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Bi ochi ps, including DNA and protein array-based
devi ces, have becone an inportant tool in the life
sci ences, bionedical applications and drug di scovery,
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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
infegration into smait sensor arrays for detecting multi-analytes. However, present
devices are mainly based on inorganic metal-oxide-semiconductor field effect
transistors (MOSFETs). 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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[0008] A solid or gel polyner electrolyte is coated
atop of the dielectric layer. A potential applied to
the third el ectrode exerts an electric field

o RWMMARY OFeTHE 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:
~ afirst 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
k electrode in proximity with the first and second electrodes and isolated therefrom.



sem conducti ng channel of an associ ated transistor

bet ween the pair of electrodes through the
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[0012] The first and second electrodes act as drain/source electrodes, and the

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

MOSFET).

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

manufacturing and material costs.

- .[0014]  The plurality of field effect fransistors may also be formed in a two
- dimensional array on the substrate. All first electrodes in a row are electronically
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[0047F aln aerpsdanas with anethpr aspagh ekibe preseméinyeption, ghere is

- provided a method of forming a biochip, by forming a plurality of fransistors in a

subsirate.

[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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WO 2005/ 095938 PCT/ SG2005/ 000113 that are not covered
wth electrolyte may further be covered with a
hydr ophobi ¢ coating. The size of each transistor is
woebmwnedebyy i n the nano-neter order. [0020] Apditdanooiis
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(re%q%ﬁro@oa%ﬁneﬁgﬂeqb& "schenatic di agram of a
chem cally nodified organic field effect transistor;
[0022] Other aspecis and features of the present invention will become apparent

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
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figures.

BRIEF DESCRIPTION OF THE DRAWINGS

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

- the present invention,

00241 FIG. 1 is a schematic diagram of a chemically modified organic field effect

~tfransistor;



WD 2005/ 095935 PCT/ S&005/ 000113 [0025] FIG 2 is a
schemati ¢ di agram of a biochip, exenplary of an

enbodi mrent of the present invention; [0026] FIG 3 is
wopbmmosssew of an organic field effect transpst/ec2008000113
the biochip of FIG?2; [0027] FIG 4 is a schematic
sectional view of a chemcally nodified organic field
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formed in a sem conducting substrate 16. A channel 18
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channel 18.. Layer 20 is coated with an electrolyte

22. A reference electrode 24 contacts electrol yte 22
as a substitute for a conventional gate el ectrode.

Pr op @ﬁ%é@CﬁBﬁﬁOﬁPom) are imobilized in
€c

di e |c [ayer in electrolyte 22 on top of the
dielectric layer 20. Probe/target nolecule
[0036] er dbeiinventiiay petddese chamisalyonodibed orgeojsdield effecbransistor
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array.

[0031] An exampie single OFET 10 that may be used as a sensor is illustrated in
FIG. 1. Asillustrated, source and drain electrodes 12, 14 are formed ina
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 (nhot shown) are
immobilized in dielectric layer 20 or in electrolyte 22 on top of the dielectric layer 20.
'Probeltarget molecule interaciion 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



can nodify dielectric layer 20 of OFET 10, resulting

in different changes of density of electrons in the

i nversion layer built by inposing voltage between the
wohersemyes el ectrode and the source el ectr odeet/sG2005/000113
Typically, the changes very sensitively correspond to
the concentration of the analyte. [0032] FIG 2
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[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
interconnecied. A single reference electrode thus serves all source and drain

" electrodes 32, 34 of OFETs 30 in the same column. Similarly, alf source electrodes

- 32 within a row are interconnected to each other, and all drain elecirodes 34 within a

column are interconnected.
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42 may be solid or gel, and nmay for exanple be

pol yacryl ami de. Electrolyte 42 acts as a receptacle
wonomnedoyd € solutions. Electrolyte 42 is PCT/SG2005/000113
pattern-coated or deposited in such a way that the
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is thasaisiedrasdaiirph éonibpeanduatior and gepsing ErRsBicepDRAIniegpbwith
anaf{i aBEIieqli 8 S¥rface 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 sireptavidin 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 ancther 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



