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DI THI ENOTHI OPHENE DERI VATI VES BACKGROUND OF THE
I NVENTI ON The present invention relates generally to

wootogeuse4sconmpounds for seni conduct or appl i cat ir@138G2009/000064

Organic materials offer a lowcost alternative to
traditional inorganic materials such as inorganic
silicon and gallium arsenide that are presently being
used in el ectronic device manbfacturing. Additionally,
their conpatibility with plastic substrates renders
them i deal for conpRatterning)of Nengituctweeshani cal |y
flexible, and structurally inspiring el ectronic device
desi gns. However, currently known sol ution-processabl e
sem -conducting polyners typically afford poor

h5ﬁ9§h§q9 EF&Pg$kh%&FﬁHCh as, for exanple, |ow charge

carrier OM/currentdon/off ratLo, mhen
SRR BRI é%f’éaﬁl%ﬁﬁrg%g%E%T%ﬁrag#“f@%&%@w%aﬁ@ac aby rmber
SPhELr: aled romantr 208Ehr B querirblits - Bbieied Srgser Printing

SUMVARY OF THE | NVENTI ON The invention provides
efolplserende Cirpuits” dheeprisaity PEwhishliyherslst elningde andethp icontents of
as sem conductors or charge transport materials in
whmhtar&)]mreb)dlamrpmtedlhg'hefmeme gaifidisclosed Herefnfiadhieir entirety.
transistors (OFETs) , organic light emtting di odes
(OLEDs), and organic photovoltaic diodes.In a first
aspect, the invention provides a conmpound of formula

fllai)e encmec{ls%' rﬂagﬂ? tbdu %Ihé}tlﬁgﬁerd §t5t%§r})§t dl(tletglgﬁg 1or1 number

ncl usi ve; are eac ent

an th of f t
11%138% ¥%%F @ﬁ)efem A %g%é&? 5 %Il%venﬁ%rgéﬁ%f ‘L%O(Bl?thon rogﬁsse%

e an om.l ength of from about 10 ato
n@f%?&&ﬁ%éh EPewac T Eumel TaRsiipISe dhe qomientyof wé% eby
and R2 may have an aton1|ength_qf about 12 atons . In
mRerparteddd ¥ rgfarerica as iiesclrsed berginoth thgir entiret®2 may
i ndependently conprise one or nore of a group
conpri si ng:
Technical Field
This invention ;elates to patterning and microarray patterning of nanostructured
materials and biological molecules on various substrates and particularly, though not

exclusively, relates to thin-film transistors (“TFT”s) and circuits comprising such

nanostructures.

Background

Nanostructures have been extensively explored for use in gas/chemical/biological
sensors, active and passive components for electronic devices, and many other
applications. However, synthesis of nanostructures typically requires high temperatures

and vacuum environments. Furthermore, most applications involving nanostructures
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an al kyl , an alkenyl , an alkynyl , an amne , a
carbonyl , an ester, a carbonate ester, an ether, a

wowbeisoes, an organosil ane and a thioate. |In SWEsSG2009/000064

exanpl es, one or both of R and R2 may conprise a
strai ght chained alkyl . In one enbodi nent, both R
and R2 are dodecyl . In sone exanples, n may be an
integer from4 to 40, inclusi%e . The conpounds of
formula (1) have suitably |long side-chains. This

 ieapirovel-alighadtpattarms rod/es 8o kireys. Fabkitation ofisichypattere and

conpounds of fornula (1) have substantial structura
h&go/nadd patterndd \filink age eusently redihife 4 EldaCR®NBEVironment and involve
facilitates nol ecul ar sel f-assenbly. Additionally, due
ggm@[gm@%mggfgag. of its extended p -conjugation, an
excel | en al ance is struck between transistor
functionality and oxidative doping stability. This
extends the life span of a device. Further advantages

L ncl ude. hi gh char carrier mobility and hi current
esblent Fonvenngs pamedtsnRaRcbi o by O tHon hethod
provi des an organi ¢ sem conductor material conprisin
igvelyepiiishvcynmigtrationsof(a selufion ed mpnestruatyerdanatprials pathder
aspect, the invention provides an organic

Aot sothattbe nancdtruétures exentpft os ithegfiléeripaper Agflaren sempanthen
sem conductor material, the organic sem conductor
bratiglitiigtb confephalsdongictwith eaiancstalctirey ditha filte) patRr so that the
defi ned above. In yet another aspect, the invention

Rhe¥thigePod Bie H: Eﬁpeﬁ‘ e HASfeRld &Y @13 P nad §Fnp O LR stamp

devi ce including the steps of providing a

r r{i
AR A RhorBHR T A8 B BV BRI YRR ey
above in a solvent. An organi c sem conductor |ayer |s
Gl Tre eSO (ST R ST g s destred Substate
nanoparticle suspension. O her objects, features, )
AphawrsyEPatiem intise dersedronithengos e AR Eher SubFiTalE psing a
becone apparent to those skilled inthe art fromthe
fhotdlishe graphyawocdsp tNamostartureppe mizskied bathephota resibtopatten are
be understood, however, that the foll ow ng
tters etchdal dvady, byep st eett elcBingroc@sd The §hbtoi résisPpARBINGS then

whil e indicating preferred enbodi nents of the

JeM6OBd 8 th@ hendriQlreDYDNRYe £d didchitS! B daABn @M dren take place
Vari ous changes and

using the substrate carrying the patterned nanostructures.

In another conventional fabrication method, instead pf using a planar stamp, a patterned
stamp 1s provided to transfer the nanostructures from the filter paper to the desired
substrate so that only a pattern of nanostructures is removed from the filter paper and
transferred onto the substrate. Although photolithography is not required on the
nanostructures after their transfer onto the substrate, photolithography is still required to
form the pattern on the patterned stamp. Making the patterned stamp involves first

fabricating a master mould. The master mould may be of silicon and made by
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nodi fications within the spirit and scope of the
di scl osed invention will becone readily apparent to

WO hos@oseki | led in the art fromreadi ng the folPOwWEE®09/000064

BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is an

enl arged cross-sectional view of an organic field

effect transistor (OFET) in accordance with an

enbodi nent of the present invéntion. FIG 2 is an

enl arged cross-sectional view of an OFET in accordance
devielopangoa pleto egsisb pattesmon afurfine of asdizan subsiratetusing a fhrdard
3is aflowdiagramillustrating a nethod of form ng
plivtolithagraphysmotese.Thecstilidondabstaee is themGtshed arithethwiphbtodesist
enbodi nent of the present invention. FIG 4 is a graph

SARM Ading aYthAQk cfdabaed 8y tesﬁév:al sfthe Flh@tbgés”ét endsRiffdnt Helicon
transi stor incl udl ng, as a channel ayer

fh
%ﬁ:g?é%tg :ﬂ?ﬁ) 8{_}) g{éd gh q.lgdn g‘l-‘leggdt%—né@sjh@oxgrhsulg?fﬁen undergoes
dance W t h enbodi nent . of . t he

PLEE ARk R RTRRIIERS chaval, S RB AL e 6 -1 D
characteristic of an organlc thin filmtransistor
PolydimethydsiloyanePEMP s thanppured of spwrfoaisd dubigeid form anto the
filmmade of poly (2, 6-bis (3-dodecylthiophen-2-yl)
niaster maeld[te form the patterngl stardp. Altérogheetie meital oapckynwa noalds may
with an enbodi nent of the present invention. FIG 6 is
be gyedplequifingiprapesseysudhlas phaisier @rtiisd, igfindihg afd polishiiLto achieve
thin filmtransistor including, as a channel [ayer, a
SR UGRAPAGER Shdl protdshdd AR elcHATNAnH FNPRBSL 1ﬁdeﬁswe
suspension of poly (2 ,6-bis (3-dodecylthiophen-2- yl)
dithieno [3 ,2-b; 2 ,3 '-d] thiophene) in hexane in
accordance wi th an enbodi nent of the present
gnvent|on FIG 7 is a graph showing a VG 1D

Y2P8&% eristic of an organic thin filmtransistor

i ncl udi ng, as a channe|l layer, a sem conductor thin
Aimehosis Provided usingRisinete Qe rafiepsefinarosgpctprep. The method is
6-bi s (3-dodecylt hiophen-2- yl) dithieno [3, 2-b; 2
f,:SBeCial&b] anphicalpt forepks avirealos ¢oncertatipol afinanosirodtuzes, inks with
enbodi nent of the present invention. DETAILED
IoRSaRIosTtY, QN inksthat rd&fuevisiheatlet, i wherd ircadiig yfxhé @ikSsolvent
terns used to describe the conpounds of the present

FBBTh it hatibA®$ Bridges with adjacent circuits that affect manufacturability of
circuits. The method comprises fewer steps than conventional methods of forming
nanostructure patterns, eliminating the need for lithography either to pattern the
nanostructures or to fabricate a patterned master mould. Being solution processable, the

method is also comparatively more cost effective.

