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WO 2008/140425 PCT/SG2008/000185 EMBOSSING PRINTING FOR
FABRICATION OF ORGANIC FIELD EFFECT TRANSISTORS AND ITS
INTEGRATED DEVICES 5 Technical Field The present invention relates
W UBY4&ing printing for the fabrication of organic field eff8ET{PSRAISHIY 85

(OFETSs) and its integrated devices. More specifically, though not
exclusively, the present invention relates to the fabrication of micro-array
patterns and 10 integrated electronics for devices such as OFET-based
biochips. Background OFETSs, or more generally organic/polymer

PIRlBRAA S BRIRHR GBI CRIIOR) #?#a‘%?r%ﬁé%%i‘?ﬁf&wfﬁ%

alternative to more traditional, mainstream thin-
on inorganict AT OffieAsret EESi Ry I IFR HRE WK eE&emonstrated
performance of OFETSs suggest that they can be competitive for existing
TFT applications. Miniaturisation of the OFET structure is important for
T eglﬁllizc'lélakegltilcations as it increases the device density and decreases its
power consumption. It also provides the 20 best scaling factors for
improved OFET performance, non-limiting examples of which include

Thihpreasechdeain e yseRt andHesiiaad mackyatio r@h\é%&@ﬁ&.ﬁidﬁ”@ﬁ%ﬁéﬁﬁdﬁem
ffOlt:ETs ,meg/ %ﬁg@o%ﬁmc transistors to compete with hilegh-en
I PplfEats R o e K SLTBTA o9 s pTdRR MOt SRS, though not
ex¢implerhe tiatipesoft @RETMRinreleetroniba fphication ivdlictitimagepytens and
indgSidediby e aRilite 1o Araducs BRYisas and,cligHils at a cost that is
significantly below that needed to manufacture coﬁventlonal electronic
circuits based on, for example, silicon. Although the cost of the organic
Baglegeritid used in most thin-film devices is low, the materials cost rarely
determines that of the end product in electronics, 30 where fabrication and
Ppackaging costs typically dominate. Hence, the successful application of
OFG = PS RMCRPET o ERHRTRGIES BUERUSE FlotLrtiss A dghidfre bave been

envimievative fabiibhtienofadeyicemort inadprnsly endaige i chisUDsiratesistor
(TPPS, 8499065 et WRA0Q8440425 PGI/36G2008/000185 jemonstrated

performance of OFETs suggest that they can be competitive for existing TFT

applications. Miniaturisation of the OFET structure is important for OFET applications as
it increases the device density and decreases its power consumption. It also provides the
best scaling factors for improved OFET performance, non-limiting examples of which
include increased drain current and reduced modulation voltages. Miniaturised OFETs
may enable organic transistors to compete with high-end applications of inorganic

transistors.

However, the practical implementation of OFETs in electronic applications will
ultimately be decided by the ability to produce devices and circuits at a cost that is
significantly below that needed to manufacture conventional electronic circuits based on,
for example, silicon. Although the cost of the organic materials used in most thin-film
devices is low, the materials cost rarely determines that of the end product in electronics,
where fabrication and packaging costs typically dominate. Hence, the successful
application of OFETs will depend on capturing its low-cost potential through the

innovative fabrication of devices on inexpensive, large-area subsirates. This suggests that
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conventional semiconductor device fabrication technologies need to be
adapted to handle large-area, flexible substrates spanned by organic
macroelectronic circuits, and to be compatible with the physical and

WQRMK{ A Properties of the organic compounds used. 5 SevBtal HetAYYL 155
have been used to fabricate OFETS, including screen printing,
photolithography, dip coating and jet printing. For high-throughput
production, dip coating is not feasible for making large area coverage
OFET-based devices. Screen- printing and soft lithography printing have

c _%@&agm'94%595&&&%@5199@%9&%FE{ o SLIRRE P e
limited to relatively large features €>I01bm and the ?ayer-to 19 ?gyer

13?&@%3&?&?&18%%&@%%% RAPRAGHRE (PEERID TATFAREEAEOBiS (st sham Sonhe

colgbaiining isaphptenativentacbnighp dar-albpipiadQF Edsyddauanes,
the smallest features in reported works are about 25m. There is no report
of mass manufacturing technology for low micron (less than 101im) and

Sevard guethoQFETs. Aeoutinédieafifeicaminiiifisatioiudithesstrectprnidig,

i REETpheitigALIkis aRRlAtQNS:AD %umﬁf@mhrw%pmﬁ@&d&\r&nti&@

is defined in the independent claims. Some optional features of the
PGt MbTRIEHCal JBRFEY iATetdpentErecialiRE - ecth dsitspalScreen-
pit@rms aiid este iEBpaahlin@rpiese hhioertioRpRiate fofoia methatduaf of OFETs,

ricating at, least one QFET structure, by ultraviolet (LV) transfer
o{PBLTBNG Blntss ) R AR T L R B o
Iagprerefifigranof tiecfdifbwihe it denmideaenrastedf @nbO PRET sbard@um. Jet

pilealods, diainflectrndrudate alesiipdeoreive IRYRL AN IR features
. dielectrjc layer. The ter%églx;ér}ans,fer embossing printing' .as used herein

T SR P RHE A Y HEdSGPAT StBHHE AT RS AR ey
fomdieriahierio a(i8%-cthembléOpesingndhicinis sciiseQUERty Barderiaedyehiler,

mitAALRA BTN W YALARSIRT £IDROSSIRG RUDKNG JRYQIVes the use of

a mold as a printing template and UV-curable resin‘as an adhesive,

rather than a structure material. In one example form, the method 30
Swmwhsys the use of a transparent substrate with a coating of liquid or

semi-solid UV- curable resin mix, which is pressed against a patterned

embossing mold. The_resin mix_is _ )
The present invention is defined in the independent claims. Some optional features of the

present invention are defined in the dependent claims.

In general terms, in one aspect, the present invention relates to a method of fabricating at
least one OFET structure by ultraviolet (UV) transfer embossing printing. The term
‘OFET structure’ as used herein denotes one or more of the following structural features
of an OFET: source electrode, drain electrode, gate electrode, active layer and gate
dielectric layer. The term ‘UV transfer embossing printing’ as used herein refers to a
pattern transfer method using a patterned mold to imprint ink material into a UV-curable
resin, which is subsequently hardened by UV irradiation. Put simply, UV transfer
embossing printing involves the use of a2 mold as a printing tempiate and UV-curable
resin as an adhesive, rather than a structure material. In one example form, the method
involves the use of a transparent substrate with a coating of liquid or semi-solid UV-

curable resin mix, which is pressed against a patterned embossing mold. The resin mix is
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before demolding to produce hardened structures. While the ultimate
resolution capability of UV transfer embossing printing depends solelgy on

WEREIHLIEHS on the mold (typically formed as a master starhpj/tf&!3/000185
applicant has found that UV transfer embossing printing can rapidly
pattern relatively large-area substrates with 5 feature sizes below 100 run.
UV transfer embossing printing employing low viscosity resin, also known
as liquid embossing, can be used for the formation of high (>5) or very

