®NAfrier ABbilitym¥/deomiedm2 VA s-t, (Ksendld (Flem?)
voltage of -1.10 V, and a sub threshold swing of 300 mV/ decade. The

on/off ratio is impro%bd by a factor of 100 compared to OTFT device

without thermally grown SiO2 blocking layer. The mobility value is also

w#iHgroved by factordef & compared to2%@ control sanfpfeXOTFI3.88 x 1.5 x
Solution processed sol-gel OTFT fabrication may be by preparingoa 0.3 wt

63%BIion ofpoly| 5,5"-bis(3-dbdcyl-2-thienyl)-2,2"-hitRiopheri€] 10°°
("PQT-12") (Figure 8a) in

Sol-gel 2.08 - 750 1.00x -3.33x 2.44x
(399 nm) 1.76 10° 10 107
SiOy(18nm)+Sol- 0.67 - 300 264x -9.04x 22x
gel (391nm) 1.10 10° 10710 10°

Table 1

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
characteristics at -5V. The value of on/off ratio reaches to 2.64 x 10°, carrier mobility
of 0.67 cm® V' s, 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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dichlorobenzene at about 70 C. The resulting solution was subject to
ultrasonic 5 agitation while being cooled to room temperature. The

solution was filtered using a t pm filter and then spin coated on a n-type

Si substrate with 45nm thermally grown 5i02 (Th-Ox) to form a PQT-12
semiconductor layer that was 20 nm thibk (Figure 8d). The PQT-12
semiconductor layers were then dried in a vacuum and annealed at the
PQT-12's liquid-crystalline phase transition temperatures of 120-140 C.
Subsequently, 10 the gold source and drain electrodes were vacuum
dehositeet orstoahedP@-02 Fdefmicmat uctorlaye bthpoeighiag sitadlow % solution
mask, thus creating an array of OTFTs with various dimensions. Gate

NigtH xlarfediHGrd &Bo Yb 2006ny) Wil thiteplemgin VRBQESs! 20T kdet 8200

m. 15 The electrical characteristics of the control sample SiO2 dielectric

it lspihrsaredROTut 7D 4f6 $howesiltiBiguriesiSh wasdsitgsoveludisFalile

2 below. The control sample 5102 dielectric exhibited a carrier mobility of
aeoeBemie beinandodeddn/oifratiompesiut 65T e opthespives Gatiedd using a
PQT-12, it (@Vr = -5V) was 1.02 x 10-t1A and the integration time was
hivmialteT hedghes kakagated iMvgnwspeSkenbiroatel sVl Hieas tiiemetiis grown
For the top 20 contact, W/L were 5001150; was 0.005 crn'/Vs; Vt was
8194VTs: 9 4e h205RQbd asimitptinaies 6,06tkat 055 A0 t@ME k= FA@WE 8d).
was -4.62 x 10_R A; Id,eg/W (@Vr _ -20V) was -9.23 x '10-11 A/m; and

e PEbridismirsaduatonbyyae weTe Bigurkiod showe OMFIhdevicesahat the
were fabricated using a 365 nm spin coated sot-gel film on a 45 mn thick
e aiy lirodresiodlingehavh & i@ sorpastutsinokitPiayr °t Subsequently,
improve gate leakage. As shown in Figures 9a and b, as well as Table 2
HelgpldpRErce and drain electrodes were vacuum deposited onto the PQT-12

semiconductor layer through a shadow mask, thus creating an array of OTFTs with

various dimensions. Gate width varied from 500 to 4000 pm, while gate length varies

from 100 to 200 um.