attached to the gel electrolyte 42 by

bi otin-streptavidin conjugation, as shown in FIG 5.
Only the section of the gel on the insulation |ayer 40
wbaboseoRsai ns streptavidin, which can be nagerby00s/000113
separately printing the gel electrolyte to overlap

both the 8 WD 2005/ 095938 PCT/ S&005/ 000113

a ion | nd th reference electrode, is
insi¥atior ey S thei e e SadtpoBLESEOWR: e
pol yacryl am de can be dlrectly i mmobi lized with
[opadpesAbymEsas dy ldﬁﬁbsﬂhﬂedﬁibl?@cr?[aﬁﬂ@écﬁﬁ bk ke iminidbilded with

esters, provi a bioco bl e aqueous environnent

proBes by fﬁa@hm the %fﬂﬁ’@tgf%‘l'%‘; erlysmﬁ;wﬂg NHSesiersy BRVId%R ps
SRR AR Bl aheH B thabrs 36G) o8l AdCtiRe

be used to detect nolecu

greupmamtamnwreups aftthd prokisy proieiest | on, protein binding
or other chem cal / electrochem cal reactions. [0043]

e T

nuéidoadicd hpbm:hmtbnppmtm bimdingray othErehemiozdy Eleziddhemicaly
conduct ed by addi ng bi oconjugation |inker nol ecul es

b
reqcﬁlpa Sdielectric materials. In this case, |ayer 42
coating is thinner and nore porous for target nolecul e

[0?4(?] esdna fbﬂﬁ)é@mlﬁﬁdlmenf e prgbf t;hldi&ElTes'iﬁa Pe@arbb@qmm?bmzed
_in us oss i {feren
onsiide QB¢ shgtion ot InDr e FRCrbig aerting E@yram BliEAton hay

betcahg@éteamygauing%nédbnﬁ@aﬁbrem@aM&dé@rﬁmﬁéré&tmrﬂnétena|s In
ution)” that may I nteract wth the probe nol ecul es

ol
thl%%%‘ep layes 42 §ﬁai'rr9eisélnl@e@rrqndwere4@ra@s for taroet mokerulereress.
30. Analyte, if present, may be imobilized on

[ozﬁmct I bhifsed aly OFEITEY SHTR BicRhip moqlﬁsY (R RieUtsSSvn EMA thus

npl e sol ution may be drained to facilitate

Poﬁlwiﬁﬁ@fﬁ'ﬁ) Er@rwqf%p@betm@e%| yte at the different

detection array spots. As only the insulation |ayer

[0048] T &f Sﬁ&ﬁﬁ@n ehet rerRuRe lﬁﬁﬁnﬁﬁ%r&% ﬁgplﬁﬂhﬂ if a%]&tﬁ.'n)

electro 2 IS exp osed to the sa

’thabmawntetﬁ%wﬁb thespoke raqlet%LA@e%re(pA@r@d %thesqmtw@i ﬁauah
lndﬁ/;ogl‘r‘ai bﬁ@ﬁ 300 ArizRAE %r@&éﬁt ﬁ%ﬁ bk %Hcﬁ:ﬁlﬁgd Whtetboth%g/te 42 by

ophobi'c coating, ~ifonic s ge i's prevent

| complemegtaty prabei ronlecdley. ihﬁpamplecamﬁﬂ@m reay by drdinatkadaciitate
et S4S St 416 Rk gl B Bl A B e
' lnsulaimsreiayertm oeighrerthateuhlodd 36iandtthe cpaiedanlid opfelaiedtvlyte 42
is e')Ac‘ggsletci toqge smeFé 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.



hydr ophobi ¢ surfactant may be used to reduce noisture
adsorption. The hydrophobic |ayer covering al
exposed current connectors or part of electrode

wohésesse) SO prevents possible gas during ORfdpsgaoosooniis
measurenent. The organic sem conductor and insul ation

materi al should al so be chem cally conpatible to

10448}, S euprSciatdoli T aRence of RRPaGF RS 2 aOFFs 30
wﬂpéﬁ*&@ IHeCcdaubhiARRT S GRAhYILIB Rincath 1@@&'@rﬁayer\ﬂo| dnd electrolyte

