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EMBOSSI NG PRI NTI NG FOR FABRI CATI ON OF ORGANI C FI ELD
EFFECT TRANSI STORS AND | TS | NTEGRATED DEVI CES

wosokmioazd Fi el d The present invention rel at esPadmWSG2008/000185
enbossing printing for the fabrication of organic
field effect transistors (OFETs) and its integrated
devi ces. Moire specifically, though not exclusively,
the present invention relates to the fabrication of
mcro-array patterns and integrated el ectronics for

EOST G N R OCL Rl T RGP

el ect r oni TRANSISTORSCAND ITSUNTEGRATED BEVIEHESas a

viabl e alternative to nore traditional, mainstream

thin-flmtransistor (TFT) based on inorganic

materials. The processing characteristics and
TetBiBNFiciat ed performance of COFETs suggest that they

can be conpetitive for existing TFT applications.

M ni aturisation of the OFET structure is inportant for

Thgﬁgf:-gglgqﬂl/én‘figﬁ ir ?t%s ?oseﬁlf)oslsﬂ% %?ﬁg f(gl‘ht?lii q?o\cht?ondgpgxlgt i¢ field

creases | ower co t also prov
effedi etramsistors CQFETY) iinalc ftoristegrated | dﬁvroes/ eMlofe-Egecifically, though not

nce, non-| i ch include
eXﬁqWéYei%ls & Bl ovenfion Fﬁlatgﬁw ‘ﬁgﬁjem@at%mﬂfnm @ffay patterns and
intst@htb@gleStronMsToddevides Qh GFBFE TIRYedEBIadti®. Or gani ¢
transistors to conpete with high-end applications of

I norganic transistors. However, the practica
Backgrban@nt ati on of OFETs in electronic applications

will ultimately be decided by the ability to produce

devices and circuits at a cost that is significantly

OFBEh Q¥ nhdia lee@AREStgdic/ PRIDME AR IEQaCARN@Rc @Ad®Hevices, have been
el.ectronic _circuits based on, for exanple, si i con.

envaipneduasha tvirble aligrasivetth em@ne Jfeaditiongk treginsiteam disgifilimh transistor
(Tmsﬁ Stt:cl1 gﬂ 15611 5‘&19 %Atﬁr?a? .0'1?1 ces&ﬁ& HB% filﬁilc% aﬁg S&emonstrated

rare et'erm nes t e en
peréirm@mreo oif COFEWh esuggdsa xhatc dtelyonam rh;l: pamketgiveg faro sxisting TFT

o LA S TR RS B 53
it qméﬁed thaldetibé aeiglty ahid® 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 substrates. This suggests that
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i nnovative fabrication of devices on inexpensive,

| arge-area substrates. This suggests thatconventiona
wosms/conbuct or devi ce fabrication technol ogi esPaTeack0083000185

be adapted to handl e | arge-area, flexible substrates

spanned by organi c macroel ectronic circuits, and to be

conpati ble with the physical and chem cal properties

of the organi c conmpounds used. Several methods have

been used to fabricate OFETs, including screen

rinting, photaolithography.. dip,cqgat.in d.je
coforiphaf§emBaRhBIcr ROGFH BRE0f  BrodReeT Shed Yiph Sdagusd tpgandie
lan'ész-afb@% ﬂéﬁgl%ijshhbﬁrai@r spﬁsﬁlh’d'dn@y loadag iz ﬁhﬁﬁ@gl@@ﬁ?ieagi@cuits, and to be
ET- bas vices.  Screenprinting_and soft

compa Rl W&EI‘RP Pg‘a'ﬁlﬁiliaﬁﬁ cheaigalipaensrtiss B Hicomganisreompgunds used.

fabrication of OFETs, but the fornmer technique is

limted to relatively large features (>100nm and the
Severpl mathydaykaver besins useagh it nfabiicaten OFEREs; dnclidisg nesreebeprinting,

SRRy Oy B i, D B b,

cobiingeisarot fedsbls el inekihg flage wres coverage POFEBP-Hassdrdesicas. Screen-

about 25mm..There i s no.report of ma nyt act ur i

PG el S0 R oD e e SPIELRT T et g OFETS,

bu thelfermferEetBniqiisis Dutilel Ae eblRREly 18ge fEHFEALU 00,53} Afdnth&fayer-to-
the structure of an OFET is critical for its

laysp segisteatippy € theslafipmbap ntebegn slempnstiaidetier beobeties thpsr HQpag Jet
i [ - ). j f

ik S AR 8 R OREY, WL L e

in ggpaited works agpegbonal Suneriere is mogeportefmasts manuécprriag éevhnology
' ng . r t t od of fabrd i ng. at .leagst ..

fof G, S i Ryl DL e iy QR atir

misiahosaiongf e sozctng. of Bh ©RBIT igcrifidE Tordtsrapplidatiens. as used
herei n denotes one or nore of the follow ng structura
features of an OFET: source el ectrode, drain

Sugimotyr ode, gate el ectrode, active |layer and gate
dielectric layer. The term'UWV transfer enbossing
printing’ as used herein refers to a pattern transfer

Thepidsad inightich id dpfdedan GRAndapeadenOclaifiy! iSoel opliond f€hirad of the
intQ a UV-cuE%ble,resin, whi ch i s subsequently

Prosent dRvsaton3re drrned in thedepgentsiaimg; npjy, UV transfer
enbossing printing involves the use of a nold as a
printing tenplate and UV-curable resin as an adhesive,

In generad termBain oae gsnecic thepeesaritinygnsion rdlatevioe mathagp bEfabreating at

least" End "BFRYstructure 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 a mold as a printing template 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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i nvol ves the use of a transparent substrate with a
coating of liquid or sem-solid Uvcurable resin m x,
wonogdouss pressed agai nst a patterned enbossi MCTEG®08/000185
The resin mx isthen irradiated with UV Iight before
denol ding to produce hardened structures. Wile the
ultimate resolution capability of UV transfer
enbossing printing depends solely on the patterns on
the nold (typically formed as a naster stanp) t he
the%pRJa lg%gtwéiaﬂ??\r, %Htglfeforlg %t mal¢ Hltgrtg Brsbfi{:i‘é e c? &(&%&F%S While the
ulmmzkle tresatution Wapdbllitgaﬂf Wne trahsfersentteissiig ﬂ:ﬁﬂtlﬂglldlbpehﬂé solely on the

t ransf n rinting enplo | ow vj scosit
Pt A T SO OTTGUT b B ST, T AP Hsan, bisclopg tht
UV h@ndtar é'fﬁﬁdsgﬁg 9ﬁnﬁﬂ1f95hn( rapidlyopatté By ﬁélalﬁlvag} 1hrgdQlecad@Bfifates with

rati o (w dth-to-hei ratio) mcron- _and sub-m cron
feWStSmeééeb‘Wh £0Q, 5. man?r ying nﬁ@ts@ ergplpyingtlpyigyiscosity

reﬁ{ laﬁ\ﬁm&bﬁ ag ﬁ?[lﬂ %@B%ﬁglgoé_ag?pe\{ﬂéd ik )ﬂle%mqﬁfoﬁ ﬁl‘%% (>5)b(rr very

h form pa structure, onto Ja
hl@t{hé@)raapw ramoziWIidthtQ-hftwa ratto) mecramchnd sub-prieres fragures.
environment. Al so, UV transfer enbossing printing
all ows mcro-scale or nano-scale patterns to be
Thprwei @fedl\/ov:aﬁsfbxa e@bBos3In@aprirting SalRhwsOthle NEAbAEAtdN SofOh variety of
W?L“o"%ﬁ‘ﬁ‘s? nanﬁ scale OFETs to be fabri cat ed at a
mag orinPatt oh thesDOF BRSBTS 210 & K tle SHbseteTs @ low
terhperAurdRRd 1 & PRRSULE eﬁv‘?llolnmteﬁ’t el Uhaghkfap em\@@ésﬁ‘% rinting allows
i ncreases the throughput and efficiency of 'P
migrgiseale aF ne-seeledaltems owtprovifedyever kaage ares; wis allawing arrays of
C r r [ o e e
miGRALNE or JRAE Siate DREIPERE Tl M sOnECTARTD b Wlows e
fabpilcatidrxj efl QFETa subsweatewbly dd\fotlrtamslt Gfashﬁmbo/slﬁcln dncreases the
n he re OFET ingludes at | east one -
thry. ‘iﬁ?‘”é:yf’gbhég Wrbﬂra VFeYin. Preferably,
t he (]:ET s source, drain and gate el ectrodes are -
formed on UV cured resins on a flexible substrate.
In gengral terms, wpanothey agpect jthepressat iavendiop gelaten & pr OFETH javing at
leaEth@neSQFE@‘estﬂl@glréj Kt ri% gk&@&eﬁoaﬁ§ Abstld Beegg[ﬁ FRYfeP %mbf)ssmg

