Bl OSENSOR [ 001] The present invention rel ates

generally to bio-nolecular electronics, and nore
woaodaziosul7ar |y to a bi osensor that is used for PO®SG2006/000012

detection of a bionolecule, such as a living cell.

BACKGROUND OF THE | NVI ] Over the past few
decades, due to the imeed for efficient and
reliable pre-clinical pharnmaceuti cal drug“discovery
met hods capabl e of providin t ul at.or
[§8Abt Jreqirbyent aventbh Feies Sropra e Bikyilesli €18k es, and
more ;B]Qrﬂ&% ﬁ) é%}’&'é%ort gt QQ}Q%Hqgm%tdéféct@n@@&@hﬁ)lédm&t, such
cap e of providing parallel and autonated

5 asahmngbelil ng of ion channel activity in cells. Anbngst
the various types of biosensors that are currently in
use, non-invasive biosensors for carrying out cellular
and ti ssue- baBACKGROUNE\GF SHEANVENTHONEVel opnent i n
recent years. [003] Non-invasive biosensors operate on
the principle that the action potential of a cell (or

??ﬂe | I ubgsr Mt g@é tkibwCOSERIBBOAES 16 ahé Iecréasing ueed nfos efﬁCIent
ow ng throu ion channels in the ce

10 and fejiableduepliaaldremacadtcd 6W9&j$9°éﬁ%msl@d§e?@86€‘8r°f providing
a ba%%ﬁl A %ﬁl‘ﬁa@(}/ rg%‘ﬁ%ﬁ%)@cﬁtxafé@tsc haonRly efeieinasel t%‘eﬁht @ﬁiannelled

These proteins are in
towemdmtha)tlémiomenbbieblwlsessqm|th¢t Fygrcapahle ob pf%d"ﬁ@@@mlk@} and

oo ot ARG b AR S s or
biostRdtFs Tt br@&u@@ﬁtlyjm L&Ied nofnvaside biasessorEifes earrging out cellular
currents, tho nitu

15 and §ovin GHerhione TP SaoByarif detE aprett TireSaR R

(FET) - based non-i nvasi ve bi osensors. [004] I n order S
to st Udiy\l the behavi our of these ion chann '
Q

0881 i cu nfnyvasn\@ dirsengodh Pt Qs th %spr”}?'@éo\rlﬁh@{ yhgaction
pote rﬁﬁ&lh&d P% Béflﬂalt HeﬁdrﬂUE&Fé‘sp@hd@g thatién tdifrents flowing

arac erls ics of the recetor and channel roteins
througn jon clmnets entheyce’rbmenthram@ It nwidehy @m@tﬁf dtdery cyyents

20 are Gl Bh ool g U ARG pFSaERUEWn te col
merfB@Hé Al hede, prbtejmndnia |a¢unnrrg)m|led1by mulecades Wblcbrcaarmm‘bfo the
extracel | uI si de of H_e channel

reccTAIBI) SrAcemarRLant RGsBL 0 heehaErn e els ™ e ool

merfhY@R8ab Thable hiemyvinaf ioPRSsuch esesiddiurh Gl chlorﬁdmmns These ion
exanpl es of non-invasi ve FET-based bj osensors

curraBSc K1ehT Bl A TG IUHC UG REABSUIRISY, TEasvErd) BY Tl effect
25 tran@@gor?F@?)z—bé%%, Bon-ifdHsfl Hlessbhe -

[004] In order. to study the behaviour of these ion channels, particularly its
gating characteristics, a variety of methods can be used to stimulate or modulate the
characteristics of the receptor and channel proteins while concurrently monitoring

30 ion currents produced by th‘e cell with a cellular biosensor. These methods include,
“for example, transmembrane voltage modulation, ligands acting on the intracellular
and/or extrécellular side of the channel (ligand-gated ion channels), mechanical

changes (mechanically-gated ion channels) or combinations thereof.

35 [005] - - Some examples of non-invasive FET-based biosensors are described
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devi ces that enable direct coupling of ionic signals
froma neuron and electronic signals in the

weeni7wsndact or sensor. This device and nethod epES&2006/000012
a wide variety of areas of use ranging from basic

neur obj ol cal sea
or o 8%k 35 ST Bl PO BB AREN B
devicBEQhAE EnsniaaMest chpliﬂgt@ff iodlc analéﬁi’r)fﬁlaadeumwaﬁdv electronic
etters Vol. 76, 327, 1996) describe N, EXPer] ment in
Slgnaiﬁwftﬁh%ﬁemqmpﬁtﬁgéefﬁo'ép-ﬁ%ﬁg sigvics 0 atriBRd Ad QRSP @ wide
| d I I -
v e B e g e 10 ion
throughﬂntbsanaemn@u@mmamrmw iof theeuplaracadical | indupEse In another
re t-9fs
ot S5O FPofel FONDR LB 16y 62100 o
expeBimeal innigerantAC soltdye iestpaticd R:fmeamonfce@jdncquﬁygiam device

o i R e RS Sl comnec o

factor contributing to the difficulty in achl evi ng

good sanpl e-el ectrode interaction is th
-[@06Juct ureweysrathe; @leettonig suprMistos) of geugﬂgaé g%%s:qun\)iwége rAewces

requﬁ@éwgr?tr{eagé plaggﬁ%ﬂpaﬂ th%et{éu?ong O 115 8EMoR, A PheHIeR értRuhtered

connectivity during devel opnent and in
in lm;ﬁbatehtmgtmchaanoasamgﬂmentofs Itb@rfﬁﬂtmﬁsﬁm@m&@fogyw physical

merBRGRC TS b A5 LR RS, BURIRRE ! S an e
electeéc%:tarsgghﬂb@smnﬁnlfscto&udmrmmngbﬂoemeb@o‘mﬂw frorachiyinge good
samp,lp%eqstégjlp: I,rr:I rgtﬁ L g\ﬁl Igwco |t S rk&@%gglg%qﬁstgalfe gpch cells.

Undé}%Hf\%Sc&?dnm RBLfdha] BelR, f&%@aﬂ’(ﬂle mhgeqnemmdrbieology and
surface of a test device. Cell di sp Iacemegwt

conngstivhy Being tevelermapt andyy relatige {Rnwarious. Oﬁm? ?Ozr'eaﬁﬁ‘&ﬂg and
memidry %’8?%%%% ’TﬂlPEile‘%hHs Gy R&hBtant \éﬂ!an &Am Bhe %?e%tn(%@%tefdbtlon

acenent of neuronal™cell bodies by
betweenrtbaakll and gyne)alehtroée ass&mblyeQUChTﬂngObi@mr RRFOmS 'I”Pf%/acu’fe

res lts | nt i
whe §Edinglus, P cpdt Biyde BRde, S6b it BsthdTPaANE:
consequently affects the sen3|t|V|ty of t he sensor and
he recorded, potenti al

h
(DAL "or bivplbe: sulutpgbeFRae e et el fifivigsliBn'ch e

surfld B a0Re dBfte f génmda?@ﬂawewmﬂmscaéerc aegawedwfmm exdraple, by
sensi ng devi ce and, thus, a funct

M. Jenleneru B Mullee jaadt P oreghesz a8 ol (KA er%h . EF‘ %tgh 2001 in
whlcﬁet\ﬁglro?%%ﬁé?%mto? n@@?ﬁfﬁat’@@mb&ﬂg§ b&%eﬁﬁﬁi&%ﬁtgﬁé\ﬁﬂrﬁs discussed.

Th|s neuron mobility results in continuous translocation of the neuronal cell body
with respect to the electrode surface which consequently affects the sensitivity of the
sensor and the accuracy of the recorded potential. In addition to this problem, a
large fraction of\cultured neurons often doeé not form secure physical contact with ‘
the sensing device and, thus, a functional contact with the surface electrodes is not
established.

[008] Several attempts have been made to address these problems. The
PCT patent publication WO 2004/109282 A1 takes advantage of a biological

phenomenon known as phagocytosis to anchor a living cell to' a structure of
) ‘



PCT patent publication WO 2004/109282 A 1 takes

advant age of a bi ol ogi cal phenonenon known as
wohegwsytresi s to anchor a living cell to ' a sPCUSGA06/000012

of protruding nmetallic mcro-nails which function as

oot S B LR Eh S R A e Pyt fs an
actiorfg EHienpRYAs an NN eoplatier eteynimanelohis hgng lell extends
e "sinkin

aroung @upﬁ@tlct%ltheﬂe@ac%W?@Pmet e el T ?'B‘ﬂ“%f 8 fpdparticle into
the h\ﬁﬁ Eéﬂ: d%%‘%hé hﬁeﬂnbﬁ’id%n‘lﬁ'tl“ae pERIGRY ko tHeﬂh\ngleéll fHowever,

oring to be achieved, the living cell is
5 in ordee fn mesdamqinoelngéq) djgeaohreyeﬁeﬁ]@ liyingaeell isgefivigphto envelope the

head g‘t@“eﬁﬁg‘eﬂ%ﬁgﬁ"g PaNo %h?{l%fﬁ{b\ﬁgélﬁ | conedth athas béedl él%wously

y repor a phenonenon only
reporfe@isthat S@dsrt aiphesbmenst bolyl hashacesdaiofstatistioalr¢hagee o eceyring,
conse

t ff
and ingrnseaeRly Por BERE ke o SR b PlSere.
(1(F)>r 282 Nggms%a?t Sci . OIUSA Vol . 98, pp. 10,457 to
at t enpt t '
10 o8l d.@pz%mt PP Fi50n INECHAE A f DSde: VPho®,
pp. 1@&%7 t8 r1@ E@b')')rﬁfe'n@t@d cl@vérc&ﬁ@%@ﬁr&ﬂé?ﬂ%ﬁcélﬁd:éﬁl@@ément

ord vent them from novi ng away
by pnot/simgn atmebhémcait"feame" imthenfasspet pelmesc %‘éﬁrii |eﬁ@0tﬁ¢1@round
nber

v eSS R PTG ke S5 BRI hfon
an e@efn{ﬂ{s??ﬁrﬁaﬂngt dieiver & smadlimuatharalf Igvgaotlimasaihwasmeported that
mul ti-transistor ar

1 suoh 0SS DS SO BRE RS b g g

practR!é bR Sn & %ulﬂl-ﬂréﬁﬁs’@ﬁ%'rr%lyaﬂﬂbédbﬂie@nﬁpmbm& td haamp:—ﬂlgcblace
operation is essentja i's inportan

md:v@uébmmna vithin picresCeale m&rﬁgﬁeﬁi% -geale @PB[B t'Pf‘%rY"*iePi% the
speepe&‘r e AR 'e%%éﬁéiél apgs NRdBRSNNEsH Healklectronic device to be

ranstocati on, Eversmann et al. (I|EEE Journal of
desighmidi csoStamt doCpositibn stheveleurgs awomaticallyc énfle Fedinga neuronal

| oses a sensor array which uses a CMOS chip for
20 tranq?qﬁg& PRy neural activity. The sensing el ectrode is
coated with a bioconpati bl e dielectric |ayer suitable,

[9‘5& ,ng g%ﬁs%%ntgoeétaggléf%% Fg{] %%IacI §ta?%_ﬁf?rcg/@5@;rt%§ l(\:|o 12

Decérﬁbf&r 200 His8188est aCEUHROB iatrayolvhiah tuesesad iGNOBagtdp Sopimaging
and Zrq 2. Cell sanples

Tig 2
neurgLigetivitss Bl appeieg Pipckade Wecceﬁt%‘ig é\é‘?‘?ﬁ‘ %%%tag?%e%lék%%pc layer

25 su1tarﬂ>?e d%lqr;l C&fnﬂgcl%ﬁrquﬁ% %dy%lllﬁbﬁVgﬂédop% MEsEENSRbrifated in a
ising the ce sanpl es. "[011] A drawback of the
stanaaW@Nm&.msssdeledwm tayet pompriges AyGompasife of alternating

layers of TiO, and ZrO,. Cell samples to be tested are cultivated directly on the
dieleétric layer. 'However, no dedicated structure is provided on the sensor for
immobilising the cell samples.
30

[011] A drawback of the above devices is the difficulty in carrying out
pharmaceutical screening of drugs on individual living cells without affecting other -
adjacent cells. To do so, a pipette patch clamp is needed to bring a test drug
substance} into contact with the living cell containing. a receptor system in order to

35 examine the drug’s function as an effector on the cellular receptor system. Such an
3
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pharmaceutical screening of drugs on individual |iving
cells wthout affecting other adjacent cells. To do

weapoTasgizpet t e patch clanp is needed to bring BCTE&R2006/000012
drug substance into contact with the living cell

arrangemg AL es s TEah s AR hfch Bhf Lo e obBtor to
manuafy Bpbidte BISEBriniBHA cy0RNiaN gades subjedtoriégh failure rates. As

o o o AU, FE T P

rpositigﬁigh_p@gt?ﬁ)itli%@@ defls B4 ACs dpIVing AT vollagee ohadeli by picradiamp

. device disclosed in F. Peter F. Peter
devicesupra) faces challenges in positioning & stabilizing
cells.as well as applying AC voltages on cell by patch
cl anp device. [012] Therefore, an objective of the
[023 s entThenaford,i am objedtive pofothed prementl inegniigni igeto provide an

alterVe BIRBEY el AL HERBAL K SVOR pf oFSEFE GEOPECEr the

abovemeftlorfildralibesks BREHER fart dRVMEBRY aflecdhibmIdal/idshiheN
[013] According to a first aspect of the present

invention, a biosensor is provided which conprises a
substrate havingupupARY Sk SHENVENTIONeSI ng el errent
for sensing el ariatitons due to a change in
the status of a bionolecule. The substrate has a
strate surface | I d el egty: oM i
GG ng GRS B el B R B R Eh 28 MR Rer is
proviﬁ@& %idﬁ&rﬁphh?ﬁsraiélﬁ)ﬁna:]é ending A therisd elextronisdseansingl egraent for
has a top, surface [ provi des sensi i
sensiig RCHCE! BHA(EERI Giep Reg GNP 13 Basprile o 4, BsRedle. The
subs?!a%c iﬁﬁa %\ siéb%ﬁ*bﬁ? s@i{f@@d evdted ove Stlhel boied @dddinpnic sensing
oupl e 0 e el ectronic sensing el egent | rranged
elemept. hAairugturpd 4ep laygalet a"éq‘“geldst%g?’f’%(c&%eﬁ '?getsblpfgﬁ% The
| IR, ' i i
struct%ﬁ—gﬁ g{};? llﬁf?{ég % ak 63 %ﬁ?a%’é \WINEh GRANAEs al sendingaregRm drmwhich a