fect the conductivity of a channel 38 beneath

| 42.qwmt SFEN30.aybis changa in eandueiivily yaay beqgetegted hy detecting

chiges st BT soboBRRRY fr bl E4aGCTAER 8 Soffbadind drain

volﬁy@sgﬁ@y bg iﬁc%alﬂy’lmpheclbto ?ub lSOHrc&fr:Iiﬂald pairand v@tﬂm@emxrrent
t

flow Y BR MerE g de YL T B PRy TR BB BRI Y Pufdids (ot

sh&!@n)qe @ﬁﬁ&éﬁ%&b’ce?ﬁémeﬁcé@lbbmﬁe%d?@sw duches SR, S2R2 etc

: hown) to different source/reference el ect rode
fora!_@mc@gg ebdiffstrsth aggY SROIR{WhEBRR, &% --- FRRFeSAB BeUITa Rlegrode
HAY
ool S8 SRR, SORSEORERRle PR cod BRI oun
FIG.I®. ldﬁ of addresmbm arayichipsisigeifeantly aedugesiipe nwmben ¢ 1/O lines

e T e

det&bﬂidn@s@m.ng, thus further reducing the manufacturing
cost of the detection system [ 0047] Advant ageously,

i.ments of the re i j Ll Sse
roodgh ca8imasFrugy arooneo e o he Rt st fyes an
addressebid pPaffMﬁﬁLtAQWemtbmlﬁﬂdlmenm iof the ;erserftamenbm donotikquire
the?algr&%%pgg grP gﬁgph?&arpr{g%fe)d}ﬁ%\@gﬁ? i?%&%ﬁ&?);‘ttﬁg gf %ﬁ@ preven%ed by the
hyog@ﬂym@ggﬁ bi ochi p 100 can be manufactured at a | ow
cost. AII-pr| nt ed (]:ETS may be formed using a

[0S p CraTaeHs Blochipo100 Gt henpy Saciba SipH cost, A-printed
OFE%S %W&héﬂ%%@c&ﬂen%a@ﬁéﬁé’rﬁ-up%d&ﬁo@ brdﬁieséimrz

vapour deposed, or laser cutting in netal
mexmswerﬂategabs fnitially, seyrga Arain apdreference ?E?Pffﬂ&seﬁ S and 36

mang ct : EguP&e AUér 19ER B 1@%@ RBafed Ydifteqnd

reafter I nSul ating regions 40, .
substratet r(drlggm@ senBicendictoy araietal May hexgrintedratvapour depasedon

betivlEn Boirdk S HrSh Q4R 8" PhIRLAS: insulating regions 40, electrolyte
42 and hydrophobic layer may be formed on the printed elecirodes 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 seif-
assembly process. Each OFET 30 may thus be formed, for example, with

~ dimensions less than 200 pm x 200 pm and fypically between 10nm x 10nm to 200
pm x 200 pm. 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
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Exenpl ary enbodi nents may be fornmed as mcro- and
nano- scal e bi ochi ps, as the organic inks can be
tailored for nano-printing with inprinting, AFM assi st

- Woddmionsy f- assenbly process: Each OFET 30 p@ifsdaossioon1ss
be formed, for exanple, with dinensions |ess than 200
m x 200 pmand typically between 1Onmx 10nmto 200 m

unbicee PP BIaUIERID TopR dBiob R 1 SPEAGRE Probes,
wmnéeifhé@ fé?%gli‘g%hq&&d% fild @ﬁé&xﬁaﬂfﬁm 8r OFETS " el ess

em ca sensors 0049] Enbodi nents of
the present invention further provide a biochip with a

[0080]VD ADiastcded 3xepginserbodintsta prRvidgHnaiedrnic detection
m%hﬁt? for}{?llj&ﬁ[ﬁsqgﬁﬂg ?)Q%cgdo%ﬁ fhe! lﬂ&%ulgﬁ;ﬂ?ﬁdflsth%@él %ﬁe&ftrangrstor

, whi&eﬂ o labelilesy MethioticThe labehles trmthodos impdEEst i |roe0] avay
hige atere oAt SEEHEP PBR br Bempe ol Brolecular weight
r&éﬁ%ol@&ﬂé&‘ W;tﬁ@lﬂldrﬁéddﬁlhnﬁf epildpe Fordlismeeb@at labelling.