arranged such that t are separate m Cro-sca
prigiingn 3 he resukiiing Qﬂwmlude&tdmsaone@EHT m;yctm@ foged omUVhaired
l'eSle ggelfgrgﬂ)l%gthg %@u%ct:e na(ijn grlx ﬂafe egi or#s arg 1 ﬁ%gegﬁ(PnlpBV cured
reshﬂ\unmg ﬂambhy@bﬂfateﬂfﬁ?'& ﬂhle&bﬂitja ldf EIU/ trinsfer@mbosdihg privfing, the
o RSB e L S e ey ae spmte by
a niEtBLEEA10 ¥F Rdto-dchIB@Rarinel. S&EHM GFET may be used in the production of low
cost and high density lab-on-chip arrays. Specifically, in one embodiment, a biochip

Q

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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mul ti pl exing and thus reduced cost of the detection
system Brief Description of the Drawings In order that
wa tves/iqeent i on may be fully understood and readi/$G2008/000185

into practical effect, exenplary enbodinments will now

be described by way of non-limtative exanple only and
with reference to the acconpanying drawi ngs. In the

drawi ngs: Figure 1 is a cross-section diagram of one
exanpl e enbodi ment of UV transfer enbossing printing;

Fiegure. 2.1 S chOoss-section di agram of an
Bneergb%égcsrllpﬁtbo-nporf?lrlﬁ ﬂavﬁlgﬁ ern obtained using the UV

transfer enbossing printing of Figure 1; Figures 3A-3C

ar rogs-.sect.ion di agranms of another exanple: .
In Qﬁigb ﬁ1a tINYFRUeR/May &ﬁ%\“ uReRvieeq #y Terdilytpu dato pragtisad stiect,

exéfiplaRCenttR dahéhtAwiE hw Be lde¥@ibdil BYNAIY §Wbrlimitative example only
cross-section diagramrespectively of an exenplary

an¢ b e faasnee toftheascamprssignigawipgnt ed OFET; Fi gures 5A-5F
are cross-section diagrans of UV transfer enbossing
printing of OFET el ectrodes and subsequent fabrication

In the deawi@sET; Figure 6A is an i mage of enbossed-printed

R R R

( SEdhbossingrigfim ng a pl an view of the channel between
two_el ectrodes; Figure 6B is an atom c force )

mi cFEsEopES GAPRFS-Sehdfe ISRBH Af 28 wRtpssngpEricd patemt olgained
enbgssethe theahlsfdembelsidg (Hiiife BAFighiecdur es 7A and 7B

are_graphs showi ng the current-vol tagé characteristics
andFighees BAa¥s prercresgrseasion dingeams ofgingthef exampbexanhpidimsgnt of UV

enbggl%?éiiegg@;m%}r&ﬁﬁ T film and Figures 8A and 8B are
W

plan vie ragréans of’ a base part and a cover part of
an Bigarep| 4A emdo4B neaita pérspectiC-Idlagoan edhd albeross-sedtion diagram

S e oA R Bt ST
Figures 5A-5F are cross-section diagrams of UV transfer embossing printing of
OFET electrodes and subsequent fabrication of an OFET;

Figure 6A is an image of embossed-printed electrode arrays on a polyethylene
terephthalate (PET) film, with an inset of a 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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of Figures 8A and 8B; Figure 8E is a cross-section
di agram of the OFET-based | ab-on-chip system of
wo20gsmag28A and 8B; Detail ed Description of EXeri/sG3008/000185
Enbodi nents One exenpl ary enbodi nent of the nethod of
fabricating OFETs will now be described with reference
to Figure 1. An enbossing nold 100, which may be nmade
of nmetal, rigid plastic or the like, is provided with
a pattern that is to be printed on a substrate. I
Vo rm-has. i cro-scal e or nano-scal e
D té‘?{dﬁlrs%ghi‘ggﬁ gg%%rggfn%mgﬁ 1;]1(511 y ésr m ' m cro-scale or
nano-scale' in relation to patterns or features refers

t t . feat ' di mensj | ess t han .
O RP < pUr R Tethed R e Pl Wiy BF lscrbed
witl RfdriRe ¢ FlgnrdlBfAM@HbdYing nit1d! 69, iwhictOiaP bOhals bPRRtal, rigid

and channel s between the protrusions. As used herein,
PlasHe arethen liksy ét PiayidsAswitlysnpatiesn éhat g tteirbesprnted @at usubstrate.

Pr%@ﬁbly‘?‘ﬁﬁ Pete3Clths L ALdUR Jr%aﬁo-@@a?ecigg&résh s ReLd & 'ni tnhe term

t hough 'each of the protrusions aillustrate
‘mikirgrgeade dr trae-stdle’ is agtatidngd phttgrnaiordfesthees befers td paterofortfbmures

tern is th a ar each protrusion 100a, .skill ed
naf b st e 5 AR, A RPerBRPL 5, Bl I sRE s are
tymsalgrdetiaéd by-a @lurality oflpsrusionyand ¢anhadd BethOéh e ProtelRibns. As
jth.a coating of .ink material 102 such that the .
“S%grlgf?'ﬁ’stﬁ%wgnl HUPnst ABNOISISHUALKSS enfeptirasphat prpqaised relative to
a AR & th@patttB? AlthBu@&ch 6f the ptdiRisidas I(Wa']ﬂﬁ’stﬁiéﬁgﬁﬁﬁufg 1 has the

the nold 100 is controllably contacted with

saipe beightoand the basgd Opmelthe pattespisake samedorgach hestrusion 100a, skilled
' . . i the ink material
P el%%lg%&tlﬂt?gg %ﬁfﬁeﬁg?éﬁg 31[‘5%‘3@#;‘55&6%‘{3?" exanpl e, real
ink or any other material, such as a netallic film a

. ti I 8 terial, .sem conductin ol.yner
iR SRR e RO hvfe PEF bERR 87 LB R g e
theN proafsiohd ¢O@s of W £l01da 160 desy ftied idkomaRripRl 02T MEe6heO i, the
the substrate. Specific, but non-limting exanples, of
PaieReq Fiaeafr haimald 2l 40nis) epmerotabln conasieh 3¥ith & |Teseryis of ink
madHall s@igs @i the ipkdtRisions QOREEE tﬂEn"gét%m Wﬂﬂqg@ Hkvrfxatgﬁﬁlalltg)z. The
d whi ch to t he