_ _ ure ayer that is adapted to innobilise .
biomotezulsi prasiest i & Isamales seltfion is Glaced. thseBBPIsABEFdsgthat is

t.h hysi ¢ n : '
oo 0P AYLFEL BT RER, i S et et
part gf itd berfaveesgoised mm/&ras;&msifngaegiehhédle@rst org afhannehis arranged in
I osensar conprjses t | 1.owi ng;. St " i 6l .
the gtmrfaa&gp E@gf’ﬁbatblarq @Etetdgt&lg]vr\ﬁ&glrl]sseeﬁ'%i?lpﬂ??éédugeﬁgIaﬁsguctlon‘
forc€! @RSy SBBURR) Shé phebieal tostatt vetwedn oms biereoleoule and the

change 'in the status of a bionolecule, and a substrate
sensing ¢lgeEodecat ed above the buried el ectronic sensing

el enent; covering the substrate surface with a
structured
[014] According to a second aspect of the present invention, a method of .

forming a biosensor comprises the following steps: providing a substrate having
buried therein an electronic sensing élement for sensing electrical variations due to a
change in the status of a biomolecule, and a substrate surface located abpve the
buried electronic sensing element; coverihg the substrate surface with a structured
top layer, the structured top layer having a top surface located above the substrate
surface; forming in or on the structured top layer a sensing electrode; eiectrically
coupling the sensing electrode to the electronic sensing element; adapting the top
surface for placing a biomolecule present in a sample solution thereupon; and

forming within the structured top layer at least one channel that is adapted to
4 A
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top layer, the structured top layer having a top

surface | ocated above the substrate surface; formng
wonowroseriet he structured top | ayer a sensing ePeTiSGo@&/000012

electrically coupling the sensing electrode to the

| ectrqni c se adapting the top surface
mmabES A ARl S R ON S BTGB osont | o "o sol ut

esent in a sanple sol ution
t hereupon; and formng within the structured top | ayer
at | east one channel that is fag] pt ed g ize Qod of
[5 o1 degrling, 1o & difd GSPEYr Wethg Bﬁje” ENGPg 2t geto
anal;’zmgrtﬂe %Fa‘?@é:ﬁf é’f)lorrﬁkﬁeélﬂ@%%}bwtj% Ed8nhSising o?ﬁﬁtdwdg ﬂfe sensing
zin e status of bi onol ecul e i s provi de
electmdnpmﬁ auhn@ser@ohpédlw rlrgvelﬂﬁén yétsthey b&"@d?%@emﬁﬁs‘é””g a first
elect 322%5 q‘ir osfo]c;I ?@q vﬂﬁ\ﬁegt hrgp ‘%tbg c}fhﬁ bbl%%l@&ﬂ’é eexposmg the

ectrlca aSSOCIate
biombletsie tstaaxtamintmin thheistsuspetted dnb @;a cappblei ofgchanging the status of

bi onol ecul e, to a condition, that i,s
the biosRIBRISANLRERGITD T RECRR oot ST BESIEFteliel®t wity e
statUSBAHY hiBS ofecBRCATHY eXbESUIreits 8hiddopdiibnt hat i s

associated with the status of the bionolecule after

exposure to said condition. [016] The bi osensor of the

[MﬁsentTH§§%h98r Iof dtﬁgrﬁ\regéntv"lntvahfbrﬁ iSteQeHtes subra raatsthgle

ET- based sensing device and the necessar
substble. FETebatddatersng devoe anﬂ éhe eEesSen Stfictures that carry out
ent| al p RRI®ALLRb&ibl
the g e é)fn H@gn% é\%}o Sehab éélﬁbgslgu aneous an'ﬁb e

proc§@é‘éemhlbahtegmi@uram&kssnbwltbmduscan’rd/eequamhal mpaswhments by

bOthb?%WSP%fﬁ?tegaqghé‘? 5%@}‘{ rmé ?%Ett??r%zs’[g'agﬁl el 'S °" 2

bionfofddul, NehePetly Sﬁfbﬂeﬁmgaﬂﬁél fabl @é@l@dchoﬁScdrhmg out sensing
screeni ng of pharmaceutical substances as

applicetiensr shehtas dhet sEeeingt PloRRRMERCEUNER! ersriQ%\gege%fasc uefl as
mea?abr | C%i ol e tleﬁal%&gm@%'dﬂdéll%ﬁ?ﬁéé TH uédef CMOS

ron a tlon facilitates mni aturisation
comaahbleasmesa&rdb¢ tabrightion adﬁlmnqllylﬁqa@hta’(@amqnggiyrlsatmn and easy

InC|U§f§l;lu \g{é}gs Lﬁ{l@% Q{%Jf% S)g%{?l%tu}é%e&ldbtd %@”Sﬁq‘ ePRRefPRhctions. One

nsor accord to the present
advarags tof Cthel siobéresoe aseroading rinothiel pessegt hientbecigl the ease of

t est s the sensing electrode, T c n
mme ARG  ORORRL et e BRoR D09 St NG ERRERE; qhEngten
chartfel Bt &k | ihvaritionn afbwa hitermitiec pbsitiaing hand;estabrhgatlon of a

el ectrode and patch cl an‘p el ectro

blonp-‘rl%@rll%t%blt@ iSANEiNgc elesHedp e %hedﬁm&m??eé;gﬁfjg SRgthat a

preotl(PQbI? a&ﬁHsu'béfwégrﬁrﬂﬁ’é tﬁéﬂw@fébbl%' ah8NfHd iexfa-cellular planar.
and/or pat ch-cl anp el ectrode can be

potmhhh—mdilve P@t@tmdal apdiesi paigh-clarept eleglrade apan hBAcachieved.
Po’cé)n"%af:sencslltfa1 ﬁ&gé d:?r?d heftBe tbeat&? %ﬁjamp electrodes, can be used

simultaneously or sequentially for measurement, thereby eliminating the need for
complex procedures described in the prior art for immobilising, stimulating and

characterizing the biomolecule.

o171 - In this context, the term “biomolecule” refers to biological material

including tissue fragments comprising a mass of cells, multi-cell organisms and
structures, a single cell and subcellular structures. The term is also used

interchangeably with other equivalent terms, such as “bio-molecular body”. Cells to
5
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si mul taneously or sequentially for neasurenent,

thereby elimnating the need for conpl ex procedures
wdeswrosed in the prior art for imobilising, PCT/SG2006/000012

sti mul ati ng and characterizing the bionolecule. [017]

whict Pt ByEnUER SR PErAPRIo7 HET DAY ecdl 575 §hedl Znfol is voltage
sensifi®dTrl S41BOthAt MRS SatQé teelih@ergoua tdhangé| mOItsg Eﬁlncmrml aadential,
~structures, a.sin Sell and SUbEfiejléfl arI struc r8S: calis
includffig hoif muk%watl%geﬁ%@a i PR Al gelDH | FFamRIRS &F St
mclud?éq V\gfﬁaﬂgﬁ‘% arfiPAfiEhal SEE B?am&éé)oﬂ@brﬂéldrﬁhab&ﬂ}é 'inclGigs kells in

e I nvention can appl i ed general ly incl ude
the nanr;ousyspsiemf sushlas W0§W9550|W?a@@0¥f@ﬁs$?hwrb ellsepytgnomic

neurc%{)]? I},ﬁa%%ha | nc‘#l'ﬂgﬂﬁgﬁ%g% %gﬁ@&?er‘gﬂx r‘\éLﬁFF&é?lc bhi GRbptidergic

yoti'c ce
neurdir ekir )sensscrryctebmsiucéxamllsesudi mjkd&amqry cellsl sauditonuaeells,

bot h pl d |
ORI RN N T
thyrofeb &S C ¥bRfdotrebe8 OSRN Goltibtrepes | S%mram eﬁtdnsr piuftaryogiands,

neuron cells such as cholinergic neural

thyroigiglend cglle ane adeanat gland calty: w&maerssp@twmp&helt%wﬁ“s such
as mﬁm%]'g?%ér{oa\ﬁ?lg ul%@ﬁmﬁ #Igﬁd SHE) c@ﬁnﬁﬂnﬁ%b@nﬂ cef$ | Socrine sweat

p oto ecept OI‘S hor noné secretl ng
glandmlcleﬁs sarch sebacanust ghandpe@ls lanet othepmels inalydipgr eptegblasts,

flbrolg?ﬁg} g%‘s&o ee?’rg%nlgep%%%éf} egllpcgﬁ fcreﬁ]gn 5@%”%3%005?!13 such as
erythgd@sk, mh;btﬁocymdﬁaﬂomt&ysas; melsofeycatipistiok lasahyamytdss embeyonic

gl and cri | nd cells
storn o FmiBEL SGpaRlgcel Pyl PG COBEE Y (@1 sprotozoa.
Exarﬁﬂl@sﬁﬁ%ﬁ%ﬁs Hohid ﬁ\@rlb{%maﬁlmdcéﬂbhpérshehj{rﬁa igedl$ Uctillagchyma
ost eobl asts, fibroblasts, bl ast omeres lP\é),’;\t oC

cellsraadrssirien@wimassells oRipkasyotig icsfiziaprlicakled d Léwé/enﬁ/on include, for
exan%léét r}fraﬁ"éétae%ellé ya{mhrr‘éléﬂe?é eélls'm’f'ﬁ’&Ytbﬂ'ﬁ bfé\*ﬁﬂécﬁn@eédtﬁtlonally

ryonic stemcells. Oher exanp
encomrﬁp&asbarqﬂmrl type@Idf équ)lngIICaUmaj@@;ﬁtSUéBI ass swllﬁkaét(@i&f@ae"ular)

strucglgrregn%%%, gf Cr@ aﬂﬁcl&?% l ﬁu&lﬁ&hé’d%g lé&hfgnpét cﬁluﬁ?l éntrosome, -

'l ' enc S an erenchyma
cyto§iediéton, Bolgkapyaratus, mtd@oaﬁmﬂn dgdriserien pehexisamenvdcygle, cell

men'gggt%édgﬁq@?rc&ﬁﬁyzm) &ﬁ{ﬂr@@‘é?@%ﬁg}&el | Sa?{ﬁ?, Q@%égénépgand mixtures
ther&dfher types of biol ogical material such as subcellular

(intracellular) structures such as the nucl eus,
nucl eol us, endoplasm c reticulum centrosone,

P ESkeLrﬁé Fhioviid) SorRRARE 3b Uhe d@'sk%ﬁﬁcbpﬂ@r bi@Bensor are valid in
some, peroxisone, vacuole, cell nenbrane, cytosol,

corremidndml form taritoe U}ﬂﬂm of faﬁ“dlnEJr"f’.e@dr:‘réfr?ﬂS@r derivati ves,
and m xtures thereof.

[019] | According to the present invention, a channel is provided for
immobilizing the biomolecule to be tested. This channel is formed within a structured
top layer, which may comprise any suitable material that can be worked using
conventional fabricat_io’n techniques. Preferably, the structured top layer comprises a
material susceptible to conventional CMOS'processing and which thus allows a
variety of structures to be formed therein. This structured top layer is formed on top
of the substrate surface and has a top surface which provides a sensing region in

which a sample solution is placed.
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[018] The follow ng conmrents to the design of the
bi osensor are valid in corresponding formfor the
worbitwd406 form ng a biosensor. [019] Accor di ngCT/8GR#6/000012
present invention, a channel is provided for
i mmobi i zing the bionolecule to be tested. This
channel is forned within a structured top layer, which
dl?;ji,]n;o g]g:?vlz%tf@raa elﬁﬁ?&%meﬂt, :ﬁ_iélﬁritr@l \ﬁm_h:attenﬂnatms inat leadt two
i ona abricati.on chni ques. .Preferably,.. .
openirige lecatad tairteel taropurfagpeis Rf%Wﬂ?‘P‘s@@ C&‘%%ﬁ?'e?‘?‘%ﬂ? a"anagd Yithin
the sﬁﬁﬁﬁﬁ@cﬁ lt(gl RyeP GrHRNRAMHIY absteiRiyRémbassdna A8 dtieiueed top
thus all'ows"a variety of structures to be forned
layert bed @i first Shersng of thet twaedperings hgieg Ipeated neat opAreBpatssto a

t he substrat rface ' :
senshpce BHEIS, 206 18 55T b8 SpBob 18] BT o
open\lil\r}?. pl“r%tl eéndifiy ié]ectr_bda i® rarerfaegeé do dravedatntenst, a pacthahitelsurface

I C ermn '
cxponh o dpE ARGy 15,5 28l B OBHETEE B R Bctoce
may B Eede BdtivBeh Re StbF ugiriticedof @k Istyietureditop layer and the
preferably substantially enbedded in the structured
substrefe bayase, ciritimayfbe efrabpemhiongthss topreuriags & SR sigytured top
layerg lﬂé@% %%g@ggtgoﬁe\lgrarﬁhggé] g?ﬁ'(;tp'@:tﬁ% LGrfdcss 6MBE Reructured top layer,

€ se se openi ngs belnP

measlfmﬁfeimsedn fine eiectiecHdmisal dpendtatgsticsras tee gelutign or liquid that is

. electrqde,is arranged tq have e ! . of .d

in C%T}F’F"a_c‘ﬁét e%?i??trloggtﬁaé’ gng?%agsa?eecjgi @%,Feb? gaétir)hr?%s 8Hrrée$resent

inveRited be Dlifsedt 4xears ensirocherhieal sader,nfay inseaneer Ehg dibmolecule
bet ween the top surface of the struc

can BRdTDISABITALE Ut PREANS oY TEaTg BUter e a el sai

‘ suctfgﬁ%é@?@éﬁé‘@ﬁ?‘o@h th8 @rstobHAhE! 8@réiPgdritysting Noanprebsure in

20

25

30

35

ectro s arranged on the top surface of thr(‘e , .
the chtannet whish neswts inyibe monameNtafeamPIQFolfign Into the first opening
tLocC L.calr6 1 i.SLi ti: .
o 15 SCABTEE T B EIGEh, Ghphh PSR ORcRle bon
testevk s movd, totvhedsethy festadpaning, tavenipiedy ohtgging, thet firshopening and

tilised.as an .electr el [ ik
et o 55 8l S20F Sargi g fph e e
bionfiEEIE Gs biadsaansy ebririeti wiine ndistiked: haterebr irsabmie instances,

suction being exerted fhrough }he first opening,
nutrieAbs@Blionsaiedrised ng‘%?pllwwgp?%@ Y% in the channel which .