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 Si02
dielectric exhibited a carrier mobility of 0.005 cm?® V™' s7!, 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 14V, was taken from 13V4 measurements. For the top
contact, W/L were 500/150; pwas 0.005 cmz/Vs; Vi was 3.94V; s.s was 1205
mV/decade; Ion/losr was 6.96 x 10%; I (@Vg = -20V) was -4.62 x 10 A; Iy /W (@V

=-20V) was -9.23 x 10" A/um; and the integration time was normal.
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OTFT exhibited a carrier mobility of 0.35 em2 V1 s-1, and an on/off ratio

of 1x105. The 5 mobility is increased by 7000% compared to the control
sample. For the spin coated PQT-12, Ig (@Vg = -5V) was 6.00 x 10-10A

and the integration time was normal. The gate leakage in IdVg was taken

from IdVd measurements. For the top ddntact, W/L were 500/150; pwas

0.35 cm2/Vs; V, was 0.50V; s.s was 633 mV/decade; 10"/In was 1.74 x
Higgrq@pehqes\p I Tapyiograidiat wa iabricaterd yaimg/a @ Y g spondpoatad sol-gel
-2.91 x 10-10 10 A/m; and the integration time was normal. In Figure 10c
therens digwm thirlothrrmallvieeoram Hiedavesing a BsSrmespin cbkteking layer
sot- gel film on a 45 mn thick thermally grown SiO2 as blocking layer, a 10
OriATER pEtie aketry Atyenen e Riases (rgurebt © WahyerTabla 2ashbing The
layer, and the PQT-12 layer. 15 As shown in Figures | Ob and c as well as
ﬁ%ﬁﬂé X idiiRg, air8roTrroBiihve d-35carieY riobiig of 000af wtie af-1xd 0”. The
1, and an on/off ratio of IxX106. The mobility is increased by 380%
BoRiparétits s ot dP B s FBEd-e isirensebaepote-For g @ingeaated
-5V) was -3.79 x 10-12A and the integration time was normal. The gate

Fakdge in(1@Vg wasMthres oSk I/ Satatimptithe W eorrat The
W/L were 500/150; was 0.019 cm2/Vs; 20 V, was -1.97V; s.s was 584

g akageim b Yial sidakenlom b msasamets. - Fovihgsep-commeck Mo/b were
A; ldsat/W (cu@Vg =,-20V) was -6.15 x 10-12 A m; and the integration

WAE Wak Werhab TapiEs Vet §s58 Cutrinveasy Grime\deardetdes or was 1.74 x
extracted from the OTFTs fabricated using Th-Ox (thermally grown Si02),_l o
Th: Bren Bi¥iettrrO 080N s e AR X +A Diehd Mt Vo AVRY Yookpa= Aty 0

styrene). 18 Dielectric P Vc s.s 10P110FF ID-sat Ci
pm; and the integration time was normal.

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 [4V, was taken
from 14V measurements. For the top contact, W/L were 500/150; u was 0.019 cmz/Vs;
Viwas -1.97V; s.s was 584 mV/decade; I,n/Iosr was 1.04 x 106; lasat (@Vg=-20V) was -
3.08 x 107 A; Iyga/ W (@Vg=-20V) was -6.15 x 1012 A/pm; 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 SiO,), Th-Ox + Dielectric (Sol-Gel), Th-Ox +

Dielectric + PAMS (poly-a-methylstyrene).
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Thickness (cm2/V (V) (mV/dec (A) (F/cma) (rim) s) ade) 45 rim (th-ox)
0.005 -3.94 1205 6.96x105 -4.62)(10-P, 7.13 x 10-r 5 45nm (th-ox) 0.35
--0,50 6'33 1.74x105 -1.46x i0-7 1.66 x 10-5 + 365nm (Dielectric) 45nm
(th-ox)+ 0.019 -1.97 584 1.04 x 105 -3.08 x 10.9 2.47 x 10 s 365nm (SG)
+--10nm PAMS 10 Table 2 in Figure 18, there is shown an OTFT device
fabricated using a. 69 nit spin-coated so]- gel film on a. 35 nm thick
sputtered silicon nitride, a monolayer of octyltrichlorosilane (OTS) layer
as capping layer, and the PQT-12 layer on aluminized polyester flexible