_oxide inks or polyners ( ' y be used t orm .
inkomptprial] K2t meides Yomeramplarrend frkuartany @theo myatesial,isnils as a metallic
[ r he OFET active |ayer). The.
ﬁl%}é\dramggﬁd%%ﬁgﬁcély?xgﬂrﬁﬁeeéa& ggntuco_nductmg polymer mz%gnal, COIlJl],lCtlng
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 foﬁn 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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i ncl udes such material and other variants that will be

apparent to skilled persons. The substrate 104 in the
weewbgdionent of Figure 1 is a flexible transparramwsG2008/000185

substrate film 104. Skilled persons will appreciate

that a non-transparent and non-fl exi bl e substrate may

be used instead, where necessary or desired hi the

illustrated enbodi nent, the flexible substrate 104 is

unwound fron1a reel 106 and is coated with a

re3|n1 ih 108 be

loyvngﬂ‘%?l i on o kglat C%bln 08,04 ‘é{@ﬁ‘;‘/‘%‘t“ép yate o méthacrylate,
epoxititiand yheirt eljgomos ipdymadisl ahd eher likd. | RyefieRibEy, npOleleaBAiS agent is

like. Prefera no rej easing ent.is
Pffbvrlgiﬂlagt? TR ﬁ%%@%l% regs’aiff’%f‘aw Bresia 108 dence sured)
an® BleviRieMalchigl 102545 willdR ckplamed 64lb®d) and the ink
material 102, as will be explained below In one

non-limting arrangenent, the resin 108 is first

In ghec'nqﬁpﬁﬁfh e?l Qflesl%giﬂsl%g lslﬁgt @1@ nsécﬂ%rcf{) ?ﬁord}sgy?nsgr 110

I's snoo6t he orn1a coatl ng
nealrme wesl t()ﬁe alﬁd isrsnfb@ﬂaed %0 ﬁmmmdtdg ummg o doate:eﬁladbOla 2aR dhe film
tavel 0 n the ure
104 E8VGGhnl ol ol T0F, a0 el BE PCunigh A kS shoDhin inf e
In &nﬁbﬂrsﬁe&ﬁa mﬂm cﬂmeslﬁ 108 id&farsden the filkH Q0L iknedstof Bethwleen 1-
@ %pgg d that the thickness of the resin 108
10 tew1

Preceprat et Giskness of e b { L siskbellgshan
thel méhtfo@ e Pafrhsi®fs 1008 RAULEL BarPBf Eﬁlﬁga@ﬂgpp&? IR CnfBosdng mold

to ensure accurate enbossing of the pattern onto
10@ ﬁéenws gequagte embassing of thepati¢rarontotbe sutistratatl@4.i al 102
onto the substrate 104, the enbossing nold 100 is
noved in the direction B shown in the figure, and is
To ltrapsfghthe inktmatéenil il AR brtoclndubstrate @4) thehentwesih@nhofd 100is moved

n irradiated on the resin 1
in 48 dgeion Wi R e T RS O nlatesanig i (e costd
filrh [Ty SUWalghelis thdh Iriag@hited ¢n the resh a@sa% 49 RNBuENAIRY MBd&hhhe resin
the film104 and passes through a transparent (to

10%.jIgHpe foym HipwatedeleVtlighalis yradgntedy fromgpa n:npaibpféap tfilm1 )4 and
o Bt U, 08 SRETEIBR UL iR 1
whigh suppastsithe filre 164 aaﬂlgmémssmg meld AOJ is Q»Mughmyltd)mtlmate contact

ir on the coat resi
il hERIFA 67 15 ah Ak eri Tt By bk i g pgle Brecuy
on ther@dting diftresint108 Sﬂoﬁgamb d'leldb@ted ilini foueOnéd BB rdshe108 ik Rured,
fil
the%gﬁ:ossllggar\goﬂigl OtOhlg hfte from t e fi ?m 1%4 leavrlrllgn Eh%qnl? pna%erl]lgl 162 prpmted
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
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 walls 206 that separate portions of
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Figure 2 illustrates the resulting structure that is

formed on the substrate follow ng the steps descri bed
woavoyet4Bpeci fically, the substrate 204 after ROM/SG2008/000185

transfer enbossing printing includes patterns of ink

material 202 that have been enbossed onto the

substrate 204 and that are interspersed with UV resin

208. As will be explained bel ow, the use of W

transfer enbossi ng printing to formthe patterns

I I f
the ﬁ\ﬁﬁtelgal}?sdtir Zf?r@ u%ﬁ ff thi ne{%ri;]bo% ae(c)l%)r%nl slfr er s g}j 91e {%matlon of

OEETts rand OFET based deaiives ®il Bbedeberitied Naer iA Itlﬁs tﬂeelfmtwno scal e
or nano-scale walls 206 that separate portions ofthe
ink material 202. The use of this enbossed-printed

Andthet e me&ﬁmfeﬁ‘tr dTahé RBthOl og;aﬁic‘éatﬁ‘l@d)l@‘_ﬁ-qs SR%&0in Figures
devi ces w be described later in th ;ﬁe0|f|cat|on

3AnH{otIpdhis éwbwi#r@flsf thengraliisping maid 30¢is mferlﬁ with ink material 302
thaft @&{tfnﬁ&k RfEQ) 2 E;re;‘pr%o'témt%@ Qfack @ th g%gﬁ'@tﬁls §t§l széQ of !ﬂhf)attem)

nmbodi mernt , 0SSI ng rOV|de
of Ih@kn(ﬁétlm noiéd S@lbert Ilnatlnlcmatmmlu?(ﬂzghq,y lmmelrmk phany other material,

tter rface si ons nd base
solf il Al o CFnlonpab e PRl Sl ordlptng L materi,
cor[ﬂmt:ﬁrg ﬁdno3@a?tlﬂag/ obgemnizahductikg (ﬁﬁn(ﬁﬁyrtlelehleﬁ/hlﬂma@é’ idadired to be
%; metallic film conduct i ng
paaoad i the SEaion 5 SR ot DT AP i CRpOSIgR et 390 ghich

incdNRI89 tHé"JIBIE nfatc@Rl 962 BRANCEARAYSTY BO/eRAME pRAEhChBRce, Wibfdheht
are desired to be patterned onto the substrate. As

intp ponfact with@cpalymeri sybiteates4 havingeadpeting nngtvrtstudaka@sm 306 such
thaWﬁ{equ hﬁ hHldﬁﬁ ﬂa@ﬁaﬂg%ur qflé %sm gﬁo x';]H'l%l'iﬁJ)l 300.

covers t e patter ne ace, 1s cont ac
Thwiiltkhmatepajﬁﬂ)ﬁas tienlslectintedy 3ﬂnltedh amlortge @olg/nﬂt ﬁhg 304 by virtue of

rable resin 30 uch t hat the mat er
adiSNE BIPRY s Gh ecrSn B Bk Aot e Gidsh U frgigon.
SpetificdllB AR culihg and kardehigs bﬂih_e@&i’n 3(;6 ﬁrhﬁﬂe g&idesetebwé detachment
ofE]alnted onto the polyner f 4 by virtue of

eEiops 34apfdhe rrtt%metrm@lr?éﬂrfggr Hiesleeldo(ura iqngy Eom; the pattrmed

proRabidR iR MBS00}Ys iadhaidqposcSpeci fically, the
curing and hardening of the resin 306 provide good

sel ective detachnent of the portlons 302a of the ink

In {ﬁ@t E{bo&&hxggg%e%é’n%% tagoevegﬁt I%étfl ﬁnay gf‘% w1t éaﬁtg Wﬁd eﬁlbossmg

rusi ons
moEi @Gereitls Emdhd thahdlreadh bak paerhs) dewith Itlb:qﬂelﬁlbalibﬁ of tah @mbossing

b i SRR LRSS el i e,
thePh&R&T Alal Gici@fe BB sﬁ:@hﬁ%ﬁt‘tt@ﬂlmg 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 followed by silicon etching and then silicon
oxidation. The surface of the mold may then be coated with a monolayer of silane
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
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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nold (i.e. with a nold that has not been patterned).
If the nmethod begins with the latter, the nethod may
wa nwos/ude2st he step of patterning mcro-scal e orPCT/SG2008/000185
nano-scal e patterns on a surface of the nold hi one
specific form this may be done using a photoresi st
process followed by either etching or el ectroformng.
hi another specific form the patterning may be done
usi ng a photoresist process followed by silicon
etching and then silicon oxidation. The surface of the
nol d may then be coated with a nonol ayer of silane
Reﬁ@il:l@g togigagean ah? MBde(emglaay lklgb@dinﬁﬁth(ﬁi dnC[mﬂl efabricated using
e e sin nt . for sy enol di The coupling agent
e Q?Sﬁ@% RIyeing i ewa .geqeéqlb{bw-gl TEwdfld so that
there is a coval ent bond between the coating | ayer