The method is equally applicable to aqueous or organic solution-based inks, and may be
adapted to any appropriate printing set-up such as ink jet printing, spray printing
through a mask, screenprinting, electrojet printing and so forth. The method is

particularly suitable for low solubility and low-viscosity dispersions of nanostructures,
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definitions apply to the terns as they are used
t hr oughout the specification unless they are otherw se

w0 tood/Asdssi n speci fic instances either individuadl/$G2009/000064

as part of a larger group . The term"al kyl" as used
herein refers to branched or straight chain

hydr ocar bon groups, conprising preferably 1 to 20

carbon atons. Exanples of al kyl groups include, but

are not limted to, nethyl, ethyl, n-propyl,

oiErmeopsplution to pbmnyg chailgr@ggag sy¢h astmigmxyﬂolvepémay)bratlon solvent
hexyl , 2-ethyl hexyl, heptyl, nonyl, decyl, undecyl,

sjnmlmg andtth¢ C(ﬁdemyeht riﬂigam&dﬁfey lstaimeffea:d ezthyﬂe,the nanostructures are
t-octadecyl, etc. An alkyl group may be unsubstituted

AlledRutvodal IyI tywerdb el ﬂeﬁPE&yWﬁﬁb PHRin@'sp (ﬂ%@he solvent spreads and
substituents sel ected from hal ogen, Iomer al kyl , 4

ut ed aIkyI
epbiales, UGV it bt ARSI AR 2l
groups such as CF3, CO3, CBr , C13, C2F5 , C3F7 ,
t4H9, C5F 11, CH 3, C7H 15, GCsH 1 , C9F19,
C.10F 21 , CL1F23 , C 12F25 , C 14F29 , Ci F 33, C
Fowtingn poroyssartppes suchasrspbsipares and sty faqilitates mtiem integrity as
CF2C7H15 , CF2Cl11C23 , Cd 2Cl1H23 , CBr2Cl1H23 ,
wrld a1 hetzs contF p b lepAcentraf@ G5B ostrucktres indhe piitted patterns,
substituted al kyl groups such as 2-net hyl hexyl,
Broddihy blobleys, of Panerh kigfodmdiery Hue t3-1edwwicdsidesmyl solubility of the
3-ethyl doceyl, 4-ethyldocyl , 11- nethyl dodecyl, and
hdi@stnidhges l-ﬁhiﬁe Rl thtllr@’ﬁrcoﬁjuﬁytllon Wwith Haeder R neinp afs@fp%v?rdes

to branched or straight chain al kyl groups conprising

AP Il B
%ahﬂf%}fon \%18108{&9 1¥m§ élcel’bst%}ﬁlf’lwet up 1y (ﬁ{f@ﬁ:a‘tloa% r‘ﬁ %?(P y 0%( I%fferent

hexyl . A Iomer al kyl %rou may be unsubstituted or
%ier@ﬁlm Be readilst mr\&%dewl Dput ﬁewg)wpﬂ@kemg%ﬂ@ﬂ magtenmgulds to be
i ncluding, but not limted to, substituents such as
fahtieggethas would b seceSiaBy inGongentOBakteci@i@iesC2F5, C3F7,

C4H9, and the like. The term "al kenyl" as used herein
refers to branched or straight chain groups,

conprising preferably 2 to 20 carbon atons, and

A@éﬂré‘i‘n? kd'9) iR Bx Qip1 AR Rp&lPURLe iPHadRIed EWKH@& Iﬁftermng

al kenyl’ groups include, but are not limted t

ﬁ&g%%éﬁrepgogﬁoﬁ%r% pmﬁl‘ﬁ%%ﬂ%k corR]%]s?Hé Hile n’an&?x)ﬁgtﬂyés onto a solvent-

extracting first surface such that a pattern of nanostructures is formed on the first

surface.

The transfer printing preferably comprises the steps of conformally contacting a stamp
with the first surface such that the pattern of nanostructures on the first surface is
transferred onto the stamp; and conformally contacting the stamp with the second
surface so that the pattern of nanostructures on the stamp is transferred onto the second

surface. The stamp is preferably a planar PDMS stamp.
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decenyl, etc. An al kenyl group may be unsubstituted
oroptionally substituted with one or nore substituents

woembgoiseds f rom hal ogen, nitrile, and the |ike.pClimec20e10m0064

"al kynyl " as used herein refers to branched or

straight chain groups, conprising preferably 2 to 20
carbon atons, and containing one or nore triple bonds.
Exanpl es of al kynyl groups i ntl ude, but are not
limted to, ethynyl, propynyl , butynyl , penyntyl |,
Alspatyvely, theefirsy syrface may by pystamfeandiht trensfer printimigicomptises
group may be unsubstituted or optionally substituted
eunfdrmatleg contactirigethes sthsipivitlethe secoal sutfad sbrihanthapageanes
nitrile, and the like. The terns "l ower al kenyl" and

nanB¥RIctabkymite stand)i8 taRfEREPONS KitGscOBRINuURMSe. el 8 surface is
term"lower al kyl"™ -as defined above . Exanpl es of

r al kynyl groups include, but
%?QE%%?L?Fﬁ%%%%ﬂgg%ﬁgﬁhenyl, propenyl , butenyl,

et hynyl, propynyl and butynyl. A Iower al kenyl or

al kynyl group may be unsubstituted or optionally
substituted with one or nore substituents sel ected

Forgfh smhodyaents: the solyeat-extrasting Srst spdacets at legst gne ahpagus,

or "am no" as used herein refers to a group containing
abispsbentrandBsorbetieFle firsRurfage ey haved korbtive eappcigisof at least 0.01
defi ned above such as, for exanple, nethyl, ethyl,
mprg(inttinsic) grddpy mL/n2 Pertsihsic)l Theifist sureeiPprefdrably at least one
t-butyl, pentyl, hexyl, and the like. The term

ofE AEAOTMtibledsn MEREhARIER] IdiEREBICTilinD a BosuRHRg GRAL ol Phper,
-(C0O-.The term"ester” as used herein refers to a

4HafJR, £ al sﬂb%pé, QifbPsul¥ratedh gﬁ?)s'ubst;rz{i% agg é?&l\gs substrate.

"car bonat ester” 'as use erefn refers

nt ak ni Ng, - C= 0- The .term "et her" as.us .
KAFRRANY L fest g783ed Pigy e 2R R RPSGSE conGind: pymateral
"sul phi de"  as ;sed herein refers_ to a group containing
haging patferned candustpg Wess aidectrs filgem ddes) itk gondusting,
a group containing -Si R OR0OO- , wherein RO and ROO may
staichiresy 8 epmpokiistiily, atompesite mdtenial isemprrising diebeatnicszind wbnducting
as defined above, or the |iKke.
structures exposed by a process selected from: chemical-mechanical polishing and

etching-back..

The second surface may be selected from: rigid, flexible, a conducting film, a dielectric
film, a PET substrate, a glass substrate, a silicon substrate, a quartz substrate, and a
metal foil. Alternatively, the second surface may be a patterned substrate selected from
but not limited to: a material having patterned conducting wires, a dielectric film
embedded with conducting structures, a composite film, a composite material
comprising dielectrics and conducting structures exposed by a process selected from:

chemical-mechanical polishing and etching-back.
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The term "thioate" as used herein refers to a group
containing -S(C=0- or -(C=O-. The term "hal 0" or

wO tvad/ogess’ as used herein refers to F, O, Brparsd2009/000064

The term"nitrile" as used herein refers to the group
-C=N. The term "substituted" is intended to describe

noi eti es having substituents replacing a hydrogen atom

on one or nore atons, e.d. C% 0 or N, of a nolecule.

As descri bed herein above, the present invention

The aprostrueturas mpLeamRPrise af lsasiohasql¢dted from: carbohantudies, metal
conpounds i nsem conductor applications, and to nethods
fimopartieles, qunetphoxitié materibt, efsemiceddwtiag nfutertud fubdyinetspasticles,
formula (1) wherein one or both of R and R2 have an

alyaanline partidlesf mﬁdr?m@%ﬁtclekpo@bm%aﬁme@ bipbiganfe pAHRNSs, rods,

and more preferably an atom | ength of about” 12 atons .

’ %I%Q n%(ﬁgf' i)[a%i, %%ﬁ&%?bi&{%@gﬁglﬂg%cﬂfes 2)95t9?gg,ﬁatn?yofunctionalized

erei n orne or bot i ndepen

CONRLi one or nore of a gr C rising:. an alkyl.
ot s Paosirugiore fAY b srpalle, B0l Vineg Bty for pipmdtine self-
ester, a carbonate ester, an ether, a sul phide, an
Yregarssel éﬁ pangshugtuses; bhg nanostricyres may alse E? awdaficd fopat least
conmpounds of fornula (1) wherein one or both of R and
e popgseisslectad fomathg igrouprvansissthgadfk facilitzingank fefrertatiod and
are the conpounds of forrmula (I) wherein nis an

protdger additmmakfuhctidiality. ncl usi ve. Sone exanpl es of the
conmpounds of fornula (1) are shown by the foll ow ng
structural fornulas, but the present invention is not
limted to these enbodi ments. TH ENOTH OPHENE

%W@Féfyéﬁgﬁ?ﬁ%@ﬁcw& hdY. ml)lgﬂl Eﬂgol%fﬁleagolvent

I nvention r y to or c compounds for

' t licati . Or.gani terial.s h
PEREy GHFE3U-E Bne RSl Bornr AR oferlire Py fRlF PR e non-
anal ogues because they can potentjially be used to
vl Pt aten i meN fufther Fomprseradditosakmatomairelected framy

cost, over large coverage areas, and on flexible

engiryc pad worgasimwdhe pdditiemn) niaterish may ha mérooweinfraro thk pAttormsof
suffer a nunber of drawbacks such as, for exanple,
nanostructures to obtain a pattern of pure nanostructures by a process preferably
selected from: annealing, laser burning, and dissolving in a solvent. The ink preferably

has a form selected from: a suspension, a multiphase mixture, a micellar structure, a

copolymer, and a colloid.

All embodiments of the method may be performed at a temperature ranging between

0°C to 225°C, preferably between 30°C to 225°C.