IR ARLQ) ARG AL OMAID J0-RGIGNL AL R AN SHDMICKMje the

features. The use of UV transfer embossing printing allows the fabrication
ulpmgig aretytion eepabiisriafsUNrarstensmbareBetREtrEdertnde trebomahs
paftexiblenstb shkade ippa: oy ftemperatiig andsiaw) @SS UFei R eI R MR that
U850t HASIEL rasing PADING QNS GG SERlE O N0 SR icn

pa{fgrns {0'be prcﬁlfaien er ar&e rea, tHus aﬁow?ﬁgr raa'yr/sao strates w1
fepnityoizsalelownHifbisealé \OFETsorhecfaipd cemiatingt emtiteeinEHisy iMisaesity

e 3HONS R WRRHEAHAN BRI S 1R Bwehr %WYE@M&MP@EQH@??J’H?HF very

which increases the _ 15 throughput and efficiency of QFET fabrication at a
P O8RS AY tATRHG A B STHRY TSR e PraRicrTiiRASHGS relates

to an OFET, having at least one OFET structure that is provided on a

nRtibsiraiedy U Rpsier.emRassing.printind: The rsiling QP& T
includes at least one OFET structure Eorm%‘élasog1 %é%ﬁ%%{ac%o(}r?egiﬁ? riety of

mptEiaBRicthEorrrisdolircPiEraifrarirgatatelacliotbls anbsernay vhow
tekpbatiRdnERN AR AlerhleRIREIAID, GvaniirehiliyehY\bHRnsaliows

embossing printing, the source and drajn electrodes of the QFET ma bef
DA PRI AL REY S S ePIER By 5 e S 5 TR A
mihasrdl. uehasr BT Elaytdhésutbddmdt eprotimetidhiof towrgostiand the
BRI NS ORI NIP LAY S, AP S TIGRIN . I O RRIGHADQAIEN A RigchiR

25 having arrays of OFETs distributed in a plurality of microchannels may
thypuaipidiaMbiso R Ph itk B friesipnesrdetatreduce the number of

input/output lines for simpler multiplexing and thus reduced cost of the
In R RS e M QB 0B e S G R B2 00 Y8 O FET, having at
least one OFET structure that is provided on a substrate by UV transfer embossing
printing. The resuiting OFET includes at least one OFET structure formed on UV cured
resin. Preferably, the OFET’s source, drain and gate electrodes are formed on UV cured
resins on a flexible substrate. Given the ability of UV transfer embossing printing, the
source and drain electrodes of the OFET may be arranged such that they are separated by
a micro-scele or nano-scale channel. Such an OFET may be used in the production of low
cost and high density lab-on-chip arrays. Specifically, in one embodiment, a biochip
having arrays of OFETs distributed in a plurality of microchannels may be efficiently

formed with addressable sites that reduce the number of input/output lines for simpler

multiplexing and thus reduced cost of the detection system.
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Brief Description of the Drawings In order that the invention may be fully
understood and readily put into practical effect, exemplary embodiments
will now be described by way of non-limitative example only 5 and with

WA the accompanying drawings. In the drawings: Efglif&298/4018s

cross-section diagram of one example embodiment of UV transfer
embossing printing; 10 Figure 2 is a cross-section diagram of an
embossing-printed pattern obtained using the UV transfer embossing
printing of Figure 1; Figures 3A-3C are cross-section diagrams of another

Bg}é@gl&lceﬁ%m‘o&ymggrgv% . transfer embossing printing; Figures 4A and

413 are a perspective diagfam and a cross-section diagram 15
respectively of an exemplary embodiment of an embossing-printed OFET;

InFighHies HARS AdRicrOsS SeC RAR, dIAGHAMSIOf Yelansiar fIMRRSSIBY offect,
rintf'n of OFEET electltiodes and subhsequent fabrication of an OFET;
s S IR

e RS L o &MBoSEs

2 etectdie @g"sneﬁamrﬂe only

angobpthsfiamecctordprttralate(BESTIrfitningsith an inset of a scanning electron

microscope (SEM) 20 image showing a plan view of the channel between
two electrodes; Figure 613 is an atomic force microscope (AFM) image
BAM2EEross-section of the embossed electrodes of Figure 6A:

FiguriigufA laach HioareegiapRisaghonviTptle:cafign t-yolbagreeharacte tisias:

and theb lransfer curve respectively of an exemplary embossed OFET on

a PEgrfx}llm;ig%gngglng—’igures 8A and 813 are plan view diagrams of a base
part &FiEs cotier FapbOIaHOR XBREPIE erhiBb dimbyis DR amOFETR s etbtained

Iab-m@ig&mtqm;ﬁgmﬁf;%ﬁpg@@q:pé(ggs{-;section diagrams of the
base part ar%gé?g coverﬁgart of Fgures 8A and 813; Fiqure 8E is a

crosd HETo AT U TS (S £ BB A AP B R BP0 of UV
Figures8ér emtB4i8g Arinting;

Figures 4A and 4B are a perspective diagram and a cross-section diagram
respectively of an exemplary embodiment of an embossing-printed OFET;

Figures 5A-5F are cross-section diagrams of UV transfer embossing printing of
OFET electrodes and subsequent fabrication of an OFET;

Figure 6A 1s an image of embossed-printed electrode arrays on a polyethylene
terephthalate (PET) film, with an inset of 2 scanning electron microscope (SEM)
image showing a plan view of the channel between two electrodes;

Figure 6B is an atomic force microscope (AFM) image showing a cross-section of
the embossed electrodes of Figure 6A;

Figures 7A and 7B are graphs showing the current-voltage characteristics and the
transfer curve respectively of an exemplary embossed OFET on a PET film; and
Figures 8A and 8B are plan view diagrams of a base part and a cover part of an
example embodiment of an OFET-based lab-on-chip system;

Figures 8C and 8D are cross-section diagrams of the base part and the cover part
of Figures 8A and 8B;

Figure 8E is a cross-section diagram of the OFET-based lab-on-chip system of
Figures 8A and 8B;
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WO 2008/140425 PCTISG2008/000185 Detailed Description of
Exemplary Embodiments One exemplary embodiment of the method of
fabricating OFETs will now be described with reference to Figure 1. An
WRABELES mold 100, which may be made of metal, rigid 5Pp AP Rgss
like, is provided with a pattern that is to be printed on a substrate.
Preferably, the pattern has micro-scale or nano-scale features. As used
herein, the term “micro-scale or nano-scale' in relation to patterns or
features refers to patterns or features having dimensions less than 100m,
DaRSHY aERKIE ST RmAINM: BMeBdialtsrns are typically defined by a
plurality of protrusions and channels between the protrusions. As 10 used
herein, the term “protrusions' denotes structures or features that are
Onaisedmaletiventodanbasef ofid¢hecfatierh fabtihatghCaadhs ofithsopr btrdsiorised
wifadptaled irious diashenaa RO, 304 Yebase 008 0k

the pattern is the same for each protrusion 100a, skilled persons w
plaiiretidbe tiis thiPHyidsgeividneidréredsehtaliol Brpyived dise sHrsiae.
PritferBBIciHOPpEaY iR dudib-adeatinguel- iokasiatial. 102suehdhat, the term
. Egt[usifns 1009 oflthe mglg 1oto car%gnthe I ktmater'al 1t02. In one form,

e e R G SUITACe B e TACTPTO0TS LolSHraI) COMAR AR e
hydgedoicuiink lesmtbrial Sovas e patitnebhritrasions! 206a Didhegsatterare
wﬂamemlem%rméaﬂzr IPgrotllateral A0 MaYREfORATRIG o F83 s

