ADDRESSABLE TRANSI STOR CHI P FOR CONDUCTI NG ASSAYS
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dueto the many benefits of mniaturization,
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[0003] Chemically modified field effect transistor (CHEMFET)-based sensor
technologies have been studied as they have potential as microsensors for food,
biomedical and environmental analytics. CHEMFETs have advantages over
conventional ion-selective electrode-based sensors in terms of small dimensions,
low-output impedance, fast response, mass-fabrication ability and great potential for
integration into smart sensor arrays for detecting multi-analytes. However, present
devices are mainly based on inorganic metal-oxide-semiconductor field effect
transistors (MOSFETSs). A limiting factor of such MOSFET devices is the relatively
high manufacturing costs. This is particularly true for clinical applications which have
strict safety requirements and where the use of disposable microsensors is highly

desirable.

[0004] Biochips, including DNA and protein array-based devices, have become

an important tool in the life sciences, biomedical applications and drug discovery, due
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or silicon array fabrication and can be very
expensi ve. For nore than a decade now, organic field
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el ectrolyte is coated atop of the dielectric layer. A

SUMMARY OF THE INVENTION

[0007] In accordance with an aspect of the present invention, a bioelectronic
microchip includes: a substrate; a plurality of field effect transistors, each including:
a first and second electrodes on the substrate; and a channel extending between
the first and second electrodes; a semiconducting material filling the channel; a
dielectric layer formed atop the first and second electrodes and the channel; a third

electrode in proximity with the first and second electrodes and isolated therefrom.



potential applied to the third el ectrode exerts an

electric field nodul ati ng the sem conducti ng channel
w@booandsssoci at ed transi stor between the pair BET/SG2005/000113

el ectrodes through the solid/polymer electrolyte.

[0009] In an enbodi ment, probe nolecules of a certain
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reactions. [0010] In an alternative enbodi nent, probe
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[00t]at i incarbgltemadive emimdiaient prebe mgleees efra egdain type may be

aireglp KBouEE i B s 38! Soritind BlipfLAREules through
cheffiid? efiritycareiabidn Agdin) Gl 2lodlikiohi degith a6 thes eleatkl depends on .

el ectrodes act as drain/source el ectrgodes, and the
electigal preperties of ereka/targat molestier earpkingligRs r ode (akin to
the gate electrodes in a. MOSFET). [0013] In accordance

[OO'QQI']t h AN BRErm3aPE emiRidimBAt, RhRitctvaldht ®MdiRg link&emolecules
[ h may be all d/ o

oel ectronic mcrochip nmay -printed an r
can begratted imio diekectricdaygenby mixing tihe liker rhateriehand the dielectric

al.l -pr.inted organi hem ¢ ield effect transistaqr
matZfighieoft Bt e Bl FipemBlasiias 014 22h8hpe may
be immobilized on the dielectric coating by covalent binding through the embedded
linkers. Again, a modulation depth of the channel depends on electrical properties

of probeftarget molecule combination.

[0012] The first and second electrodes act as drain/source electrodes, and the

third electrode acts as a reference electrode (akin to the gate electrodes in a

MOSFET).

[0013] In accordance with another aspect of the present invention, the -
bioelectronic microchip may be all-printed and/or coated from solutions or/and inks
to form an all-printed organic chemical field effect transistor with extremely low

manufacturing and material costs.

[0014] The plurality of field effect transistors may also be formed in a two

dimensional array on the substrate. All first electrodes in a row are electronically
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[0014] The plurality of field effect transistors may

al so be forned in a two di nensional array on the
weusvysase. Al first electrodes in a row are PCT/SG2005/000113

el ectronical |l yi nterconnected (and may, for exanple be

addressed as x 1, x2).. Al second electrodes in a
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[0017] In accordance with another aspect of the present invention, there is
provided a method of forming a biochip, by forming a plurality of transistors in a

substrate.

[0018] Each transistor may be formed by printing, coating, vacum deposition or
otherwise forming parallel source and drain reglons on a substrate separated by a

gap. The gap defines a channel.