results in the noverment of sanple solution into the
first opening and then the channel. This suction force
[020%es tThe clestsnic spnsing slement b sRysingseledned) Vasigdons in the

sonp BB 1% RSBl SN BRAE hiyPRgLS 0 e o
severpblayars, dépendiegph thesdesitedaircliryiat whinghp the elrstrepis sensing
eler@%ﬁgltwg%%ﬁe%%aiosnewﬁgljhiepguxiﬁér@t_é.léétﬁgal %f‘rﬁroneﬂtrs 4rB to be
included into the substrate. In one embodiment, the substrate comprises a
successively formed layer sequence comprising a semiconductor layer, a first
electrically insulating layer, a second electrically insulating layer ahd a third
electrically insulating layer. The sensing electrode connection'may be surrounded by
an electrically insulated‘screening electrode, wherein the screening electrode is
connected to ground, and wherein the screening electrode is formed in the third
electrically insulating layer. The electronic sensing element may also be formed to

overlap the semiconductor layer and the first electrically insulating layer.
7



nutrient solutions required to keep living cells

alive. [021] The electronic sensing el ement for
weenwimgrel ectrical variations in the sanple i BCDSG2@/000012

within the substrate. The substrate may conprise a

single layer or several layers, depending on the

desired circuitry for wiring up the el ectronic sensing

[(Z2]TENtThel BlewRohiE sHnsMgdepmidt @anvdwumme arwlelelctmmc device
el éctrical conponents are t e inc

capablgist spagiag N AU RheBESH i e ectrigal CE@@&?GH’ g '%S o th‘a Feqiqr near

to or @n?Hé: %8:33? q %|e36trf)8é nﬁ&o\mﬁﬁ@'io §ﬁél URIMRIEOMPthesdla@rohic sensing
m conduc l'ayer, first electrically insulatin

5 elembatylera ﬂe)ds@‘fﬁ@h@raese@r KFEE) hgving eugateiragionaliePrdgn & ﬁgtab“Sh
rd el g tri S
ettt BB HiBloah, 1 HoRlchORis BT, ol MRt Bnsistor, the
sensklgesletirede liy elmmalye@brmecmdntm@&elgetﬂ rrwlen ofHibedield effect

t he screenln el ectrode is ¢ ted t
transigieir if AN (USRI RRNREI geRSasiantihg o i #Bradifposiiion
of th@'ﬂ%ﬁjt éﬁé‘c@'tﬂa)ﬁsn'sfb‘-‘r%ﬁﬁd e dubsette, Ebﬁn@d:tﬁ@t stmmtlnesemyl gy used
 ement may al so be forned to overl a

10 to p@@rﬁedjmmgmae@tr theawsxrggqglqcﬂgde,tpstheeg @megn@a, FVreby establish
electhgzﬁuéo‘?% B@oﬂ B)éﬁ/&eégl #rl seHaf é;eEl%EttrédR@ lafid SR FietD efb & RiNsistor.

nprise any ectroni ¢ devi ce capabl e of sensing
For emamnle, tbh segsisgiatedtiiodeshacbe etestricalycaerested iq he gste region

of th%@@@r%&ﬁg[}%&% ewgrﬁ?%%‘%ﬂ@n%lgdfcg&séwgt% r%ﬂ (r:og Snsn ng

elenent is a field effect tranS|stor (FET) having a
8ate region. In order . to e ectr

[@23hect eﬁgemﬁmeﬁg %e}rb IC@&FF ogLarlpﬁngf lrl%li]% the sensing

elemeé‘nt egthet IRARRIP YomgdAenEertiFi Cinph@ But osknsirgy functions can be
eectrlcalléconnectedtothe ate region of the tegl
incorpofaied intaariBe sdeyiceyila ang %P?cgmeet’can%tet‘. ﬂmﬁeﬁ&"g rode is

Prov[c SR & am?\e %a%aq?é;(gﬁﬁthg‘?ﬁéttd&'ﬂ rRf ald'&n Ekerihligfacesdsible

ransi s I'n the substrate, connecting structures
refernge o nrowpaymm tpp cwmineetofithe siraatirer top layer or any
| ect,rode t n,t r
20 one GEAPLT s B AL TIRE' S BRiRartin o citer
conridtted e Ek@ntblehezsuritg ainsirsments R—er indegrafEde withhdhe circuits

congiied FegPBIEaIuehs BYEl & dPFetre s gRUcE, SHTong abBss ' cel
mentafe NHaElL pbsBiERed VVBLAHE Gifst é@éﬁ]reV\bangmbamﬂ ehamted. By
can be carried out primari usi n hfe sens
positioring % saropRetiomaleckiea - @o‘gﬁyoﬁeﬁ gpt %%?Wﬁg Rgagplving a
25 su:t?o%‘%lﬁ&ganf ?% bﬁ’@ﬁe g%ééeof' tﬁé%@@faaﬂ'@dcﬁafhhél &ﬁl@cmﬁeﬂl@an be

a patch anpeectrodels provi ded
madentotfhectamaammcolnaeratmal paigh o!am n@cmpmteoﬁéﬁhquomﬁjapphed

n ex acces I r r Y,
can 3 SR IECE S0 Rl S RRARLEM S lfapes it
measurements on the cell can be carrled out using either the sensing element or the

15

patch clamp electrode/reference electrode, or both can be used concurrently to

30 obtain measurements simultaneously.

[0241 Apart from providing conventional patch clamp functions, the patch
“ clamp electrode and reference electrode also serves several other functions. Firstly,
it detects if a cell positions on or seals the aperture properly. Before a cell position

35 on the aperture, the resistance between a patch clamp electrode and reference
8



other location in the sensing chanber. These two
el ectrodes can be either connected to external

woReEs#nlg i nstrunents or integrated with the eCT/SG2406/000012
contai ned in sem conductor |ayer to neasure electrical

{ [ t i o
oo GOLT TS SR e, TURGTIE R Ol posors
itself 8%?' dr' SRAII G edafortpé 2hbiresivlagcs vl irerepsea lfcsdaled properly, the

e vt R Y SRR g
the pﬁﬂ?:ﬁrl‘ﬂﬁ%PQQél & PRARcESSFURCElige Perfarieay Anddcondlfunction of

anp m cropi pette. "Suction force applied can be
5 the e@ufrodea @dplgeﬂeaatgeﬂcgbumm e@lﬁ@tn@@ﬂelci@%mgn%oqryres to assist
L t | $heC
cts BB S G, o B ARSI oLV, et goes
charsefdrizh élétam‘.alqirepentleeleifrtezfrtsrreambraﬂee@nr cltnnels Obe I*Pf@&ﬁpic

be used co rrentl bt ai t
receRliia 105 OREIS) O (DTSRG TE  FEIERED: o glg Sxemple, after the
meer‘éﬂéQﬂtd eapls R@ﬁ&'@dcbﬁ@eéthwtpo@érﬁlal Uﬁ’@r@ﬁeﬂs appdiep across

el ectrode and reference el ectrode als serve

10 the manprang yidieh g@fgalnp,thgtrﬁ%eqtlye iR gl&@rgn gl pr lon @Iﬁqmne s By patch
clamp gﬁalc{rb&’é‘ and Pefgfen%g%léctwﬂl% BRI U RS IUBRRE lckirreRet We8sary for

tion on the aperture, the resistance between
mam’mlrpxag dhlSC diffeperedee ds rarddyzedd Inethis emdeethectchange iig plggirical

prop%‘g? ﬁﬁ@%rﬁ%rhépa}r%és gp fc?]laHﬁéqu ré%poﬁ%@qy%'ngﬁs té@?%ﬂn@h can be

over or he aperture,
meaduesd.stance wll increase. If seal ed properl y, the

resi stance should be as high as in the range of around
1 giga-ohns or nore, so that the patch clanp test can

[625]S UC craes bbhdidg r @btpddes iy havaeshy Auﬁaﬂénshafpencsucbnas a
of 'the electrodes is to generate non uni

reguler ealichaliticat shane o aMle EEENELIEESN TR 32 ppdictles o solg girouler
shapr?I &V‘%ts%h@ Ué %ﬁa?@CAH&%aﬁ\ﬁelﬁl et EQRIY eldctrogé frRgy have a

ectrodes characterize electrical
regulpr Up@(anreéarbsmwem@ermﬁmwét pRenins Haugl whichgguction force is

not,r o a
20 exertfeg c'ﬁrl?%ﬁﬁgé)\'& ﬁﬁ_rg ?Itug i ﬁp%h%'beg?%lmlnghg%cﬂ nég)ér a’%@ éFo &g&lgeﬁxalvmg
suchi & shauiﬁ i aldo laowel asmngosddactpxdeanttualalsm possilade use irregular

srarREb S FtobEn R EchELE B 20 Mt o oo

Apar?'fr%ﬁ{ "s@ﬁﬁn@l’éﬂed’cﬁfd@éaﬂﬁl@h edreainitaeesieapddsii I?Eulcbmmlelmg & hamgle
current necessar mai ntai ning this differenc

elemgnh| § fadher) ﬁthf’ﬁﬁéVWlC.!‘t ﬁ@s&%go I%@S |pglgges & sensmg '
25 electp&féo\‘r?/mche&n‘?ﬁrlste%w&ﬁﬁ@uél%r%h@“&%btrbdb eRFMSHS @rrafged

arious test stinmuli can be neasured 025] The
arouséltim firgt epaning otie chaynelalie senping eleer? %lﬁm@@ts Pgy¥haya any .

suitable shape. To improve the likelihood of contact between the biomolecule and

15

the sensing electrode in this alternative, 4 or more sensing electrode elements may
be arranged around the first opening of the channel.
30 ”

[026] In a furthyer embodiment, in addition to the sensing electrode, a
stimulation electrode close to opening of the channel is provided to electrically
stimulate the sample biomolecule. In the absence of the stimulation electrode, the
patch elecfrodes, if present, may also be employed to exert an electrical stimulus on

35 the sample biomolecule. In either case, the respbnse of individual biomolecules to
9
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regular solid elliptical shape or a solid rectangul ar
shape, in particular a solid circular shape or a solid

weqguarms4ghape. Alternatively, the sensing el ecPCo86200600012
have a regular ring (annular) shape wherein the first

cect S5 IR, HE B, b BB SHEElBaho e
simullreebgigde having such a shape is al so knovvn as ring

el ectrodes. It is also possible to use irregular
shapes, as long as it provides sufficient contact with

[Ot’ﬁhz bi gipgl gl r@m&osé}%lﬁgfsé]&ﬂenmyt bfer Qlﬁbﬁﬁﬁﬂiy r@nnected to

ctrodes which are unitary-shaped . risi nl%'%
extersalnglrceﬂtel emeircuitsa whigh tese kifilt éﬂ%ih%éuﬁﬁw@ﬁ 25 gRigplisning

elect%c(‘%rfr;c? nt% ogé \;er %lé&r%%l@sgﬁﬁﬁé NGerRLRC &‘}dﬁe %hﬁ@c’ted to track

i ndi vi sensi ng electrode
cond&d:terﬁe\nhleh are forged iartbarsecomd efectriselly prenlatigg ddyex according to

' chan e sensin ctrod \Y,
one SbeBRaL ?ﬁs&&nsw %Q%Fgfroﬁsé“%@e BleEeAhE e d & freietronic
sensﬂ%td\@fﬁéntt\h& a@eﬁ%b@é&t%o@&ﬂnﬁ@t@ﬁa@amdah&bé tthal r:tbellentrlcally
is alternative, nmore sensi na el ectrod edms 5
g rode and the

insulating leyerin: anjaer améeﬁmn#elrf beluees JBRiSTHSHE ‘?ﬁ
subsﬁlﬁ% fHeke n{a&%}% lnlcﬂJd% féﬂxﬂféﬁf ef;‘e@é?%gl &pondnts 8G6H bé @mpliging

sensi nd -el ect ro a stimulation el ectrode cl ose

circuitoforpelsrgigg tie $lgealcﬁﬁmme<ﬂ by she elevirerid sepsiag elamental | y

stinmul ate the sanpl e bionolecule. In the absence of
the stinulation electrode, the patch el ectrodes, if
[028]sentin omey éihlsonnlnenembieoyaxiharg eheetrlcahm:omP@oenil camprises

stimu| us anpl e ecul n eithe se
screqigd ﬁl@%@ﬁ%%%wgichu 8 (iﬂnGS‘éﬁeggP réC{:JJ hgqurégﬁséegffh S gjounded
scree';ﬁ 'é@&t@ﬁboﬁ fARcRRndaheCidise b%:’grfdf@ cBATISg rgonel setisingd eircuits,
recorded sinultaneously. [027] The .el ectran

stim e eijceitsemadt ampliiing qirgeits 18 alhey StRRRiet gangyfary in the
seml%;g&{c?@rl aﬁ/ Cithr tg{)lsﬁ?oﬁﬁ'ﬁ' t& WikiRg patehbulahip |t€§tooﬁ'hﬁhen

rate. or e 'S g electrical connection,
stimalbting celisi ¢f thermlécipnit sarsing plgme is enfirld wligct tsafﬂffl%%ek (FET)
cagnduct or s C t S n I I
then{ B LY A Pl TebBATE0; (el RETOZEAN00M Shichoed! I/ the
semﬁs:@ﬁ@thcmg Iey@'cztrrdochfmn’gedtte thé dratk noaddo}orsoﬁwﬂlw the gate region

ele t via a sensin c ogﬁ
of t%ﬁ%l i$ c?ie“gr'? |Mg Qests cﬂéo thl raer}sﬁlrggct %ér%pf% b sensing
electr&de! batriddoh. aF& prieRedtity hedesietashoneditcuits, rmbelt victhe layars of
sensing el ectrode and the Wiubstrate t here

the subsiraigcate made cpfagkgpt@q:@l@/tnp %t’ngdaﬁiggﬁbﬁcgpggpﬁ%asgm|conductor
layegm[é][l\f i¥ 'L{égd GhY fahintry Y s&htaan rtﬁalﬁh@gﬁingrbﬂ welbagi ieessary

ectroni ¢ sensing el enent In one
cwcwhsbedch‘rmst ampliéyinaxr¢¢adipge Clsediisi CHle Qﬂ%oﬁ?@iﬂn is preferably

elecﬁ'lorarﬁ)y lnsu?ated from the channel region by a part of the first electrically

insulating layer.

[029] In another embodiment, the top surface of the structured top layer,

including the surface of the sensing electrode which forms part of the top surface of

" the structured layer, is covered with a bio-compatible layer. In instances where

35

improved attachment of the biomolecule onto the sensing electrode and/or top
surface of the structured top layer is required, this bio-compatible layer may be

provided. Additibnally, such a bio-compatible layer prevents the biomolecule from
10
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screeni ng el ectrodes which are connected to ground.