Ink or any other material, such as a metallic 20 film, a conducting polymer

USTHaREITT; CErEo rRIDRHHG S ofFRAST SIYENESS CoMAtAR Y h AT IPSFICRIE R
a Bamdahepatirg nathopdr beths, ik phoareidesia ithepattarfirdrontaadhe
sa.%lljebl%r tE 'ax%cf)&x(é\lggsﬁ:bllébgo?iﬁmItelzggr?e])!(saiﬁ]éjs!eshgfrﬂg% nkro x%&eééa’]d'o%,zskmed
includ “metal nanopartlcFe inkS such as go? , silver, cc?pper and/or
PTG EINRP BrFetalco R Erih RE B Pty riers! @tietrmay be used to form the
OFET electrodes) and semiconducting polymer 25 inks (which may be

used.to,form the OFET ,active layer). The term.'ink material' herein
AR Pet et A vt HiE i

thpegrsonsiohhd glbstrate H@Adint fife e ddinmn ofi gl id imeofiexioe, the
pdfdRRRaeRisubstate i H%iSKlediReF R WL ARPAGCIAIEINALR of ink

non-transparent and non-flexible substrate' may 30 be used instead,

IHFRESASELQSARY bF BEdiEty o 1P inl dirraeeninbuthsenk wremekifie The
inkUubsisaie 1 drsyusyvesns digne asaahi @6 andissaatedivitiuen dYacusabip

ﬁ{xig,u izg E%giﬂcting polymer material, semiconducting polymer material, conducting
nanoparticles and semiconducting nanoparticles, which are desired to be patterned onto
the substrate. Specific, but non-limiting examples, of the ink material 102 include metal
nanoparticle inks such as gold, silver, copper and/or conductive metal oxide inks or
polymers (which may be used to forﬁn the OFET electrodes) and semiconducting polymer
inks (which may be used to form the OFET active layer). The term ‘ink material’ herein

includes such material and other variants that will be apparent to skilled persons.

The substrate 104 in the embodiment of Figure 1 is a flexible transparent substrate film
104, Skilled persons will appreciate that a non-transparent and non-flexible substrate may
be used instead, where necessary or desired. In the illustrated embodiment, the flexible

substrate 104 is unwound from a reel 106 and is coated with a UV-curable liquid resin
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5 WO 2008/140425 PCT/SG2008/000185 108. The resin 108 may be a
combination of multifunctional acrylate or methacrylate, epoxide and their
oligomers,,polymers and the like. Preferably, no releasing a%ent is

W%F Viddl i the resin 108 as good adhesion is required betWe&R e FagH s

108 (once cured) and the ink material 102, as will be explained below. 5
In one non-limiting arrangement, the resin 108 is first dispensed through a
dispenser 110 near the reel 106, and is smoothed to form a coating using
a doctor blade 112 as the film 104 is unwound from the reel 106 and

1dgavels ndhe dlirggton %’d%%ﬁl?;%\’i%iBﬁ%ﬂ%ﬁ%ﬁoﬂ%@ﬁﬂ?gp%fe%gég‘ﬁ?e,

resin 108 is coated on the film 104 to a thickness of between 1 10 10

“RETEDAR R BT Ratea TR A & hitikRe B brihky ragifcrog hagat is
proeidedsnthiarethel beighioof thih iod Lisiensrdd Qackhah taerepantosfthee: cured)

aattern.on %he pm?ossing l;nold 100 nsure accurate embossing of the
pattern on%grtlﬁe substrate 104" lfom %Féﬁ%%gf'the ink material 102 onto the

substrate 104, the embossing mold 100 is moved 15 in the direction B

InSRWBHNRE o RAMAS BIOHGHE iniiintRale canact.with theigrated: 1o
_filn&aéL04 t&/ light is then i%gdlated on the resin 108 so as to cure and
PRl thE Fediit OB R IR SRASREITRE RgiFier At i fim
1dndenveati theufiltne 162 Aidaphssedthimohekiicetranspasesiidtm Hghbe Aigure.

ifically i [ rs the fi 04 as_
D s e e et
1%&%crﬁﬂa‘inihwgiﬁ&tﬁ?@f&ﬁﬁﬁﬁé}ﬁéﬁﬁ tHekorpsiifihavasib e rehwmcbbe drss dtign
the hdizhtadatiogotierins 108 o abevpaihe cortasdiin k. Gnessthe rasia

Q8 ei:s cured tkle errgbossinaq,tryold 00 is Iiftgﬁd from th%lgm 104, leaving
[

: the ink ma Ce%é? iﬁﬂlp(hsﬁltn on the fifth To4: §'ﬁsgtf?% lustrates the

resulting structure that is formed on the substrate following the steps

THRBNaHAR0 NG SR CHICHIS G RSHAE420% BHELMN- YNSRI is moved

_ embossingéﬁrinting_ includes patterns of ink material 202 that have been

in BRSSP SRoRR BB HEE st REPYSat e IRtEIis SreEe it (hy eadnd
fIR0BASWiligie sxptainedibeldw, the tsie DN Hansiereembaasifghe resin

10RMAHREL 10, [OI M {0 PR FIS WS IS SLAS, O NAN0SEAIR. im 104 and
passes through a transparent (to light, or more specifically to UV light) support 114,
which supports the film 104 as the embossing mold 100 is brought into intimate contact
with the film 104. In an alternative arrangement, the UV light may be irradiated directly
on the coating of resin 108 from above the coated film 104. Once the resin 108 is cured,
the embossing mold 100 is lifted from the film 104, leaving the ink material 102 printed
on the film 104.

Figure 2 illustrates the resulting structure that is formed on the substrate following the
steps described above. Specifically, the substrate 204 after UV transfer embossing
printing includes patterns of ink material 202 that have been embossed onto the substrate
204 and that are interspersed with UV resin 208. As will be explained below, the use of
UV transfer embossing printing to form the patterns allows micro-scale or nano-scale
fearares to be formed on the subsirate 204. In the form illustrated, the micro-scale or

nano-scale features are the micro-scale or nano-scale walls 206 that separate portions of
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30 features to be formed on the substrate 204. In the form illustrated, the
micro-scale or nano-scale features are the micro-scale or nano-scale

[ that separate portions of 6 WO 2008/140425 POT/SC2008/100185
Wc1\@%4?/5@%608/000185 the ink material 202. The use of this CTISG2008/000185

embossed-printed structure in the formation of OFETs and OFET-based
devices will be described later in this specification. Another exemplary
embodiment of the method of fabricating OFETSs is shown in Figures 5
3A-3C. In this embodiment, the embossing mold 300 is provided with ink

thénaleHaka0? Jhat TentisiioushiscavemdhbpriteriedcauEacatt gothetion of

offukslons Ang.base.of the patern). olih mold, As naled, ealier, the ik
material may be real Ink’or any other a erial, 'such as a metallic film,
a conducting polymer material, semiconducting polymer material,