The printing may be selected from: ink jet printing, spray printing through a mask,

screen printing and electrojet printing



10

15

20

susceptibility to air oxidation and/or limted
solubility even' in hot solvents. Further, use of

WOR2009NBD45e processi ng techni ques 'such as vacwRrOWSG2009/000064

deposition is required for solid materials, making

such materials unsuitable for fabricating of

| arge-area filnms. Accordingly, it would be desirable

to have an air- stable and nofe sol ubl e or gani c

sem conductor material in order to fully realise the
Potasding & anpdies ekemplofy aspeinthereds providsdiadhin fdwnmasistophaving
THE | NVENTI ON The i nvention provi des conpounds t hat

ar sctivaldyes wherdity thesefivd laydrasongiriskothe @atdsn of nanostructures formed
sem conductors in electronic devices such as organic

%y fletéthddgVer ARVE] il WiterditifeSattern STHEANHRcRSEsAS ugeal fbr
evices and organic light -emtting diodes (C]_EDs) .In

?p(g;h'cﬁt?otn ?Tﬁ)gﬁ&i ?—Bltn\?ﬁxt hOVIgRkEPE A g%lu? %énﬁst : %ﬂ:ﬁjco%ect

ereln n1s an eger
Wh
?‘R?%&%Pn(g?la‘flgg Fﬁ§ s&vx(t? ;'a%gl V\%‘" eré)l cpa to Tgllgggftfmosppercapamtors,
het eroary and R2 and are independently H or alKkyl
battergs, g C%\n%r%‘P%tf‘iﬂeéﬁn‘# BrasppIeny ¢letrodes.j ) wherein R4
is aryl or heteroaryl , and R5 and R 6 are

i ndependently H or alkyl ; and wherein when n is

greater than 1 , mis Oor 1 ; Ais a noiety o f
BeiefiDestripition Jof élie Drawyings (1i11) wherein R 7 and R 8 are

i ndependently H

In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary

embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings.

In the drawings:

FIG. 1A is a flowchart of an exemplary method of patterning nanostructures;

FIGS. 1B (i) to (v) are a schematic illustration of the exemplary method of FIG. 1A;
FIG. 2A is a flowchart of another exemplary method of patterning nanostructures;

FIGS. 2B (i) to (iv) are a schematic illustration of th¢ other exemplary method of FIG.
2A;

FIGS. 3(a) and (b) are optical images of nanostructure patterns on a substrate prepared
by the exemplary method of FIGS. 2A and 2B;

FIGS. 4(a) to (d) are schematic illustrations of exemplary device structures coniprising a
porous dielectric layer or substrate;

FIGS. 5(a) and (b) are optical images of nanostructure patterns on alumina filters
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or alkyl ; (iv) wherein R9 is Hor alkyl; and Bis a
moiety o f formula (v) , (vi) or (vii;( V) wherein

wdkoov/aesd4RI | are i ndependently H or al kyl ; (VRQT/SG2009/000064

wherein R12, R13 and R14 are independently H or alkyl;
(vii) wherein R15 and R16 are independently H or alkyl

.In sone exanples, R and R4 nay independently be

phenyl , napht hal enyl , thiophe%yl or dodecyl phenyl . In
sone exanples R2 , R5 and R6 may independently

BiG. 16 in e coapttendyltV C'Ilrwe%@nélfﬁexmmgl@ watledtcartRbganetpbe (SWCNT)
i ndependently be H , dodecyl, tetradecyl, or cetyl
fimssone exanples, n may be an integer from1 to 100,
inclusive . In another aspect, the invention provides

BIG. 079 @ REKenSRidli Beyeltod 6f thEBica§urahe® QBRI & SWaift the aph of FIG.
conpound of formula (1) as defined above. |In anot

@spect, the invention provides an organic

semni conduct or deV|ce conprising a | ayer of an organic

BT IO R o e ST SR BE Qo

e ed above. O her objects, features, advantages and
Pgl,f{a 1§ agD Ramap specpicopyirasde; of Anifl-jet paatAS K Pdratern;
to those skilled in the art fromthe foll ow ng
Hlés OB ipaiRamaarsgecipie frd dlee SWAINE pattem o RKGI 9 ;be
under st ood, however, that the follow ng description,
Blghd0desl an bpticab imagechf aphairel areexéabhbesm gatd dnd top gold contact
i ndi cating preferred enbodi nents of the invention, are

14 Rfelt\Mran@i¥toBlevibd; Ust rati on only. Various changes and
nodi fications within the spirit and scope of the

At 1 B SR A BB I T

l%%. "?'IIZA is arglzﬂ E’Ill cgr\lveoo:f aTtH '1:'d Q%A Y\{ransmtor with SWCNT as a channel before
continuous Vsd sweeps;

FIG. 11B an Id-Vd curve of the field effect transistor of FIG. 11A after continuous Vsd
sweeps;

FIG. 11C is a Raman spectra for before and after electrical break down;

FIGS. 12A and 12B are photographic images of SWCNT patterns;

FIG. 13 is a graph of sheet resistance vs number of prints for a SWCNT pattern;

FIG. 14 is a graph of gate dependence of SWCNT network channels;

FIG. 15 is a Raman spectra of a channel area;

FIG. 16 is a Raman spectrum of an SWCNT pad; and

FIG. 17 is a an I-V curve of SWCNT pads.
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FIGS. 1 and 2 are graphs illustrating the UV-vis and
fluorescence spectra of exenplary conpounds of the

w@r@sees4i nvention. FIG 3 is a graph ill ustragdmmgc2009/000064

cyclic voltametry (CV) neasurenents obtained from

exenpl ary conpounds of the present invention. FIG 4

is an enlarged cross-sectional view of an organic

field effect transistor (OFETY in accordance with an

enbodi nent of the present invention. FIG 5 is an

Dntadled &eseniption ofthe thxemypilaryi BmbodimentsOFET i n

accordance w th anot her enbodi nent of the present
Anfiretrdxiemiplary-b3Bodifeanolf the ateehod lodl phtsernink nahdstriuttgestdnea substrate
out put and transfer characteristics of a bottom

BQRbWA in BRY. 1QCadd e S, 1 B)3H IBKW@%Xmﬁ@WIﬁ&ﬁod 100 comprises
processed conpound of the present invention 8

Cﬁt@??o@sﬁuﬁﬁ@m fjét ﬁﬁ&%'t@g b6 C}ﬁyﬁ@%nﬁglggngs%%ﬁ&{on of

acteri st cont act evi ce

exe L uti ces of the resent
FAeRtis B 1t sl TR 7 R f rolkpRBRg T s
put and transfer characteristics of a bottom

%ﬁe&é@ ojgupsaie Hh such thahg weékbﬁrﬁﬁrmnyst%%}fhwcfpnnwn the
Eﬁesent i nvention deposited by thermal evaporation.

Tourfaee | OEICRI BTN dlvent-eatranting wmayrbe byessbiptionios by being porous
various terns used to descri be the conpounds of the
thue seabling theesotvieanto phbetheoudhf Andéfireadsn ASIIM spezifidacion
ternms as they are used throughout the specification
DBiigRSioh D631 & 09! {iRpibrSR a'ﬁréﬂe’éseiﬂ Wlﬁcl?‘l??lﬁﬂ dlecules are taken up
i nsfances either individually or as part of a |arger

HQHB% J£§§K%ﬁﬁ%h&ﬂ%%%ka|n used herein refers to

ranc stralg ydrocarbon gr oups,
conprising preferably 1 to 20 carbon atons. Exanpl es
of al kyl groups include, but are not limted to

met hyl, ethyl, propyl, butyl, hepty nonyl|

ggéyqt exena@glé(ﬁqlbodpg@r}ta@g (ﬁyqt sulaf@e)}p 1s Qrefer@;lﬁ)m qqg;@qrmally
3, 7-dimet hyl octyl, etc. An alkyl group may be
avagalyls pprous @&telolpap@p tsiignad Whatmap®t dleminedilter pipepiheviog pore sizes
nore
ranging from 0.2 microns to 0.02 microns. Being porous, the filter paper is able to
extract the solvent in the printed ink 12 to prevent the solvent spreading on the first
surface 16. In this way, well defined patterns 18 of the nanostructures 14 may be left on
the surface 16 after the solvent has been absorbed by the filter paper. Pore size of the

filter paper to be used is selected according to particle size of the nanostructures 14 in

the ink 12.

A stamp 20, preferably a Polydimethysiloxane (PDMS) planar stamp, is then brought
into conformal contact with the first surface 16, 104 (FIG. 1B (ii)) such that the pattern
18 of nanostructures 14 on the first surface 16 is transferred from the first surface 16

onto the stamp 20, 106 (FIG. 1B (iii)). This can take place because the pattern 18 of
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substituents sel ected from hal ogen, |ower alkyl, and
the like. Exanples of substituted al kyl groups

WO nob/uese4s but are not limted to, hal oal kyl gQrEUKSGEOLEN0064

as, for exanple, 1-bronododecane, 6-bronohexyl, and
the |ike or other substituted al kyl groups such as,
for exanple, 6 - nethoxyhexyl, 8-nethoxyoctyl,
alkylthio (e.g., w thlonEthfi hexylth|o and
octyl t hi o) and the like. The term "l ower alkyl" as
DAeETRwEs b pist lepsely en the@artve dilisr paner 46.ghte pometisifilter pgper 16
groups conprising 1 to 6 carbon atons, preferably 1 to
whay Hrende didconted. Ipthnpmbediafent, mhepamhkw isgrmig¢pspattern 18.
i nclude, but are not limted to, nethyl, ethyl, n -
propyl, i-propyl, p-butyl, i-butyl, sec-butyl,
t-butyl, pentyl, and hexyl . A lower alkyl group may.

@@osb‘@tﬁ:‘ﬁﬁ?tthé Kh&d 29'is {&gmﬁ{ol nfthal &frﬁ‘éc‘? q'étgi a: %c&ﬂiesug)face 22,

nore substituents inc ut not

t hal oge d.the e, e ter .
R HEC D0 e s PR Er e 3006 et s 17 ﬁa 1 stamp 20 is
haV| 6. t0 .18 carpon atons and includes nonoc

ddorasicr s ﬁ%petpewqcen ristige 2o 19 (PRGN, In ths
grou s such as bicyclic and tricyclic grou
wpethe megiopatigm g%@ﬁpgoswmrmhdelsmn@ﬁqr mﬁegfmmﬂh@ friter paper
to 12 carbon atons, preferably 6 carbon atons for
ﬁmnmnﬁmbﬂéonkngsm&ndiQnﬁmeﬂa.carbon atons for fused
bi cyclic rings. Exanples include, but are not |limted
to, phenyl group, naphthyl group and ant hracenyl
group, especially phenyl group. An aryl group may be
HE‘ﬁU@ﬁBhEéﬂo%dl 197cas WAt n&)‘é}fﬁgn with ﬂle%recmrﬁ%rfa&@% ?ubstrate

positions wth one or re substituents selecte rom

[l X RERIC L B8R todhifhos B QiRou S IR b ot roadfigs

18 .at ons referably 5 or atons, including at |east
SR HEE Pope o Chih ratsinahrar B0 i o 01 /8, 256, and
S, within the ring. The term"heteroaryl" incl udes
sApAtseRasitpes, battetigs casdugting elestredgstor trpnspatengelectpaiese. g.
fused groups such as bicyclic and tricyclic groups.