transi stor, is a |label-less nethod. The

| abel -1 e mathod ort n chi .
) T eleﬁgérire@%ﬂ,e?%ttw P fpRocfier inagons gt BSed in
bio%ﬁ@”fdo‘%i&&%dmb eyl éskPe%b@ BétecﬁHrPéﬁté?né@h&léHé fstrumentation

hout an additio epi t ope for "bi onol ecul ar
thanedsiestiondechripss|relgingaary radmactme @ fipressenidabelathat require

of nol ecular interactions, as used in
orfEh R | o e

O also require | ess expensive detection
systens and | ess instrunentation than detection

[0052¢ hniQpliesaliydrigehig 186 maydicopiasna @re@tedftp L@i@@d@ahage current at
OFIQQ Tl Oha|4}%&%ﬁ’§%ﬁ% B%EB-B%%LC‘%]: asna ¥r eat eﬁgc%eéj tP usg'lea

suﬂfmmldaemmentala?imﬂows OFETs 30. For exanpl e a biochip
100 once fornmed may be subjected to plasma surface

v i sufificd 8f the¥bst teﬂhjb%%fléé"r&ﬁ Bgin%tg&' o {?ﬂégzlhﬁnng

[Feaned, using
gas ﬂltro'ghﬂgsabstrate may be dr| ed (e.g. in a vacuum
at 120C for 1 hour). 3. Plasma Enhanced Chemi cal

bi GeneCog g %J%ﬁ’%@%ﬂ%ﬁ I 9 5adl ol £200,oFpou?

system). 4. The biochip ma\}/ | asma treated - P)/
f or3.eRlaspracEnkansed iGhemisa 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 freated — 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 fo dry and anneal the
biochip at 70C for 1 hr.

| [0053] |-V curves at individual OFETs were measured with and without plasma
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pl asma at 150Wfor 10m ns by placing the biochip in a

NH3 purged plasnma chanber. 5. Cast the P3HT-Tol uene
solution onto the substrate to cover the gap between
wowsseepsy drain. 6. Then placed the biochi ppetiddroosmoniis

P3H T in an oven to dry and anneal the biochip at 70C
for 1 hr. [0053] |-V curves at individual OFETs were

measured with and without plasma 11 WD 2005/.095938 ]
‘treatmeptascHooncn FIG. 6A aad fht Befgre teaiment Witk plgsmi thg grganic

ﬂ(?@:sttﬁeffn oﬁoé] ?ﬂoﬁﬁ%ﬁoﬁ“sh&vﬁ iPE '8/ gﬁm%&fﬂﬁﬁb%tregwent, the

ransis oorer nodul ation
trafsistor mrimmante aasimptoveth eMeasumemtahso (rnénatratect the

e PP AR 82 IR BRA 01 ionp it

pl&MiR debfRéht! Phé PRashiLpdatment EOWH remBl@SMe CoRAIAIRB impurity
Plasma treatnent could renmpve sone conductive

The
onj thp surfage comppnents @ theddoehippbiseinuld give baterypedyiation and

tter nodul ation and reduce the
re#ﬁﬁi‘ta%g cl%’ entrehF0054] As shoul d now be appreci at ed,

100 has various applications, for exanple in

bi ochi
[oQg4]ni o& shnuldinow be@ppreniatgd, d?@&i’tﬂ&l@@lhas YAiipUS &pp %ﬂtloaﬂd’(}r

exiible AR e thlot BridBscaly Hod SaS AfenplidFn PR

praiettionrand in no way limting. The described enbodi nents
of carrying out the invention are susceptible