ASRRGUSIRGINANGRBIGSS OF BERIGANTHEHNGINANE BRSNS A B ures

desired to be 10 patterned onto the substrate. As illustrated in Figure 3B

3 4R o RBBSSRG IS 00° WRRASS hiRRqEs 1 hRrviletiufiaonk mperial 302
thaaotinuously cowesshihgapatietnedsarfacahéphroughts intobasniddiayithean)

lym ubstrate 304 having a coati f UV-curable.resin 306 such that
o R R S T oS
sughdriagooatichiélinie rrakicEng 02l isgenateiab toei i prEasasoTise material,
cog&lﬁéf{h%r R %%@ﬁygﬁuﬁﬂféﬁfmiﬁﬁlfrgﬂﬁﬁi@@ qfﬂ]p@ ai;%iaﬁs%% to be

uring curing a ardening under W _jrradiation. Specifically, curi

DA e SR BB PO a0 s TOR B bAHRB AL o gt
ingodtiots 3@2&1@@@ 36K rwvdterial:808sitomthe m@@t(thgxeomyﬂar@smimaought
RTINS A OTUEIRRS Abihemeld 309, a3 shawn @J’V_’lg&_&fa%égesﬁ%'&stélf‘ch

embodiments described above, the method may begin with a patterne
thel s JBKIRG I 9. B £ PREIIS R BREatRlP RABTPRIEIRS PBYFitRE> 00-
Therepakatiotiofgnicmaossing venolsited Wit thaalttaatthasinethedhue of
aliermes. lihemethod hginewih. (e Jatten, the method vy Inclde
e sefé)p 6f pafternlng micro-scale or nan6’-scalté pattemns on a Surface or-
Spitseladiid .t onegpedificdonmg shidemaybétdoneidsinerd sshrstoreditechment
offRGRSEA 1080WeR bR NRL SICRInrRLEIfCHRIRIMINGn I RRAHRI Resilie

form, theépatternin may be done using_a photoresist process followed by
PR S AR PRI e P TR B ELRESA CThe surface of the mold may

then be coated with a monolayer of silane
In the embodiments described above, the method may begin with a patterned embossing
mold (i.e. with a mold that already has patterns) or with the preparation of an embossing
mold (i.e. with a moid that has not been pattemned). If the method begins with the latter,
the method may include the step of patterning micro-scale or nano-scale patterns on a
surface of the mold. In one specific form, this may be done using a photoresist process
followed by either etching or electroforming. In another specific form, the patterning may
be done using a photoresist process foliowed by silicon é:tching and then silicon
oxidation. The surface of the mold may then be coated with a monolayer of silane
coupiing agent followed by a layer of siloxane releasing agent for easy demolding. The
coupling agent and releasing agent are preferably selected so that there is a covalent bond
between the coating layer (i.e. the coupling agent and releasing agent) and the mold

surface to ensure durability of the coating layer.
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coupling agent followed by a layer of siloxane releasing agent for easy
demolding. The coupling agent and releasing agent are preferably
selected so that there is a covalent bond 30 between the coating layer (i.e.
Wﬂ}@%‘éﬂﬂfﬁg agent and releasing agent) and the mold surf&’gér’t%;é 185
durability of the coating layer. 7 WO 2008/140425 PCT/SG2008/000185
Referring to Figures 4A and 4B, an exemplary embodiment of an OFET
fabricated using UV transfer embossing printing is shown generally with
arrow 400. 5 The OFET 400 is shown formed on a flexible substrate 402.
The OFET 400 includes source and drain electrodes 404, which may
comprise conducting materials (e.g. metallic_films, conducting _
Refamtupirficasssett ht ot arura pRbarimma: tas OE&T SHhpeebsing
Uvnienafecaiingohid priatiiers sesim 46keai{heisubsitaent02. The
embossing of the electrodes 404 may be carried out using any one of the
UV transfer embossing printing 10 methods described earlier. Given the

ThehMEEST 400 ivanhofer &nbessg Pariity sebprovdd@2niibroXdaleddp includes
solaRanRcalgfealured dheLleritrdes Mav PR fermed BMCRMALR (c.o. metallic

micro-scale or nano-scale channel length 408 is provided, The OFET 400

B RPHE R ARSI £/ BA OFR BB R0 RETSFY " (s b prpbossed
orgeganicipoty ek 3emiedndsictadmaterial lapenjacarntie printeddoysiransfethe

<IERD9SSING RYNFRgWith 9&%&%%5@9%%@% g@%o%gg}m rinting

requirements of the active material ‘ink. The active layer 410 may also

mebrifotsssricd samie: Fiendefhilithediivensfercnossing pratiagsfiggpvide

maféathr enMansses lesiiosdes.Add-hydanhappropHate Nethad, Skehdgale
spin coating, dip, coating.and solutign casting. 20 Over the active layer

Orztj% VA galﬁgr%?ng}gfggéﬁgor%éstgf?gf is provided to isolate the active
layer from gate material 414, which forms the gate electrode of the OFET.

Thdkethe aeiivadavetlthediglastricmateial A2 MAY B8ver 410 (ic, an

transfer-embossed-printed or solution-processed. The dielectric material
OTEFYCRAY R oS HR ERHSHE B FERINER SBPVED UMb tfaRsfE rubossing
prplasganénin andedohiéniedbiianaltp elepastiondRREVY b Theagatematerial

ingviﬁg% %%%%ﬁa@eafﬁi)&tg&?\éﬁgoe eb OEIE 1Q§f§rrc3g£31 eskggd'gsr Ipot n ,’tkcx:g g&?&’ layer
410 may be applied onto the embossed electrodes 404 by any appropriate method, such as

spin coating, dip coating and solution casting.

Over the active layer 410, a layer of dielectric material 412 is provided to isolate the
active layer from gate material 414, which forms the gate electrode of the OFET. Like the
active layer 410, the dielectric material 412 may be transfer-embossed-printed or
solution-processed. The dielectric material 412 may also be deposited by chemical
vapour deposition {(e.g. plasma-enhanced chemical vapour deposition (PECVD)). The
gate material 414 may be provided by transfer embossing printing, casting, evaporation

or sputtering, for example.

The OFET 400 described above and as illustrated in Figures 4A and 4B has a top-gate
configuration (i.e. gate electrode 414 is provided on top of the OFET 400, and source and
drain electrodes 404 are provided at the bottom of the OFET 400). Skilled persons will



10

15

20

25

30

or sputtering, for example. The OFET 400 described above and as
illustrated in Figures 4A and 4B has a top-gate 30 configuration (i.e. gate
electrode 414 is provided on top of the OFET 400, and source and drain

W& 404 are provided at the bottom of the OFET 4005??%%03 SI000183
persons will 8 WO 2008/140425 PCT/SG2008/000185 appreciate that
the OFET 400 may alternatively be formed with. a bottom-gate
configuration. Where a bottom-gate configuration is desired, the gate
electrode 414 is first provided on the substrate 402. The dielectric

apalehal 412 iﬁetf@ﬁﬂromﬁqnqy_ewaﬁlaq%@yek?&t@ﬂﬁe&l&a&h%af;&le{&ll@gva%

10 is provided over the dielecfric material 412, and 5 the source and

LA EIERtrOUEE £L0ROHREFRi FRBIGUE T AR tdy e 21 Aottt is
fitaprgaie:-confige atiemteneorhaRiednk nsifttiuies afthie holtpergate the

onfiguratign, may be formed by UV transter embossi rinting. A
o s BEERL e B Tl Tz e
thpgoutse 220 descrlsetoddintfdiare nceviderigurethsAcER Biéfted heisoridvi
wpRpiecHieAhtdheFiers whd saguencecinsirater.afe-BRl IMiting MRfation

only serve to provide an example of how the OFET may be fabricated.
mgy G BREROWY IR SRR HEmbossing mold 600, which is

provided with a 15 pattern having arrays of protrusions and channels

ARCRARNDG (e protaisions, Initbe,example. ilustiated. 206, MBOSRIN v be
e

mold 600 Is fabricated via p otolithoggl hy and deep reactive ion etching.
deppidbedchithg dragreainddedsstien thakibed reptere rtibapereeitic Ehap e steps
aridigatackiniHgatea bA his BN ch@URAYSOLPIOFHSIQRSAR SENAAEsYe

O}c_;gﬂnnel . O.ltm wide (L, as indicated in Figure 5A). The surface of the
mold 6005 theh prepared by oxygen plasma treatment before being

coated with a siloxane releasing agent. The mold 600 was then provided

FIHR 3L OO0 H Gk HlehilM, 58% amlkMBEIR cHINIGRBARY t%%@&@é{i%{ﬂ a
via sputtering or e-beam evaporation. Figure 5A also shows the flexible

PRITHSPATEE A REV G RIS BUhMIEBF IO VeREidie DS pedmistns: Thabe
exaitipstrales GAddinHb isxasig entd bebans pbientqolye fhyleit dgraphthal atep
EED i GREcHite SIS, 454 SRR YRR GRS
indicated in Figure 5A) is 50pm and arrays of protrusions are separated by channels
4.0+0.1pm wide (L, as indicated in Figure 5A). The surface of the mold 600 is then
prepared by oxygen plasma treatment before being coated with a siloxane releasing agent.
The mold 600 was then provided with a 100nm-thick gold film 602 as ink material,

which may be provided via sputtering or e-beam evaporation.