The heteroaryl may optionally be fused or bridged with
one or nore benzene rings and/or to a further

Agt@maakyplahy\émBétimefit dfthSedbol ©F phtténink Bgno-gt}ﬁcﬁl?ersmn a
“hal 0" or halogen as used herein refers to

substrate is shown in FIG. 2A and FIGS. 2B (i) to 2B (iv). The exemplary method 200
comprises a step 202 of using the ink jet printer 10 to print the ink 12 comprising
nanostructures 14 onto the solvent-extracting first surface 16 (FIG. 2B (i)) such that the

pattern 18 of nanostructures 14 is formed on the first surface 16 (FIG. 2B (ii)).

In the second exemplary embodiment, the first surface 16 may be a porous planar
agarose stamp. For example, the porous planar agarose stamp 16 may be an agarose gel
thick film having a composition of 2% w/v in aqueous solution if high strength agarose

is used. Alternatively, if a low-melting point agarose is used, the agarose gel thick film



Br or | . The term"substituted" is intended to

descri be noi eties having substituents replacing a
wdody/ogess at om on one or nore atons, e.g. C , KCTSG09/000064

of a nol ecule. As described herein above, the present

invention relates to conpounds of formula (1) and to

use of such conpounds in sem conductor applications.

Preferred are conpounds of fddmula (1) wherein R and

R4 are independently phenyl, naphthal enyl, thiophenyl

evmplesiteanyhahbandto w/vAnl awagaﬂutmry Wharg theymanosirusturés kisto be

phenyl and napht hal ene when used as end- cap'

ptilnsd compriseshipmolecules, sheedgatdst gelafiiai prefersbly dampases aAusfer

preferred are conpounds of formula (1) wherein R2 , R3

solifor2Rfih RYHEVAud sYdeRRAdERbeyd &F & aq‘ﬁ@@’t?scs%lutron During printing, a
Advant ageousl y, introduction of two al kyl chains %

gﬁ% S?hr(‘rig s frefel zlﬁﬁi/ E%eﬁrﬁs grﬂ)a&ghé) Fcl?gl?ee%&? ﬁ@ﬁ%saggl%lsé' g'a!rxgtl%, with

acr evicerta rese

| on i ns e conmpounds f for a

o255 i ERRES pistestY RS Foy Piskng "11]3 -
positively influencing their sem conducting properties
. Also preferred are conpounds of forrmula (1) wherein
R7 to R16 are independently H, dodecyl, tetradecyl,
Afterprinting cfdimepastesnit efsnaobstmmrcsohﬁg dmmb;om‘ plauar m:gaxase stamp 16
(1) are shown by the follow ng structural formulas,
Buhert breugtt ésie Rbnforviairdontast with tietsetond duefdcd m,tﬂme%erG. 2B (iii))
enbodi nents. Patterni ng of Nanostructures Reference to

Rehahf theAptel:£ B8 bﬁ{hﬁoﬁﬁfcﬁﬁ@@%ﬁrﬁem thelforOW pl GRAE nga?{)se stamp
Unlted States provisional patent appl |cat|on numbe

§ tﬁéﬁsﬁﬁ%ﬂfﬁﬁf‘ﬂsﬁﬁﬁygns%?% 8 s 2,
ﬁ’] r@t 5 H? ﬁ’ﬁ?‘;’ %9;&1&%% ]ggtg/tl x}saﬁgeeﬂr:%g.ﬁgs( L‘g B&t}msfer printed

reference as if disclagsed herein in their entirety

Remdhe Bldlar agatgss frskaerace 6 gufo basrqoad Suripaccls. Sy, device
patent application nunber 12/302, 155 fil ed Novenber
fabricapal08@an drenibeperfoinaed with thedet@al surfaon2 Psubstratsed
Inorganic films for Organic Thin Film Transistors” the
contents of which are hereby incorporated by reference
as if disclosed herein in their entirety. Technica

Fbedth &RbsditRKRNhE Q8 oh8 kRS 20qs Bﬁetférﬁl'ilg'a%naﬁ&ous substrate that
nrcroarray patternlng of nanostructured materials and

gll ?lbggl l{qg Lﬂo? Exanglg qﬁé Qekond g@r%&ce%&%ﬁb&&?e could be a

trc aH

conducting film, a dielectric film, a PET substrate, a glass substrate, a silicon substrate,

a quartz substrate, or a metal foil.

Depending on the desired ar)plication or device to be formed, other than filter paper or
agarose, the first surface 16 may also be one or more of a dielectric film, a conducting
film, photographic paper, a sol gel substrate, a silicon substrate, a PET substrate, and a
PDMS substrate. The first surface may even be a patterned substrate comprising a

material having patterned conducting wires, a dielectric film embedded with conducting
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exclusively, relates to thin-filmtransistors ("TFT"s)
and circuits conprising such nanostructures.

wdBaokgesowsnd Nanost ruct ures have been extensi vearyr/sG2009/000064

expl ored for use in gas/chenical/biological sensors,
active and passive conponents for el ectronic devices,
and many ot her applications. However, synthesis of
nanostructures typically requires high tenperatures
and vacuum environnments. Furthernore, nost

sipyshiresa icompositevidiny iong corapasite mad¢rial esmprging dielectrics and
wel | -aligned patterns and/or mcro arrays. Fabrication

aindactiry spaktuedsiipaded by cheddaRARcikatdaBpdlRHinfl dr ¥ichalgSack.
currently require a clean room environnent and invol ve

SRS thelsbRRAA BRI BiFERSa pﬁ%e%ﬁﬂmagea IR b R3] having

patterned nanostructure-on-substrate rication

[ ; firsk. v filtratjon of ol ution
e o PN St el PR i i &t St et o
the nangstructures are left on the filter per. A
Rt gf‘ﬁn‘ﬁ 3 OmNogtte W@&@ﬁﬁomrmsal SiPaRFAnORucing
Wi th the nanostructures on the filter paper so that
HRstes RIppsaddryshentieghrmeghari¢al pelishingyaretching-backnsf er r ed
to the planar stanp. The planar stanp having the
nanostructures i s then brought into confornmal contact
with a desired substrate to transfer the

Tig st suitictl besubbirae blog vilisde nehddictarts Q 4tahepsiasd sishld be
substrate. A photo resist pattern is then forned on

b St O R T2 IR BT SR e spreqding g e
' tn_are then hed .a by a.dr
SRen PR et . TR i R BB rierioger B o ot e
t hen renov fromthe nanostructuyes vi ce and
RAPITHT TGS T £ el @RUston ﬂﬂ&ﬁﬁf%@?ﬁgﬁ%@vﬁrﬁ@s sl pridat heen
substrate carrying the patterned nanostructures. In
Aactsdr A colvoririiresting fusloes dlae rlmwsnier hester cpmizeled theof
using a planar stanp, a patterned stanp is provided to
¢onaergfation bh paratmosttires @t the @attérnofortbé of: thet sarfapagesubstaate.
the desired substrate so that only a pattern of

nanostructures is renoved fromthe filter paper and
transferred onto the substrate. Although

S‘g??ﬁ@é &3%989}" GiRhY ﬁ¥s$ st Pice'o? gﬁdsfrgt‘é 191s {;{%gefrm PRGN fb/g

er their transtfer onto the substr

Iyt a i.s..sti.ll .r ired to..form.the. tern.
GHRbRY SRLAT 2 Exfipionariibhddil AThvapRihifiel HesEfion: D
%gyouyes first fapri atinﬁﬁa mast er noul d,.. The nast er

G o0 ragrpHe Gapagity Tt toh maxiraum Amova! efjicd absorRsdgnd / or
resist pattern _on a surface of a silicon substrate
alsprbgd yndersperafierl gmditisingt Intipsigphig of soptien is tie cate atl whigh a
substrate is then etched with the photo resist pattern
spetified ligsidds serbéd o @ bboutimays basisumadér spécifibd cqptiitiens. Extrinsic
resist mask fromthe silicon substrate to forma

R SfRbRIbNSS the @B afWHIcH a spBafiePlidRa Redrisdd dnCOPer ikl Hea basis
t hen undergoes surface treatnent to facilitate stanp

&@%Py ciﬁe§%hdiﬁbﬁ§m material such as a
pol’y

I met hyl sil oxane (PDMS) is then poured or spin
coated in liquid formonto the naster nould to form
the patterned stanp. Alternatively, netal or polymer
noul ds may be used, .requiri.n rocesses such as
Pherangstartugs 14 rympiseragy fh@gnlgﬂqg may | takerthe fprmgfgarhoananotubes,
the desired pattern. Such processes are tine consun ng
rantdl hatlopanticlestraetel exdde materiasl, semiconducting materials, polymer particles,
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Sunmary A nmethod is provided using printing to form
patterns of nanostructures. The nethod is especially

woppd/isads e for i nks having a | ow concentrat i ae1e$G2009/000064

nanostructures, inks with [ow viscosity, or inks that
are aqueous in nature, where spreading of the ink
solvent results in formation of bridges w th adjacent
circuits that affect manufactldrability of circuits.