156 . cubetrata. A
AL L. 7

c.chowmn. in Eigllra 11.and . Tahle.2 halow. the OTET
S-St E et —t-a 81S 7

LT IO

exhifteaticartier Hobility of0.64 cns-2/V s, akd/mon/off ratie.of 5% C;
103hiThibksS iq deudvhary 0fthe | penditieters extracted|from (e OTFTEF/cm?)
fabricgted using siligbn nitride+sol-ged®ITS lon aluminized polyester
flaxible subsfrate (15, Dielectic PR Vi 55z S| ERID, O (8101 P24V S
s) (V) (m/desc; de) (A) (Flem2) Silicon 0.64 3%%55(’?; 0 9.525\5: 10CT 585 X 10
45nm (th-ox) 0.35 -0.50 633 1.74x10% | -1.46 x 107 | 1.66 x 108
+ 365nm
(Dielectric)
45nm (th-ox)+ | 0.019 -1.97 584 1.04 x 106 | -3.08 x 10 | 2.47 x 108
~365nm (SG)
+ ~10nm
PAMS
Table 2

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 layer, and the PQT-12 layer on aluminized polyester flexible

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-' (35nm)+Sol gel (69nm)+OTS Table 3 5 As shown
below, for the synthesis of sol-gel polymer composite films as a dielectric
layer a titania precursor - titanium isopropoxide(Ti(OCH(CH3)n)4) - was
loaded into the core of PS-P4VP in toluene solution. The organic salt of
titanium has good solubility in the miecliar solution and strong interaction
between pyridine and Ti(OCH(CH3)2)4 is expected. Coordination
occurred between the Ti in the organic salt and the nitrogen in 10 the
pyridine ring. toluene toluene - 11(OCH((H3)2)4 N 24 }in; =T T. Ti

Pieleetictiims Ban be prepHred bg.solution spin doaflieg; cdsting, or  Ci
printing at low temperature and under ambient conditions. OTFTs

prepared by thdanebel d(¥0losdambidesasiepplication in 8mmercial (Ficm?)
products such as, for example, backplanes for.organic _light emitting

ditiees, RFID tdy64organic-senso’f)@as sensors shio1sEnseds5and18SICIs56 X
Whilst there has been described in the foregoing description exemplary
Nitiistrliments of 5 the pres@ri Invention, it will he understodd by those 10~

skilled in the technology concerned
(35nm)+Sol-

gel

(69nm)+OTS

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(CHj;),)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.
A toluene @ toluene ™~ J’{/
@ + Ti(OCH(CHa))y — ¥ . ,__/
N 24 hrs J “~
Ti

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

temperature and under ambient conditions. OTFTs prepared by the methods disclosed




that many variations in details of design, construction and/or operation

may be made without departing from the present invention. LL( YD WISE

21 The Claims: 1. A method for fabricating a sol-gel film composition for

use in a thin film transistor, the method comprising fabricating the sol-gel
dielectric composition by solution procéSsing at a temperature in the

range 60 C to 225 C wherein the sol 5 gel further comprises a mixture of

P SPPIGEIE G dletanes Toral rsafuct shsbutar farrangariseheslaflancs for organic
semiconductor grown on the sol-gcl film, 2. A method according to claim
Hehtaritingd asgBIfIntesmpsanisiaseadeasrentarpraoiaothend ASICs.
precursor comprising at least one member selected from the group

consisting of. organosilicates, organosilanes, silane coupling agents, 10
silicates derivatives, tetraalkylorthosilicate and silanes derivatives. 3. A
WE{H&&S&%&P@%&%&%%{ e di apinp gerintire srperlsonis brdideents of
from a precursor, the precursor comprising at least one member selected
BeRreRegROGRIEh i Stitbbsruplgatadivaibes o riindsimiedeeiiaplesy concerned
coupling agents, silicates derivatives, tetra alkylorthosilicare, silanes
BatiraeETRBRS Ak EKiMbs Ol Serigtarancswtike srfkonapestiensaanke made
polymer consisting of at least one member of the group consisting of.