Figure SA also shows the flexible substrate 604 having thereon a coating of UV-curable
resin 606. The substrate 604 in this example is a transparent polyethylene terephthalate
(PET) film (specifically Melinex® 454 film from DuPont Company} and the resin used
was a mixture of monomers EB600, SR508, SR351 with weight percentages of 60%,
25%, 15% respectively. EB600 is a bisphenol A epoxy diacrylate oligomer supplied by
UCB chemicals. SRS508 and SR351 are dipropylene glycol diacrylate and
trimethylopropane triacrylate supplied by Sartomer. 2,2-dimethoxy-2-
phenylacetophenone (or Irgacure 651 by CIBA Speciality Chemicals, Basel, Switzerland)
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was a mixture of monomers EB600, SR508, SR351 with weight
percentages of 60%, 25%, 15% respectively. EB600 is a bisphenol A
epoxy diacrylate oligomer supplied by UCB chemicals. SR508 and )
WORSE AR dipropylene glycol diacrylate and 30 trimethylop’r’gﬂ 008/000185
triacrylate supplied by Sartomer. 2,2-dimethoxy-2- phenylacetophenone
(or Irgacure 651 by CIBA Speciality Chemicals, Basel, Switzerland) 9 WO
2008/140425 PCTISG2008/000185 was used as the UV photoinitiator in
a 0.3% proportion by weight. In the form illustrated, the resin 606 is
waONEH Ol Mk A SRR 6P2HNY, PO R FIgEE SBENAWS M rcatcq,
bringing together of the pre-coated mold 600 and the PET film 604, 5
theaernAt? theepistiodibmsiFkhy mBlEEtoSrt IN0EHRact with the resin 606,
This process is performed at ambient atmosphere in the illustrated
embodiment. UV light is then irradiated through th nspare or
S PSP B A S O 5 et o A0 S B o
sustiider the praweydinied dheanalhaPl encid asntece sl dfetrasiredfio Jime mddas is

pdighinddoweyghithe seshatareasibanatenol inconiaswiththe mold 10,
h{s?%o is_not cured. This is due to the presence of oxggﬁn in the_air to which

e PR B RB SHRRATE A1, B EHRMPOf i HsiAhg spsin 606 at
a@d_i@_at- iratiee dhp ohoideiisatiedh (@E._my&alﬁelmsira_na' fhﬁqml@dmrksai:ion i the
APRILSE DX TIOIG CHIAL QY ARD MINGR LRACTERRIE NI A TOdCAB o1

especially when the polymerisation is carried out in thin fims. 15 igure

SE s Ry athet FASIRGHE StlRIpEBtcet gyera tadhs mirtsedordeesgasass are

epavel CoReiAal fatkle bath iy the:rmels 60Q isdifted.idaavindharvava afigrldr
aCthiai;‘:ilrm 602a on 1UV cured resi Q%%H%;,S on th? PET film 604, and (iii) .
[meared resin is T G DOTR ERR o PAY EHb WA thE 6T dai Y

uncured resin i8 rinse Sﬁté?rrfgise ano
wittmllytagd8eRadoavisithe'boutcepalthehiaiti slectades oft ththi®REE. An

image of arrays of embossed electrodes that can be formed using this

method is shown in Figure 6A, which also includes an inset of a scanning

FIgE a0 RS EBHL S B ¥ Showing the channel between two
emb@3sed elecispdashdrrdhgct areas have cured and hardened,

(1i)  the mold 600 is lifted, leaving arrays of gold thin film 602a on UV cured
resin portions on the PET film 604, and

(ili)  uncured resin is rinsed using ethanol.

In the form shown, the gold thin film array 602a forms the source and drain electrodes of
the OFET. An image of arrays of embossed electrodes that can be formed using this
method is shown in Figure 6A, which also includes an inset of a scanning electron
microscope {SEM) image showing the channel between two embossed electrodes. In the
specific example described above, the measured channel length between the two gold
clectrodes on the PET film is 3.820.2um, which corresponds closely to the structure
dimensions patterned on the mold. Another view of the electrodes and the channel is
provided in Figure 6B, which 1s an atomic force microscope (AFM) image showing a

cross-section of the embossed electrodes.

0
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25 specific example described above, the measured channel length
between the two gold electrodes on the PET film is 3.80.2m, which

corresponds closely to the structure dimensions patterned %g]&mg D185

087140425 . .
WRRBHEP 2w of the electrodes and the channel is provided In Figure 6B,

which is an atomic force microscope (AFM) image showing a
cross-section of the embossed electrodes. 30 10 WO 2008/140425
PCT/SG2008/000185 Figure 5D shows the subsequent process of
forming the OFET active layer 608 on the embossed electrodes. In this

Fi2RRCHIS Q{ME‘%'@.HEE&Q&%(@EHP&% H}efcﬁﬁimg Lﬁé{%f@ﬂS Jéﬂ%@@@é@_@@bﬁén the
poly(3-hexylthiophene) (RR-P3HT), and is provided by spin-coating RR-

RSP O ESIERiOR N ERSFUTS AR QSRRSO R SHIGIHIE) SHECspEa OF =

re 06 foi § Bhs prdoghied fARBOPSHB! 26C sOfrovidesebyhnecoating RR-
Pﬁﬁf%}?«?ﬁ%ﬂ&iﬂ%§H%§zor§:§??%h°g§>%9é%t§£tﬁ}§ rsaﬁgmﬁ be auﬁ?e%f&t?%@t?g(%r

layer, non-limiting examples of which include small molecules such _
3G Bperiiekfpa ciowen ﬁéﬁf%@er@f PR ETAR§EESsary or desired, other organic
migératy anowei nedimeathane(d GNQ hanthpabimaksush a5 RelyidRIe @aall

polydiacetylene, poly 2,5-thienylene vinylene, poly p-phenylene vinylen
RS SxifEthper s WHPHGD 10 SETE ate FELHRE Hot FRJEIEHE s
tetray dpedionuriuldshab\( TraNGie rehpiohiesmg rhtingol Bliverriornvéydfacetylene,
p&SI‘P,@%ﬁlegyl%HQR'fﬂt%iQ%@ pHISIRLE Sﬁ}[&qeﬂyw.@%@?@r%é‘%ﬁﬁ also

Figure 5E shows the next step of forming a dielectric Iaﬁr 610 over the
&

SpRERRIa TaET BOsCtivP s SRR IMERRE REmathiting e tamTe T ikfebaring.