[0019] Each channel is filled with an organic semiconduction material. A
dielectric layer is coated on the top of the source/drain electrodes and is coated a
solid or gel polymeric electrolyte to receive an analyte. Electrodes are formed in the

electrolyte regions. The transistors are arranged in an array. Regions of the biochip
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gap. The gap defines a channel. [0019] Each channel is

filled with an organic sem conduction material. A
wale@beess c | ayer is coated on the top of the PCT/SG2005/000113

source/drain el ectrodes and is coated a solid or ge

pol yneric electrolyte to receive an anal yte.
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o GBI SobBR TG BTyl PPy RlAE g, cram
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el ectrolyte [0022] Ot her aspects and features of the
(referease eleqtr §nPP|Mﬁ13NQP'e§éE'9W?)apparent to those of
ordinary skill in the art upon review of the follow ng

[00355CT btk %ﬁ:ts%’r?cﬁfé‘dﬁ&re%’ﬁﬂﬁé g?é@e‘?'nt Hvenien il ®BELRR apparent

I'm conj unctl on Wt e acconpanyi
to those of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the figures which illustrate by way of example only, embodiments of

the present invention,

[0024] FIG. 1 is a schematic diagram of a chemically modified organic field effect

transistor;



figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [0023] In

the figures which illustrate by way of exanple only,
wepdsadivesit s of the present invention, [0024] PFCTEBEGH005/800113

a schematic diagramof a chemcally nodified organic

field effect transistor;[0025] FIG 2 is a schematic

oo AEL B % B BR e ASTBLAT Lo SRR et

of tRd pREEMirfvdritighd effect transistor of the biochip of
Fl & 2; [0027] FIG 4 is a schematic sectional view of

a chemcally nodified organic field effect transistor
[0026] FI EIG.33 ima plan vieweef anonganiq figld gffeet tansistprof the biochip of
FIG;:éhemati c process diagramillustrating formati on of an

enpl ary electrolyte [ayer for use in an organic

field effect transistor of the biochip of FIG 2;

[00270029FIG. 4555 a 86heimati6 Beatiendl viéve of ¥ &henlitallytmaedified ofganic field
exanpl e biochip in use. DETAl LED DESCRI PTI ON [ 0030]

effechizansisten of 6IG.p} @lergines Mhsi cal Iy nodified organic
field effect transistor (CHEMOFET) based and

[ u : Tale oy g foFrRGSH S
[Oo?ﬁii I Pgre;é'ar? fsr%'rﬁ nt ed’e @%&%Fr@g{gﬁﬁ{m{%gﬂsﬂgn@ I ng ang'egltl
exenpiaytdlacgrayptedapentos use ambnrarggnicdiedt effect tednsistooof the biochip
ofFi)(ggél ding a detection circuit with OFET) and

1 ectronics (building an el ectronic biochip with
OFET) to allow the manufacture of a high density

[0025] aYFIéQ.Oé;A]anﬁrBB)é?érMﬁcnﬁi/@Qillasfﬂéﬁg gﬁ etlxlamg@rmbd@mo in use.

used as a sensor is illustrated in

illustrated, source and drain electrodes 12, 14 are
formed in a sem conducting substrate 16. A channel 18
is forned between source and drain el ectrodes 12, 14.

A gjl;_ef-@,@_‘frg pEgSRIEtON | ayer 20 is fornmed atop
. Layer .

channel
[0030] The invention provides a chemically modified organic field effect transistor
(CHEMOFET) based and column-and-row addressable array biochip. Embodiments
utilize all printed OFETS in both the sensing and detecting components, combining
molecular electronics (building a detection circuit with OFET) and bioelectronics
(building an electronic biochip with OFET) to allow the manufacture of a high density

array.

[0031] An example single OFET 10 that may be used as a sensor is illustrated in
FIG. 1. As illustrated, source and drain electrodes 12, 14 are formed in a
semiconducting substrate 16. A channel 18 is formed between source and drain
electrodes 12, 14. A dielectric insulating layer 20 is formed atop channel 18. Layer
20 is coated with an electrolyte 22. A reference electrode 24 contacts electrolyte 22
as a substitute for a conventional gate electrode. Probe molecules (not shown) are
immobilized in dielectric layer 20 or in electrolyte 22 on top of the dielectric layer 20.
Probef/target molecule interaction may change the electrical properties of the
dielectric layer 20 thus allowing for the sensing of target molecules in samples.

Different analytes or different concentrations of the same analyte in the electrolyte



20 is coated with an electrolyte 22. A reference
el ectrode 24 contacts electrolyte 22 as a substitute
wo ensa9vevent i onal gate el ectrode. Probe nol eRCl/862005/000113
(not shown) are immobilized in dielectric |ayer 20 or
in electrolyte 22 on top of the dielectric |layer 20.

can gr{lcggfg// ég% nﬁrl%%chqugfe OEEtI'e'{ngt IL@ﬁlr&prI graeﬁ glpénggge s,9f glensity of
elecﬁjohg‘m ﬂ\% Bﬁ’%r]gf&hela?@“ﬁulli%yQprﬁhg%ltHQé %tﬂl@n ihe reference

erent ana es or different
electmde md rtlae |souﬂ:eoélecthmdeséfry@lcaxlml theehangeswery sensitively

el ect t ecan el ectric layer 20 of OFET 10,
CO”?%}%QH é Cﬁ“ﬂ???%*"éﬁ?ﬂbﬁzﬂ?a €-of density of electrons
in the inversion layer built by inposing voltage