BHRAH SteRATHRs ARER ARea) SN (RKSAEMSohol), polyethylene oxide-based
block copolymers, and polystyrene-poly(4-vinyl pyridine) dibloek

copolymer.
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4. A method according to claim 1, wherein the sol-gel film is fabricated
from at least 20 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 LLOYD Wi

one or more of. an organic polymer, an organic monomers, and

organically modified sol- gels. LLOYD WVISE 22 6. A method according

to any one of claims | to 5, wherein the sot-gel film is doped by at least

bhe éi?ﬁ“rﬁetal oxide, and a block copolymer composite with core

comprising inorganic materials, metal, or metal-oxide. 7. A method as
cldi-médnilﬁté%qr#%s,f%bﬁlé?éﬁﬁgtﬁé%raékféapww@m eisess B a thin film
polystyrene-poly(4-vinyl pyridine). 8. A method as claimed in claim 6 or
claim ek iheHRbiociceBlbifive Fdsivating thretalierydintepiricapsanesition by
9. A method as claimed in claim 8, wherein the metal precursors comprise
titanisRiUiEEpPERRSRIIRE 2D21EMRIIHEHDN Akcalamertln Gy BHe 6f el Ghe sol-
to 9, wherein the metal oxide is at least one of: metal alkoxyalkoxide, and
metalgaloxibier. compxinee thoddsrelefrmedronlabionelot deifis dltoing,molecular
wherein the hydrophobic molecules comprise at least one of:

octadeEyrEERfate sifanecmiesatnelthtdisitazaribe anb gt fietives thereof.

15 12. A method according to any one of claims | to 11, wherein the
sol-gél filgthod 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 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.
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composition has a dielectric constant in the range 2 to 50. 13. A method
according to any one of claims 1 to 12, wherein the sol-gel film
composition is formed on a substrate. 14. A method as claimed in claim
13, wherein the substrate is selected from the group 20 consisting of,
glass, plastic, quartz, metal foil, undopéd silicon and heavily doped
silicon. 15. A sol-gel film composition when prepared by the method of any

orfe of\ciaéthediatootding3o b8y Arsodgahiitm fap Usevireorgahicstiigdilfilm is doped
transistors as a. dielectric film, the sot gel film comprising at least one of. a
polynier ahlvds ows pdiyrnestalhe aleleast ohp cbfdhopohamermapekite with core
co-polymer containing clusters of nano-particles of at least one selected

from trenpsipCmesisting oitinelyanitanateriels]-meadal, and metal 5

oxide, wherein the sot-gel further comprises a mixture of hydrophobic
malechiestiod aketrig eddleclaian arraheementsbick seprigoncuctopgsesn

on the sol-gel film. 17. A sol-gel film according to claim 16, wherein the
sol-galdilrstusnppseddariegdsyordnmember selected from the group

consisting of., organosilicates, organosilanes, silane coupling agents,
silfcatdsuishivdayeshisiethascianvaivesrimdtavalkokidbs blbOkneetallymer contains
alkoxyalkoxide, tetraalkylorthosilicate; and a polymer consisting of at least

one niestbler grintisepErOUpEenSsisting of. poly(methyl rnethacrylate),

poly(vinyl alcohol), polyethylene oxide-based block copolymers, and

polystyrewthpd sy 4lajingd pydbite B dibheekitdpolyetaprecursors comprise titanium

LLOYD WISE

isopropoxide.

10. A method as claimed in any one of claims 6 to 9, wherein the metal oxide is at
least one of: metal alkoxyalkoxide, and metal alkoxide.