Otayefoisfosmatdesin: bhiplyvinylphanal dRVR}idremnAldiieh)thiad is used.
spin-coated (1000rpm, 30s) from solution in isopropyl alcohol (IPA)
(concentration 100mg mL-1) and dried for 30min at 70C. The measured

Figliek ABshsfstHe Paxpstiprobianisng, 2 ileipattiF igrret3 P atrowis fe iedyateps.

mof i ming g atsielesiedaifd 2.ouehihe diclesiticdayen 2P 6l0olmibisrom

specific and non-limiting example, silver paste was spin-coated (3000rpm,
PSP SRRGH NG SUBI )P BV M A RREGOAF RSB B HiE™
injateretettiode] 6IFA ) \herennetessadynomdesiredt éneddssiigpprimtiidCiniby:

mlé%ﬁ&%ﬁ%%%@omﬁe%@ fﬁl‘g%tfe%lqli%l pm.

Figure 5F shows the next step of forming a gate electrode 612 over the dielectric layer
610. In this specific and non-limiting example, silver paste was spin-coated (3000rpm,
30s) on top of the PVP laver 610 and baked at 70°C for 30min, 1o form the gate electrode
612. Where necessary or desired, embossing prinfing may be used to form the gate

electrode 612.

All of the fabrication processes above were carried out in ambient atmosphere and

temperature, except for the baking processes, which were carried out in a vacuum oven.
The performance of the OFETs fabricated using the method above was measured using

an Agilent 5270B parameter analyser with a CASCADE probe station, The channel
length (i.e. L, distance between electrodes) is 4um and the channel width (ie. W,

I
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25 All of the fabrication processes above were carried out in ambient
atmosphere and temperature, except for the baking processes, which
W(¥v J&ﬁ%ﬁ?d out in a vacuum oven. The performance of th?&’:slél_o%sm(mss
abricated using the method above was measured using an Agilent
5270B parameter analyser with a CASCADE probe station. The channel
30 length (i.e. L, distance between electrodes) is 4m and the channel
width (i.e. W, 11 WO 2008/140425 PCT/SG2008/000185 electrode
length) is 3000m, which is representative of high aspect ratio features that
el@ieRNiaRDIe 88N e heraoNe Ml bad T Gima ofh SREWE D €atures that are
bdrai sSource cur{)ent versus drain-source voltage of one of the 5
© Fﬁ%‘ﬁcaetlésdnéf—bﬁfsoé? a ‘?arcfge of gate voltages, and Figure 7B shows the
OFET's transfer curve. It is clear that the OFET fabricated shows good

Fi%%"ﬂli QBRI QLT QG AEAIR - GHITEALLL €40 SHEFEND I AR0ME L "6 dhe
d=-20V and Vg =15V. The extracted field- effect mobility of the OFET is

 fabyiseg QRIPIVE HTPBERSIETGIIRIRIHANS HESY ARGHAES S Elrsdrnster

curaioliSs1€)2ar HOC R IIHE In ¢ bhie dargshvakl gool \Adhurdhen draibviaiy ek O fitkie
OEET. (about 10-7. A) is low,  Fhis js attributabl t ors. One |

¢ o‘?}v’%cg‘éa& ance re §l%ltae8 rom Frgea %ms\%ﬁhv%%/} ﬁgh{pﬁ%%éss?a%gﬁ%%%%%&

efiseteopiip fifrthaVREEL ie§-Lapaeance. pereshuldayetiaet b Py RGNnawdhe

o 26LO-Rr e, sonresponding to a dielectric constant of 3.7. The second
15 factor that is believed to have resulted in low drain current is low
mobility. Skilled persons will appreciate that the morphology of a gate

Cansidtatar isedaeofdie A0S m&datmmﬁmtimmbé&m§§ﬁ‘éaais low.
T%ﬁ%l? Qgﬁﬁﬂ%@}% FAEIER Ny %ér?? Ieeylar Qrdenng. of INe-S81Is Qﬂ'ed}éﬁiﬁfreiy

_The PET film surface used in the above example is much rougher than
higy hidmgenabpanishet S cbh EVRrEimT Mleroigh Aussitipes PRoWEsa of the
pulightly wiecserge- 20naftesappliaationeh REHEE R than T ditm7AsHaOleBnd

arlier, the measured, 10"/10off ratip .of the fabricated devices is about
o OIS BXyEh ol Rl s A tnds EoRg ot e
pezgratlsPNIP apntecletei teat e asomdivioaysofve @ igerimendisroagrifighet factors that

dcAHRARPhere: TRBIGRAIGR-IanRIBER I e leads to good molecular ordering of

the semiconductor. The PET film surface used in the above example ts much rougher
than conventional polished silicon wafer. The roughness does, however, slightly decrease

afier application of P3HT to the PET film.

As noted earlier, the measured Ion/lor ratio of the fabricated devices is about 102, This is
attributable to the oxygen and humidity since the coating of P3HT and PVP and device
measurements were performed in ambient atmosphere. The charge frapping at the
active/dielectric interface leads to a positive threshold voltage, resulting in a big leakage

current. The devices exhibit an off current of around 10°A and have a low on/off ratio.
One application of the above fabricated OFET is io the formation of an integrated OFET-

based bioarray, bio-lab-on-chip device or the like, An example embodiment of an OFET-

based lab-on-chip device will now be described with reference to Figures 8A-8E.
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25 active/dielectric interface leads to a positive threshold voltage, resulting
in a big leakage current. The devices exhibit an off current of around

W %%'-E@]&q%have a low on/off ratio. One application of the apgi(}% é%ﬁ’&é%%b%%‘s

IS 1A the formation of an integrated OFET- based bioarray,
bio-lab-on-chip device or the like. An example embodiment of an OFET 30
based lab-on-chip device will now be described with reference to Figures
8A-8E. 12 WO 2008/140425 PCT/SG2008/000185 Figures 8A and 8B
show plan views of a base part 800 and a cover part 802 of the device. In

FigesfRAMnb G Nats-arevRaderof hlastis: 2hehasepartA0GovbichsaaYice,

be the substrate as described earlier, is embossed-printed with an array,
I Fo TR STELBHES BO A HHd r&%ﬁ%fe&%d%@%é’é%%r?ﬁ’i}c&f may be the
subsferte neessetéeitadd 8 08eistatsedemibossediprintedSod sothe: hiser@hit 804

anfl Wil SELMROS SANNGCIMINY oHIESRHECE SLRAHOMER894(0,CAG0L0N Aliireq

connected together, a common reference electrode 808 is located in"each
oncltIase dTth &V arFaycEHd AROSPERBVPAIH & ROBIFS b BOB- PR Chnfeh iy are
colagetfittoAmyylbheaxpairedetel e ibif rerIiSiiaate8 ol e eFPEERCES the

electrade addressable array, biqchip. In the form illustrated, four rows, of
AR Bt e B B WO R E BT BBy 1 REACBlERed
belpsinghiheckulis switshiseBefersRe SR Satl revvidibdery tordeferanbe form

i1elestrades, 808 sfiye columpR AQradded. ach paing.indivdualyeiecrivety

selectable using switches RI, R2, R3, R4 and R5. The base part 800 also
RIS &S BESBMIETIIEG Yay - o AR e Ay fRbt ShBN AL el ggrodes
gqarifitedt dinrihe gaprbeliveandacihpaildfdailicechodideaisig ecirode RI0A?,
r 806, anda dielectric layer 810 that is printed over each pair of source and