[ooigjt Ve G. tzrh%h'éﬁféﬂcéw mugirﬁl@ts. f@ﬁ@(@*ﬂﬂam@@eﬁéference electrode

ectrode. Typically, the ch anges very sensitivel
addessakle (IR tasrayHdodip d@ﬂt (Ghip dR0dncluges apiyralitg of @?@Tg 30,

s CRESEREPERIG L e BB RBb e 102. ne

will @é&ﬁﬁb Bpp&ent, @FETE 0 rmagbegemta ot w;mmmposeﬁﬁ"éabstrate
0, simlar to OFET 10 of FIG 1, arran in rows ?gl
% ool for the

102c drermanoseale iNSing: ateMicHRrcepRIGP$EonyIR.

nan 5’11{ 30 may be printed or vapour deposed on substrate
Lo Or nanoscal e printing, atom c force m croscopy
may be used as tool for the nanoprinting. [0033]

[0033]| ar@ﬂdrgmld@aaaddmrms&ﬂmnabs@emﬁtemws@f eaehvndaddual

oS0 Skl s CERLS, 00818 AL WA ouoes

sou%ﬁ%n@r dtalh SLEFLASISS aRd A shaséd FionG edch bebre Ni‘orgtahlerseml-

organi ¢ sem conducting material is forned in
cond;tprzmg rhateviekin femed in thedspacaibeiueet {sw&@@r@zira@@'?@mdes 32,

sa (BB EOROE SHErERT a0 HardfobshcTa i TopiRreato
matérraq %@olfmt Sippplenbe splRickatkom pmﬁhlophehaJ palyaostylene,

al kyl t hi ophene% H% xat h| ophene, q[t)em acene,
phtmlwyaamﬁenwyﬁfeﬁﬂwﬁh'ea e 0‘|é’6 ﬁ)ﬁ’iu'eﬁ Pt PEARANER S

hAi -
oneSilgsBhRARELR SRR B, o0 el tpetionhons). o
dlhwyhuatMiqﬂmdﬁcmhexglamhradﬁhm}&m fMoguieated dpHelAk o,@r-
their co ations, A diele rlc
dinesna BT CE g ermaBaians AdleBiginstiadh 0 FoRast
partiafly c8Ue8 &hahABI 38!Sph&iéktrohde ldyer 42 is formed atop insulator 40. As
will be appreciated the depth of channel 38 may be controlled by the voltage applied

to electrolyte 42.

[0034] A reference electrode 36 is formed next to, and in proximity with source

and drain electrodes 32, 34, and is covered with electrolyte 42.

[0035] Reference electrodes 36 of all OFETs 30 within a column are
interconnected. A single reference electrode thus serves all source and drain
electrodes 32, 34 of OFETs 30 in the same column. Similarly, all source electrodes

32 within a row are interconnected to each other, and all drain electrodes 34 withih a

column are interconnected.



wi ||l be appreciated the depth of channel 38 may be
controlled by the voltage applied to electrolyte 42.

W 03495988 r ef erence el ectrode 36 is fornmed nexeCT/8G20a5000113
in proximty with source and drain el ectrodes 32, 34,
and is covered with electrolyte 42. [0035] Reference

100384 criBARyIEcA METe e Sl e G ERHER S

polyggfy]’a‘?ﬁldﬁl 'Elé&l’glﬁ% A5t %§'é7re%le?t~‘atclé)ﬁﬁ%na@te 8élufibnFElkstrolyte

e sane colum. Simlar source
42 |$baMmemmﬁe<$ ar depcbamdan such arway Mtlmﬁlﬁétfew 42 okgaeh

OFE i 9 dofinoet everepoul) i derroriel bty QI BEY TR best

ilusi@Sied iAtiGMaY for exanple be polyacryl ani de.
ectrolyte 42 acts as a receptacle for anal yte

solutions. Electrolyte 42 is pattern-coated
[0037% posTheetenainingurface®f biaship 10Q isctasied mltiﬁtabhmfoshoblc layer