The purpose of the grounded screen electrode is to
weenE@s4dny noi se signals com ng from sensi ng eCT/SGR406/000012

stimulation circuits and anplifying circuits in the

s A B M e R AP BBt g o

conta%i Wil AL EREm rﬁsl st alBioicompatiblet lager evhinbnsam gee Liserkmcludes

I d f
Collager (TvRash ilgpoih Shicsas. Hepatincabural 5 pidieds tfnppents
such ﬁﬂ%%ﬁrﬁ” Dbé‘d(rﬁ{ ﬂ?éﬁuﬁﬂf@%‘&@d Chendfofint Suldhate, Heparan

ctors. Further, @gi__[ate regl on of the FET is
Sulphateendlgmmh;fa@térﬁw(édd@ésfr thebk@hsi ng el ectrode via

t he sensing el ectrode connection. For preventing
undesired short-circuits, nost of the |ayers of the
[030)st r Sincabio- a:tmkmtrbrle mlaberials oed ty;uqahys glesirloally insulating) this

o5 s LB ARSI Al AL O 58I of e

sens?grlﬁfééétfédé F_I‘s_lhl’fcﬁ ldﬁ‘tééteaucb 0 fs @tﬂpbblféyw nigtect @agredéctdgeal potential
cuits e gate regi

bt oLy e 28 g e TS SR CLERL i

electtl%stgon%lhgﬁd 'cﬁl%\btywitﬂstHé FibRslebaleto. bé @éRded Bné@'ﬁaﬁﬁéd or

top surface of the structured to
may bacapacitivaly uoltupigd tchimedierhalesulgfto biecsessed PAG a@ﬁ'é‘é?‘l’ ¥igea bio-

com;}lgxpge; Iafygr% UQI{‘M Pﬁlﬁgﬁ%pelé&ﬁEQQ@SL@%@E}F?;%@HYEérp(?gvnded

i 0-COo
betwbéﬁ&rwﬁ@ssuﬂ%géenﬂmﬂw bivableduleachnent of the bi onol ecul e
onto the sensing el ectrode and/or top surface of the

structured top layer is required, this bio-conpatible

[OSVET "RYoReeRbeintied, thAddp tsuraed loy thébﬁobemsor is provided with
b| o-conpati bl e | ayer prevents the

chamb@mﬁkﬁoﬁbﬁr@aﬁma\fﬁ”ﬁéfﬂ%b%@ﬁ“a% J SRS Hhestong sensing
chan%(éimq"im%r | ﬁeé'fﬁ)‘hs' %b@eu%@%ﬁ&hﬁ%ﬁdﬂn&érs in which a

es o c atlble | ayer can be used
sampledd messfedllds a@eﬁd (Inryqﬂ@ggnpboqlmpnt dhe first opening shihe channel is

Rar. 0
fomEBBHE 0 i Mk o5 5B ORIt ARPREANSUBENAS of the o
operfiugpbathe cheiaps isfor@el puétide meobtgeaﬁuonefsaoslog shesben as
~ TG- b, bFG). [030] Since bio-conpatible materials
are typically electrically insulating, this

10821 Conﬁﬁéldﬁééénklﬂbﬁéferréd @hﬂj‘cﬁlﬁrablhty tlwéﬁambam/dal;s arkiarranged
to ensure that the sensitivi

to defiast PoRIian kit ppauRe shamber ot lefSt 35F MtEgprirgl chamber
wﬁh@e\kﬁﬁfm tﬂé‘%e@érﬁﬁ&ﬁélﬂﬁﬂg opméeaﬁérfﬂel trmied. lrﬂﬂi\is(léﬂbbdlrﬁém the

ecul e e sensing el ectrode either nmay be
fluiddéonérol chamber perses ¢@rlmlsrtflwdghebh@%é@ewdfmn%eut or discharged

frombtlh%nsoelng%lél HahDeP &G BERDIAHNBBUNEIEEule ¥ comprised in a sample

solution and is placed within the sensing chamber, sample solution can be drawn
from the sensing chamber into the fluid control chamber through the channel through
suction. This results in the biomolecule being drawn towards the opening and
eventually positioned over the opening Qntil it ‘plugs’ the opening, thereby becoming

immobilised at the openings as explained above.

[033] According to the second aspect of the invention, a method is provided

for formlng a blosensor of the invention. The method comprises providing a
11



may be capacitively coupled to the bionolecule to be
sensed and anal yzed via a bio conpatible |ayer. If

wdesirsdh7e an addi ti onal el ectrical insulating PaysSG200600012
be provi ded between the top surface and the

substgatS RGO ub oo SHRIEE S orytes Pyl Shitace
with §NaRR&Girelp fay@RY fdirRy rhgesh tive deflichieedtiop dagdr angensing

cingn s S i o bR Ay covping
the sér?ﬁﬁiglebﬁo&é ?cfﬁ{é elbErPMEsSTERRALIERRNt ahdadbbtirkf theRemstdace

anne orned inside the at | east one
5 for plaeingi thgretipantzbiomaiecule. st sdveripenipreyidad birdhe wpthod of the

v T D L s T, 4 g o

layeravipedi ihenise dffieactiidingequipalens. are arranged to define,
in addition to the sensing chanber, at |east one fluid
control chamber within which the second openi ng of the

nnelini gnd RBRAIMAM, tHY MmeBdnei BRNInvehtion ubes di systematic
control chanber serves to hold fluid that

10 comhinatiomedf @qnvemloaals@h@%éabﬁqaéﬁﬂttﬁﬁh%‘ﬁ%ﬁ H@gaa'aﬂb‘%‘?t etching,
cherrF 8&! rﬁé&@ﬂfc%l dd‘hsﬁlng Qhenﬁ’ila?é}%ll Q:létp%si'ﬁeﬁ'péé RAclied® in greater

i'on and’ i's pl ace hin the sensing
detalt: bdnhle ﬁ'hesﬂaphel may beifamessin the stiuetired leyea, hAYING @ dgasg two

ngpggﬁﬁ ?%3 ﬂ\estfaleu' %ﬁge %&F gﬂm?rﬁ%ﬁr&?ﬁ\r MEE%\‘IQQN B\fied in the

strud&!r@HDﬂOQC ldyer,bai frgt dpaningt oivahel swbhepepegs r(grdcrably having a

15 dlam%\éﬁﬂgggllnb%@prg%fqhﬁé d oveéb98%ggﬁﬂ1f8\gliﬂ %I\Aﬂt}'\gme% range that
shou'icﬂ BeRBRISGaIRS RIS BanefcaliovBlecl@3d] bé\tt@sié@)l Mng arranged

e second aspect of the invention

nextge ghe densingr elpetredagie Binstieheb Fh%Ph?'wggu 'ﬁ\}% P
contlla'?tg}ogwe ?%Elbﬁe&f ﬁ{eo}ﬂo%cﬂ&cﬁe:’L&%éoataﬁo{?@\&hégse%s% leRfttrode

ectronfc sensin ement, covering the substrate
throusgh” émmnvullrammgsof thet sareplemlwtweﬂwrough tenghanmebgepgrates a

20 SUC“(?HSH??& é“{fctbg rffwlngaﬁ{s s%cﬁgrq? r%g |§|u§ <{i rtd)ﬁ dacﬂg bfbmolecule

I°zing a sanp ecu

in pl@teahdiecthkblsensing@iéstgdehe sensi ng eI ectrode to t he
el ectronic sensing el enent and adapting the top
surface for placing thereupon a bionol ecule. An

[ﬁésfnt awﬁepbﬁyw&d chY bbefdrriddobyofconkentiomaenCMOS i sackend

it enables a |ateral channel to be forned
proceReess tsught aF &t tdspopiEgRr PRFEHEIRSraMY: fE¥ ‘Fh‘%cWﬁad wet

25 etcheﬂlﬂé DR 1o &R4AE Sp%n%neorﬁﬂm%ﬁfsﬂéacrmeﬁl ARtdiRAfRchhfel and

I nv entl on uses a stemati ¢ conbi nati on of
urrcmdmamtmainalal @wstmabsaar@mabmnat@cﬁnc@m@@ remeyagabngnet etch

process w%lle surrgUndlng material is kept intact during and after wet etch process.

[036] The third aspect of the invention is relates to specific uses of the

30 biosensor of the invention. In general, the biosensor of the invention may be used in
any abplication involving the electrophysiclogical evaluation of biomolecules. Such
applications typically requwe contact between the biomolecule being evaluated and a
electronic sensor, such as a transistor. Common applications for the blosensor
include the screening of drugs (e.g. electrophysiological determination of compound

35 activity on ion channels in cell membranes is studied) and studies into the

12



chem cal - nechani cal polishing, and material deposition

as described in greater detail below The channel may
woeod7mssed in the structured layer, having at PEaSG200a000012

openings termnating at the top surface, the channel

bei ng substanti al | urled [ r tQ
chargc, @ﬁ 0?lr Is op‘éyﬂdﬁ 0PNt A%t o eé‘%e”#’ﬁgse‘?pr & er?%{%?t{/ode
electr'a)@wd‘tign di anet er rangi ng from about 0.3-5 mmto

abouti O mm which is within a range that should be
substantially smaller than the bionolecule to be

dmt ed), kel RS adgemh SfYdiesite dhBfcanRy m@nﬁireﬁé i‘pﬁwasatnon
function of the channel is to provide hydra

5 or toctstermine trfansmer@b'@ne.tbfesaeldt Redeniabien race,rmferrb?%bar ' etection
above S Ch1.0 h h

o b ST EEUORE BBl pelon o i

comgingithe flfsi ramd/cmthe lecbid stectijsehsiggals thipse-sietarmined Hreshold

d to hold the bi I I
clectiin g MUt RIEor0e] P nec e hheleBCofd ey heGoppared
ag alﬁ‘éP%Vl@{HWrPEI%'ctr@E(@QHQFk\%ﬂ% Imdvﬂﬁﬁﬁe@rres&pmh tasa thamged status;
deposition, photo- I|tho

10 altern@iiveb: &8 Shapa angrmagmiude féﬁ%&é@fsﬁftfé: E*EW%&%P @PFBPP the
secoRfi e?e%‘ﬁ‘fc’la b%h%i mﬁgtb récﬁ‘ﬁpe(r@& & Hpeldaaehingd 'tmléﬁlﬁ’cbl@@alectncal

sacrificial material can be reno
sngnddwamet V\ﬂterhthprainaesﬁnmmﬁg'"&ldﬁrqﬁ dieififgrenoedistueen §h€kfér|§f and

the ﬁ%toﬁ %@% eﬂg%gn:ghgf IEEF\!/ L §h&dk BF ﬁa% e-db%?’ﬁﬂine@%reshold

|on|sre s to specif
electd8&ls si@ﬁal halugi, O&ensomdltbdin ttbewhm:hetha driomplecglen s eﬂXPOSGd is

bi osensor,  of g‘a_may be used in any

t he
15 dete%‘ﬂ?ﬁ’ b Gﬁp?tHQSWFW'?% r ophysi ol ogi cal

eval uati on of bionol ecul es. Such applications

ically require contact between the bionol ecul e
ég hg elalnat @@I‘bﬁﬁtﬂn%{’teltﬁ%t?ﬂnﬁ%r&%&%@ %gﬁsfﬁgnedd on the

pred%{e?ﬁxﬁ’{ggitt%%t sited ﬁcﬁ’tﬂpkdrﬁé‘tekéﬁ@d fr%uéﬁ"ﬂwé)bm Qdind then the

€ Screeni ng of ru S %
surfazeedtt thepthiggiotsicvts tSarUpdlefEdrhM ﬁ@aném dhe syRtiRiufieree (which may -

20 have,a I%/%Irﬁ% oglgilffegg% I?%QHI I ac ! duchBi? o‘? %eﬁ%o%n%tﬁi% the

eI‘IStICS studies .
buonm‘llectdr@ rt‘Beﬂeagn al’rawmg thecrtmetsmembmam @le@tlcﬁparmﬂfﬁ) of ion

cha i I f?;tu fs. 1o aches: te d'lr?% d& tSrL%rr o8 di8&rical
'éﬂ °;5'8 8? SFQPFQ}H% B AFETEET ML ATAns-Ferfbr ane

measFefdies enRigd €8 F&i anOAC RAdotridad pﬁ‘mh'tlalrdlﬁieredee écapmieddfy the
~ the occurrence of a chan%% in the status o

patchi eapPeelgrEoda fnde then AICIRNCE HIBSF 995y 2108 ST ’ﬁhpsglogl%qc&le the
25 sk GERFRI AR 4 ShaFiasais mReRod U helling st
currseicOrdved &orr Imahogergﬁa’q thieughba teo PRIt éa‘uctupglocated within or
isolated from the region of the cell on which the suction force is applied) necessary
for maintaining this difference is measured by FET transistor. In this respect,
transport structures in a cell include any of the following structures located in a cell
30 membrane: anion channels, cation channels, anion transporters, cation transporters,
receptor proteins and binding proteins. In accordance with conventional patch clamp
techniques, the above measurement may be carried out on an intact cell using the

whole cell or cell attached approach.

35 [039] In the course of carrying out the above mentioned applications, it is
' ' 13



agai nst a known electrical signal that is known to

correspond to a changed status; alternatively, the
wehep@sartd magni t ude of the difference bet weenPCiS8G2006/000012

first and the second electrical signal may be conpared

ool i BB OB A s g
order b@rﬁ wg@ 'thHh Q:omd@tmtamh eletronicosuhsizigeddvices dh apiegerabodigent,
r than thos

det d hal d
mmobfisdir bhi biEeSle o e SELHRt I hebBiRA N peans o
SUCtIOQLh fore tﬁ%ﬁ's%e‘n%raﬁécﬂ’@ﬁ% ’dog Setaes of trbibserier.cayribhdok can
angi ng its status. I n one errbodlg}ﬁyﬂthe cel |

5 be gemera‘@dt @gt@mpwﬁrlymuqucaﬂ@opfowmwé $Rdlingy R PNESF more

oveiigh o i, SHHLE0HR1&, HEES 8 g Ppsbamnacpanirs

beingne@ectd fohe channéldhaf ceroevesathiecsarnply &W@Ht ﬁﬁ@ms’@ﬁesqg\smg
h %lfferent magni t udes as the suction force used to
Champifpbi | i ze the bi ool ecul e), thereby allow ng the
transmerrbrane el ectrical properties of ion channels or
ionotropic receptors to be acces

. d
10 [40ry oOruosI g medindrdast sURRATG DRt AL SuApasd 1 haye
theragét?tﬁfnéﬁ#iﬁbnfﬂg ec%'cﬁ‘ nith Sk SIHRIACR nsEmRBRIahesd direéd® using the

tro e and the reference el ectrode
bioseasonsfthe hiavenitionoF ercthisepurphee. dhe fellowing sigRp raY:Bacarred out:

meas&%@gﬁ] fl ?‘sg%‘ectr}c%(g%{gﬁ' FHE&@A;%%‘%% 5 Bifst’ Rtk tdiee blomolecule

deri romion novenent through
exposingr thes plonoleduleit uthe boeahiad siltdtanceothatsis| auspectednip be

th f
e e o RS A B AT A e
electgt@a;l%‘}t{rﬁd tHay |§:E§sdde}’:!'6§ lvﬁﬂhlqhg status loif she ﬁnsmfirbéqulé aﬁenspxpd:sure
uctures in a cell include a t
to s sOrGeTInGcs RTE BYnCAINdRs Pl aRKs st Bh-siiest of the
scre%}ﬁfﬁ%gﬁbs%}%r@l éellsaeéﬁéblélfy%?%%ﬁcﬁféch@rﬁb’deﬂ@hcs of ion channels

sporters, receptor proteins and binding proteins.
in cells caoqummﬁemﬂawfedonventl onal patch clanp

20 techni ques, the above neasurenment may be carried out
on an intact cell using the whole cell or cell

| [@41]ache\d/happnmg:hhe[tﬂ69@naon tbhearcy s ecopiertianey ingicio amp
vemetlo ed ap at,L ons f

measgBr 60 T RoralBauA LB S b8 soblpr S BEE LERR® orose

that §'%lt%;dnﬂ@ct@|a 6 rpden tlangy dﬁfuntgabé uséd bothite dontrobthegmtential and
W an el ectroni c sensin In o enbodi ne

to mpAsHBI the ZHTPBR GIOLREIAGHE! B MEBFITS T 16 B GOl gpectioa

25 potehffal P&Ad qg@‘?dcl'*% BeRNsesonsHCld @AmURISCeat Nigé rheasured by the

generated at thé top surface of the hiosensor. Suctio

refereoce elacandb@rmméleétﬂ@ tap sUTRAROIINERPSANSEE MHIETHIS In contact
~ with IREWs mpsfé) | 5 0iRR AW ORI QAR R inMHeCchannel. The stimulus that is

applied to the biomolecule may comprise rupturing the surface of the biomolecule by
means of the suction force and producing electrical continuity between the
30 electrolyte in the channel and interior of the cell, thereby allowing total current that
flow through various ion channel or voltage to be measured by the patch clamp
electrode located in a channel and reference electrode present at the top surface of

the biosensor.