The net hod conprises fewer steps than conventiona
aystalis perticlesr amorghousmastialese brgaricpattickesnsiorganiopantadlesy gods,
the need for lithography either to pattern the
fibres,ateedies, plass, ohiskersf bibldgival mokecpit {eoteRd, biefinetionalized
noul d. Being solution processable, the nethod is also

PAHIBIRE, & MRt Harl®DdifedCPths. €l Q8IlihY Bolyhiee niRIpEAR1dsSre preferably
equaIIy appl i cabl e to agueodus or ofganic

S P 1 TR e s o
e T (T T——

artlcularly suitable for low solubility a
Préw: t9i fagiitate ipk dorapdatianng to prayigecsid rtl%lﬁﬁﬁ-‘é%tl%#ahé’rfph@e‘aces
solution to printing chall enges such as uneven sol vent
subapvently made ssihg thetprimpademdpsigicturd petivens Fos exugpie, the sugface of
or coffee stain effect where the nanostructures are
thenasektrauiuvesridliy pietovalslgl Suridiiengledet B &chievefgobl dispérsivhi oTghe
spot as the solvent spreads and evaporates. Use of
ReroBirhddres ENHEHE sbiRentHRE lﬁ%%ﬂﬂ Vo & @R %ﬁ helfsit8 trladain a

on porous surfaces such as substrates and stanps
%%%%sr of By R fuc e 98 Kool piR oo PR b et ripipe with

ékﬁg patterns, avoiding problens of pattern

tion due to | ow viscosity and solubility of the

nanostructures in the ink. Printing in conjugation
with transfer printing also provides flexibility in
fabrication that nmay be used for |arge scale as well
de fgmaldte theanle12,4he nawsinastunss {4 oret prefecably horgogenously dissolved
substantial set-up nodifications. In addition,
i & Sotvemn tThpabIveritihayBey/sibgle beseEid, ynudiple b%dnw pckl@ru hon-polar, or
requi ri ng separate masks or master noulds to e

War. iR A1 AhaVeutitr REmpPA %&ﬁl’ﬁféﬁal Qﬁ@ b€ fHok matenal The
techni ques. Actording to a first ex np ary aspect

t rn
Sl BB AE SR8 Be PSRRI *f.w?rrmé%dnvpar.egn. o
t he nanostructures,onto a sol yentextractin
(TFARET S PTOFAD ChTAAE PAIRR bF DUk AR PR Hracesses such as
formed on the first surface. The transfer printing
pealing fser busnipe; eredissohénginasolvent.conf or nal | y

contacting a stanp with the first surface such that

the pattern of nanostructures on the first surface is
transferred onto the stanp; and conformally contacting

Theinkti2maydakitheferns 6£9 B pensidra @ @maAphdainiktiee, RAitE A
of nanostructures on the stanp |s transferred onto the

SacaRd mB%VOEP%Oﬂ%W J%t E}éfergblg RBimddNVR

st anp. f , e may a stanp
%ﬁi’féa@?frﬁgag?rfrfeber B Gash fé'%%ﬁﬁ%f a‘ﬁlyf“%e@geeg%wr?&? 225°C.
%ﬂi%@i‘aé é@)&hp@al?ﬁ TR HiFTOY P SRS wHHE Frban nagiybee 42 on an

r ef er abl Elanar agar ose stanp.
SlO /Si substrate 34 with a 1 mm gap 36 therebetween, prepared by the second
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For all enbodi nents, the solvent-extracting first
surface is at | east one of: porous, absorbent and

woaeoidsesst . The first surface may have a sor ptROIESG2009/000064

capacity of at least 0.01 nL/g (intrinsic) and 0.1
m./m2 (extrinsic). The first surface is preferably at

| east one of: rigid, flexible, an alumna filter, a
dielectric film a conductindAfiInl phot o paper,
agarose, a sol gel substrate, a silicon substrate, a
peemp gy snethededeserbrdabprivid. Smbsthinktagaros gelrfilat wassiisgd as the
the first surface may be a patterned substrate

panogs plaharggerfose stamp) madeby tavinglyigh atremeatin eghroerid deionirgd water
wires, a dielectric film enbedded with conducting
stI%e/Mres, a conposite film a conposite materia
conprising dielectrics and conducti ng structures
exposed by a process selected from

chem cal - nechani cal polishing and etching-back.. The

r e may be.sel ected from riqgid,. flexible,
ERES IRl G o Tihert B SR ofs of Pltipdi? deict ST o,
a gl ass substrate, a . silicon substrate, a_quartz
SR TR &PorgHyidigleqisiclayer 6 pu smt@épﬁge\r%rrw@mgﬁ%cond
surface may be a patterned substrate selected from but
sronicondyctieginanestrectyras teregh. Hepdams rpferense nuaheradizaye biegrgused to
wires, a dielectric filmenbedded with conducting
denotcdimilesstneturesngmosigtthe 8évicss. a conposite materi al
conprising dielectrics and conducting structures
exposed by a process selected from
chem cal - mechani cal polishing and et chi ng-back. The

: I, t t I :
PROGSN ELBbWhES FIEY4( albdfto %?keeﬁﬁi to? I@@xrtgg ’cggﬁ%.g%té?n. It

from carbon nanotubes, neta anopar

ide ternial,..a sen conduct.i.n terial | ymer

Soitfee B blRotic T TR 1 B By Rr BB R s 32
organi.c particles, inorganic particles, rods, fjibres, .
PR ege}e%mca%g on\1iqoB substigtent do Jing AProws PR &R lectric layer is
proteins, and biofunctionalized particles. The
prefroahly depasitedusing a bal-gst pstheld wheeeap theymasr pgrans 32chastom
for pronoting selfalignment of the nanostructures. The
dizleosicrlaydr maydbendeposited asig aroHgdl indsthddods debcribedsh United States
pur pose sel ected fromthe group consisting of:
?ﬁéﬁt'abbl@éaltiaﬁ nbmber 127302, 65 d?'by%?si@il%b&iiﬁ&. gHdkdy Qdcts 34a,

unctionality. The ink preferably conprises

SHFEUMER R I U
SR L3R B P Al s8R S

sel ected from organic and i norganic. The additional
FRIPRISIZE thﬁﬁ?‘m&@r_“ihé?ﬁ‘ﬁ% BenasBFieR &0 98t tBe Rotous 30 top dielectric layer
nanostructures to obtain a pattern of pure

beiween the depueantacts34a, pito des sinplag enadr ag thepastetret8 6f om
anneal i ng, | aser burning, and dissolving in a sol vent.
fdmsiradtunes ¢4 ey mbited drothe &iltkopapes €6 ecd@dribédoimthéfirst exemplary
suspension, a nultiphase m xture, a mcellar

shbodiindh€, a copolymer, and a colloid. Al enbodi nents
of the nmethod nay be perforned at a tenperature

rangi ng between Q0C to 225C, preferably between 30C to
225C. The printing may be selected from ink jet

Bl ouRd B widebioe Al e et By eaeans tamsontact

exenpl ary aspect, there is provided a thin film
eqndigaration Wi pergus 30 top dielectric layer and a non-porous 32 bottom
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an active layer, wherein the active |ayer conprises
the pattern of nanostrucrures forned by the nethod

w@roeemosaove, and wherein the pattern of nanoSRCUSG1009600064

is used for applications selected frombut not limted
to the group consisting of: interconnect applications
having resistivity ranging from 10-10 Wcmto 1010
Wcm supercapacitors, battedPes, conducting
el ectrodes and transparent el ectrodes. Brief _
dielgetric hayen depsisitedhen Deitigpmepbstrate 33 desintilawayhas the device of FIG.
invention may be fully understood and readily put into
4apcor theldeeict of FIG.Heb)e tirsainicondiwcting ndasstiuctuesd IGyarevdyst ink jet
of non-limtative exanple only exenplary enbodi nents
pHntéd6nt ERSFIROud IMBP Uieditrid B PerdBSTBFe dibbRoP8S 1AE s¥hrkband drain
reference to the acconpanying illustrative draw ngs.

o = _ .
doRtdches 4dr sy %@5 _]éé: fpﬁgg%x of $standar® Yiﬁﬁg{ahlé? Ero%@ss.

exenplary ne erni ng nanos res; FIGS

B (i) t v chemat i | lustratian of. t
s fotatin B oS Mg loe co3lacl o Bpatighnie subrate
anot her exen?lar_ nmet hod of patterning nanostrucrures;
3 wsed ipthiy gophigyratipy ys @fr@mam&%l@mm%m% pripting ofthen of
the ot her exenplary nethod of FIG 2A;, FIGS. 3(a) and
sehjcanductgtnanastrichaesed therenmhofore depositiog theet coatasts Iha, 3db by
substrate prepared by the exenplary nethod of FIGS. 2A
iakjet pBntikg 6 stdfdard lithogehphppwceshematic il lustrations
of exenplary device structures conprising a porous
dielectric layer or substrate; FIGS. 5(a) and (b) are
opti cal inmages of nanostructure patterns on al um na

HUSLSEyat  ATRR0 O e YRy Pl B
S AR o e R B 5 o

optical inmages of panostructure patterns on porous
reipbiag i thesempondug e nangstaigfurgsion Liksdbe Ao eophF IGd(fa, the
of an ink-jet printed SWCNT pattern; FIG 9B is a
sRbsteate $Husedrinthis oonfigueati®ndiForpag todncilitate Bk @t poidtingbfhe
1CA is an optical image of a channel area of a bottom
sgali®ndactideaangahdneeydeiberebhel d ef f ect transistor
device; FIG 10B is a 2D Raman spectroscopy i nmage of
the channel area of FIG 10A; FIG 1l1Ais an Id-Vd
curve of a field effect transistor with SWCNT as a

- t V. ; .
RRORE P EhOnERR, hPUMRER A BERAbe L iove b Ribolytion
after confinyous Vsd swee /s; FI G. 11C.ils a Ranan
R RESSTa MBI AREP LSUMRASHE 81/ OZEARS PRARHRSLr eak  down:
FIGS. 12A and 12B are photographi c i mages of SWCNT
patterns;