(i.e. the coupling agent and rel easi ng agent) and the
The\IRETs 409 ixcshowm fomsed en @uftexiile subptrate 408e b@&FﬁTg%O includes

sob ) Ely FEREIARS QLA 5 S0n R S g SRR mcaic
ﬁhesrtma@cngg pammpamgesi stcs thawforgqmetr@ d patteirt thatahias deerd@fbossed
The OFET 4 on fle bstrate
ontis CoRiTE BRLY-SRY i s i, BESEHE WWPaihe SRECHTIES the
eledfoddes Whit Gﬁhyﬂﬁycaﬁ@ddmdt a6ing @ bhd bNthe W @fahdFbiSenids8ng printing
meHg‘dalllc films, conducting nano-particles, etc) that

R psar bedganee e roihe sbid OFIAY et GRwwsaER HiEogmovide
ml&‘gf&EM@ 9r RhnoNake %ﬁlﬁd R aevﬁtgﬁesoﬂﬁ D@ fo?Hlka& St tﬁatAﬁOI%ICI'O scale

embossi ng of the el ectrodes be carried out
orm@mngﬂanbmmmemmﬁhﬂwemmvwmkdnsfer enb055|ng printing
nmet hods described earlier. Gven the ability of W
transfer enbossing printing to provide mcro-scale or
The OKEE &80 efufthat inckides tihectvee tztyélo de6. Thy abiévef layered1 (s (@ich an

t ha m cro- sc l e or (o) hannel th 408 is
°r%3P‘8{P°g%‘H’ SPRCO r4‘66te’?‘§ F‘Pﬁ%‘ CF"h eufb‘é‘geda}? F% embossing
pnhtmge&ltl‘ﬂ&lgwnﬂ_&ﬁ (ACirtalRtibR Yieperdid dn re§uireBi®nts of the active material

ganlc/polyner sem conductor material |ayer) can be

K Phediyedgyer F4p argrlse s seliing Prcessitbile dn whit Foray the ackivulayer
41(5%@ bE iRl '09{6 thgﬁr{zﬁdg%g‘ir@ec%dés%w ;r g;glpg % atd B élod such as

active terial e active la

spig gbatingodip poasingsied bdlationlqastitgi s form the active I ayer
410 may be applied onto the enbossed el ectrodes 404 by
any appropriate nethod, such as spin coating, dip

Oveothki gvaluyes ol 0Jta agercafsdield@ric 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 eﬁlbossing 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
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Over the active layer 410, a layer of dielectric
material 412 is provided to isolate the active |ayer
wd osn4atse material 414, which fornms the gate RIRSG2008(@0185
of the OFET. Like the active layer 410, the dielectric
material 412 may be transfer-enbossed-printed or
sol ution-processed. The dielectric material 412 may
al so be deposited by chem cal vapour deposition (e.qg.
pl asma- enhanced cheni cal vapour depositi on (PECVD)).

e B 642 8 B 05 e S0 oo s

cotfittiritidhi Mherd @Iboﬁéﬁﬁ@{eeconﬁﬁﬁraﬁgﬁ]—s 4&tedlase phideddectBay @14 is
and as jllustrated in Figures 4A and AB has a top gé:]ate

firgt e vidas o the substratg 40%&@ @rleetrie gepteniel 413 15 thenoprovided eyer the
gatte‘%@ecﬁf)dé hey, @ﬂ:eEa-EuGQ Qi’yexafﬂ% @?%ﬁ&dwhﬁfeﬁlae&h@ﬁia{eHQGQZ and

are provided at the bottom of t
thesmurqee@d piefns clestrodes 4864 preempmded ohertthe hetiveHETEr 400 Anyith the
r or h.a bott
o OMubiioh, B, GPROR OhPY et Soh? Bhformets copgguration
mai&;@lfb@ibdﬁyhﬁ@ﬂﬁﬁer@hfb@tsfu@m:ﬁﬂlg is first provided on
the substrate 402. The dielectric material 412 is then
provi ded over the gate el ectrode 414, the active |ayer
ArfdQmipfe REMY DL chbAYRMg e OBET! B6lvhiik ﬁ@ﬁ&rmhn&uﬁmﬁ%w be
the source and drain el ectrodes 404 are provi ded over
deschedywith \yg‘eqeagpeqo Figuyes 24-5K; Bkilled, EeISeNs- \glélta@premate that the steps
LOUE®RL T r
o Rk o BT e B o b o pow the
OFgfrossbafgbrcatedt i ng. An exanpl e net hod of fabricating
the OFET shown in Figures 4A and 4B will now be
described wth reference to Figures 5A-5F. Skilled
Fignes SAstows the mgpE#tiohaif ¢hd frbosking mdle 690 ankick @opronided with a
illg;t.rated are not limting and only serve to prowde

patifan having) arrays of RPtysienerand He SPRASIINgathe Profisigpse In the
exanipl8 IR atbd) Qh@érﬁlfi&&ﬁ% nfld 600 s TeorfaRas s u;mh&rﬁ%and deep

which is provid h a pattern haV|ng arrays
reagli s lpugtdmlg Thrdetelinges sarsiedavtsuich ghat the qsptbtqf mlsq mmtsrn (d, as

mdFH y etrdlh@alt%g%g\%é phoO;d g{ Fﬁgg?}ggﬁiprg%gg%ep r gg%?‘?‘\?ggi %l?lmnels

4.0e04 h'mngiderie agtimdicategyl inaBigomr 5A)9drheLmuﬁam:hf theahold 60 is then
i cat

preg i by Rivieh PIB B e b BR prbE s BoC ith Asllbtip geiiang agent.

The h@nNd @06 was then provided with a 100nm-thick gold film 602 as ink material,

—"
=

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

Figure 5A 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. SR508 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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4.00.1 mmw de (L, as indicated in Figure 5A). The

surface of the nold 600 is then prepared by oxygen
weptmsmw4ty eat nent before being coated with a skiT%Ga¥e8/000185

rel easing agent. The nold 600 was then provided with a

| COnmthick gold film®602 as ink material, which may

be provided via sputtering or e-beam evaporation.

Figure 5A al so shows the flexible substrate 604 having

thereon a coating of UV-curable resin 606. The

S. e a trans ent .
SARSLITD UM elPulinoin 2 o el ich 0 PREBE TR tom ifustatea
thé@lsmni@ﬁ @sr@oatbﬂcio 1 juirhick Bynspinl Bedting @oHq@pm. and the resin
used was a m xture of nonomers EB600, SR508, SR351
with weight percentages of 60% 25% 15%  respectively.

FiEB668 sh§w§tlﬂ@|b$1ﬁ§1ﬁg %geﬁaeﬁmhy ol @ated n2d18 600 hEPHBPET film 604,
em cals. SR508 and SR351 are

d u@lgbtby pwmgn@%he BP0 e ia CaWéCttWIFhﬁbP KSpino}f160 Bhis process is
peI‘fon?&lr XJ gh‘l%l {JQHM) gerp Yi Sﬁ’lgtlﬁ%faé 1 %ﬂ)g%ithggem gcht 1tq then

phenyl acetop enone 'rigacure
irr@ghand dabegh Bagwinspaint smmbttasrid)hnalsottmedf te filne THY resin 606 at