35 [042] Therefore, the present invention provides an  apparatus and methods
14



openi ngs in the sensing chanber in which the
bi onol ecul e i s placed, the apertures being connected
woao@/oskannel that renoves the sanpl e sol uti onPETSGRENGH00012
sensi ng chanber. [040] Drugs and nedici nal food
ances that .ar ¥
1) to SPPREL PERTRUAG L X FoRRRER, 56 pafcht o hobERRE HidRolecule
auton‘ﬁélfcﬁwleélndlspnfeglsélvﬁ ?) deenserconte tdigplaceneenti problgims of the

hi s purpose, the follow be .carr
bnomcmwa,reﬂg 5% PPUBNATLE AU St A aPOtRe P bR gk A 4 et
effec ’tréﬁ&s@ﬂ' 3(?!2?2 Oby t%ll@l@‘ﬂh@%rﬁoleemméﬂ Agpredetermined extra-
tb| onol ecul e o the screeni ng subst anc:ﬁ)ét hat i

is
5 cellulauiglpaat @Qieﬂtba‘tﬁénélﬁb%@leétr@@%@itﬁgeqs SQPER dstest syriance
| ntion
o O e B ashapeaBsplen Wi loinod
can befdreplogeg tissoreen o phaality of bieenplegulenbediaa sisnulpeously.
carrying out the above nethod, the effect of the
screeni ng substance on cells, especially on functional
[0433r actRid pidseht Givention caanbe! L&seldnfoted)cbsst;om"tm abd elaatrically
be nmeasured. [041]_ Wen, usi osensor Bo carry
10 analyging SoaBRToGHIE. RSN A A &shhgreit, génerally

compk?is Hb%’r Rl the lidMmoleb@etat %dfﬁ'eaét‘érrhmfew;ﬁﬂﬁi@n within the

ect roge th are connected to a patch clanp circuit
systear,etypicadly bf@t' rsub@e@mrtt ralysie &?Uﬁ'ﬁ‘gatheaﬁdmi‘@eﬁﬁ%’s gpeused

herelh{]g?ﬁ%&a Ig pcr% le%ttﬁlng%gsﬁ'e@&é‘rﬁmﬁantﬁe ércﬁﬁlty within the

r ca tential and their change in
biomblesplensehileo ItSISI pudnhmecchat hhe nm&daiegmr@yl positionf bpioally with

| | t th ;
15 respegiiat paRL I AL prna o PR A BBARE ana he.
el ectrode in the channel. The stinmulus that is appl I ed
to the bionol ecul
(9441 ne mm@&‘j@%eg&yaé&%%sn%ph:ﬁ@mé e fdelidehgBon i
view Rf BRVGA # glcf‘e‘étcﬁbtﬁﬁl dFaQﬁﬁ?é"é‘rhd MoRBiniRRexahtles.

el ectrolyt& in the chann and interior of the cell,
t her eby aIIovvl ng total current that flow through

20 Various ion gRaskeeRIMACNOR THEBRARRESd by the
pat ch cl anp [ and

reference el ectrode present at the top surface of the

' ensor. [042] Therefqre '
(G40 Gel sreb i indit SRl e ned B BLBRAS eh@ X6 RphfRstrate how
the pRESSrit iybintion Q‘fayaode:aTﬁBdi eqtineracticepardferred embpdiments will now
position the biopol ecul e aut omat cal | & anﬁ}épre i S
f

I
be g9sribedyby U a1 SPTEIBHEA! SHIDBIEEE" ElefigeVto the

25 acco*ﬁ‘u;%@ @,m . Brwhi®h: @ neuron on a surface of an
['ect'roni c deV|ce such as a field

[046] Fig.1 shows the cross-sectional view of a biosensor according to an

exemplary embodiment of the present invention;

30 [047] Fig.2A to Fig.2J show each a cross-section through the biosensor
according to the second embodiment of the present invention during different

production steps; and

[048] Fig.3A shows a top view onto a biosensor according to a third

35 embodiment of the present invention in which a ring shaped sensing electrode is
‘ 15
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effect transistor (FET), by stabilizing the

bi onol ecul e at a predeterm ned extracel | ul ar pl anar
weoabeErssdab - sensitive el ectrode, and 3) to easi PgTSGR@6/000012

a test substance for the above nentioned bi onol ecul e.

In cert t ; .
oo 5 e SELKRE Br 3 BAR soo
the dttedlihareewalin.Fig03A]is ﬂhﬁtrafeelsuarﬁlgl BBeIFﬁg 03C showbea simplified

dlagrgl%gq;h;v@%gfgﬁvl tﬁalgoﬁnt}(c:t}g% icH%nrge!, E}I%ta:ﬁﬂcal eg?ecgtc}/ a Ssggpl?/ ch@nnel for

dellv{)}ﬁ{geé ?cre@ ?ﬁ%@%’béﬁén@@ PSR ple BRI SlEcé. IBibaGDrmothea top view
ecul e“at a predeterm ned position within

of asgtberrambgdimeat |<3f ther l@\@@g@au@nwv%mgﬁ% shes %@ﬁﬂeﬂgsensmg

ecul e, as used herein, generally conprises
elect}é)gggg %%A t he presence of and the activity within the

bi onol ecul e, V\,hlle it is p05|t|oned at the
det pQsit i. i C e :
1948t e"ﬁgﬁa sPEdenide olass Sce% l’%?' é‘ptéfg%%o%hbﬁh'mem of the
biosdMs8MOWRRH! encllidkd]a Tétﬁnmaf(brouélee&pm:tfsroélet:trecutlng a sample
invention will be nore fg under F 5 ae h
ombian ok e sbovg hoce o s ASSE i3 laafbFebobbiin e
chanﬁéla'wn%sﬁl?ﬁ% BF i -ﬂ'sg\é)fq:nlﬂ_ hife [8MMAvah él@éﬁ&)dé Figure 6
nderstand the present” invention and to
showi;ertbesUsat ef hbetht releqrodeenfori preyidinan Sffﬁyﬂﬁf@oéﬁr Pr egoncerted
| tout é}o Ceiach eferred enbodi ments will now be
eeca%cggppg Way” of "non-1initing exanples only, with
reference to the acconpanyi ng draw ngs i n whi ch:

6] t he cross-sec L gna :
358 enabi: 2K 0 i oy BN SR Regt it oy o sensing
electPéfzeBhd | Sivaibiic eldclbdés Birg. udedt EM@luaﬂa shsm/ efachllsa and a
. cross-section through the biosensor according to the
screering sHbeRBER! isanlieg fo ?F\%’gﬁ?eé’s‘@ﬁt'n ISNANRD: on duri ng
di fferent production steps; and [048] Fig.3A shows a
top view onto a biosensor according to a third

[eﬁbbm nEig. & ta BE ghovsanethenomberiErentdn wiiehag araygef sensing

ed _se i.Spr N§ i |
oooBHESoB TG, S FHES 90 Rl i b gace et
screalhlag gsublamndetm eddbd e theh sewsing) cFambed Ahereby |affestinaekb dhe cells

3C shows a sinplified diagram show ng
W“mﬁéﬂ?Fg%$§%5*?@ﬂ65hannel can be connected to a supply
channel” for delivering a screening substance to the
| e bi omol ecul e.. Fig. 3D shows

[8R3] her Figfdr Rand Hrshihe \f%ﬁ%ﬁ@md'rﬁgﬁ}&ﬁ.ﬂ!‘%%@@g electrode

and HSEHRAPBAIFENSYIMin the biosensor.

DETAILED DESCRIPTION

[053] A cross-section through a biosensor 100 according to a first
embodiment of the present invention is shown in Fig.1. A biomolecule 200,
according to the first embodiment a living cell such as a neuron, is placed on the
biosensor 100 for analysis. According to the first embodiment of the present
invention, the biosensor 100 detects the electrical properties of the biomolecule 200

by means of a field effect transistor (FET) 106 which is buried in a substrate 101.
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el ectrodes is used. [049] Figs. 4, 5, 6 depict a cross

septional vi ew of one enbodi nent of the bi osensor
wohb@rssa16| _udes a stinmulation el ectrode for PCT/SG2006/000012

el ectrocuting a sanple bionDIecuIe. Figure 5 shows the

[ @inneﬂ%e\/\%ﬁs@%ﬁ? abﬁ 213 2 i%:\% e?ﬁéﬁcgeg gog#oﬁg‘ﬁﬁe%uh&stsmly,

semi6dridiietontdy@n 1eize@mrsuéaecnﬁagw i‘rtsuﬁatmgdaverﬂné asecmﬁd blettically
el ectrodes for L |nul us of..C rted
insulatingdleyeyc14 ard aft tr%@ f aling (5198 3“93%)’? gegpence

_Q

of théhéwsﬁa eoPadinimBtes! WltN\’fH §ﬁbs?!fht@f§ualiéc@f1’ﬂ3966mﬁlﬂng the third

el ectrodes and stinul ation el ectrodes are

electdeallynswatingsleyen 02.¢lt issprefereechiosuse sHicomny (S)Bs %t@ﬁ*@@a' for the
seml?(grp%?oq 1 era16 ot t%gréééeé llcdnndlb)?lele&(fSLC%') -ad Preddrid 'f& th8Arst,

shoWw ano her enbodi nen an arra
secof¢ aad tigreetlectricaitiemsalating tayetd 03, df4ell @zt Nexsthe é‘rﬁé aRyeether

sutebe SR G SR ELsDind, AEISE Rpablnkarsen ve
usedthPth‘é%)l'eﬁ'sWOﬁ hb n 0B etrrenmistgtecttanber . [052] Figs. 9,

11 shows various enbodi nents of the sensing
electrode and their corresponding |layout. in the

[ ?}ﬂsensﬂ{e P 1de-Edn JUR OB Gpsth régiohesiH7s €08 ispanged

rrough a |osensor 00 according to a first i
in the sbmitomenctooiayend 0B randdatmechbe stitae idepngoRirihe semigpnguctor

IayerA1 @ ﬁ\glg Lagg%l egeé ﬁg 1 O@Cé:rpe{ng;eﬂ % h‘% ﬁr@FelfebfrI%EI rfi'ﬁ@@l%’tlﬂ& Hyef 103

as da neugron,
abox}@ Qﬁ@mefallgc(lﬁbtf;ve@m ghal spsiree aMcdnaldl regians 108 108§ such that a

romaledaa 414 Hist lSet AT AU B d0307 il ee i ERagty £bete

reglc?rpQOQYarf&?ﬁ{éS s@micdnbuetof! 18fdrer2 foragletisicalr ingtETipn Id¥Gthe gate
is buried in a substrate 101 054

reglqmb(}ﬁ inthe qmncpgdtg:tq)ral?g@r ﬂ?nr@é?’oébéﬁﬂ”le pﬁbe source and drain

reglﬁﬁe@?%béﬂe‘fow e Qiecr‘é@%qd@r adt@¥8rchifre! r@gfonr&ftthe FET 106.

i cal i Nsu atln | ayer 103, a secon
The edordter amdrgmurﬁg@natmw’r’g 1|0§y@’e aledtrigally gonnqcied with respective

sourglg eqc dPa lt{adkné&licﬁ%t#}g Y {1 11%10@3% lA%REed GAUBBCEcond

e Ssu rate erm nates w a substrate
elecmaﬂy:\rneulbtﬁg tayel 194N The lgatet teigiah €0 st electdtally connected with a

gatel(lgg ﬁéivﬂg?l*lé?s'y%@of%gl%ngﬁé lr%g]%p eclg?ﬁﬁr ?gctﬁ?alyslﬁsq%@gcﬂger 104.
Furthér, #segstel region TN electidElICthnascted te ai sadnsfngre!ecteode 116 via

flrst second and th I
a sergimg ngtrodmgonqr!@ygp {1:1%%;92 teragl;é:;ghl %%WEULI'%IS% sing §erectrode

116 is arranged on the substrate surface 115 above the sensing electrode
connection 114 which itself is arranged above the gate lead 112 and extends from
the gate lead 112 through the second and third electrically insulating layers 104, 105
to the sensing electrode 116. It is preferred to use copper (Cu) as material for the
sensing electrode 116 and for the sensing electrode connection 114. Nevertheless,
any other suitable electrically conducting materials can be used for the sensing
electrode - 116 and/or for the sensing electrode connection 114. Further, an
electrically conducting material can be used for the sensing electrode 116 which is
different to the électrically conducting material used for the sensing electrode

connection 114.