drain elecirodes 804, 806 and the semiconducting layer between the

source and drain electrodes 804, 806. The relative arrangement of the

TiY 8iR:an¢ BFSERRCRRACIDNSS 308u iR 2112 Be-LIRIeEHIS (RYGRGMS iBat is

more clearly illustrated in Figure 8C, which shows a cross-section of the

PTIFAEd b e FBOB T SR TR T A SYetPHISE AT AiPeHEaansi e Hig 2nd 2
digieruaslagaBSlbbututefotcd ateele ptrodé swintehndaitdnndeonallysiid4, 806

arfPHRECQR INE AIGIE GUIE I ANRE BT Qn H QURYE L PREANSE S FUCIEEITIG JRY g,

810 should be exposed to detect analytes (as will be explained below),
refpivg ATiRrsErB0 efidhsutati ikt SRR acFetti s e o 0% BuBthsadipdectric
laprovidad@dre clearly illustrated in Figure 8C, which shows a cross-section of the base

part 800. It should be noted that the reference electrode 808 serves as a substitute for a
gate electrode, which would normally be formed on the dielectric layer 810. However,
because the dielectric layer 810 should be exposed to detect analytes (as will be explained
below), the gate electrode is substituted with a reference electrode 808 that is provided on

the base {i.c. substrate) adjacent the source and drain electrodes 804, 806,
The cover part B02 includes micro-scale or nano-scale microfluidic channeis 812, as
shown In the cross-section of the cover part 802 illustrated in Figure 8D. The channels

are preferably fabricated using the embossing method described earlier.

In use, probe molecules are first immobilised onto the surface of the base part 800 such

that they contact the dielectric layer 810 and reference electrode 808. To ensure no other

i3
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the base (i.e. substrate) adjacent the source and drain electrodes 804,
806. 25 The cover part 802 includes micro-scale or nano-scale
microfluidic channels 812, as shown in the cross-section of the cover part
WReYHiMMted in Figure 8D. The channels are preferably fAlSiicetaersamess
the embossing method described earlier. 30 In use, probe molecules are
first immobilised onto the surface of the base part 800 such that they .
contact the dielectric layer 810 and reference electrode 808. To ensure no
other 13 WO 2008/140425 PCT/SG2008/000185 parts of the OFET in

the devic exposed to the prob moéecul s, all. other parts of the
P QL LU SR B GLROED B0 BTV AL S Ry fepars of e
OpFafébakiNes tatesdunvithelentrids watiosfdeyper. S«Cnek the: profieahiplesudswith
al v hea1ppmobilised, the cover part 802 is mounted on the top of the
base part 800 to form sealed microehannels 814 that are isolated from
one another, as illustrated in Figure 8E. A sample containing target
OmelteulessrHbarultansported imadiffasantealuten hagurels $0@seon the
react.with differ robges at different _sites on the,device. After reaction
o D B e e S B SR R vy
ansigeisly an iltisieathdg Bwitehiss 4B difforonladuretsibisg JatdttasSiRYjes is then
rapdidZed Qb det@rtinaardetnalesulesat differ e Sitason eUeXiCBterent
,Differ%nt nalytes, or different concentration of the same analyte in the

SR RO A R T SRS ARI TSP RS HIEPBESF SRR KA GR® gD
beeleottaricdebgibmintheninvesion eweshssilbbyifiaposiddgreaiqgedetyeaR |,

‘ Séﬁﬁr?fﬁfpﬁgcﬁw%g?n%gcﬁgy Eﬁ%&%&%{{) Q%SBQITPQ '&%ﬂ% 51&%&%&9 Qnaiy’:es
h d y, the

detectable whenthe OFET is switched on. Typically, the change very

ordHHETRRERPIEERTBERB RE St armKFteie SrrcelatrEnipls. afispidpdiniectric layer
ofafidressah|ecakiayzapplicaien susingriguidsamplamoldtionsnltiier built by
. generall reguirement to take in accoynt ionic shortage between .

e B B L PRI o0 S By Ui B BrOVRSg o change i
thenudtieniapbcwanm dhs. TTilvéntioiteiisd howEseealtive hroslisign etmuattipievely

comisherhanalsasHltsdR-Bighes fabrication cost and generally does not
allow for the fabrication of nano-array chips (which require nano scale

channels). These
For sensor addressable array applications using liquid sample solutions, it is generally a

requirement to take in account ionic shortage between different detection sites. This is
typically done by provided multi-microchannels. Conventionally, however, the provision
of multiple microchannels results in higher fabrication cost and generally does not allow
for the fabrication of nano-array chips (which require nano scale channels). These
concerns are addressed or at least alleviated given the fabrication of micro-scale or nano-
scale OFETs and microchannels in accordance with the method described zbove.
Furthermore, the connectivity of the electrodes described above reduces the number of
input/output lines that are required for addressable detection, for much simpler

multicomplexing, and further reducing the cost of the detection system.
The exemplary embodiments described above relate to the manufacturing process and

novel architecture design for making organic transistors (OFET)} and OFET-based

integrated devices, Specifically, they relate to the fabrication of micro-array patterns and

14
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concerns are addressed or at least alleviated given the fabrication of
micro-scale or nano- scale OFETs and microchannels in accordance with
the method described above. 25 Furthermore, the connectivity of the )
WQREHEWAE described above reduces the number of input/ottp FHEY HHAES
are required for addressable detection, for much simpler multicomplexing,
and further reducing the cost of the detection system. The exemplary
embodiments described above relate to the manufacturing process and
30 novel architecture design for making organic transistors (OFET) and
in g&&%&gn&@ﬁg@tﬁ%\q&@éeﬁg&gmsg?lymmgé{@@s@ tahedabrcation
of micro-array patterns and 14 WO 2008/140425 PCT/SG2008/000185
ey RSP BTG SRS B AW BHEFe? ehi0BSHR D ATAY HiticasKebrgieht
fidaiication-ard dherkgsuitngnsiayitasyiliay, Navesaperafrapiontdg, and low
following characteristics: lightweight, . flexible, large-area covera
e R, o0 ot R e e b B ERITRY pancts
elenathiod arrEtieVidesiraie bpadsatinior applicadolis imhrgensiishlaypaneisis
2P ECHBRIGRAPELSEIRGH QUL RARKAGING, STIAItEA 48 RBH R8N LAR8tion
specific application of the device is in a bioarray sensor, which may be
PEEE ES DGR TR Ve LEHIGPfor W a‘?&‘@wafs@?é reRgre!
ardiseoiremnehoinetaadisecurity, food control and environmental protection.
10 The foregoing describes exemplary embodiments, which, as will be
understood by those skilled in the art, may be subject to many variations
Thyr fersemieadersihsdesyplaysmtrdinsnio P didvatiotivih sad depadiigthose
sihio theseope ofdhepressptinventian asrelaimest: heaxample,iwhitsion,
the method embodimen hasdbea%n deﬁcrib&d with re]%er?%nce totgt%ps to be
COBREH BT PR CE AN 1L TR TRBHOH sy BE b ditied stich thatthe. =
cldinste feraraurpiricdhilattin aeifferemboddeeniiveresap gropriate wils pithmce
o' BRI Ry RRaBediiedsHEh BatadditonalsieRy GaTIEH AL sRYChat the
variations, for instance, are intended to be covered E)SX the scope of the
st EHvshahas difksen . ordeimEhye Frepaie. Also, the method may be

modified such that additional steps carried out. Such vanations, for instance, are intended

to be covered by the scope of the present invention as claimed.
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- 1. A method of fabricating an organic field effect transistor (OPE.T), the
method comprising: 5 providing ink material on at least part of ‘a
patterned surface of a mold; contacting the mold on a coating of'
ultraviolet (UV) curable resin on a substrate so as to insert at least part of