LS RSl e P FREIM S LA Lk
expasuteioCBV ighs (Howev o ihei@siatat 2ROOtHAMre Mo il Cofeddt SHBWEe mold

he bringing together of the pre-coated nold 600 and
60{) fengdeyrefl; ﬂﬁf mﬁle tQ therprespage °cf REYgSAR fhesainiegvhish thege areas are

expied SARifRALRY, fhe c‘dﬁﬁhé“&f the b lsid e 2" B8R B8 ed nﬂHl)ﬁnerlsatlon of

process is performed at anbi ent atnosphere
aciylateesinalleig pelvistisation s inkibited pnolesulahexygen, mvehi¢harceats rapidly

the
i i %F%e 7 P RhTthe pUBRELGarith & Caifed il oMl
cured (i.e. cross- Ilnked) and hardened as a result of
t he_ex osu t. However, the resin at areas
FigyerC 8 € tg? rqsﬁlt‘f}% ﬁtf%?g'l’e #%h the ol d 600 is not
cur ol Tﬂie&eshr&ndld@cdn‘ihct f@adHa08 Bite atf hR¥er@@N i n the
air to which those areas are exposed. SpeC|f|caI

Y,
t he (ur i thy mld OAQ is liftqdn lepking aprays efzgold iy Sl 602a on UV cured
pol yrmeri ga dﬂgl&g oﬁ@l{é’ﬂﬂtﬁln{&% Bnd This pol ynerisation

is inhibited by nolecular oxygén, which reacts rapidly
Wi t Kl kyteureddesimisginsedpang ethdnpl.when t he
pol ynerisation is carried out in thin filnms. Figure 5C
shows the resutting structure once: (i) the resin in
In thedformw stiomat, theergoddthirafilen avdyesd2a fisinRahdlemnedt, 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
electrodes on the PET film is 3.8+0.2um, 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 is an atomic force microscope (AFM) image showing a

cross-section of the embossed electrodes.

10
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(ii) the nold 600 is lifted, |eaving arrays of gold
thin film®602a on WV cured resin portions on the PET
wd 20084025, and (iii) uncured resin is rinsed UITgG2008/000185
ethanol. In the formshown, the gold thin filmarray
602a fornms the source and drain el ectrodes of the
CFET. An inmage of arrays of enbossed el ectrodes that
can be fornmed using this nethod is shown in Figure 6A,
whi ch also i ncludes an inset of a scanning el ectron

Figur n% 05s e &l té% { ul\%%f]euga%? mﬁ’?%wt w%eg’el.@%% Ia(étpvﬁel\é\%? %Bg g the

enttossed eldchede’m&ﬁthﬁseq)eﬁﬂﬂiarhﬂ&|noh&iﬁgt1ﬂg bﬁrﬂ}ﬂe nhé B&iveWdyer 608 is |
re%old el ectr.odes. on the PET filmis 80.2 whi ch

BreRWanL BHYS Raxykhipphepg) {Rie PéHifbc%nGrlé RIPYidess by gRin-coating RR-
P3pat r8mNeMitieR it BRloFIPbith (ORLREEon'S %Yﬁ/ﬁt%’éh? vﬁeﬁ Q1966 Pm for

and the channel is provided in Figure is an
3Oatae¢rﬂ5<f¢ fr GOmW et BEE0Rf ¢onFIv) wherggisceshasyion gesired, other organic

f
mdt rgﬁv\imtﬁﬁ 6L 'u Sag ﬂll,lée %:t%vg ﬁgé/gééglq hﬁi ﬁﬁoé Q)Pagngﬁeis f%@%ﬁ%Qude small
m(dthilese I smhr 62@8 ombtdne errmmasaﬂ el peftaceies. perylehédiimides,

t he tlvel

@Bt Fafragt il e aSHER S 6spn1f>é Ao @idisetiene

poBN5tifierddn¢ivitgtendypdip| prphe@ﬁéﬂerkgn Vh.r ki edq)eroh&Will also
in chloroform (concentration 5 at a speed of
apprseiateIhatithe actys layen O8% may eforgshb e, ongiossing printing

OthQYbES oﬂ@ﬁﬁﬁ%u@eﬁﬁﬁﬁ%‘ (&g, Qﬁerﬁiﬁfsénﬁlﬁgsm? gﬁﬁt?ng(? K96 be used.

materials may be used as the active
non-limting exanpl es of mhlch i ncl ude small nol ecul es

Figif€ 9 @I?O\{dsl'mé S%S ’ste}: %‘f?r ol a dlef%gttnac gy%? 0 over {hle(jﬁ@’e lag?{a608

ery ene noqu no
In pihisy specifics Lmd am-pmht;n‘gl mmrﬁpie tlml@decaﬂetlyiyanes forhed from

polbuuipPessh (P PR iy AR AP ks B PG, B tom otuion

in ﬁﬁ ro¥fl ah@ﬁ@lr(ﬂs&)g(cﬁiﬁﬁén@ﬁloﬁuqfomhg Y- 10 d dra55£30min at 70°C. The
ossing printing. Oher forns of enbossing printing

me@@”@fi thiqkaessef the RYFsElmel G L dePAgM- may al so be used.

Fi gure 5E shows the next step of formng a dielectric

| ayer 610 over the active layer 608. In this specific
Figunel Shshows thietrienigst@(aﬁfmlrmingt ahgateleleteater 61 dmydre dlslectrlc layer

enoI PVP from Al dr
1) 51 £ Y LA DS Y R e k! B,
30s) on top of the PVP layer 610 and baked at 70°C for 30min, to form the gate electrode
612. Where necessary or desired, embossing printing 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 (i.e. W,
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in isopropyl alcohol (1PA) (concentration | OOmg niL-1)

and dried for 30m n at 700C. The neasured thickness of
wa esMgS i I m 610 is |.101 mm Figure 5F shoviRCT/$1@2008/000185

next step of formng a gate el ectrode 612 over the

dielectric layer 610. In this specific and

non-limting exanple, silver paste was spin-coated

(3000rpm 30s) on top of the PVP | ayer 610 and baked

at 700C for 30mn, to formthe gate el ectrode 612.

elew&%elelgﬁg e§ %ﬁ?%e 04 ghs 1es| %)q'%sreglgﬁgéileﬂglkﬁﬁpeat&@% fenRXequat are

obfaaiableaming tire ghovecmsthed. above were carried out in
anbi ent at nosphere and tenperature, except for the
baki ng processes, which were carried out in a vacuum

FigyermA dhvevsp@efRaiimogee @hirrbdieyvesduk Ifaihabirce aloftd!8f Bie of the
t he net hod above vvas nmeasured using an Agilent 5270B

 agRtaR RS 2ha e 0f Gt RoRaReRIATEE e FBeshaatioRl C Tk dranster

culvBaRnRe Ele!neﬂﬁgtt fhe OFEY falbrlczgéds %l'ﬁ)?&egogﬁ off lb%géxfl?ﬂei’ﬂ% Siram

is 4nmm and t he channel W|dt ectro
curjrent 30O Omrreurying)cis aibgutrkﬁbrz‘\esteﬁﬁ%flﬁ)\& etndefﬁl V. Eb(pemlracted field-

effé&ir}ﬁo%éht?'%)tflfﬁee 6F$;X% odot6 Obt/%l dsp ﬁﬁlog }/cr)]gagg E?}hg}%oy 6V and the

Shows™ t
on/‘c)&rcmusntdamm-lsbur ce vol tage of one of the fabricated
OFETs at a range of gate voltages, and Figure 7B shows
the OFET" s transfer curve. It is clear that the OFET

Cohaliéringahefrghant dowd., SRl dHhia bRt Re RO PRT (abEhﬁuﬂm 1§ low.
current (i.e. on current) I's about 10 7A at =-

Thigrigjatyyihutable tottyve fasterp.{onedy the lewapgcitiencerrpilted frynnﬁxe re¢latively
hlggﬁﬁzkﬂés @bﬂg ]121 #7122/; WiePve Bing %\H&Js@re& gjiﬂfggﬁlcég ﬂnét e)rea' o?f the

V and t current ratioi1s
PVthelni wrg)8. qu) lﬁE/nof CMtdsportdmg oraiclecuicrenstamtfoft he TuéEsEcond

) | ow. S.iS ttrlbutabl
fack flris P o' oy WD 40T SRt B Pl e
perﬁcﬁisaﬁlill\apbgeciateghaﬁ thé edoRgBtogly e thatelméulﬂfﬁ) isQdnetdT@hd’Mbtors that
film l\/basure? capacitance per unit area of the PVP

determipe GarEermobiityy see gpsmogty susiee adnl eepdamelegplarerdering of
theGRASEARABEtY. The PETTHiBn 3GERBAised in the above example is much rougher

than conventional polished silicon wafer. The roughness does, however, slightly decrease

after application of P3HT to the PET film.