(ot SppEn TR EBITRy e udliniirier e oEREME WY )

theréf%?é% llovi$ eniyanaicfioneyae aRaselislécthit teyer @010 be expusatied
wi th a hydrophobic | ayer (not shown). The hydrophobic

| ayer i s much thinner than el ectroe)s_j;/

[0038her dndhis cambesienh GFE Fe 30 A HrBt i 3 indifating ik
subcﬁﬁrw@gh tc%nbﬁ)r%%‘( ﬁad bel rggﬁé]frohf‘ nidefalé @Jﬁéﬁi bg?ilﬁstlc ceramic,

are’ r|n dntot e insulating b
glass, Lﬂmbbeatfabnmm”uted:camultfhmar@)@llqmlns?r Ctmenbmab;oﬁsr ’ﬁbﬂreof The

SR N N LA —
’atanfd?ﬁr Bmuﬁhealﬁhﬁf%rh%%témixﬁfé Aletsidarbige, é@rboﬂxgrapihﬁe

or porous gold, siiver, platinum cop
fuuetenanondmctwﬁrpiastmomquﬁ Polyme; Bletalimpsednated polymers or

com&ngglpﬁ% th%gép 8‘8% wr%rﬁg aPparenE Lﬂlllﬂmen%’ﬂfjﬂﬁbh%el 00 can

be pﬂﬁ{édﬂﬂid’rudih dentormponeits of LK 30 emndlubtorbesmmee drain,

apparent, all conponents of 100 C
orgapiq senaigongduetor ans gﬁsw?éw@dﬁwgéﬂﬁ §Ct§%§e and polymer

tors, source, drain, organic sem conductor and
gelel(l%g’[ﬂﬂ on Iayer) and reference el ectrode, and pol yner
gel electrolyte.
[0039] As schematically illustrated in FIG. 5, probe molecules that bind to specific

target molecules, may be embedded in, or attached to, electrolyte 42. Electrolyte 42
is thus used as both an ionic conductor and sensing transducer, to interact with
analyte applied to the surface of biochip 100. Electrolyte 42 can be used as the
matrix for universal bioconjugation to immobilize probe molecules. In one
embodiment a certain percentage of streptavidin molecules may be mixed into a
polymer gel forming electrolyte 42, which for example can be polyacrylamide gel that
is porous, followed by UV crosslinking, which makes the gel insoluble and which can

also function as an electrolyte.

[0040] As another example, biotinylated protein or DNA probes can be directly
attached to the gel electrolyte 42 by biotin-streptavidin conjugation, as shown in FIG.
5. Only the section of the gel on the insulation layer 40 that contains streptavidin,
which can be made by separately printing the gel electrolyte to overlap both the

8



[0039] As schematically illustrated in FIG 5, probe

nol ecul es that bind to specific target nol ecul es, may
wheoosnipwagied in, or attached to, electrolyte 4BCT/SG2005/000113

El ectrolyte 42 is thus used as both an ionic conductor

and sensing transducer, to interact wth anal yte

s 35 ek S 16 IR o B B, et ol e 42
to i nobilize probe nol ecul es. I n one enbodi nent a

[0046) t apReRRItiOEN! @Rsdihked pelyaanishide ddrebd drsct ]mrb@blhzed with
mxedlntoapolymer gel formng el ectrol yte whi ch

probes by reanting theantiao gePypscohlysing withdwi Stasdérsi arqwlnamg

bloqoﬁé%qotﬁ? QS%@% \ﬂﬁoﬂ&éﬁg lgproglh irill onlﬁgﬁs gﬁn}gugﬁ gel aldehyde

gro@p<eaid awm@%dw&]thé\prmpmlngxanpl e, biotinylated

protein or probes can be directly attached to the
10085 <nBiehir190 ean S ySehl> Jelee] wplasIATIGeGIOBH SuRb as
nucle g B =BG AT BT e ShE R R L ocHh R

readtionever | ap both theinsul ation |ayer and the reference
el ectrode, i s shown. [0041] Alternatively,

A T T————
on d?élebh“ré'lﬁ‘ﬁjlmldmlavﬁs%bﬂiré elédtonte icosting P TRE dRfbilXaton may

aqueous environfrent for protein inter actions throug

be c@@lﬂugtedebwamdlgg bigeonjgatiarilinkergnelasylesr inthdielpchisamaterials. In
this gg%,%{/‘%%z{ ggé‘lﬂg I§It%ﬂép?ﬂ'(§) 9109‘3'?) k&ﬁ?fe‘?‘fa éF%o;%u access.