FIGS. 5(a) and (b) show alumina filter papers 51 ink jet printed with ink comprising
nanostructures 14 in the form of single walled carbon nanotubes (SWCNT). The printed
nanostructure pattern in FIG. 5(a) comprises two 3 x 3 mm2 pads 52, 54 having a 100
micron separation 53 therebetween, while FIG. 5(b) comprises two 3 x 3 mm2 pads 56,
58 having a 65 micron separation 57 therebetween. Both patterns in FIGS. 5(a) and (b)

were formed by printing over each pad 52, 54, 56, 58 sixty times, i.e., printing with 60
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FIG 13 is a graph of sheet resistance vs nunber of
prints for a SWCNT pattern; FIG 14 is a graph of gate

wampengesce of SWONT network channels; FI G 12d18SGR009/000064

Raman spectra of a channel area; FIG 16 is a Ranan
spectrum of an SWCNT pad; and FIG 17 is a an |-V

curve of SWCNT pads. Detail ed Description of the

Exenpl ary Enbodi ments A firstléexenpl ary enbodi nent of

t he nethod of patterning nanostructures on a substrate
lmps hbink at eackip@l 1dcatiom anéhas: a teBis(ange oftaboBt §00)kQ.Thevas found
exenpl ary nethod 100 conprises a step 102 of using an
thakresigtangy d Mhepridtd pattephs ddcreabes wikenlBe 8@PEr oFidigpsdrinted at
di spersion of nanostructures 14 in a solvent. The ink

daehilScalbh HeRAs@NAOsBwiGh FEA! 6.%&@5&&8&1@({?& iﬁ&%ﬁs%& ¥rom 10

16 or substrate 16 such that a pattern

1S .f i+St.surface 1
RERERSaR e Biplsd pp B BRFeadft ISRy FL s LR Hicher
or by bein oroys th ling the so]vent to, pass
f?{%%@%ﬁl?nﬂgtf@épp g %Wé%brgﬁ%% inithe P habess zﬁfﬁ?ff @¥pr more
D 6651 - 01, sorption is a process in which liquid
Hies angking ek padsicaere gpndyctive (FlGy 7 shews @t ¢xsmplgry measurement
adsorption, or both. In the first exenplary
sattup aiseretiotobtaimehefli V strvssiof Bl€e 61 #hesirpmetepralidsys9avere placed 500
commercially avail abl e porous filter paper, such as
Whabmedpaft on@heHpddes X, 54t 59, spaper having pore sizes
ranging from0.2 mcrons to 0.02 microns. Being
porous, the filter paper is able to extract the
solvent in the printed ink 12 to prevent the sol vent

S AR o B S B w0
16
PR U AR S LN N—

paper to be used is selected according to particle
Rargeddthaying agesiviance o arpuad 194 kOn FIGie8(Fnshows unjfommlyeistributed
20, preferably a Pol ydi net hysi | oxane (PDV5) pl anar

pdraswm a swfachefia pougAi02/81@2/8 Dnibstratel FIGo A¢d shows ink jétheinted
first surface 16, 104 (FIG IB (U)) such that the

022$ £NNnhd SWCRTRAREMY 8l WithSSObAmRFort f2Barktib 8654 {ha%arous
16 is transferred fromthe first surface 16 onto the

HEBASi shbGratd dFIG, cg.uh)e) subgtiHtS sHoRh ihﬁégf’!t;@ £nd 8(d)

because the pattern 1 fnanostructures

l.o Ly_on th or Qus, . r. er The .no .

ARG 5 Bsh T2 MR i0p HinPEBEh sefbo nif il SRS im. This i

enbodi nent, the pattern 18 is a m cropattern 18. .

BTBYE Huing p yol gehmethodnyhergin e mlcaﬁgﬁutﬂcmla PEpATedrbYnixing 2.5

contact with a second surface 22, 108 (FIG [IB (iv))

5 ehtitepigm isppropeddeopith 26mh of gharfol faHewed by diapery-dupaddition of

the stanp 20 is transferred fromthe stanp 20 onto the

8 salotieh &fill). 3cleofBD% HOD i 6l &nl bBwhte) fo. fotth atrésubtanteplutiohehat is

m cropattern 18 of nanostructures 14 is transfer
ddfbetirderottstdiea hbhbretic shaper first surface 16 onto

the second surface 22. Device fabrication 112 can then

be perforned with the second surface 22 substrate

usi ng conventional fabrication techniques for various

PRSReR BT e Gl on B PERea 350 SO T 18K SR pipea usine

supercapacitors, batteries, conducting el ectrodes or
Ramag speckpicory withiafjdam wavelength laser. FIG. 9A shows a 2D Raman

spectroscopy image of a SCWN pattern that was ink jet printed onto a porous
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A second exenpl ary enbodi nrent of the nethod of
patterning nanostructures on a substrate is shown in

wdH0®n@Msand FIGS. 2B (i) to 2B (iv). The exemu1@$G2009/000064

nmet hod 200 conprises a step 202 of using the ink jet
printer 10 to print the ink 12 conprising

nanostructures 14 onto the solvent-extracting first
surface 16 (FIG 2B (i)) suchH7that the pattern 18 of
nanostructures 14 is formed on the first surface 16
Ti2i10288i(substiate. Presetve of RBM (1 @x % opl By D eodeqdB4ehem-1), G
the first surface 16 may be a porous planar agarose
Biba(1.59F6rcne X pand @, mbde(2693 a¢k-P) & ¥AbwAGR fRSFeansdnapbctifn of
may be an agarose gel thick filmhaving a conposition
PIG. 3% Wnfirh SR PrEBHE TALEWENT bn BedibrSls HOBIS10267 5@ krate.
is used. Alternatively, If a lownelting point agarose
is used, the agarose gel thick filnconposition may be
5% w v in aqueous sol ution. Were the nanostructures

e printed conpri se bi onol ecul es, .t ar ose
516 ApR el B shesiap Bhial imatend oemrding Al Ramepsrastrascopy
PH val ue of around 7 instead of an aqueous sol ution.
image 9f 2 shangel arga ofba bptioss saie perbtopsgold ednigch Bield affestiransistor
backi ng for the porous planar agarose stanp 16, with
daveceagspeotseelyel fil mthi ckness preferably maintai ned
at a thickness of 3 mMm After printing of the pattern
18 of nanostructures 14, the porous planar agarose
stanp 16 is then brought into conformal contact with

NMRRIREGPARGi o8y ALEIHRd bgOft ekbihftes %Bnéd&s%ctgtlé?%tt%ﬂgbrinted with

the pattern 18 of nanosfructures 14 printe

agfglrgg ld%ns?t{y%%gncﬁ%ﬁ(fg ﬁaglo&%génﬁgre% 24 '(%I%I%{SWEW %?e&tr{c%m?rtg%g down

us pranar agarose S e secona sur

22, 206, (FI 2B (i i, this , . the er,n 18 of

S oisertar ve TR MG %QFE’FGPF#@TV‘ N %ﬁ%ﬁéﬁﬁwg Rafure of
agarose first surface 16 onto the second surface 22.
IQ?W pashoyvn igdlc@ changed toa¥qhetikp dwde hphavieus afer a few continuous
performed with the second surface 22 substrate. For

Yt sweepb adshommtis FIGRel Is'e(hefme 3sd soveepsP and §1 B (affee Vathsyeeps).
a non-porous substrate that may be rigid or flexible.

Howewxaiidtangd Wes snened isthe Ragtindgeatiisdfotatd afet tHe BiRctrical
a conducting film a dielectric film a PET substrate,

Bresd as shomPalrat ¢1 C,atPéJ'fﬁ%% ?&fﬁ@lgggy{e%@e oiath% g@fgtoﬁ nanotubes in

substrate, or a neta ng on t esire
tﬁ@?rlﬂ]%géljixﬁgd z{tteg;?s\.’i ce to be formed, other than filter
paper agarose, 'the first surface 16 may al so be one
or nore of a dielectric film a conducting film
phot ogr aphi ¢ paper, a sol gel substrate, a silicon
substrate, a PET substrate, and a PDVS substrate. The
FIGSs d24.anfld2B shey reare axaseples plink éetpoiated HY CINGL patterns. The
conprising a material having patterned conducting
patteasin HGdil2Aect 10 & 1Diamay efiDSdo@d nvh2 BWCNT pads 90 having 0.5
conductingstructures, a conposite film or a conposite
B @bhtiofPIMbdrwtdtpads, el gk FIG: $2BRE0wS B htedrh 38two 20 x 10 mm?2
structures exposed by chemni cal - mechani cal polishing or

SWENT E%{%@Kﬁitlﬁg Hrh 8 JaYatioh 4B b%ﬁg&tﬁng)aﬁw face my be a

patter substrate conprising a ndterial having
ctr

tter.ned cqondugt i W e a_diel jc film enbedded
it St Bsimten g wintvlon dhesttes Srangs bt padets pomprisgpe om?
conposite material_ conprising dielectrics and . )
%Wﬁﬁé P?ﬁgs ghaneinfils ?gwﬁ&%al Bpreapeiv the numpenof rigks results in a

ol i shing or etching-back. The first surface or

IRase it the sigcebresiptancdy Gateedepandsice € SWENT hatwark channels having
printed should be able to extract the solvent in the
printed ink 12 to prevent excessive spreading of the



10

15

solvent on the first surface 16. This is to facilitate
retention of pattern integrity of the nanostructures

wolzvob/hashszare left on the first surface 16 whenpd1$G2009/000064

sol vent has been extracted. A solvent-extracting

surface also allows for better control of the
concentration of nanostructures in the patterns forned

on the surface or substrate. §orpt|ve capacity of the
first surface or substrate 16 is preferably at | east

o wirith-te-length ratie iof 20 jan200mm iisheren {reliG. i1ASOTY g raging from -
defined in ASTM speci fication Designation: D 6651 -
SN to SUr PIG.\6 shawsa Riayhah8pextia of thel dhanmedardaywith ARIDR awhn map
liquid absorbed and / or adsorbed under specified
SHOMG dsiagigsertlogt rinsic rate of sorption is the rate at
which a specified liquid is sorbed on a per-unit-nmass
basi s under specified conditions. Extrinsic rate of
sorption is the rate at which a specified liquid is

orbed on a r area ,basi.s d specified
R edfud R WENTLR e R I St 215- @W%nmf%wwn
12 nay t ake the form of carbon nanot ubes,