As noted earlier, the measured L,,/L,¢ 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 trapping 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 in 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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factor that is believed to have resulted in | ow drain

current is lownobility. Skilled persons wll
waposeeH2t e t hat the norphol ogy of a gate i nsulGE/$G2008000185

one of the factors that determ ne carrier nobility,

since a snooth surface | eads to good nol ecul ar

ordering of the sem conductor. The PET film surface

used in the above exanple is nuch rougher than

conventional polished silicon wafer. The roughness

. i ght | crea fter appli i of .
Fil365 OB, S PR Yo PR B3R B bhEf ABE AR G e
In \bheaform, bétht puetsfabd madatofdlabtivi The bas p4ro0800,1@Rich Thays be the

is attrjbutable .to.the oxygen and _hum dity since the
subsirate aigle Ibﬁf? eflishif PSSt vath FoarEy o sawee clggpades 804

and QF i EIEELdeH 66T L it ayIf TOSRAGS: Rlectkbes BOB PSS EAPRSQDprinted
at the active/dielectric interface leads to a positive

onithe bass prd 3081 Inderans af senneciivity, the sautse glocaades $64 dngachmpw are
! ge, ; :

oo eISHA%, 255} AR ALUE B A DB o

arthpbanidoall eftitherEin iefecirodes 1866 faoy omniected tdgether.i Axt wijt b¢ explained

Elbased. bi oarra 1 0-1ab-on-chip device or the
ool e e i B B 6y lochibmn the form
illdsabtedN foulh irpwsl @Y i se@rciMeldetrodey 808 ste 9e6vilar] Bach Row is selectively
reference tg Fi gur.es 8A—8E.Fi§ures 8A .and 8B show pl an

Aotk the (e8RS SEOY. 51 and S4 Strideant fargelerseq dlecirodes

808G WeGBluntts a0l idEdNeadhMethgRAdil RualyeselRAB1eQksingls@3th&s R 1, R2,
The base part 800, which may be tHe substrate as

R3gR4@pd B&d earlier, is enbossed-printed with an array
of source el ectrodes 804 and drain el ectrodes 806. An
array of references el ectrodes 808 is al so

The biveyae B0 risotieduden a séreichaiietinalayer@0 @ctivel layee (mws siidwn) that is

.connecti vit t he source el ectrod 804.in each r
prif PR SR ekeb ot B BRI 91 oyt A4 Sran slscBoBR ey i, and 2
dieBdethid laydr®q 8t idprirR@Covet SAcHPAIrdff sbilr€e akd @din cddttrodds 80af 806
the drain el ectrodes 806 are connected together

. As
ang,theq se‘g@c%gﬁptg}gn@derbléqtﬁwn thgsqurce ang tdsaip rgﬁleé:trodes. 804, .806. The
rel i {éﬁga/ng%ﬁ{t%Ctﬁe Qbf bhd Aerdfldly a&&&hkse 86,1 RGO dRelectric

| e formillustrated, four rows o

layet &ld} is orhes clggly ilngratedon iFifmek 8Gandtichr guwiss: csesssedtionaf the base
AV ' f.our -sw tche | onoS2.  S3 and

paf S0 ERILRE A My iR rb} R sosgiy S st for

gate el acmde, avtactp woulddetmalbabd fdrmicd @ni thelidieledtrid layer 810. However,

becsaglseet g gge%tn%slla}rf]e gTd" sﬁo%[]del:)se elilpc’)sefi\)%d dg}gét ar?aﬂyt%g as I\3&/51I1 be explained

below), the gate electrode is substituted with a reference electrode 808 that is provided on

the base (i.e. substrate) adjacent the source and drain electrodes 804, 806.
The cover part 802 includes micro-scale or nano-scale microfluidic channels 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
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The base part 800 al so includes a sem conducting | ayer
or active layer (not shown) that is printed on the gap
whmoseemseach pair of source and drain el ectr ciE3S@048/000185

806, and a dielectric layer 810 that is printed over

each pair of source and drain el ectrodes 804, 806 and

the sem conducting | ayer between the source and drain

el ectrodes 804, 806. The relative arrangenent of the
drain and reference el ectrodes 806, 808 and the

i el ectydc .layer 810 is nore ear t
pait) 6418 OBET i evict ave Spora e SeE mhleptiet Al ofies afts of he
OREAY (beSiQ€}. tht sowbe WlettrdiR dn@trefdrenbatieéthRicy Qfe%’r@ﬂ&ﬁa@ly coated with
el ectrode 808 serves as a substitute for a gate
an gysplRfipR ¥Er- whi ch woul d normal Iy be formed on the
dielectric |layer 810. However, because the dielectric
| ayer 810 shoul d be exposed to detect anal ytes (as
Ongg the m@eempleaulnfeuaw@mv)mmohésqgaﬂ@ ceveratarto¥fl2 is snounted on the
n
top5 Hibﬁxtedot gé g }gpé q%g%rér? %ceaﬁe% t%ﬁ:r%:lh? ?ﬁl %‘gg (a;}éa’n?él?tﬁg from one
an&hﬂ:rr @e iHuadrathdain Fedues 8E0 de Saiiplé, cdd@bning hergeomﬂeqnmstls then

802 inclu cr.o-scal e or nano-scal. Cro
eogRAHALID S EsreRL o Ge 6P o & Bripat S B NGRT grolee diffren
sitésnethe BéVite. HFr rdaktiG &t v&bhing WittObUTRr 86lutidiAe algd}pddi&hidn can
are preferably fabricated using the enb055|ng net hod

be raadyciadeby shpply dpultiplexigg éWltﬁhf‘ébT@ dibfercat pddressee Surh 6 SIRI,

_ S2R§m3 g de?e%gn% gt H?)‘?ecﬁ% ifre@ht §1{3§ o ﬂrceedegﬁ,ret DARPers Yedlytes

hat th ey contact ect rrc rayer
or dléﬁemnéme@traémnmé te m.anéﬂmteenslw@ecm@lm hﬁ&qm alret dieleétric layer

T ] he device ar X
of ?rl{l}l g% , res{lllt %g n alll'gepar {electtd 1? %ﬁnSlté__lETf&lf MINL rsd%ré la{yﬁr built by
immurgc\mltegebémehe tiendferaice reﬁﬁﬁ&deeirﬁlﬁdilﬁﬂeéleoaﬂode This change is
r ef er apl Lth an | ti.on | Once the
theﬁ BisciaRe) Vs D GERL o ueibriaD b Yrically; t El}%h@ae%%?rwawtwely
corBBords taenhAGeROndAGafic) of the base part 800 to form
seal ed m crochannels 814 that are isolated from one

another, as illustrated in Figure 8E. A sanple
FOP&B%(SLJQE%QSC?%FL%%&C@%%EI éselz%ﬂgsh(i\F(? an}le}gl@ Q&Bﬁ{n%eg[ 1E Ig!ar&)erally a

reqdirérhent Emttalqﬁ:rmtEsomit ighii¢ Slerep¢ betwteers differdrit eleenorc sites. This is
ctio buffer ol uti ons

typélcrzzlp(yigorbeelsl eertovgiﬁg 85““'5‘8“8%%&[}?}? nB tion );wwever the provision