PRt eracti ons UCh as nuc
hybri di zati on, protein binding or other chemcal /
[OOM]ect@ﬁcdxﬁlsbpeéch exET 3hsn A fiodiEp 100 maf indlde its own (and thus

th I be di tl
posHRMIETERYPrErF el P PTAHRTPIREUI | on | ayer 40 bef or o

el ectrolyte coating. The i muobilization may be

[oomnduﬁtcﬁjéréworaddﬂg@@ il mes imdstnhySIB drianjte f(tymélaWH &8olution)

into dielectric materials. In this case, [ayer

that deay interackwith thm erobgrmolesties ase lacadoen ther @}@t:trwmee%afe

e GEATIEE FR3H e R Rent 0 CE TR b REP R 2
complemenstapcptbepnholeeulss| dhd sample solution may be drained to facilitate
electronic detection of the analyte at the different detection array spots. As only the
insulation layer 40, reference electrode 36 and the coated solid or gel electrolyte 42
is exposed to the sample, and all other components and surfaces (such as
source/drain electrodes and conductors) are insulated with the hydrophobic coating,
ionic shortage is prevented, making detection very simple. Conveniently, leakage
current is reduced by the coating hydrophobic polymer layer. This, in turn, enhances
modulation of current through channel 38 in the presence of analyte. Additionally, a
hydrophobic surfactant may be used to reduce moisture adsorption. The
hydrophobic layer covering all exposed current connectors or part of electrode
surface also prevents possible gas during OFET measurement. The organic

semiconductor and insulation material should also be chemically compatible to

reduce interfacial resistance.



[0045] In operation, target nolecules in sanple

analyte (typically in a solution) that may interact
wWOwRa0/093988 pr obe nol ecul es are placed on the el BCL/66G10p5/€00113

42 at individual OFETs 30. Analyte, if present, may be

innnbilized on electrolyte 42 by conpl enentary probe

Th '
[0048] . 7% itbe Plpitifled. (8 kedths Birappet ahiafiie at n ORETs 30
will &Fdct %@B&ndiﬁitﬁﬁ? bPA chahayl Wbén?eath\mgwétwntlhyaer 40 and electrolyte
Insul ation layer 40, reference el ectrode 36 and f

42 of that F 551304 Tdis ghangs iceansiugtivityapay bedgtesied bb/csiett@rémg

ona P P cBROGERTRARARS B2y ThpE SR g

volte\@etsh"nb? thmvmbnp pplisthio euth somt:éfdﬁdm paingediresulting current
pr even

ed, naki ng detection ver Cl‘ﬂ veni ent,]
fowimakgmessred: This cascion conaied by sUBRY LR D RUIches (not
I
snof IR iy ket B AIaRRSES AN Y SR bRz o
for detstitiohaaifferentalnsy spptsqivheres81f 821 antepreserth eoumecelectrode

ed d he hyd hobi
acdiesses Ang R Koo soeae BLANARIerERrs HEPGIdS GRAESEEs g shown i

FIG. LA BARICRER G187 ofipE SRATaRAg RadlicEsane HEHIUENar O lnes
for mthv‘slﬂ’(plemnuﬂstlmg tistmofurthearadicing thirenaoafacturing cost of the
atible to reduce interfacial resistance.[0046] As
dete\g,pp sy¥eHbpreci at ed, the presence of trapped anal yte
at an OFETs 30 will affect the conductivity of a
[ooﬁgan NRdvada Rnhbsdimahtsost the pessehl irvedtion etmsreodu'yt e

of that OFET 30. This _change in conducti vi txdmw _
add@@sebleacdatfqmu Asowell rineoedineits obihe pEesentipvanio ot require

the GRAPATLH MbrdHarfRi o FraVCht B sy Ofie o3 B3 BRRARA by the
hydrdphobie/odating. pair and resulting current flow may be
measured. This can be conducted by sinply nultiplexing

oo, 0S5 BB A BB S 1586 At prncs

OFER fial/ i ¥ofthed qusf @abn@émi@ysaswcﬁn(upiﬁbﬁca%n (#3cess with
represSent source e ectrode addresses and RI.

inexpepsive ematetiale. dwitiakye source drairy @Hia@@l@%@%t@g% 32nA34 and 36

F
ol P e, R B e e,
subgttdte! @rganictsephieshdigtor inaterfalintaydse printad iongapber deposed

manuf acturi ng cost of
between source andgdraln electroc}es Thereafter, insulating regions 40, electrolyte

42 and hydrophobic layer may be formed on the printed electrodes and gates.
Exemplary embodiments may be formed as micro- and nano-scale biochips, as the
organic inks can be tailored for nano-printing with imprinting, AFM assist and/or self-
assembly process. Each OFET 30 may thus be formed, for example, with
dimensions less than 200 pm x 200 pm and typically between 10nm x 10nm to 200
pm x 200 um. This allows miniaturisation to make portable electronic detection
devices. The nano-scale OFETs can thus be used to build array sensors or wireless

networking bio/chemical sensors.
[0049] Embodiments of the present invention further provide a biochip with a