APt 9% Plasing fsioqnicepprekes fdpmapar on amt%wgé\ﬁ pagl, Ohmic
materi als, polymer particles,crystalline particles,
laﬁrmviphbwss plzservied lag shovor igethe & Vparrvé el FIE. 17nor gani ¢
particles, rods, fibres, needles, plates, whiskers,
bi ol ogi cal nol ecul es, proteins, biofunctionalized
particles, or other nano-sized fornms. Crystalline

POl ¥ Bére 'l‘lﬁﬂg&%rde's&i&a iRfHe foe?Bi%@@QLdﬁﬁﬁ%ﬁ dxéBplary embodlments of
pronoting sel f-alignnent of the nanostructures ‘whe

%2 {ées??%el bt P?g?féﬁé il BARSR L Ratp R & t%ghfﬁﬁ“%% iggeemed
fied 1 orde t.0 ﬁ§C|||taH$ ink fo nulatlon an d

PG anafiod et of 38 it ool g GpaEation may be tade

supsequent |y nade u5|n% the printed nanostructure

wihew 3ﬁgam%fr0@xthﬁﬁteée tlw@ngen fFQE exagpple pther than ink jet printing,

nanostructures 14 is preferably functionalized to

ethéri suiteblg buthsdif ppistisg withah inkeomyprising nanostouatsred thajy e used,

the sol vent and prevent aggl oneration. This helps to

sueh af spray prictirpsthedughta MaksicreenPrinfiap o tlettedjet grintihd. T pattern

each print spot during ink jet printing with the ink

dtnand ArlcRI-EL P& £BE b Qlfméi%paﬁé?ﬁ JFAMRREJaG Sllc.')"f?§tte1rﬂs G

preferably hormogenously dissolved in a solven

t ani c,
T nallBh A S BB AR oyl abRUSHBRET T,
conpri se additional organic or |norgan|c material. The
addi tional material nmay subsequently be renpoved from
the printed pattern of nanostructures in order to
obtain a pattern of pure nanostructures by processes
such as annealing, |aser burning, or dissolving in a
solvent. The ink 12 may take the form of a suspension,
a multi phase m xture, a mcellar structure, a
copolynmer, or a colloid. InkJet printing is preferably
performed at a tenperature rangi ng between 0C to 225C,
nore preferably between 30C to 225C. FIGS. 3(a) and
(b) show 1 x 1mR patterns of single walled carbon
nanot ubes 32 on an Si2/Si substrate 34 with a 1nm gap
36 therebetween, prepared by the secondexenpl ary
met hod descri bed above. A 3mm think agarose gel film
was used as the porous planar agarose stanp, nade by
m xi ng high strength agarose in deionized water at 2%
WAYS



FIGS. 4 (a) to (d) show schematic illustrations of
exenpl ary devi ce structures conprising a porous

walioed/esbssi ¢ | ayer or substrate and having i nk B@EUSG2009/000064
printed sem conducting nanostructures thereon. The
same reference nunerals have been used to denote
simlar structures anong the devices. The device shown
in FIG 4(a) has a bottom gatl@ and top contact
configuration. It conprises two dielectric |layers: a
Pbe 6laim80 top dielectric layer and a non-porous 32
bottom dielectric layer on a silicon substrate 33. The
porous 30 top dielectric layer is preferably deposited
using a sol -gel nethod whereas the non-porous 32

botA pihdl oF artarhifg havRtrubldesRempapag! t ed using a-
sol -gel nethod as described in United States patent

o il gL B gy o
deposi Lt BUynl ) ShoRUMAT oL & SLENR ot

may then be deposited by ink jet printing an ink
conprising the sem conducti ng nanostructures 36 onto
the porous 30 top dielectric |layer between the top

Zorfha meth@lef clagan, firthen cempiising trawsfierqrinting thegagatnt ofr n
18 of nanostructures 14 is printed on the filter paper
16 nasosthastareds fieeh the firfteuffhtesdnte ¥ eegond syrfeigbodi nent .

FIG 4(b) shows a simlar device as FIG 4(a), having

a bottomgate and top contact configuration with a
porous 30 top dielectric layer and a non-porous 32

o . . “ o .
Coef PR I & RARL BR0AhLEFpiflind ShbhSing stgps of
4(a) ., For the vice of FIG 4(. t sem conductj, n
nan os(flfug?rlﬁ;@éa%%bco fpglpg 2 §tf‘m|pﬁ'§<lﬁf the ﬁBﬁ?isH‘?%c& SBﬂT g‘a{ {]i‘@%attem
porous 30 top dielectric |ayer, before deposition of
the sour eEnanRstrustuEhoR hstfistsyrfaceis trangfemgd orHg thesstamp; and
~printing or a standard |ithography process. The device
shown(b) ncgnf@mallyepntagtingithe spangawish thepecandtsadace so that the
configuration. The substrate 38 used in this

conf i gur patiepm of Sanpsthwutdres on fhGtdnip Rit@nsfelted Giito Blid SHcoMY
of the sem conducting nanostructures 36 thereon before
deposi ti ggfiche contacts 34a, 34b by ink jet printing

or a standard |ithography process. The device shown in
FIG 4(d) has a top gate configuration wherein the
contacts 34a, 34b are first defined by ink jet

rintin r st andard.l |.t hogr aphy pro bef ore i nk

Ped Pgmetad e Cime & hetsip (5 ARR & Aplonan BOMS.SeTPes 36,

Li ke the device of FIG 4(c), the substrate 38 used in
this configuration is porous to facilitate ink jet
printing of the seni conducting nanostructures 36

$.hdihe orethddrofal dimr) sthieredn thelfoski suefacesis atstampding| the transfer printing .
| ayers descri bed above may be sol ution processed, and

madempfises @oRSmalty edifadting thedt@ap withithé Sdcbd Surfack &Sthat the
5(a) and (b) show alum na filter papers 5 1 ink jet

Pr bRt &H ohiddsiritued OR theSdtiidp MARES I bHfoGfe dékohd SLLI%C.
formof single walled carbo% nanot ubes (SWCNT). The
printed nanostructure pattern in FIG 5(a) conprises
two 3 x 3 mR pads 52, 54 having a 100 nmicron

epar ation 53.therebhet n, whiJe EIG 5(b) conprises
%. g n;pt@ra_ﬁﬁgl%rgdi; “g-:gre\fr?ﬁle stamp is a planar agarose stamngj.
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58 having a 65 mcron separation 57 therebetween. Both
patterns in FIGS. 5(a) and (b) were fornmed by printing

wonoes/isash pad 52, 54, 56, 58 sixty tines, i.e&GT/8G2009/000064

printing with 60drops of ink at each pad |ocation, and
have a resistance of about 500 kW It was found that
resi stance of the printed patterns decreases when the
nunber of drops printed at edfh | ocation increases, as
shown in FIG 6. As the nunber of drops increased from
1.0 The naghodr ef<ing wae e bthe prechding claime,dvhesels thfefirstastade is
10-fold. This is due to the higher concentration of

t herefenablycit icagt cadElEctpd &aanthe igfouphwengistiise éfhagidaflexible, an
printed over nore tines, making such pads nore

CORHkihA Hiter, EldfeleclriSMNS BRdEXRBHIAL Yhote ??%r,eébﬁafﬁse, a sol gel

set-up used to obtain the I-V curves” of

wh j k, G 9 e ] part

on aiRerh SfHH AR PEL S ARC PRI LBRP T

jet printed nanostructure patterns are shown in FIGS.
8(a) to (d). FIGS. 8(a) and (b) show 5 x 5 nm2 SWCNT

§at erns 80 printed on photographic pﬁpen 82, having a
-eding methad oficlaimawhemdrpendgnt ep eny epc9f damne tafs Moensinthe
di stributed pores on a surface of a porous

Ti Seqosi serigie ispisfaratdy at lemit Gne §¢lebted fromsthe gloupebnsisting of: rigid,
printed 0.125 x 1mmR2 SWCNT patterns 84 with 500 micron
seflexibld, ansndfsting fithea ¢ieleowis filmOR PETEAbSIrats Wigiss atisstrafe, a
FIG 8(c). The substrate shown in FIGS. 8(c) and 8(d)
CORPiCHE SibsBatlOd Qistzabstfald) ahdlh Getalif®. thin filmon a

100 ran thick SiO2 film This is prepared using a so

gel nmethod, wherein the sol gel solution is prepared

by mxing 2.5 m of titaniumisopropoxide wth 25m of

t hanal ., f.old owed, by, drop- by- dt addi ti.on . of a
£ o sttty o, Stk Yl Bl Ot 16t e elseted from
forma resultant solution that is aged for three hours
on the gragheansistiag pt: selutiomprosessed cOMPORES BANEAH t he
porous Ti 2/ Si 2/ Si substrate was determ ned using
Raman spectroscopy with a 633nm wavel ength | aser. FIG
9A shows a 2D Ranman spectroscopy i nmage of a SCWN

aThe frethidaadf cluid 1, Rheietit the firstis@ffacdis @ patterned substrate selected
porousTi @2/ Si 2/ Si substrate. Presence of RBM (166.5

CGmﬁ#)gldtél@ ohdisil of: & Material FRVIRE Fat{elée%?boﬁdﬁéﬂn@wi?&ga

2693.4 cm1) as shown in hehRanan specCtrum
f . ' 3 :
pofisire s Eb R viioRBEREN S Blrds Fpctipdshs B, fipoosie

an _optical inmage,and correspondi.ng 2D Raman

o PRSI EYpD T NG EIe oS and CHHUFTIBg WIHCHIeSORGE HRiogess
and top gold contact field effect transistor device )

r eS¢legted grémyt.he group (cpnsistingredishsmyicakarechaniralipotishing and ¢tching-
exanpl es of nanostructure patterns printed with a high
debgiky of conductive nanostructures 14 such as SWCNT