of multiplepinexdohgniseld fesklBSn highet fabhéioh c@ﬁdih&?géﬁﬁrall}s&kfe@ n8Ballow
S| R SZRZ..., for detect|Q%@target nol ecul es at
for jthe  faprication j qfemangrariap echips, (Wich prquitsy pane seale ghapgels). 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 above.
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
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or different concentration of the sane analyte in the
el ectrolyte affect the dielectric |ayer of the OFET,
wa mesii40u25g i n changes of electron density in tHE/SG2008/000185
i nversion layer built by inposing voltage between the
reference el ectrode and source el ectrode. This change
is then detectable when the OFET is switched on.
Typically, the change very sensitively corresponds to
t he anal yte concentration. For sensor addressable
. [ [ i |1, qui. | e sol uti.0 0t
iRy ARBhERE) BUR HAMIE orhtilife B Ty b 3ty clion and
thestesulting devies wegrhade bheosrembre e tlecollowingichexacterdistics: lightweight,
typically done b rovi de ti-mcrochannels. |
ik, S M P yFraito R e AP ol OB ping. and low
coftl The GRARAE hid 1d8wibe tnfay! be RbANRr dpPREdIGAS P Narg® HispRfYdpanels,
generally does not allow for the tabrication of )
eleqpRic aP3PELs, cHegonionPReISNEqUIAE satds $8d| ensersn faes jspecific
RGH6n GOMRE BENISe AR .8 184 & nerati
ap%i ven the ?aﬂr? %ét ia%g&gr?§r§n&g?rgs’v£%gldé£gl?é %sglri]gg%:{g?*ét é%neratlon
peRETe saaner fior climicd allapabsis, i dug disavdian bemeland s¢duetyydoddocbntrol
amgggp%kgp%apbo%qﬂ)FurthernDre, the connectivity of the
elec qed' jEStY™ed above reduces the number  of
i nput/output lines that are required for addressable
det ect.ion, f.or rmuch sinpler multiconplexing, and
The foreseipe H%SGBE?S@G‘F‘H]@%?}E‘?O"&PCW% &/hdy @t pilb e yydareped b hose
skifi¥® TR A€ Yar€ 'RF ibaBRlbfecH ]S Qﬁé@e?arﬁ}i’i@ﬂse ok &hadificdtdnt A design,

manuf act uring ‘process and novel architecture design
CORSHHCHATKPTRPeEAtiganyighout dersrtingofiem (BFECPpe @ dheOpeTent dgvedtion as
cla*rﬂ cf%ﬁtzﬁgn &\ HifeShe m&%hfe{n%g{iib%nt flzﬂe@é 4 ﬁles%hgec{ &gfl I;lgference
abrication 6f mcro-array patterns andi n egrate
to stkpsctorlendaoisedoqutan @\eettaiansdes the mvalsi mgy pe innddifikgl such that the

rocess. .The .fabrjcation and the resultin evi ces . na
oG8 Bir G B A B bt B9pD M ete AT PHAa AT (R PEgod Tay be
moldifidtsueti @bt addftioaxli Sdpe carriod g6t BlichavatiaNEisAfRe insfntél Gdinfhded

flexibility, |ow tenperature processing, and | ow cost.
to b roviisd By dhessapcrfhcrressay inyentioa @g clasmeda ppl i cati ons i n

| arge display panels, electronic papers, electronic

packagi ng, smart cards, and sensors. One specific

application of the device is in a bioarray sensor,

whi ch nmay be used as a next-generation pervasive

sensor for clinical diagnosis, drug discovery,

honmel and security, food control and environmnent al

prot ection. :
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The foregoi ng descri bes exenpl ary enbodi nents, which,

as wll be understood by those skilled in the art, may
whBosuuect to many variations or nodi ficati onEsCT/$G2008/000185

design, construction or operation w thout departing

fromthe scope of the present invention as clained.

For exanple, while the nmethod enbodi nent has been

described with reference to steps to be carried out in

a certain order, the nethod may be nodified such that
Cltlhe steps are carrled out in a different order, where

%Bbfopr|ate Al so, the nmethod nay be nodified such

that additional steps carried out. Such variations,

for i nsta re i ntended to be cqvered, by the scope

-of the g‘?@rﬂ siriraitRs ghomsanie (18l elipcciransinor (QFER) comprising
forﬁﬁﬁg‘ﬁ%a@{ orle@FEE @hichfe BPuRadRtt AU fAidfe? EfB6dsing printin

transi stor (OFET) conprising formng at |east oOne

structure by ultraviolet (W) transfer enb055|ng

2 printi hod I

pI ur alllqltgy %?oa-g)?régﬁo ?sggérgfeh g (Iijﬂ éhtg }Keal? taso es and drain
elettorder ds Sommedt anmhamloysly,eee(ch I;tam of &fureao aitdc dmm (élddtradas being

ct,rodes bei S channgl selected fro
ser R e 5P Be R OB oy e RBRAPE sccgrcric g and a
nmﬁﬁ@ﬁh&ﬁﬂhﬁlchanne|. 3. The met hod of claim1, wherein
the at | east one OFET structure is enbossed printed on
a flexible substrate. 4. A nethod of fabricating an
3. Or ganithelh&hsh & ISk 1 tvﬂﬁpéih et I&Q:&DOFET' StriBRl B 9d! embossed
conprising: providing ink naterial on at |east part
printegon g de i sybstfatce of a nol d: contacting the nold on
a coating of ultraviolet (UV) curable resin on a
substrate so as to insert at |east part of the ink
4. mat er iAainethotl of dbeicatam an; organi@fieldteffog tiansstoeCDFETY, tHe nhéthod
| i ght; and separating the nold fromthe resin so as to
er the ink material fromat |east part of the
pat t eppRedisE nkasReddl oh AEleR batt 64 patleRRdsBFAR of @ nfddd;m

at | east one OFET structure.
contacting the mold on a coating of ultraviolet (UV) curable resin on a

CO

substrate so as to insert at least part of the ink 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 at
least part of the patterned surface of the mold onto the resin to form at least one OFET

structure.

5. The method of claim 4, wherein providing ink material comprises providing

ink material on a plurality of protrusions that form part of the patterned surface.

6. The method of claim 4, wherein providing ink material comprises providing a

continuous film on the patterned surface.
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5. The method of claim4, wherein providing ink

materi al conprises providing ink material on a
w@oog/adodrsyy of protrusions that formpart of theCT/SG2008/000185

patterned surface. 6. The nethod of claim4, wherein

providing ink material conprises providing a

continuous filmon the patterned surface.7. The nethod

of any one of clains 4 to 6, wherein the patterned

surface incI udes at |east one feature of a size

I [
7 mano: sadf ahetd 3F o B of i3 4 R 67 Wit b Py rrace

indleies at leae ohe &tatire of 8 sizeGHagEE froimhat ghRpabadifihg of: micro-scale
‘Erotrusn ons of the patterned surface, the protrusions
BIMRG°B€ed to transfer ink material fromthe nold to
the resin to format |east one pair of source and
drai n el ectrodes of the OFET. 9. The nethod of any one
8. of cl ailhg mpthad &f clajieewhereinethp it desshert fatfaisea channel that
' f t ' .
SRR Ry e b et i, P AR ik Bbin SbT o Fanster ik
mmriaéﬁ‘bmdhé mok tb ke rgsio tpformns leadtiong paif of svuseand dalireelagitbdes
Ofg‘a -scale. 10. The nethod of any one of clainms 4 to
erein the ink material is selected fromthe group
consisting of: a netallic fi I m a conducting pol yner

mat eri_al, a_sem conducting ynmer material,,
9. condudihengethad &A1 eneeef SHHn% énﬁoc%’nﬂl}%f?mnﬁle patterned surface

corﬁﬁx‘?&@ @rptlﬁrﬁlllt?%f pickrusibi® AR A atBiYofHRGrR }' Al ot loHEBeléetrodes

0, wheréin irradiating the resin conprfses
at 4 Wkﬁ’(ﬁplﬁﬁfﬁ‘ﬁ fromibe groyp gorisisting ofi duienoesaslh andransedssler at e
and through a transparent support on which the
substrate is provided, the substrate being a
10t r ans fdeendthdd efanyl ane oflokimat eo 91Rherdinaheririkhaatedl is selected

i zl_hem 11 further c rISI{ﬂT]? nw ndi ng the flexible
Oinr SEMBNEOSHES % e condugiing ipRlymes cmefprial, a
serfidétat@ng e}&ilﬁn&ntrﬁatérﬁﬁi SdoRgidtiak € nAeparticRe 8@ serdB6hducting

snmoothing the resin to forma coating as the substrate:
nanopagiglgdbund from t he

11. The method of any one of claims 4 to 10, wherein irradiating the resin
comprises irradiating the resin from underneath the substrate and through a transparent

support on which the substrate is provided, the substrate being a transparent flexible

substrate.