Clajatink material into the resin; irradiating the resin with UV light; and
separating the mold From the resin so as to transfer the ink material from

1. at Tof{ergsgneé‘%i lt:; x%apﬁneirpi?%ﬁl%f?‘ %%E‘fﬂl?t gég ?P E)Fwecﬁlcnut}%?md

form at least one OFET structure. 2. T e metho claim 1, wherein
COMPRSAding ink material comprises providing ink material on a plurality of
protrusiensithatdormpaut af ihe-pafemnead suntaces 3bBecldte method of

claim 1, wherein providing ink ma enaI(I: rls s, providing a contlnuous
[ L : 2 1
film on t]ﬁe patterned éurfaﬁ:e‘L 4 U%Flne rﬁ’etho zainy(roné:-j o\‘gglafmmin U%

subiRsrEI tHe Pattern e Riftdderoeliges ﬁt%%létfﬁo‘ﬁ‘é feature of a size
selectedafriatmihecgroup-consisting:ofsmicro-scale and nano-scale. 5. The

metho?e&lr%?h% %‘x@rﬁmhﬁe%& ?‘SE Qqcf%ﬁ%“c‘r'%@ chapneliat,y, .

separates protrusions of the patterned surface, the protrusions being used
least PALASIBY Wﬂf%‘%‘é‘f&ﬁﬁl Gl RETENP e <h 5 Fofhcat | Sas Sie

strupate.of source and drain electrodes of the C)PP.T. 6. The method of any
one of claims 1 to 5, wherein the patterned surface comprises a plurality

of protrusions that define a pattern of an array of ()F'F"t' electrodes 30 at
2. a scale'$&I8EIEaH I HHB bf&iﬁ%‘&@ﬁé‘%i’ﬂg“%f‘%FBP&%%'a‘Fé”é?féF%ﬁB"é‘.’Eé%

ink tar&miendeph Shieet-1PREAMAthMESIdR pArTdhiehnethod-dfaryene of
claims | to 6, wherein the ink material is selected
3. The method of claim 1, wherein providing ink material comprises providing a

gcontinucus film on the patterned surface.

4, The method of any one of claims 1 to 3, wherein the pattemed surface
includes at least one feature of a size selected from the group consisting ol' micro-scale

and nano-scale,

3. The method of claim 4, wherein the at least one feature is a channe! that
separates protrusions of the patterned surface, the protrusions being used to transfer ink

material from the mold to the resin to form at least one peir of souwrce and dramn electrodes

of the OFFT.
6. The method of any one of cluims 1 to 5. wherein the patterned surface

compriscs a phurality of protrusions that define a pattern of an array of OFFT electrodes

at a scale selected from the group consisting of: micro-scale and nano-scate.
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from the group consisting of., a metallic film, a conducting polymer
material, a semiconducting polymer material, conducting nanoparticles
and semiconducting nanoparticles. 58 The method of any one of claims
| to 7, wherein irradiating the resin comprises irradiating the resin from
7. underhgaticthedsibstratasaptctitoudHatrarispairerie supporran iwhithitde
fronfUbstiate s RrRWded, the substate being.a [rtmﬂﬁ%n&)g%%}eirﬁiygﬁitltage'
Sﬂm%gﬂ%i g;he; me}hod of claim ? further comprising; u,nwmgijr;g the flexible
T rRheparent 8Bt atd Bt a FeBT HitenEHgHE N S PESIA BB
nangpsigisstrate near the reel; and smoothing the resin to form a coating as
the substrate is unwound from the 15 reel. 10. The method of any one of
g claims.lto 9, wherein the resin js a combination of multifinetional acrylate
" or methAeISE ‘e foxiae SRY theirBigomBs 20 AT rarlithtd Bt crai
compOsaprerdmithehesiiis Gomixtuienef tnonomessacomprising:bisphenalaut

supRROXY Qiﬁ&ﬂ’ﬂﬁiesﬂﬂg%efs gm(@d%)dle&%_QB{%@Ja‘E’éaﬁéMth?mnsmmz flexible
auparimethylopropane triacrylate and 2,2-dimethoxy-2-phcnylacetophenone as

a uv photoinitiator. 25 12. The method of any one of claims | to 11,
wherein the resin contains substantially no releasing agent. 13. The

9. methq&&ﬁla@ﬁzgcp@p&{i@@ima&;;lmtg(,;%,ﬂm@rein the coating of the resin has
a thickness,in tﬁfﬁ:ﬁn% of | to- 100 mjcrons. 30 17 Amended Sheet
b) oX

IPE A/%ﬂ‘j"migél_ ¢ transparent substrale from = reel;

dispensing the UV curable resin onto the substrate near the reel; and
smouthing the resin to form a coating as the substrate is unwound from the

Teel.

10, The method of any one ol ¢laims 1 to 9, wherein the resin is a combination of

multifunctionzl acrylate or methacrylate, epoxide and their oligomers.

1t. The method of claim 10, wherein the resin is a mixture of monomers
comprising bisphenol A epoxy diacrylatc oligomer, dipropyiene slycol diacrylare,
trimethylopropane triacrylate and 2,2-dimethoxy-2-phenylacotophenone as a UV

photoinitiator,

12. The mothod of any one of claims | to 1], wherein the resin containg

substantially no releasing agent.

13, The methed of any ane of claims | to 12, wherein (he voating of the resin has

a thickness in the range of 1 to 100 microns.
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14. The method of any one of claims 1 to 13. wherein the method is
carried out in ambient atmosphere and ambient temperature. 15. The
method of claim 5 further comprising: 5 removing portions of uncured
resin; providing active material between the at least one pair of source
14.and drair elgattogesprayidingigieleciric naladal averfatdeasthariefithe
, ive material; and Providing a gate electrode over the dielectric
‘imi?]n%l'ﬁé%g‘l).s %rféll#ﬁlg %e%%g of %tfgarfgm 15, wherein providing active material
is carried out by a process selected from the group consisting of.
15. embosBhagnptiiating c&pi £oatig s eeating and solution casting. 15 17.

The mggggg\,g,c!%wo%gog% g{lc%lf% ZIL&6SE wherein providing dielectric material

is carried out fa process sclccted from the group consisting of A
embosSifRy Bt “&pitedathig  seutie st ssmeeimf epersican drain
vapour gepasition. 18. The method of tiny one of claims 15 to 17, wherein

providing a.gate glect ro.:%’%aﬁc%e{?g%%{ ned.out by aprocess SW%!E‘EFE}?J{!S”‘
the grotp consisting of: embossing printing, casting, evaporatiori and
sputterifg Y8 AmeHe s Shder YRRRY Allglectric material.

16. The method of claim |5, wherein providing active material is carried out by &
process selected from the group consisting ol embossing printing, spin coating, dip

coating and selution casting.

17. The method of clarm 15 or claim 16, whercin providing dielectric material is
carried out by & process scleoted from the group consisting of: embossing, priming; spin

codting, solution processing and chernical vapour deposition.
18 The method of any one of claims 15 1o 17, wherein providing a gate electrode

is carricd out by a provess selected from the group consisting of: embossing printing,

casting, evaporation and sputiering.
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