1od%1 120 ol S b Btk S focRIfgEE flerogable>
lliusmﬁw 6nliy &nd i po dveay linditirey cOing describlet emhndiments of carrying out

fication within its sc ned b
thegeRch 315 et s S0 SRS Teaans S ARgeent of pats .
defails Bnl Ordélasfepbrdidnt h@leﬂﬁmiﬁﬁera@ﬁerais uht@ﬁdéd féncompass all

anal y conpri si ng e urality of
sug @‘é’ﬁif@a’f"i"éWHh'BfWSe?&Pp?f%ﬁwé‘? absv h@&@ﬁ“ﬁm udi ng:
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a first and second el ectrodes on the substrate; andp@I/SG2005/000113
channel extendi ng between the first and second '

el ectrodes; a semi conducting nmaterial filling the

channel ; a dielectric layer forned atop the first and
second el ectrodes and the channel; a third el ectrode

in proximty with the first and -second el ectrodes and

I sol a .Wherein-each-of said field effect:
transB@?’ﬂ@& r conprl ses an electrolyte coated

atop df i tA&chipé&rdetectng tieepresenamaf 4t teastome goalylqi gompripled:

. third el ectrodgs %ﬁ”‘ghe chip of claim1, wherein,

‘probe nol ecul e O & tertain type are i mobi | zed in

t he el ectrol yt a phifalityat brgafic §ielil @ifedt frensiptess,feaeh including:

bor eoul oo of o coradfsta %Em%he:&}radesthegﬁbs@aebandachannel

nmol ecul es of a -certain
dielectric |ayer ofexiesditg hﬁtwm tHe firskard seeqnd gfecirodes;

transistors for SeQ%ler[ﬂﬂ:oCq&ﬁ{n&ﬁétﬁﬁgﬁﬁﬁdjﬂhgﬁhéﬂﬁépugh

cheni cal affinity or-rea cl aim

3, wher ei n sai d pra)dleleﬂfw daver &smed atppdhe 6 @?ﬁ"@ fﬁ@’@r"éec{mdes
' immobilized on the S@rﬁeﬁ' c layer of each of said

field effect tranS| st ors re- enbedded I|inker

mol ecmlt!esi elsctromemcmmw wﬁlmymebf rsk gl yegoand¢ lecirodes and isolated

wher g 0. yibei? ?agh fdrrsly aod él‘f“éé? '%@nsnﬁbr%cﬁiﬁﬁ@ieﬁompnses an
sai d |e ectric and said sem -con uctln d
‘pri ntalettrolytesenated alemefits dielectrie layeranddm pyi fws @'ffd elecirode.

clains | to 5, -wherein said field effect tran3|stors
are arranged. ma two di nensional array on s

i d
subst at eThe 1Bip pfnsieied!. phesgin, - probeAnalprules ota a cerlain type are
PCT/ %Qﬁééﬁqgme?’elec%m@"@eﬁm &t safd seldaimatiGransitersei n

sai d st electrodes”in each row of said two
dinen3|onal array are el ectronically interconnected.

Chnfé ip Cbﬁlcmn? 1, vmeér&h NproBé dnauéuure@ el actertdtedype are
|n each col um

d t
© el ectrmopbilizad ap thg g%[aelg@ﬁ ek @‘dalaclg of sﬁpefa q@h«?f%c@%argﬁ)pr%for sensing
g'f a'S ﬁ%& ridtediesHIBIGH thofialaiA@Rtesligl r odes of al|

4. The chip of claim 3, wherein said ‘probe ‘moiecules' of a certain type are
‘immobilized on the dielectiic layer of each of said fleld effect transistors by pre-

embedded linker molecules.

©. b The chip of eny of claims 1 to 4, wherein each of said first and second
electrodes, said dielectric and said semi-conducting material are printed on said

-substrate.

6.  The chip of.eny of e!aims 1 to 8, wherein said field effect transistors are

“arranged in‘a two dimensional array on said substrate..

13
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field effect transistors are electronically

i nterconnected. 10. The chip of any of clainms 1 tpCESG2005/000113
wherein each of said transistors is forned of organic
.material. 11. A device for perform ng assays,

conprising an addressable plurality. of organic field

effect transistors forned on a substrate, each of said-

field effect transistors, including a source, a

drain, a channel forned betweerrsaid source and drain,

a digel ecthd ehip @ elinp6, Whigreinfsaihiinet elécmes in esgh row of said two

electrolyte to receive. an anaiyte ormed atop said
© di el dipendional aftay are ﬁflﬁm@é‘{véﬁaf%@‘%ﬁ?b athird

el ectrode, whereby the presence of an analyte

i nfl uencg el ectrical, charactegri.st Saj fina vrehid two
undék rm—g'?_ﬁ oy hplalp 7 Whete;Se téé’i%ééc%c?'gg% Iﬁgéﬁ TRy be

- det emhessidnar auglhrd dectronioallydatemnuhediedi n el ect r odes.