10



detection system [0047] Advantageously, enbodi nents

of the present invention utilise an addressable
w@b@soooss As wel |, enbodi nents of the presentPCT/SG2005/000113

i nvention do not require the fabrication of

m crochannel s to prevent ionic shortage as this is

univRia) BcORING OB ToAPR 150BS IR Al oL MR bigmglegpiprprobes,
whidPhas s@lf far t'b%{e s 5dE1 é]gléﬁ%t AR ErsUs OBETSs.

conven tom up rication process with
I nexpensi ve rrat erials. Initially, source drain and
[0080]f er As dlasthied! emehaplam errﬁwdanams@rmgie BB giestranieideliection

methiah fartiobT s Gt i e gt monRtb ol Biedte f et ansistor
, whié?ﬁs'%ir l‘aBgPI@sQ MABEUThe RIPRERES PesthBE s PEpUrRmt &ﬂ}dro@érﬁlaﬂray

ectro hereafter i nsul ating regi ons 40,
chipsivelwre dhg peotaids e vamdnﬁmwitio laliehyfer exampplsdowsnelsgulgh weight

oo 5 R sSRE EET lbet

bi ochi ps, as the organic i nks can be tailored for

[008¥NO- Plettiichngr aletodHaphicalk datgctioN-df rasiecalar imeliactions, as used in
sél fassenbly process. Each OFET 30 rrt%n t hus be for rred
biochiyy 18k alepirequive lass@xpensive detedion syh s Iess instoimantation

thanr(ﬂ%gf:’iﬁ fe@hh uBEl, ﬁ@sar?%u%(acjnggr@rtﬂﬂor%ggemﬁelg%amhurre

nra Ion to make porta
pho&inﬁﬁéér@ﬂr& det ecti on devi ces. The nano-scal e OFETs can
thus be used to build array sensors or wreless

oo b S T B2 0 AR g Bt

OFI?F@B(Y eFsPbxathprROAbidehip ﬂm Bﬁéélflﬁm%wméﬁbe subjected to plasma
I mobi | i zati on of multi-bionol ecul ar probes, which has

surfaee treatment asdellowsed for field effect transistors or
(]:ETS [0050] As ill ustrat ed exenpl ary enbodi nents

Phat i 8edaetl the Mubsh ri¥el ubity 18 SEAthPIR, flowing

he no Iat on o the
t r anshittbgen gadli ch is a | abel -1 ess nethod. The
Iabel-less method is inportant in protein array chips

t he proteins ar difficult t
ox 2T pulstiass vy 66 Sfd e prbbstimsf 12003 1Bl
an addltlonal epi tope for blonnlecular | abel |'i ng.
3. Plasma Enhanced Chemical Vapour Deposition (PECVD) may be used to

treat the biochip (e.g. under Ar 150W for 1 min in a PECVD system).

4. The biochip may be plasma treated — by, for example, applying NH3
plasma at 150W for 10mins by placing the biochip in a NH; purged plasma

chamber.

5. Cast the P3HT-Toluene solution onto the substrate to cover the gap

between source and drain.

6. Then placed the biochip with P3H-T in an oven to dry and anneal the
biochip at 70C for 1 hr.

[0053] IV curves at individual OFETs were measured with and without plasma

11



[0051] Electrical or electrochem cal detection of
nol ecul ar interactions, as used in biochip 100 al so
WO e@ai9®38 ess expensi ve detection systens and PEFSG2005/000113
instrunmentation than detection techniques relying on
radi oactive or fluorescent |abels that require

S5 P G R R R e
trar{é.gﬂt%flggﬂggb&é? bdfAgtich %Q&NHWFlégFﬁ%ﬁﬁ?lﬁnéﬂl@a‘Fﬁbﬁﬂ the

surface treatnent as The surface
transfstbhpersorbsdncet wasrayploved| ddeasiiremeinb glsocdersanpstmted the
flowng nitro as. 2. The suhstrate may ,be dried. .
lcaagauTTanton s L ge TBRTITBIeY R Garparson P Jasklochip without
| pt?%én%?ﬁ Ufd 1@fhdVEESofi: cBRdudRve impurit
plaﬁég’é%gﬂ?ﬁég{ﬂeﬁés#oc |tp e?:g. under Ar 150Wol|rJ 1(?n|]_n?]pur|y
on the surflAeé\dnyyartenty of the Hibehibj this cpuldegiverbefiermodulation and
tregated - by, for, exanple, applying NH3 plasm at 150W
redycs %??h%g%WESP%i ng the biochip in a NH3 purged
pl asma chanber. 5. Cast the P3HT-Tol uene sol ution onto
[00841€ SABShbaldhdvPbé AppredidtedIBiBCRiIpIIBREaSRAHcLS dppiications, for
driain. 6. Then placed the biochip with PSH T in an
examplsnin ¢Jinita) diagnosalitse drug disceyeiy hiogd safetipcand endirgiimental
%&53] |-V curves at individual OFETs were neasured
PrOGFY®and wi t hout pl asmatreat nent, as shown in FIG 6A
and 6B. Before treatnent with plasma, the organic
[0085]ansO$ tourseathepalosver desmibleat émbodinemts are FHtéhdeio be