17



suitabl e sem conductor and electrically insulating

materials, respectively, can be used for the | ayers
waQa70840¥65 in the substrate 101 . [055] The FECT/AG8006/000012

conpri ses source and drain regions 107, 108 arranged

[Olé'pgb,t ES Iri?ora ﬁg\p\ld & or M%?%P&P(%/gﬁg@ Hg\% QPfy §Hﬁétﬁ9 lsfiape.
Accoldf mhé@%ta;’nﬁwmdnﬂ &f thB®rédens invehtior, rthe ahdage of the sensing

insul ating |ayer 103 above and | at ]
electrogardé inrep yieH % 3 EglioRUAB7/CaRS h§uter HErergBodiment of the

preserfggﬁ)eﬂﬁ&ﬁ wﬂfchtlé‘e & § tcp \ﬁé\fv"h F&.’{ BX 1h@ssénamlgnse¢tmd@e 301A

I'S nmal nt ai ne bet ween t e region 109 and hF
5 to 30$Brriaverikishape df: ERg. I‘KJIBm@tNeeﬁf@@?fS p&me SRS/ P%tFP‘{S?r 16 of

the ﬂ%%h%n?og)téi %r%%é?\?\%é gseﬂen'nvtenﬁonc‘ﬁf‘@ogw%é’ﬁo“cﬁb@?ﬁa%r solid

source and drain reglons
ellipti¢AGrideddiv cirbdlagas descripedreatid®. act s as channel region
of the FET 106. The source and drain regions 107, 108
are electrically connected with respective source and

72' N trREE i§OBeHEL @hs eﬂel:ﬂlcallﬂ-hnsﬂﬂat@h gtreepingaeietioda 113
second electrically |nsulat|ng

10 around icospTEID PSSRy 146N A B OfIesH Ry AP p it Bver
105 é]ci Lo idint a%la%%i\géér?ﬁ\%%hcbﬂd B8 tﬁlﬁf eleetrRbBEinsLRahY Yayers

atlng ﬁate region 109 1s
104, d(ISCtThlsalcre;enamatBGtredet‘01%@5@}@#!@@ ¥loeeneeied tp1grayng and

N

subs’gféfésédr?ic@ 13?r1£rfxaétaeﬂ%ﬁbabm?t$ betheqmesery iralention dbis screening
onnecti on [

1 oot ST e RSP SE e G0 0 e

lnveﬂtfb‘ﬁ S8e08thshatk Lhiask al18Cis! tdakéy withsal sttuchged ay)prlayer 117

105 to the sensing el ectrode 116 refe
havingaiiop wiper lpaiponts hpsifate GuTaRs 145 ulglp the SSfsing

electﬁ(go%cﬁ L@v X r(%rﬁgpé‘@ th fHY stmlﬁ’lﬁ e@ N§h MYl 1q ¢ tdrRdsxt eI R6Mi B8 top

ess, any other suitable electrically
surfapendi@abiting susttrate alifaesahlbe used for the sensing

20 el ectrode 116 and/or for the sensing el ectrode
connection 114. Further, an electrically conducting
]er | aAs showhén Bied, fochanine! $2hsktegde eougiothe strestured top

. ectrically n
ayeRhd Eioa aJEBHROINg he2 8 RTarG RIoBEn g L2 AR i the firt
and thkfedddnBlopkRing§R 22| £X8 tdrthate Bbihegdos bedacetits, Ehd witarein the
have any suitable shape. Accordin t? S
first enBoiMONEA? isoprrangehPEReRnt R sy e §h@6’5 Therefee, the
25 cha %”%bﬁ‘@s ébfﬁéﬁt%%ﬁ Lﬂaéﬁa;?%d h@xﬁnd'ae\mdle%a@lssmd dN@ ghér esgs. The
odi nent of the present
top walVeWeduaswlnfcblte chansieb AR iscavsped wisthyai secpng pap, of thgfirst etch
masﬁgfelrnpzogl r%%arir(ﬂgg %ro%mﬁ% production process (described with respect to
Fig.2A to Fig.2J). This channel 121 provides for positioning and stabilizing the
biomolecule 200 by hydraulic control of the flow of the sample solution (which may
30 comprise nutrients for the biomolecule 200, for example). Further, the biomolecule
200 can be attached to the first opening 122 via suction if low pressure suction is
generated in the channel 121 and exerted through the first opening 122 to draw the
sample solution out of the sensing chamber via the first-opening. This enables the
biomolecule 200 to be fixedly positioned and stabilized at the opening, while

35 maintaining good contact with the sensing electrode. The suction of the biomolecule
18.



to 301 D have the shape of a ring. Alternative shapes

of the sensing electrode 116 of the first enbodi nent
wofRod7ns4qpsesent invention in top view are sol i BCT/SG2006/000012

rectangul ar, solid elliptical and solid circular as

200 RIS Bt SR U el A epsgengtgrn
clamplideusiegaipiget) ect rode connection 114 in the third

electrically insulating |ayer 105 adjacent the
interface between the second and third electrically

[oii@gU' a’frh?goﬂ; %Mﬁéée B of %Sstruﬂmrédasgs eRJRk 19784 eotsredaith a
is electrical w}; connect ed ground and rot ect

5 thin, dapedipleTtritoiyeigh2swhichriiesid ke %ﬁﬁ@upﬁfl% and parseesd ) hih
dlelecg% gaﬁﬁgﬁ{ ttgrﬁﬁﬂ}/et Egpacbll{%tfz \}ﬂ ?ur(é)”‘?@%%téﬁce It§ &ihediiture

present I's screening
solutiern and l(@)d@oddlaamlayp@r@rmanbeédr mtaﬁ@anSldeﬁdﬂdmdg Thefifst and

oot 8 e L 0 b el IR 4% o

of siliB&Yin@de (‘SiN) Sof bRafplkl & h@@é?lléﬁert e $lepattMt:®vered with a
surface 115, wherein the sensin

10 bindingdayel 12T IMBReNGRUNG PL G BAMOERIe 40 o hidsesas 100.

Furth«% @’5‘% B&?nﬁ%\xﬁpﬁﬁ@’%@ts%bb%dn%ﬁi@% BRI the 'bfcﬁﬁ@leédlé 200

a channel 2 1 extend
to previenbiogic $th5t$tqeacpt0§sléty heipg Pesasnt i ther higgrnsor i1 PQtfrom being

L e e

layer 108 i§ aradelsf] fsreexiiiple, and. 1%190|g+mLy$me {Sigeta) oplee revgainder of
is arranged adj acen; | ectr,

15 the cam et guB. IS eRRaMHR TR ety die 4 BEBL 120 mpde of

snllcorti‘ 6}6xﬂﬂa %l@)&)dﬁar*éﬂémﬁlea[&lrﬂp@@vé BotdsidregBchahtitgertveisvial|
asi's of the channel 121 is covered with a

seco_nd part of the first etch mask | ayer 120B
[ofe%ifa' n'/(‘?lufriil_f?y”bf Bi8-B sre' aranm&cveea% (Z*ei%‘scﬂrb\hédd wbble the

ect 2A to gr Thi s channel
fourtl'pelevin@ekky iheulapo@ Iayeom&n r@ﬁa big-gempatbla @h@rﬁ@ef walls 127 form

20 at leq%t’g)rrﬁgl ec%h’lgsél%?'{\l?gr Whl Ch's%n%ﬂ@é&l%mﬁ’ér {Rechinp Méé%f at least

ion nprise nutrlents for
one &dich lof Qh@lmsing é]@&roo‘eonmmvpr@) W|tﬁutf18hbmd|ngh@yer 125 and

nol ec 00, ¢ b tach d
naving, STanGed e Bt Pronind BreBEife dlobrone) e Bk Lgnsing
electiodet he6CIEHUAE seAdAg agi8cifotey 166 isi‘lrpw@ﬁed Her fdensing a single

biomelesslen %ﬁé#@& I 195 PRBROH oI NEREMIND o the

25 bmdnt@%l}}% | ze ?N!hfe 8 QRe A0t Beatfthe BfH-YorRpatible @ﬁ@rﬁb@ﬂd'alls 127 are

at the opening, while malntaining
made ofbigetorapatible m@t@‘ahsa higmsilecite 808, camr@sﬁnéfe."am@ﬂhﬁsﬁe' e.,

pos P H R 430 b e cCRR 000 el BpFoBpRiaber e
channel 121 having a low pressure therein in a stable posntlon for sensing non-
invasively by means of the sensing electrode 116, the sensing electrode connection

30 114 and the FET 106.

[061] Further, each sensing chamber 128 comprises a patch clamp
electrode 129 in the channel 121 next to the first opening 122 and a reference
electrode 130 arranged on the fourth electrically insulating layer 126 for

35 automatically conducting patch clamp tests without the need of an operator to place
‘ 19



cl anping using a pipette. [059] The top surface 118 of

the structured top layer 117 is covered with a 5 thin,
woamtisel7ectri c | ayer 124 whi ch shoul d be bi o PCT/SG2006/000012

conpati bl e and possess (1) high dielectric constant to

' t
o RS AR S B B ARS8 b 1o
may lg@égéﬁnle%;étﬁ tg eltegé sogtee vieneletirods cz:mmblcsmb’rm dperdlegjrode
remaj n uncover e ca ie ric ef
o e aind ) SR oty hgcosraing oiepEpod i g Sectronic

sen&ﬁg eﬁen‘?é\'g é’cf élgétnbﬁly%hbh %Véﬁr%ﬂ"ng/\élbbtr@del@ thie RiBo@nic
5°f npr ovi ng ? of the blonnleculi 200
5 sensmg eﬂmemn é@eﬂ@mgm,matcwamﬁ)eﬁes 5 srdbickd Ry Meansof 1be patch

clamq g e&ré@% ﬁ ?3 taﬁg qp@f‘éfg e?g% AMetrofi&H 3% he Qél‘??é@' Rf BhandfBct cell

OXI C SsuU ces possi bei ng resent in
usingt the Wheleeartiosr dé0attaahed kmxpncgadnbérdsuebled deynpatiple chamber walls

bi onol ecu 200 anDn St s ver
127 Biendiads Pﬁ@é opsasty Pt e P ea§§°r%%'§%'yog’“§ﬁ)ymg"a”e
(PDME)' \Mhlbh W%I&@orﬁ&tﬂﬂ@ﬁheﬂi&iclﬁ elmnmé&fctroﬂe 129tdrel thapeference
4 is covered with a fourth electrically

10 electrqd§u1|3é)tarﬁg>r¢f99@4y magephaltiBemdrtk con di oxi de (Si @) |
for exanple, to inprove adhesion of chanber walls 127
[060] A plurality of bio-conpatible chanber walls
[062]pr ovit ik @obberl out that fibemoatedalscusad: i e f?i@%ﬁfkﬁpr HQO and
desc&%é/cgtaqlglgs Thﬁsr?otb'b% 88 {dolal %slggm}@éc le} Smi#fialsOWRich

e sen3|ng sen3|ng
corre%Falﬁ@&f tht2Ratesiasrhestonal abeast:am) he usadfin tife masnekensi ng

el ectrode 116 covered with the binding |layer 125 and

havi ng arranged the first opening 122 of the channel

[065] nextrdse-delforfe ibiigh @hee Bidseflsorl 160 di@ol‘dns@l'mmtln‘@ second

el ectrode 116 is provided for sepsin I n
embegdinedt & he PESeRr EWERTON AUiRG @@W@Pﬂé’%@%‘g@rs@% are now
shomgxu‘ﬁ Fi g '{lﬂf‘o F‘f{!J SELURE diR8dy aeSéibdidngith PaspectlidSFigndwill not

that the bio-conpatible chanber wal|s
be ctezanbmb agaiihe hefe. bNevastbeisssi SR@rentaleranse, Slan%urei%ﬁecléﬁaﬂca‘

20 engan easily be imobilized, i.e., positioned, above
com?% %nsing el ectrode 116 and can be hel d there by

means of the channel 121 having a | ow pressure therein
LN, SItIO Qr,.sensi n oni I
e o e ebTinny GRcuTRe $0B78, RERTbEE sorto at a frst
mterﬁie%tfért]é W@dmﬂmecsnm ihOFh@% aétﬁhdghaj R g@@ralb/aﬁmn CMOS
Furt her, each sensi ng chamnher c
techopla suFe &S BRI epABLah AP HOaraRa: OB SEhEhd CMP.
25 ThisfrdtShteAREMERILAGcEIY BniRisBE @Eubstrate 101 with buried FET 108,

buried source and drain track conductors 110, 111, buried gate lead 112, and buried

15

screening electrode 113. As already mentioned above, the substrate 101 is bordered
above the FET 106 with the substrate surface 115. This first intermediate product
140 is produced using generally known production processes, a description thereof

30 is omitted here.

[065] On the substrate surface 115 of the first intermediate product 140,
‘there is produced the patch clamp electrode 129 made of Pt using generally known
lift-off methods. Then, the entire remaining substrate surface 115 together with the

35 patch clamp electrode 129 is covered with a complete vertically thick organic layer
20
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el ectrode 130 arranged on the fourth electrically

insulating layer 126 for 35 automatically conducting
woabwhseal7anp tests without the need of an oper BCOISGR@6/000012

pl acea patch clanping pi pette onto the bionDIecuIe

200, The patch el.ectrode ,1 el ™ [ Q:
151, 300 hd B P ReEI G e AR nSRRESL Y i
is aneérgaﬁlb%ﬂw 60 THREhEr With 4 Hieduysd canhstamnbfamG distributest hy The
sensing electrode apnd the ele on| c n d b
Dow @f@mﬁal Compastyy aed é@?rf'réhlqt‘g" Féoe ThE? §i fgdone by
conv%.t%ﬁ‘éfv Pag)% [RpbBfiok! srobEREC Asgéédr’(wmemﬁ@ﬂéte product 150 as

pat ch cl anp tests conducted by neans of
shommhrergaEBheallm el ectrode 129 and the reference
el ectrode 130 are carried out on an intact cell using
the whole cell or cell attached approach. The

[0863- comn@teatﬂee ¢t seeondvamtesn dditea pepdueti €l 5f ist patterned and
ani

ctongsh by GPRETRONE] PR AECSPINET CWAE G OGP B8, R ISTReeParts o
the ﬂT{leethrfé%kq % & 6P do?ﬁplemdvetrtn@uyetﬁekmgmc layer 151.

ectrode 130 are preferably made of éa % %
At thegenle limej thepereenddPastiel 1edlrst e raae Pt 140 aregped on a
rematnnlg%r eﬂﬁﬁg}?%m‘%%éﬂg 9G] s & nadiumednalhis Reuit8an a third

ot her materials which
mtermedua&smddctt‘rﬁ&&&slnmtnem Rig2Grent i oned above can be
used in like manner. [063] Cross-sections through the
bi osensor 100 according to the second enbodi nent of

[06m pr eN@thaltm\zﬁblﬂleoﬁﬁbaﬂwmsmxyatMQfléwrem1 & denasitedren the third
steps are now sh

interaiep BRI prare oo T 1Pl il inseyRd 1gf 18T fumed by

depd%ﬁﬁ%r hﬁ’@é’pe%lgélheat*éeb%ss'\?,‘%I he|a331$ufoﬁﬁm®emjsft©hepmess and,
s refer to identical conponents

therepfﬁ@d eorpsiesfsiicRe HPUSeHSER)-190F 3 H@&%ﬁﬁ? 6‘§B°§ 9 Proggss 's
usecgtth@tl'flbl{ %%c’crﬁ:ta M'Ieﬁﬁﬁ InydHP‘lt hd<'8n Exp¥B8ed Buffads Eeﬁmpnsmg

enera nown CMOS t echnol o% such
elevatmnsnamdardepréasiandéﬁwichﬂgmn BgonwNben gge a@RlyibUteR, of layers

beyqp(gr}ge?@glé Cl\qgglcé %Sr{su'la{t‘ﬁb i@ﬁretr\?lmr% Eéttl’ﬁgcgfngéér_\iﬁéd iat8Qroduct 155

togethdr iviith §euthick alediridalty insuiating layerdifit mrm31a®our1mmtermedlate

uried e lead 11 d buried screening el ectrode
pmdi‘ﬁ?%wOAﬁé’ﬁQFr‘%ﬁW'?rﬁhﬁgoﬁgd above, the substrate 101 is

bordered above the FET 106 with the substrate surface

115. This first internediate -product. 140 is produced
[068hg g@h@r&lq\@t'R%v\/ﬁn%rS@W@F 8RS pPEEGs ¥ serg RU8% fourtn

nnten‘flr?%:‘?{t ;{)r‘oa[]ctt Heoese !é/eﬂ’éﬂ tﬂye@hé\ﬂfcgl mcR@A&hicaN pbighing (CMP)
e surface 115 of the first internediate
resuftingdircta fledelled electrically msulatlng layer 166 and, therefore in a fifth

intermediate product 165 (compare Fig.2E).