11. A method as claimed in any one of claims 1 to 10, wherein the hydrophobic
molecules comprise at least one of: octadecyltrichlorosilane,
hexamethyldisilazane, and derivatives thereof.

12. A method according to any one of claims 1 to 11, wherein the sol-gel film
composition has a dielectric constant in the range 2 to 50.

13. A method according to any one of claims 1 to 12; wherein the sol-gel film
composition is formed on a substrate.

14. A method as claimed in claim 13, wherein the substrate is selected from the group
consisting of: glass, plastic, quartz, metal foil, undoped silicon and heavily doped
silicon.

15. A sol-gel film composition when prepared by the method of any one of claims 1

to 14.



10

15

20

18. A sol-gel film according to claim 16, wherein the sot-gel film comprises

at least 15 one of, undoped spin-on-glass, and doped spin-on-glass. 19.

A sol-gel film according to claim 16, wherein the sol-gel film is a mixture of '-t/7 1} "
one or more of. an organic polymer, an organic monomers, and

organically modified sol-gels. 20. A solgel film according to any one of

claims 16 to 19, wherein the sol-gel film is 20 doped by at least one of a
méfaldxitdesdndna ooekedopolamerttontibositansistoreorer chehpisinglm, the sol-
inorganic materials, metal, or metal-oxide. 21. A sol-gel film as claimed in

claim 20 filhexaiirtiens| etlees poly nfe e comprisesnpolystypréneqotitlavingt one
pyridine). LLOYD WISE 24 22, A sol-gel film as claimed in claim 20 or

claim Zlthghekaiictiabrckdppolyeretisorgaihstoreeliorgama précursetdeast
23. A sol-gel film as claimed in claim 22, wherein the metal precursors

compfige selegipdriv oo the EoxidecoB Sgine $6!-gor fitm amaleimlediretahyohectal-
of claims 21 to 23, wherein the metal oxide is at least one of metal
alkoxyalidsxitecramuthserd stk dxithsr 2emRTEwsis geinfitrigoflaidreglintanynolecules
one of claims 16 to 24, wherein the hydrophobic molecules comprise at

least &icabitdesadelspuistivesitamtshbapaativoeisitsongrovancn the sol-gel film.
derivatives thereof. 10 26. A sol-gel film according to any one of claims 16

to U5 Avirddrash fiva %wéiﬁgﬁsp claim 16, wherein the sol-gel film comprises at least

one member selected from the group consisting 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.

18. A sol-gel film according to claim 16, wherein the sol-gel film comprises at least
one of: undoped spin-on-glass, and doped spin-on-glass.

19. A sol-gel film according to claim 16, wherein the sol-gel film is a mixture of one
or more of: an organic polymer, an organic monomers, and organically modified
sol-gels.

20. A sol-gel film according to any one of claims 16 to 19, 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.

21. A sol-gel film as claimed in claim 20, wherein the block copolymer comprises

polystyrene-poly(4-vinyl pyridine).

PR
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composition has a dielectric constant in the range 2 to 50. 27. An organic
thin film transistor comprising a sol-gel film according to any one of claims =~
15 to 26, the sol-gel film being formed as layer before the semiconductor LLOYD WISE
layer and/or on substrate. 15 28. An organic thin film transistor as claimed

in claim 27, wherein the substrate is seldcted from the group consisting

of. glass, plastic, quartz, metal foil, undoped silicon and heavily doped

sili€on 201-a¢1 Glgamicltimdilim tebaisitdoaslelaiMegwhetdimizbarcklaipol ymer

28 having at least one property selected from the group consisting of: a
sub-threhold skiplaessithprecBGArvolts per decade, and an on/off ratio of

at least 103. 30. An organic thin film transistor according to any one of
clamg\2oteddimhereiantae sotigeh il igharsinfhceriatifiectosenhamogrise

the transport properties in a semiconductor. LLOYD VVISE 25 31. An
organigahintilisotramsisids. according to claim 30, wherein the

semiconductor is at least one of organic, inorganic, hybrids, or mixtures

thérbat. 82-gahidnyanidaimediim aransistof dsiclaitien B8 clalrard drealaiml oxide