illusﬁfﬁ%\%@&fg R B ﬁiﬁﬂé-ger&t@r nSiiEt%‘Sré’aﬁle r '??Eﬁ&egc@%ng out
the gilw‘fg@ﬁaﬁ ard sﬁféﬁib}@ﬁ).mg.saprﬁ@&#ﬁ&afbdsrbfqerm,aéﬂrwbment &parts, .

I'p Wthout plasna tfeatnment. The Plasna tTeat nent
detailsiandl orelen vé operationo ridhecinvertiompather,yis dntended $o engerpass all

sucf B ik 8 oBe, o8 cebiied p8 e P
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[ 0054] As shoul d now be appreciated, biochip 100 has
various applications, for exanple in clinical
waelp@gne®ss cs, drug di scovery, food safety, andPCT/SG2005/000113
envi ronnental protection. [0055] O course, the above
descri bed enbodi nents are intended to be illustrative
only and in no way |limting. The descri bed enbodi nents
of carrying out the invention are susceptible to nany
WHMde(i:'eéN'gﬁéséf form arrangenent of parts, details

an : ' ' i F~erheSicing:
1. i for dote0lf Bid Brespif of giRast e hBRS oniiising:
scope, asutetrated by the clains. WHAT IS CLAIMED I S: 1.

A chi f det . f at | t
Sl b e Rl of feld elfoct BERSISRgs, SHonoplifel of *ri ol o
effect transisgQr sinde@cBntétfbdtE of the 'sthsfaR; apacA@hannel

el ectrodes on the substrate; and a channel extending
bet ween t he Extesidirgnbesemibedirsicandsesondelectrodes;

i ducti terial,. fill] I
Srol cor et kdmichadering yatetf Hifigdfe afighnel
el ectrodes aé‘ﬁdiétlﬁ&riféhéyé}el‘drrr%d Btoptied Giedtr A6te skbond electrodes
e

proximty wt irst and second el ectrodes and

i sol at ed t hearef thenghamnefhe chip of claim 1, wherein

each of said fjeld effect t.ransi Mrther .
conpri ses arf e‘hggt reg‘la‘gﬁ%&ec o'[a1t g)zb)gbﬁléfs cﬁ’ 'Hft{spl%diﬂé?tec%nrq Csecond
| ayer and i rple@rédey and isdlates thdrefronel ectrode. 3. The

chip of claim2, wherein, probe nolecules of a certain
type are immobilized in the electrolyte of each of

sairflof 3hd {4t GRaL| AR it FridRoRs furth
2. orLl-gfa %ﬁér%f%fagﬁo%’e no %@u%‘zho %g;ggr#ét!gi%ftype arle u fgr
com?_ﬁ‘ﬁébidri éledtrolyt¢ lveatbcehitopt of is |diglectriof layec Bndfinsaintact with its
. Tield effect transistors for sensing target nolecul es
third @leetig®e-chemi cal affinity or reactions. '

3. The chip of claim 2, wherein, probe molecules of a certain type are

immobilized in the electrolyte of each of said field effect transistors.

4.  The chip of claim 1 or 2, wherein probe molecules of a certain type are
immobilized on the dielectric layer of each of said field effect transistors for sensing

target molecules through chemical affinity or reactions.

5. The chip of claim 4, wherein said probe molecules of a certain type are
immobilized on the dielectric layer of each of said field effect transistors by pre-

embedded linker molecules.