[069] In the foIIoWing, a dual-damascene process is applied to the fifth
intermediate product 165 comprising pattering and etching the fifth intermediate
product 165, i.e. the levelled electrically insulating layer 166 and the second and
third electrically insulating layers 104, 105 are etched, and depositing copper (Cu)
on and in the etched fifth intermediate product 165 for producing the sensing
electrode connection 114 and the sensing electrode 116. Usually, copper is over-

deposited in such a dual-damascene process such that a copper layer 171 covering
21
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there is produced the patch clanp el ectrode 129 nade

of Pt using generally known |ift-off nethods. Then,
wOheo7@s#i76 e renmmi ni ng substrate surface 115 togeriser0o6/000012

with the patch clanp electrode 129 is covered with a

e.,vertjc thi ck .organic rl
the wiBIh b eng LS b dobee gl Btefiel Y Eermdupn TS bR and
filled %fthKhtemweMiateCBrouactamm@ﬂhér \mm ma)aomxdryamgmr W1t fora a sixth
di el ectric constant of di s 5#@@ g%&a %l lled
interropdigie: arodushp 48 yWRIRD 'ﬁr?étowwgt éQ P91 915, levelle
QﬁHbe | &Y etch@aRAsdtficay insulating layer
elec‘[%—?é@e}s]‘gs’%ls 2 ércgﬁ%‘{sleg?%ﬁ?gldﬁoaﬁ pr oduct 150Was shovgn y
172.in Fig. 2B results [066] Thereafter, the second
i nternedi ate product 150 is patterned and etched by

conventional |ayer patterning and etching processes to
[0F0fove A&fﬂértvsrdsf theheopperdayart tH isasknovey by chemniealdneghanical

_the l e vert| t hi,ck organic | 151
poishifg ERID rfine eesCelebiie e MeClRRD Kby Y2is BRlnssshitiereby
formin@%Bé té‘szﬁfa%(erﬁ RITHeRAftAr, tREBIP$Uhceelr8iis @bleret Hirstly with an
organic layer 156 is mai ntai ned. This resuIJ:?
unstrukiured joap el 46 cangh BRI B4thaaN SRSHHCIUF %rgte'ecmca”y
] , t ectr r 1 Its
nsubBRLRIE 7% RIS Asahly BeRbgulg b 16 oot
(com'ﬂaeeFIg 2@).el ectrically insulating layer 161 is forned
by depositing undoped silicate glass (USG in a
uni form deposition process and, therefore, conprises
[671] conFghitet tee (SHefdmke Sboemien 180116 dommmsiml amstructured

fourtheg gringalh Rad=uio EABb<dd S A SRR HIcu e R Afer

that, QHQ Lﬁ%ﬁﬁ&ﬁ%d%ﬁﬁﬂ%ﬂéél@ iRsulAiRy RyBDET7 @eﬂétructured by means
distribution of aersnﬂ@ﬁondthethlck electrically
of etaing #a iforg the &urths electrigglly iRsylatingn tayerddfarid ie o%liﬁ’&’?e the

unst‘]&ﬁjr%@ %g&&ﬁ) et%trﬂa%lg %IytEE el 6 lgﬁetr rdG@iurivg T'ﬁl'ﬁl'y?éld@ @n eighth

rns a I nt er nedi ate product
tntemnlﬁdazﬂe peodeicb 180 whichiig shown [0BR)-2Hhe el evati ons and

depressions being present at the fourth internediate
product 160 are | evelled by cheni cal - mechani cal
[pPR] shi Now( (fﬁt@)etgtm hteimediate prddece! B ds glatietnadcand ysuitable

etch; pipeesse e R 209 et B Bobiyhedasb grodust 160 to

formt th% fick lpwi ftdond ing$amBE C €28 op e @hanhel | Tresdefoee, the
the fifth internedi ate product 165 conpri si

Unstpetered SRORMEIER BIASGAYHe 16 13 SV Ema g AT Feragud. sueh

that }@% seéo(gt% eﬁtEtl? ‘ﬁwésﬁwgtxereﬁz@te%ﬁhé.' EMHeY, thBSistHridgedord &penings
and the second and _

122, 123 structure the etched electrically insulating layer 172 to yield the structured

top layer 117. The eighth intermediate product 180 together with the first and second

openings 122, 123 and the second etch mask layer 124 forms a ninth intermediate

product 185 as shown in Fig.2l.

[073] For completion of the biosensor 100 (compare Fig.2J), the ninth

intermediate product 185 is wet etched such that the remaining vertically thick

organic layer 156 is removed. Therefore, the channel 121 is completed, i.e. the first
and second openings 122, 123 are interconnected. During this wet etch process, the

patch clamp electrode 129 is not affected. Then, the bio-compatible chamber walls
22 ‘



third electrically insulating | ayers 104, 105 are

et ched, and depositing copper (Cu) on and in the
wetait@d4d7sf t h i nt er nedi ate product 165 for pro#dTisBgon6/000012

t he sensing el ectrode connection 114 and the sensing

127 afg MR RO R AR EREIoR SR A5E Tl SERLPER R LSS Pyer 120

from %ﬁ%gﬁ%ﬁ?!g?ﬁbféﬂaﬂﬁ@?@q%’gwlﬁdo\ﬂndor’mdtioecbrba:édslas Accordlng to
r oduc

the first embgdimant of Ha eierei BYant %ngéag'fi‘"l%y'?'g‘ﬁ@?ﬁ Z?BW?)HS used

as blcsl-gcgmv\%mﬁrmh@‘ Ffo”nl]ref%%l@\eﬁh%b%ﬁdﬁﬁbﬁr@ﬂlsﬂ27 PFindugtthe

I's shown 1 n Fi Duri ng etchin t he
5 exposedveartse df dhe seeansasich magiwlaauearntm wg&h ae6NG sCQ}ﬁéﬁbeM the

fourth[%q%flc%yt|g%ﬂg@&lggéﬂh‘gﬁc%%pégpv%rgcﬁvltﬁ %ﬁi}ﬁgirn? r%cgra 25, 5|ease

note tﬁlbt?fﬂtr @abel}’flg}:ihem)@la‘secppbnts bf thg achmy atelt inask tayeetl2hadth the
el ectr

s okt TP WL B b e B, AR, Y e

, mater?éié fof?r?e éé&nhlset&?ﬁférsﬁ Jaydrre4l ahdrbt theafoulh lem;trroauy irsithting

ayer 6 and secondly with an unstructured fourth
10 Iayeréﬂé@hﬁuldélelwltﬁhlywiﬁct% | ayer 177. Therefrom a

seventh internedi ate product 175 results (conpare

Fig.2G. [071] Further, the reference el ectrode 130 is
[0774] med Aoplurdiidy ohter bjotqgnmtlblef charoberevaltst 127 arrppged around

e BB o B B SRR Y, A, i el cramer

128 c@hﬁmstes eldayt bssdralrigngetteyts 116 Covesed with dheibiadingyayer 125

nmeans of et chi to f t h el
1 SR kS A BN RRP AL 8, g orsin
electr%@%olnl@ Zhégsleﬁﬁﬁ% elca¥Ble 116 dnarthk akasing telaotiode icognedtionst 14

i nter medi at e_pr oduct 18
are pmﬂmﬂ fon sansgnszai singlq pippolegsie 20¢,ay QTE‘Q’ﬁ‘lSr? Eéﬂé&gat e
product 180 is patterned and suitable etch processes
are subsequently applied to the eighth internediate
[QV53ductA 189D view érdpra biesensarsi00aaerosdiog e oihét; gigRodiment of

20 the Pg%%?&ggj'“’t(??‘ n }ﬁé"&%} l%zﬁglﬁfg FJsgrs%’c b a}fg\ww H’%teHﬁc?rfjof this

ayer i'S struc ure par t
embdcﬁm@}ﬂ’e(élor&y@ﬂie Glottbat lifehehsewn oind Fig. CﬁAnﬁsklusmglted n2Kig. 3B
results. Fur

t d
ComagRPTis Mt e ierical BHon Ter 0 TRy T AR Ri e e prssent
invertibA dr@ déhsled théreinsiithigleHtied ré@ﬂerio@)@gnslﬂ The eighth,
I'nternedi ate product 180 together with the first and

second openi ngs 122, 123 and the second etch mask

25 [6'féfler 124 L HBRsG B0 UhdrOInTBEE ¥idsensor 100 according to the

second embodiment of the present invention in three main differences:

[077] A first difference is that the biosensor 300 of the third embodiment
comprises four sensing electrodes 301A, 301B, 301C, 301D in the sensing chamber

30 128, whereas the biosensor 100 of the second embodiment comprises only one
sensing electrode 116 in the sensing chamber 128. It is understood that as
exemplified in the third embodiment that the present invention is scalable to any
suitable size by fabricating a matrix of sensing chambers and corresponding sensing
electrodes. Any regular arrangement of any number of sensing electrodes would be

35 possible in other embodiments of the present invention. Further, the number‘ of‘
23



product 185 as shown in Fig.2l. 0 [073] For conpletion

of the biosensor 100 (conpare Fig.2J), the ninth
wonbeEroseds at e product 185 is wet etched such tRar/sGh@ec/000012

remai ning vertically thick organic |ayer 156 is

s RS SR R Fombs SR v e

total d@ﬁtﬁr(&@w@tr@dchdﬁhmr@gaﬁdhihs Mngﬂrmtmfdbeﬁensmgecf@mbers
not affected. Then, the

patch cl anp el ectr
with “Eﬁpé’%fé’ ey 'Eﬁ&ﬁﬁé’?”?\i??gfﬁ"?edare forned on

approprlate portions of the fourth electrically
i nsul ating layer 126 from bi o-conpatible materi al

5 [0g8her ahIspcrid sifferenardisiteat gACHRISEBIOURLSIG ?I@th%ielst%)“\
301B fé e S%qphéq s sy nﬁg{'%ﬁ%ﬁ vléW Sﬁ‘tto' tHQ biosensor 300I of the

ydlne oxane is used bi o- conpati bl e
secorﬂvémbmchdneht) rwndneasbtm-mmugtelemmwh‘a%@frthmqsgniczrﬂ 00 of the

et s AT 80 ARy SR e or e

four s@hﬁﬁé eldoblis BoSAl 301B8)B0H &y 801D 26avarsan @ack case aidehtrabarea

PR A N I RN S

301BldE Pidpdbno | ayer 125, a selective deposition process
s apgplied. To this end, the materials of the second
etch mask | ayer 124 and of the fourth electrically

or5E2) N BB Fhgo2B EHEHLf Yo bABU Sty gronins
122A;112§23a,r1mm%g ﬁtz)!:aw mcrahbed baa:‘rdmrtgelcay’afal aes Of themesmctlve one
1 or g Ao PSS ATEL Sl ST AR, B e

embo‘ﬁﬁrﬁéhttfh% Ristdbpgehingavier t2&rranged deside ot aag:edbtthe sensing
first openi n({:{n122 of the chann ext to

cloctiodn3i Ao ABP LS TheoaEadl SanawaoaL GG e St Instith feengy o the
correE;btﬁ?"\a‘?lﬁfI §éﬁ§in§ lfcdiondeit 69 Bé‘é‘éﬂtﬂapfbr%é préserdfigvngien thatr each

a single bionol ecule 200 by neans of the FET
senstmg&lec{t@ILG] has tr‘o plose avoximity aafitst @peRiagrfoshelding g]edp.ﬁﬁectlve

third enbodi mrent of the present invent

b Qode! p ion is

20 nomgﬁg in Fig.3A. A cross-sectional view of a section
of this enbodinent along the dotted Iine shovvn in Fig.