31, wherein the semiconductor is pentacene. 5 33. An organic thin film

transisiot esbrdingftonasta elvexfatlaimdeantb8etdlrexidemprising a

layer of poly[ 5,5'-bis(3-dodeeyl-2-thienyl)-2,2'-bithiophene]. 34. An

ordanit shirefilrfiltrassineddoatingte ahyoms ob clalwsviveteid thfuizophobic

molecules comprise at least one of: octadecyltrichlorosilane,
hexamethyldisilazane, and derivatives thereof.

26. A sol-gel film according to any one of claims 16 to 25, wherein the sol-gel film
composition has a dielectric constant in the range 2 to 50.

27. An organic thin film transistor comprising a sol-gel film according to any one of
claims 15 to 26, the sol-gel film being formed as layer before the semiconductor
layer and/or on substrate.

28. An organic thin film transistor as claimed in claim 27, wherein the substrate is
selected from the group consisting of: glass, plastic, quartz, metal foil, undoped
silicon and heavily doped silicon.

29. An organic thin film transistor as claimed in claim 27 or claim 28 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°.

30. An organic thin film transistor according to any one of claims 27 to 29, wherein
the sol-gel film is a surface modifier to enhance the transport properties in a

semiconductor.
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comprising a capping layer of organic, inorganic, hybrids, or mixtures
thereof between the so]-gel layer and the semiconductor layer. 10 35. An
organic thin film transistor according to claim 34, wherein the capping LLOYD wisE
layer is at least one of: poly-a-methylstyrene and octyltrichlorosilane 36.

An organic thin film transistor according2to any one of claims 27 to 34,

wherein the organic thin film transistor comprises one of', a bottom gate

withl tdncostadt, thinbbto tmagatswithdootiopteohtact3 top hatsmiis temiconductor
contact, a top gate with bottom 15 contact, a top gate with top contact
enharieet! byssomnfact angalifierjramgaaitopdatds, witibotiom therdact

enhanced by surface modifier. 37. An organic thin film transistor
compnsirngsasolthel film teosidimgiclamyedrie dhiolabherldama,, wierein the
the sot-gel film further comprises a semiconductor comprising at least

one s&fevddrsitotirengrsagetonsisting of. a semiconductor 20 material, a
plurality of semiconductor materials, and a mixture of semiconductor
materfsisorgaBicAhinfglanicatmis finadcantistop aosardingf tdaitaird B3, 32 further
wherein the semiconductor is deposited on the sol-gel film. 26 39. An
organf@rinising arkaysisedratddrdirigst -deder @72 witiengi- 2&-bithiophene].
semiconductor is not deposited on the sol-gel film 40. An organic thin film
tratfsidtooazuneding fdmanyaosistof ataimB3nea9 owhefeinirtse 7 to 33 further
semiconductor is at least one of. organic, inorganic, hybrids, or mixtures 5
there@Pmprising a capping layer of organic, inorganic, hybrids, or mixtures thereof

between the sol-gel layer and the semiconductor layer.

35. An organic thin film transistor according to claim 34, wherein the capping layer is
at least one of: poly-a-methylstyrene and octyltrichlorosilane

36. An organic thin film transistor according to any one of claims 27 to 34, 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.

37. An organic thin film transistor comprising a sol-gel film according to any one of
claims 15 to 26, 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, .

38. An organic thin film transistor according to claim 37, wherein the semiconductor

is deposited on the sol-gel film.
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26
39. An organic thin film transistor according to claim 37, wherein the semiconductor
is not deposited on the sol-gel film.
40. An organic thin film transistor according to any one of claims 37 to 39, wherein
the semiconductor is at least one of: organic, inorganic, hybrids, or mixtures

thereof.