6. The chip of any of claims 1 to 5, wherein each of said first and second
electrodes, said dielectric and said semi-conducting material are printed on said

substrate.
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5. The chip of claim4, wherein said probe nol ecul es
of a certain type are immobilized on the dielectric

wo 20081097988 each of said field effect transistorBCDyG2005/000113
preenbedded |inker nolecules. 6. The chip of any of
claims 1 to 5, wherein each of said first and second

7. matH1a GIPaPE 351 ot G8TGR Tolg 6. IEeRapad el raes tgystors are
arreﬁ'&\éd% atcf\l\?ﬂ Inendichd andydresdld $abstrhiee! d ef f ect
ansi st or

s are arranged In a two dinensional array on
said substrate. 8. The chip of claim7, wherein said

first electrodes in each row qf ,said t di nensi onal .
8. oy 1y 6he of Gmon wipren calh fist redrad® & S B said two
dim8hsibhal &y aldelettdnralif iftdicfinétteat rodes in each

cofurm o{ sald two Hl nmensional array are

el ectronically interconnected. 10. The chip of any of

9. of MR elipicl ciiry.ouertinaf 45T BEHBIE it BPGR cBlyrly of said two
dim&ﬂéi@hé%&?b@ele&ﬂronf&%ﬁyﬁﬂéﬂéoﬁﬁeétéd. of claims 1 to 10,

erel n each of said transistors is formed of organic
material. 12. A device for perform ng assays,

e q b : TN _
10,59 Rl 15 21 P RSl BBt RepBPOBcfrofp el of sai
field éfddl tRisRtbrstaransiesttonicaliyniatancomictediour ce, a drain,

a channel formed between said source and drain, a

dielectric layer on top of said channel; an

11. € %terﬂief Eo? laﬁg e#fjﬁ%hn&eé j}? 18N Ah¥Fin heh Bl fansittdls is formed

di el ec ending onto a third

of oedarit nederialwher eby the presence of an anal yte
i nfluence electrical characteristics of said channel
under nodul ation of the third el ectrode, and nay be

12. detefetfbd Ro0paobithg assays, comprising an addressable plurality of
organic field effect transistors formed on a substrate, each of said field effect
transistors including

a source,

a drain,

a channel formed between said source and drain,

a dielectric layer on top of said channel;

an electrolyte to receive an analyte, formed atop said dielectric layer, and

extending onto a third electrode,
whereby the presence of an analyte influence electrical characteristics of said
channel under modulation of the third electrode, and may be detected through the

source and drain electrodes.

13. The device of claim 12, further comprising a hydrophobic coating covering

the remaining surface of said substrate not covered by said electrolyte.

14. A method of forming a biochip, comprising forming a plurality of field effect

transistors on a substrate by printing, each of said transistors comprising parallel

14



source and drain electrodes. 13. The device of claim
12, further conprising a hydrophobic coating covering

wao b@soesyss ni ng surface of.said substrate not cPUES€@ZOHY00113
said electrolyte. 14. A nethod of form ng a biochip,
conprising formng a plurality of field effect

, ' b Lo 4

soutoSiGd 81 8h 2eGBng ey Pt fslyied by A03P figa Wran

orgafigisefficOntiicdbdmaténdlr at e separated by a gap filled
with an organi c sem conductor material. 15. The nethod

of claim14, further conprising formng a dielectric

15.1 ayldre methashofuglaisad#t, BithesicomivismgSorningsR siglestdgilayes on top
1 he. met f, ¢l ai 15, furth i Si
of epfh el A5 LIeE Bt BotdPi i 1'% ool i dor gol

polyneric electrolyte to receive an analyte. 17. The
16. metfthedmethoehof cMine haiors! 51 4urtieer domprisingecoatirag shid dielectric

trangjstors are printed i n array. 18. The t hod of
coataewith 2cselitiey ge) Polymenic elaciibie tutkseive: s aBaits ng
regi ons of said biochip not covered with electrolyte

17. W ﬁ*?\e%%ﬁ{og&?@@ &F Q8mhd M0 48, wﬁ@ﬁaiﬂ%bﬁo@arﬁgisﬁi’é/aﬂi printed in

cl ai ns wherei n each of said transistors

an arcmupi es | ess than 200 mm x 200 mm 20. The net hod of
claim 17, wherein ail source regions in each.row of

18. o1 da petes any O AR 14 48 Tz fuher SPREIR odiipo gegions of
said Bibehpaitieevedd Rith eléutraipelwith anyd@phobit eGatitdg.t o 2
1, wherein said gap is filled by printing. 23. The

19. {7 Thedmayopkany Segairs 1340 T8anherth Rech ot sau prgors
occ@igg@%ah%ﬁ,m@y%@mcomri sing subjecting said

ochip to asm trea nt .

20. The method of claim 17, wherein all source regions in each row of said array

are interconnected.

21. The method of claim 20, wherein all drain regions of said array are

interconnected.
22. The method any of claims 14 to 21, wherein said gap is filled by printing.

23.  The method of any of claims 14 to 21, wherein said gap is filled by vapour

deposition.

24. ° The method of any of claims 14 to 23, further comprising subjecting said

biochip to plasma treatment.
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