El ectrical break down was carried out at Vg = +50V

wth Vsd sweeps from-30V to +30V. Ohm ¢ nature of

Id-vd as shown in FIG 6 changed to Schottky di ode

Pehay ir&'tﬁodagftaﬁg ofte DEVaInR {01 AHRreY theXWE ARcSRAMAtterned
in FIGS. 11 A (before Vsd sweeps) and 1IB (after Vs

h ; d.in the Ra
<o, o B8, O e 0 B ! ey
h in FIG 11C,. th b firm t
ca B ish A AR ST ARGeRe oMt CRBSHRE Sryedires, 3

composite film, a composite material comprising dielectrics and conducting



FI GS. 12A and 12B show nore exanples of ink jet
printed SWCNT patterns. The pattern in FIG 12A is a
wolfhox10s04sar ray of 0.5 x 0.5 nmm2 SWCNT pads 90 HGEVSGR909/000064

0.5 mm separations 92 between pads, while FIG 12B

shows a pattern of two 20 x 10 nm2 SWCNT pads 94 with

5nm separation 96 between pads. Effect of the nunber

of prints on sheet resistanc@lof a pattern conprising

1 cn2 SWCNT pads is shown in FIG 13, where an

i nstrectsres expaskd by apheessoielepted fitogn thepndupscansistinglef cheizal-

in the sheet resistance. Gate dependence of SWCNT

netnygehnicd pohisting haldtelgag-badkt h-to-1 ength rati o of 200

mm: 200 mmis shown in FIG 14 for Vg ranging from -

5V to 5V. FIG 15 shows a Raman spectra of the channe

area, wth a 2D Raman map shown as an insert 98. Raman
of [ S ' - 6 ' D

%gggl% '}ﬁr{%o% %%nmng 3 .%réc%dl?lg ggﬁhé%f&% tl‘ge mrban%tmnﬁesz

[ as an rnser ['acin

m cr opr.ob 1 apart a.printed SWCNT pad, Ohmic

e RAPPERH 2L ErS! sciopiad 1o LI Eippn GonsKing ok Cahpy agfubes, metal
FIG 17 Wiilst there has been described in the )

f oNaRRIRHIFleted BICt3h OXigR Meaterinbl aaseinicanduefinggnetsrigh pelymer particles,
present invention, it wll be understood by those
skictystdlinerpattivdes; emhrphbugpartcdes; ergmed pantitlesyinoyganic particles, rods,
variations in details of design, construction and/or
op€ibads| meedieayplixes, Wtdskevd, biotsgicall ol 8 Oprbfeis) hite

present invention. For exanple, other than ink jet

Pr bifhift@ionsliA38pagtitldsabl € forms of printing with an ink
conpri sing nanostructures may be used, such as spray
printing through a mask, screen printing or electrojet
printing. The pattern of nanostructures printed may be

] Cropatt . Of mcecroayra f. terns, or a .
& The s icumn 2 nehdpiitenin dpin 1 of pitn y Srwligein the
applications. The Cains 1. A nethod of patterning
naABRASHUEIES Ak @siplling palymepparticien fprpromeating sehipalignmegt of the
t he nanostructures onto a solvent-extracting first
sunhmsgustucsls. t hat a pattern of nanostructures is
formed on the first surface. 2. The nethod of claiml1,
further conprising transfer printing the pattern of
nanostructures fromthe first surface onto a second

AUTha ffethodt of HAS ofEbPEM Ip?éce&iln? iﬁfeyitgs, Wéifﬁ itl{b(rg Bstructures are

transfer printing conprises st'eps of:

co 3 N ' the first..surface.,. ..
oA o} RS BEL biBft RISSTE At PaGor ity bl Bihitating
surface is .transferred onto t stanmp; and (b)
corfttotorapiation and proyiding ‘i‘ﬁétl‘g‘lagﬁlﬁcwqgﬁf% he second

surface so that the pattern of nanostructures on the
stanp is transferred onto the second surface. 4. The

nmet hod of claim 3, wherein the stanp is a planar PDVS

B3 ditp mefhoddfanyent ofithefpradedingciimsyveiesein theiak fcomptises
surface is a stanp and the transfer printing conprises

c onhaysertiuyes Hofiogehdudl diskelvet MR solért prdTerabBCsyNsL at least one

surface so that the pattern of nanostructures on the

t i : . T
S A<y 0L PSR B on

agarpnse %Qt . 7. The method of any one of the
prggé&%? A4l s, wherein the first surface is
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preferably at |east one selected fromthe group
consisting of: rigid, flexible, an alumna filter, a

walzmbeesos ¢ film a conducting film photo paperE/sG2009/000064

agarose, a sol gel substrate, a silicon substrate, a

PET substrate, and a PDMS substrate. 8. The nethod of
claim7 when dependent on any one of clains 2 to 6,
wherein the second surface i 22preferably at |east one
selected fromthe group consisting of: rigid,

t4. ke blethodpf@oy doe of thg pfdckding slaiths Ivdetain thefink Mrther Riplprises
substrate, a glass substrate, a silicon substrate, a
quaddidiosdl bsdtderial sele@sdiframiteé gloup @odsistihg ofhgarié hdlindfganic.
claim7 or 8, wherein the dielectric filmis at |east

one selected fromthe group consisting of: solution
processed, conposite and organic. 10. The nethod of

P?I. Fh ho\ﬁqu"rcﬁ{i 1 D?hgﬂe{ St?qle ﬁhﬁiti&?ﬁ materfal %%E&Sl}#hef}om the pattern
substrate selecte romt ne group consisting of: a

mat eri al, _havin atterned cqonducting wires, a

di Gf BACFECyter i chitia ddatom A RUEIIGR ISR fiRoGPs prefarably
conposite film a conposite material caonprising o
di &¢lected frem the grogp sanstingplsanngalings @er&uwawng;dlsaolvmg ina
process selected fromthe group consisting of:
chesliverd! - mechani cal pol i shing and et chi ngback.. 11.

The net hod of any one of clainms 2 to 6, wherein the
second surface is a patterned substrate selected from

the group consisting of: a material having patterned"

0T et obah§ Sne 8f Mk ptedih Clairhé, W 1RARE HGHK Wad Hform selected
conducting structures, a conposite film a conposite

conit B sEaPRonil itk ot ELBELGE a Mldiphase mixure, gmigellar
fromthe group consisting.of: chem cal mechani ca

poPiris %HHB%?%h?Héiﬁﬁgkf 12. The method of any one

of the preceding clains, wherein the nanostructures
conprise at | east one selected fromthe group

consi sting of: carbon nanotubes, netal nanoparticles,

. Tbe alethodidfenymneof thk prexediagickions) wdteraiy theahethodils, performed at
pol ynmer particles, crystalline particles, anorphous
paatémipRsturedtfging bethaeh 0e€ 5225°00p@ &ALy Patwlees BOXC to 225°C.
rods, fibres, needles, plates, whiskers, biologica

nol ecul es, proteins, and biofunctionalized particles.

13. The nethod of claim 12 when dependent on claim 10

A. Tﬁ%: ﬁ’}eﬁﬂo:h]df AN SLEL P ech 1ﬂ§ %Faﬁrlrjlgtvﬂlre?esl? re(:’\solvent-extracting first
crystalline pofyner particle or ’pronoti ng

sel f-alignment of the nostructures, 14. The netho

of SUfRPedTE IRt P?Feseﬁﬁcgé TR SHTPREONSEHAE 8 POFHYE: ab3Gibent and
nanostructures are nodified for at |east one purpose
sepdsorladt.f rom t he group consisting of: facilitating

ink formul ati on and providing additiona

functionality. 15. The nmethod of any one of the

precedi ng clains, wherein the ink conprises

712 ThS fetiddtasy BAEBOME Prscking ichs@b, Wattkrdin tike Blevi€Bktracting first
preferably being at | east one selected fromthe group

CORSieRleinaga %{EP% gﬂ%&%ﬂ&@éia%t oy ('raﬁﬂr{g 't(lﬁgg{s%? 3h&0.1 mL/m2

pol ar, nonpo wat er . any one

of éﬁﬁhégeceding clains, wherein the ink further
co riseg‘additional mat eri al sel ected fromthe group

consi sting of: organic and inorganic.



17. The nmethod of claim 16, wherein the additiona

material is renoved fromthe pattern of nanostructures
wO mogidsesn a pattern of pure nanostructures byP@r/SG2009/000064

process preferably selected fromthe group consisting

of : annealing, |laser burning, and dissolving in a

sol vent. 18. The nethod of any one of the preceding

clains, wherein the ink has formselected fromthe

2£oup consisting of: a suspension, a nmultiphase

Xhgmeethed ofiaaxione pf the preceding claames,opleargimgie printingds selected

colloid. 19. The nethod of any one of the preceding

c| droms thevgnarpeionsistieg efeirnkget printingy ppayprdintiatg through a mask, screen

tenperature rangi ng between 0C to 225C, preferably

betprmtng ailele@roldpEntin®. The nethod of any one of the

precedi ng clains, wherein the solvent-extracting first

surface is at | east one selected fromthe group

consi sting of: porous, absorbent and adsorbent. 21.

: f . f t.h dir | aj.ns,  Wh i
R ) S AR e ARl s e
it f at | 0. / intrinsi d 0.1
o Rl Sl ot ol W GBS 2, e

preceding clainms, wherein the printing is sel ected

f r svherdie thgmetiemeod nenastrupfyresfis ujedfoy appligatiansiselgsted fromybut not
printing through a mask, screen printing and

el éintitedjte thepgroupt ¢ongistig ofAidteicondect applicaticis hiaving heststivity

an active layer, wherein the active |ayer conprises

t hearpaid £61M 10f10NRRASIOMN0D /68, SuPeriapaditird BatdiRsQdd®king
any one of clainms 1 to 22, and wherein the pattern of

na@R§&6&£5HH§%gﬁhé¢ﬁ@dhgk&applications sel ected from
o

but not limted"'t e group consisting of:

i nterconnect applications having resistivity ranging
from10-10 Wcmto 1010 Wcm supercapacitors,
batteries, conducting el ectrodes and transparent

el ect r odes.