12. The method of claim 11 further comprising:
unwinding the flexible transparent substrate from a reel,;
dispensing the UV curable resin onto the substrate near the reel; and
smoothing the resin to form a coating as the substrate is unwound from the
reel.

13. The method of any one of claims 4 to 12, wherein the resin is a combination

of multifunctional acrylate or methacrylate, epoxide and their oligomers.
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reel. 13. The nethod of any one of clains 4 to 12,
wherein the resin is a conbination of nmultifunctiona
W/ 14425 or net hacryl ate, epoxi de and their PCT/SG2008/000185
ol i goners. 14. The nethod of claim 13, wherein the
resin is a mxture of nononers conprising bisphenol A
epoxy di acryl ate oligoner, dipropylene glyco
di acrylate, trimethyl opropane triacrylate and
2, 2-di met hoxy- 2- phenyl acet ophenone as a W
photoinitiator. 15. The nethod of any one of clains 4
to 14, wherein the resin contains substantially no
14r el easiThegmathedtof dtBim Tise wiekdindhefresdinyis anenigfureC loflii@nofners
to.15, wherein,the coating of the resin has a )
comprigith MPRERLL fe oo dIAgPIZE oETmEF. piogiane Bycofliscryate,
tﬁﬁ&hﬂl@ﬂro@ﬁneaﬁﬁa@?ﬁteofana! 2 B tHoRy-2EheMIflcRiphedont® as a UV
nethod 1s carried out in anbient atnosphere and
PhofRIMGAAT- t enperat ure. 18. The method of claim 8 further
conprising: renoving portions of uncured resin;
provi ding active materi al between the at |east one
15pai r dfhesmathod efnanydoaé mfedlaiotsr édes]4, pwberkidi thg resin contains
Sm%kehgftQL%kwaEeru%L over at |east part of the active
nﬁ?erﬁg?; and %?%vrding a gate el ectrode over the
dielectric material. 19. The nmethod of claim18,
wher ei_n provi di hg actige material is carried out b

y a
16~p r oceddiedngthod of Ay oge P ﬁlgmgsréb@pl Se yheteuy the, goasipg of the'resin has

a tIABRRESH KL RAd Y1 ING.106BlifrofOat i ng, dip coating and
sol ution casting. 20. The nethod of claim 18 or claim

19, wherein providing dielectric nmaterial is carried

17241 by nRRE nd t%h@SF A8inds 4481 6N EnGLAYR ‘S‘?‘?é% &t dalifkd out in

enbossing printing, spirn coating, so
amprepcamesphgrezand aoibémi alpessapaur deposition.2 1. The
nmet hod of any one of clains 18 to 20, wherein
providing a gate electrode is carried out by a process

18sel ectTae nettd dfdRif BAURhe @BSpaingld of 1 enbossing
printing, | . .
rémoving portions of uncured resin;
providing active material between the at least one pair of source and drain
electrodes;
providing dielectric material over at least part of the active material; and

providing a gate electrode over the dielectric material.

19. The method of claim 18, wherein providing active material is carried out by a
process selected from the group consisting of: embossing printing, spin coating, dip

coating and solution casting.
20. The method of claim 18 or claim 19, wherein providing dielectric material is

carried out by a process selected from the group consisting of: embossing printing, spin

coating, solution processing and chemical vapour deposition.
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casting, evaporation and sputtering. 22. An organic
field effect transistor (OFET) conprising at |east one
wodeeEY1etrsuct ure formed on an ultraviol et (UV) rROWwsER008/000185

resin on a substrate. 23. The OFET of claim 22,

wherein the at | east one OFET structure conprises a
source el ectrode and a drain electrode, and wherein

the substrate is a flexible substrate. 24. The OFET of
clain123 wherei n the source and drain el ectrodes are

s Separ hannel selec the gr.qu
2l onsi 2# hetae %?(?0 any;opf 8f 5185? %9 n‘é’m’rgﬁ‘ r‘g" %&E G$21q gectrode
is 651'&6([1 elit b 2.prddess S¥écledfroml @k Brolp Wnsistidt 6F: ZthbosNikd) Bfinting,
onprising: a sem conducting |ayer between the source

Casé’r’i‘& YRBATAICN AdISPREREWE. a dielectric |ayer over the
sem conducting |l ayer, the source el ectrode and the
drain el ectrode; and a gate el ectrode over the
22di el echn |0cgalna>yépld fifect TMSI@EETOBET): lcainprisiGg @t ledstione ZAFET

SH‘II(H'&IIE qg&neﬁg)ﬂ‘%ﬁ qut%a%ﬁletm re:s%J ¥ tnlezTn g.lb tr:}{ bet ween the

source an rarn e ectric¢ |layer over
t he seniconductlng | ayer, the source el ectrode and the

draln e eference el ectr on the

235ubst rﬁie 5%%30 af gam ?Mﬁ%ﬂfl&%ﬁ 3Pt P ﬁlggfémwe@mpmes a
soutde elddtRI a BfairPdlYctdae, Al whierdii e $ibstrate26a I¥AIBlE %hl%trate

the resin is a combination of multifunctional acryl ate

or nethacryl at e, epOX|de and their oligomers.28. The

24OFET o'i“h&bflEinog Z]:auﬁ"@ elh sf&ﬁl%'e Rndl 8. gfb&{oﬁ%? arg separated

monomer s conpri si ng |sp eno epoxy diacry
by @l ¢hgomed s¢leci fropy the rgzoupl gupwisting af rayhmtescale channel and a nano-

[ yl opropane triacryl ate and
S“@ apgn%ethoxy 2- phenyl acet ophenone as a W

phot0|n|t|ator 29. An |ntegrated COFET- based devi ce
25.C onpr iﬁxie rquE%" gtl c aru%| 23 or c a1m 24 I%urthe?gorgllar?slmrrged |
a semiconducting layer between the source and drain electrodes;
a dielectric layer over the semiconducting layer, the source electrode and
the drain electrode; and

a gate electrode over the dielectric layer.

26. The OFET of claim 23 or claim 24 further comprising:
a semiconducting layer between the source and drain electrodes;
a dielectric layer over the semiconducting layer, the source electrode and
the drain electrode; and
a reference electrode on the substrate adjacent the source and drain

electrodes.

27. The OFET of any one of claims 23 to 26, wherein the resin is a combination

of multifunctional acrylate or methacrylate, epoxide and their oligomers.
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in any one of clains 23 to 28, wherein the CFETs are

arranged in an array of columms and rows on a
wGlosti4oate, the source el ectrodes in each row BEN/$GR008/000185

connected together, the drain electrodes in the array

bei ng connected together and a conmon reference

el ectrode being provided for each colum of the array.

30. The integrated OFET-based device of claim 29

further conprising a cover having a plurality of

ogM croc over hejn ocat.abl e over t

28 Ubst r & era?(?%‘asotft galéle\g? STEITHIT AL IF X é’% monomers
compsipiag t bisythenalc Ao epayndiacrylate oligomer, dipropylene glycol diacrylate,
trimethylopropane triacrylate and 2,2-dimethoxy-2-phenylacetophenone as a UV

photoinitiator.

29. An integrated OFET-based device comprising a plurality of OFETs as claimed
in any one of claims 23 to 28, wherein the OFETs are arranged in an array of columns
and rows on a substrate, the source electrodes in each row being connected together, the
drain electrodes in the array being connected together and a common reference electrode

being provided for each column of the array.
30. The integrated OFET-based device of claim 29 further comprising a cover

having a plurality of microchannels, the cover being locatable over the substrate so as to

seal each of the columns in a respective microchannel.
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