.12. The device of claim1l, further conprising. a

hydr ophobi ¢ coating covering the renaining surf_acfe of, .
sai @, SubTie diiofaay ofdaies d do Bywhseéinisaid secondelpeteodey of all of sald

t ¢ . ; . o ¢ . ’
o uheet i s Ap oty FREBRAET 0T TR
by printing, each of said.transistors conprising

| el [ | : kil trSnbRsdrs atfermed of
epaPar cEre b GUpSHEE Y SHeEET o of i raheRades @iormod o

senpreniduddtertal.mat eri al ; further conprising coating

said dielectric coated with a solid or gel polyneric
electrolyte to receive an analyte. 14 Anmended lihe?t lity. of
| PEM AU APEEHBEIO0 B 000 3assays, CPAWISEY 1RHJakVeSrRP RHgY

further. Complis] ey dihed aGbstiae, lcaneof eadtfinid effect
of g%ﬂlcoﬁerﬂ;gﬁ%dtg%ﬂélgégaﬁgngjr alhn regions. '15. The
met trenbigiérs ingfudingg cl ai ns 13 to 14, wherein said-
transi Staoéoﬁrc%,re' printed in an array.
a drain,
a channel formed between said source and drain,
a dielectric layer on top of said channel;
an -electrolyte to recelve an analyte, formed atop said dielectric layer, and
extending onto a third electrode,
whereby the .presence of an analyte influence electrical characteristics of said

charinel under modulation of the third electrode, and may be detected through the

.sousce and drain electrodes.

42. The device of claim 11, further co'mprising-'a hydror}hobic coating covering
' ihe remaining surface of said substrate not covered by said electolyte.

13. A method of farming a biochip, comprising forming a plurality of field gffeot ‘
l {ransistors on a substrate by printing, eabh of said transistors com]:ﬁsing paraltel
. source and drain regions on said substiate éepa}atéd by a gap filled with an
‘_ “organic semicoriductor material; further cufnprising coating said digleqtﬁc coated
with a solid or gel polymeric electrolyte to récsive an analyts. o

14
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16. The nmethod of any of clains 13 to 15, further

conprising coating regions of said biochip not
covered with electrolyte with a hydrophobic Coagg’ﬁ/é_(}zOOS/OO(}llS

17. The nmethod of any of clains 13'to 16, wherein each

of said transistors occupies |ess than 200 pm x 200

-pm 18. The nethod of claim 15, wherein all source

regions -in each row of said array are interconnected.
19. The nmethod of claim 18, wherein all drain.

.re I |nterc nnect e

ot oaTopeBR! SR s BB IERY GratupPn o
f idflegth dfgaif sburte AY draid fegichse net hod of any of clains
13 to 19, wherein said gap is filled by vapour

?ﬁl%?f]'efﬂeorﬂethgozof aﬁg of rfl'%k {4 ﬁ!ﬂ¥rgﬁ\f aﬁ'tﬁqgﬁtofsearé grsae}% in..
t Goa@mapnt . . 15. Arrended Sheet ] PEA/ AU :

16.  The method of any of claims 13 to 15, further comprising coafing regions of
| said biachip not covered with electrolyte with a hydrophobic coating.

© 17,  The method of any of claims 13 t6 16, wherein each of said transistors

occupies less than 200 pm x 200 pm.

"18. The method of claim 15, wherein al source regions in g’ach row of said array

are interconnected,.

19.  The method of claim 18, wherein all drain. regions of said array are

interconnéqted.

_20. The method any of claims 13 to 19, wherein said gab fs ﬂlied. by printing. .
21. * "The method of any of claims 13 o 19, whereln said gap is filied by vapour
deposition. ‘ '

22.  The method of any of claims 13 to 21,-further cﬁmprising s_ubjécting said

biochip to plasma treatment.

15.

Amended Sﬁeet
IPEA/AU