19800ne 1 aie Tt hEemgR 2y B PR pe g eBpted via
correBp SRR chavedé HamAaN 21BlerrG; d 21 Detoesetond tdpenihgat 234, 123B,

reference si gns [076] The bi osensor 300 differs from
123G 83 wsBRSHINI00 according to the second embodi nent

5 of the present invention in three main differences:

[081] Adjacent to the sensing chamber 128 and separated from the sensing
chamber 128 by means of merely one chamber wall 127 there is arranged a fluid
control chamber 302 through which fluid from the sensing chamber 128 is
discharged. The second openings 123A, 123B, 123C, 123D terminate all together in

30 the fluid control chamber 302 which enables fluid control of the sample solution
provided for the nutrition of the bio-molecular bodies 200. This fluid control is further
used for generating a low pressure in the channels 121A, 121B, 121C, 121D such
that sample solution containing a biomolecule 200 / bio-molecular bodies 200 being
present above (one of) the four sensing electrodes 301A, 301B, 301C, 301D is/are

35 drawn out, thus resulting in the biomolecule 200 being drawn towards the opening
24



[077] A first difference is that the biosensor 300 of

the third enbodi nent conprises four sensing el ectrodes
wGQaxhs@80d Bl 301 C, 301 D in the sensing chanber/sG2@8/000012

wher eas the bi osensor 100 of the second enbodi nment

conprises onl ne sensin l.ectrode, 116,i.n :
and. SURBIHY drathsbed: ouS (e Sofnfl; K oButs nke" sbefin, thereby
estabR¥aRP ki Sthisie Ho ahened Rispectveb@aienafrthe) firat opemings d22A1 122B,
invention is scalable to any suitable size by
122C; 384D cating a matrix of sensing chambers and.
correspondi ng sensing el ectrodes. Any regul ar
arrangenent of any nunber of sensin%kelectrodes moﬁlq
clamp

5  [082] posFashechiannst Haf AeriBdBi i@ifs 1Dk kemprieset patc

i NV In O u r : ' .
A A BRSO g g i
is ext@miedr fo 2hd opérihg n128Fer 123B,5423Cnd 28Pambeshovendn titig. 3D),

resp @AYo PREr PRy BAPal Rt HO BecrT i (7T e kel clamo

elect?g%gﬁgggi@g@ 1ood, ©athseiarbiety ivthrespectitogrey eatrretkeence

B L N o o S
emb(gclﬂfggm gﬁfﬁb’%gg%?ﬁ{g}i%ﬁtﬁﬁ RNErEen 6t fdotrede 1BMGisArrdriged at a

I'osensor 1 first enbodi ment conprises in to
cornefi efvtao scidnbarquatie tapkut Fne othergsyifahe arangameniyel the

referggﬁglgggigeegdﬁfaﬁgaq 30dfje 301 B, .301C, 301 D | eaves in

ace area unfilled by material of the
correspondi ng one of the four sensing el ectrodes 301

A 301 B, 301 C . 301 D 79]. hir. ' ' .
15 09§ o (BRI Eienbal e poSeRr i P TGaD Sn which
the bidsehbor 488 cordtices 128Rhpdceelttradegeihstadhofi nd biectrodes. This

| i .
embeden 6ifds coDRHSeB 91 GIHTOL ChaTDeD, SRS IFR 1 47e 5 the
resp%éetéllﬁt QQEPQQ'@?%e %%Rééﬂ 3t apReRiniel 22 the caitFRARE hollow of

ut near tot sensing el ectrode 116. Above
the diérdrodract arrangenent of the first opening with

20 respect to the corresponding sensing electrode, it is
essential for the present invention that each sensing
[084t r OFigshdA amd éBaiascpbexrisinple applicatian egieaithgbiogensor of

oo B RS AR APTIACE gt B o
using e PSRMIG 20a eBassIe sthis2dmbodidinB thd Bibs€hsdr2d pvided with a

_ Second openings 123A 123B, 123C, 123D, . respectively,
stimplgia] skeadend sUHALe d6n b herdbalowisg” GRgervalons’on the

25 respdRO2hbMAfbur'oP M 881 PRNENKE seen in Fig. 4A, the response of the cell to .
" the electrical stimulus was tested prior to the application of screening substance.
After applying screening substance to the cell nutrients, the response of the cell was
tested (Fig. 4b). This second reading was compared to the first reading to evaluate
the effect of screening substance on ion channels.
30
[085] Figs. 5A and 5B illustrate a patch clamp test that is carried out on a
cell to evaluate the response of a cell to chemical stimulation using the patch clamp
electrodes located in the sensing chamber and in the suction channel. The
membrane at the first aperture is ruptured by increasing suction force. Prior to

35 addition of a screening substance to the cell nutrient, an initial reading was taken
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chanber 128 by nmeans of nerely one chanber wall 127
there is arranged a fluid control chanmber 302 through
woehbwhsid7ei d from the sensing chanmber 128 is PCT/SG2006/000012

di scharged. The second openi ngs 123A, 123B, 123C, 123D
term nate

|
vom SEBTRAES Bk bB9FHes B e Oa, ARG

of scFHéhW 8ehdt@rcel e seddndi tda@l‘hg:)f/vaeftakén anduiopwmdrad tdee esmal
200. This fluid contr is fur generating

reading foaaas i oPRNTHE BR.ELS ShaDpehs sl 9757 &
121 D such that sanple solution containing a

bi onol ecul e 200 / bi o-nol ecul ar bodi es 200 g
[0863senFighBA andfiB §h9>Wt%ﬁ7ea¢ yoltagecthst isrpliee to S%Fegeuron by

patch} gléﬁ]lp( g%étrgde %ﬁ&%e%& IIRn g"r%%% RdNe@tted WWBET transistor

Fnt |orm el ng drawn "t owar ds
beforteh@fngzpen) agaraftes Y. UGE) yndwcentofomdemn@rsutah’@nepetﬁl e cell

h h b |
e oA e R BB Pyt
the &3@6&3 Je%%Bcanla%G bé%’l@phé@&&]th&ﬁsdhmngﬁl tthdmannbﬂlmthout

D conprises a patch el ec
affectimiie ahotolisA0me EaSK: d b RISl THEHE08 ShUTK polhfesponse

f Blard? 3Rctrod
o SIS T b M e
can zﬂmbhtaﬂeanpssmmmﬁmsbékﬁﬂdﬁ out for each patch

clanp el ectrode 129A, 129B, 129C, 129D separately with
respect to only one reference el ectrode 130 positioned
[087]t he ﬁgesm&g t¢ Qrizhowl 2BossAsaptiondingews othe biesemgpr array

enmbodi nent o resen venti,on h
s Ry iSRS S e L e
chan‘ﬂ?ér' Fhé 3igurd 4 a aildgraiiedticssiHentd ef &fg aasrgmmrdatuoﬁ ménihanlsm
ref erence electro e 130 is also ossi bl e. %# l
betwbgn taetis apatbeliqtest obpcieraing; B LU aﬁ%‘{}&ﬂ orpplgeule (a)
befor?eD éb?rﬂ(;%]eﬁle AddH Bﬁfr{bfgéreéﬁgg%%@fdnéé%rﬁo gh cell (centre

S i nst ead el éctrodes. This enbodi nent
cell) abys oneaswping selectzical uadammm JESRONERD T S:HUQJIUSTh@m {Fbwhere

screéréﬁg%ﬁpééﬁ%% %S&%E{%gvcﬁre%ﬂ?qﬂsltﬁe J:ﬁlil Iﬁglﬁ? %Hb%@gﬁgntaEhe cells to

e cen ow of

be teft@t exape cefttBdd!l Wil got bé Affentbd4y tUeecnaenmgas@ﬁt*amce
application using the biosensor of the invention to
investigate response of a cell to electrical and

caFigs! i A ot 8GN sHewng@nsther tssandi sloss-sastianab eviews . of a

his enbodlnent t he bi osensor .S prqvide
blosgmscﬁmaazmgo% senaipg ralgeradsssaTanges: %AJ?‘F% ggﬁacp‘lt‘%? e Hfffhin the

sendthd VHaRBePPFRE URJUFONS. #Ndibg@mmatic scheme of the communication
mechanism between cells and the effect of screening substance on a sample
biomolecule (a) before, (b) after the addition of the screening substance onto into the
entire sensing chamber thereby affecting all the cells within the sensing chamber,
and (c) where screening substance is injected directly onto or into the cell. For
example, a blood sample may contain a known virus, and the screening substance

may comptrise a drug suspected to bring be effective against the virus.

[089] Figs. 9 and 10 show two different embodiments of the biosensor of the
invention, in which both stimulating electrodes and sensing electrodes are arranged

within the sensing chamber. The sensing electrodes comprise a pair of electrically
26



10

15

20

25

the C‘@ﬂj‘e‘b 214 I
trape?tﬂ& Rﬁer‘?\aﬁ@élb th@ s%\ﬁ@n'n@aélécﬁdb%sr&ﬁﬁﬂﬁsﬁlrﬁulamgfeldctrb@es may

response behaviour of the cell. As can be seen in Fig.

4A, the response of the cell to the electrica
werhimisugewas tested prior to the application 8€T/8G2006/000012

screeni ng substance. After applying screening

cond%pgtg?éée,t%& @ges(h%fel.gét n?gﬂ%léé@lcfe COréElgsne:jS ?sgggﬂﬁ QT WQEB %alr of
electr%ﬂpébﬁ&hdh@etpl‘eﬂeé igaft cleepcdargbding errahged erdund tbé frdett122 to
SCreeni ngllssu bst ance

oo Bmga BATLPaIROF QEcqes T Sogh s B 2

m cal stinulation using the patch clanp el ect rodtf
be ringoelatseddsnarangesdn s mytusiy eearenrifia mannereanguwith e inlet 122
n I t
preset gt i s TEEE B 3ol ihot® SO oBB Rt ANES shapes of the
sensiag @Iédtmﬂe@ﬁ'ldahs stirmelating eleghrotamceshawvn meFigetel 11.
nutrient, an initial reading was takenfrom el ectrodes
in the suction channel and the sensing chanber. After

[d90g addirhirRbriAS tRE Hrébrt UNSrAIDA eanda thie embddimesnds tigereof
was taken and corrpared to the initial gadl

proviges BUNPIENSRL & g@gmqlsf@r frming akiesensye’ 2Re & r@gﬁ\od of analysing
the stiit {‘811 2bld lecil.@@?}]gt Eﬁgﬁwe f@{%\ﬁiﬂg a@@aﬁ@%% an ac vol tage

th S app I e e neuron by patch cla el ectrode

1. arﬂditd)matlwlstﬂosltlnglnslog rabtiemptaceler (eed radiindgelHike a neuron or a
fore (Fig. 6A) and after (Fig. 6B)

VeS'CL&) t}"8rt?'°osfe%§ ¥ eening substance to the cell nutrient

2. I esRYCithbitkig aAsingidbiomiedule or ee plunglits wh diemateadrchodies

may be different. fromthe previo one_ca
eVe”sGBp"F‘ﬂ@@“ﬂ?"f ﬁ'@"wl Pg ‘Prﬁ?%pl?éhrelgHEmé{ haRAE® %%le%g’uﬁ 16 sensing
elem@ﬁfsecﬁrin@g:mthﬁn@éﬁk%r m%blsﬁnrtg)blbenblesmledbod}es;orrbl nati on
readings of the cell response to sti

a
3. bcﬁ&%"YSW‘ﬁgﬂ'ft& b&wmeleéehaf&u&esafm phamaR 9&54 ﬂ&‘? d’ﬁ%fed'e“t
1 es can al so be taken, as shown in Figs. 6A and
Scre%hﬁ& Eggg] Figs. 7A to 7C show Cross-secti ona? vi ews of
4. a lmpmswngoelthrlcainWh@gofsb@emgieﬁglaéll@@tﬁsoh‘é% NeUFRfIFy iRy the
electfc? % %gﬁ%lgé %le‘?@gﬂ nﬁa{hev\ﬂ;e{'tg 'e'ibcttr%%?§ SR SRS soRaHEledudig the

heme of the conmuni cati on
distafiee batwesn émﬂwvimem oleellesararttie respeetive etectrbnis sepsing gigment.

subst ance on a sanple bionolecule (a) before, (b)
after the addition of the screening substance onto a
[pMpet ArhdudhC e rievertioh) h@al U@anéMﬂ@edl lectanmsabf preferred
variance in response to Q 5 difications
embediness.rf héaﬂgtbﬁn'&dqr%toi) Jt%%tt %‘H“@Foﬂiéc‘ﬁ \ "i"?ﬁ 8” [ygoaticatio
| it el stob€ ob ehid ﬁfﬁbﬁﬁbn as set out
may(b% Hwadé(r:\/\é;ﬁ{Hrungg%}ﬂ% %mtr?gtébge affected by the
in thea‘,mltm\mmg]glam&st ance. [088] Figs. 8A to 8C show anot her
set of cross-sectional views of a
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bi osensor having 3 sensing el ectrodes arranged

adj acent to each other within the sensing chanber. The
woi2onrros4d76. a di agrammati c schenme of the conmuRCTAGR@6/000012

mechani sm between cells and the effect of screening

substance on a sanpl e bionol ecule (a) before, (b)

after the addition of the screening substance onto

Claimgt 0 the entire sensing chanber thereby affecting all

the cel|s within the sensing chanber, and (c) where

Whatdg.¢laiB¥ihl§* subst ance is injected directly onto or into

the cell. For exanple, a blood sanple nay contain a
known virus, and the screening substance may conprise

1.a APp§eBSIPEMRIBING bring be effective agai nst the

virus. [ 98%rakd $3ving, RiHEd1Pefi9 U BRcHbhitedepRing element for
enbodi nents of the bi osensor of the invention

I n
wiseo$ing @ldrtacal vatiationsgdus tca cbaage inihesslallisngf @ biomolecule,
el ect rodes, are .arran it b ' her :
oL GHLARL5E PR SR B IO AS P g hectroric
elsepsing @@rhemonduct i ve plates, and the stimulating
el ectrode conprise a simlarl

el ect r iEcEryGu @Sn@Bd?YQIeCOf{PQ?%Xf}eS g@‘?ﬁ%ﬁ %Igltf ?g%e%ai%g}rﬁﬁtured

arté@f%@?‘ haliRg sl tdph8urfateaibedidd dbové hige ebipstrae sliffdce, daid top
thi's enbodi nent, both pairs of electrodes

; ) . re each, .,
stsapfede amviding apensing. regicnp amakich & %F}ml?'ﬁéo@’é'ﬁg icRptaining the

elb%{]&g S8 igpgcgg,e stimul ating el ectrodes nmay be ring
el'ectrodes afranged in a nutually concentric manner,

and wi tzh seheingnkekctro@e thakserelectticallyoeadpled etoc dhig relegfonic

i d rings. Sone.pther ali i f .
s ey S net onis S gEEIPA hifind R DE A pdiE 6 s surface
s hspBsedtFingWensihl.ref@A0kndo sunmari ze, the present

e oS = SRR TSR Bl B g By s o

Ted fG6h ‘Mro@?ﬁ's‘éﬁi Bisarinee saicithienr@l baingl aman geeilinethe istuctured
has the folTow ng advantages: 1. automatically

pdeptayehi ng of a bionmplecule (e.g. a living cell like

a neuron or a vesicle) on the biosensor; 2. easy
stabilizing a single bionolecule or a plurality of .
2bi Therbiasenbar ob athims 1ewbaredh s@ichichariel gronmRiisesgiwan openings
array. of. re rl I ' - N id §
o1 ertinp i g o PR T dng RS o R Ene of said two
bi ﬂodmﬁgscbéiﬂg ahradyes pro3imatady teesersinggetiredarol ecul ar

bodi es for pharmacol ogi cal active ingredi ent

screening; and 4. inproving electrical coupling of

Pi PrdBlREHES oftQ8ineS drik evHEpeinaRs toP slifecebtter stniatured top
sensing elements, e.g. th ate el ectrodes of

t he _
t rlanen istad fepst g@rtilagﬂ g@\{qﬁ@d yvﬁg a bio-com patlbleqayer.

4. The biosensor of any one of claims 1 to 3, wherein a patc;h clamp electrode is
comprised in the channel said patch clamp electrode comprising a first and a
second end, said first end of the patch clamp electrode‘ being arranged
proximate to one of said two openings, and said second end is connected to

an amplifying circuit.

5. The biosensor of any one of Claims 1 to 4, wherein a reference electrode is

arranged on the top surface of the structured top layer.
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di stance between each bi onol ecul e and the respective

el ectronic sensing elenent. [091] Although this
wonveErsion has been described in terns of pref eCcT8d2006/000012

enbodi nents, it has to be understood that numerous

variations and nodifications may be nmade, w thout

departing fromthe spirit and scope of this invention
6.aFhe ®losensor of drfyeofi@bf Gkimg 1closd,nehetkimi the agn&ing; gectrode is

clainmed is: 1. bi psensar conpki sing. t e
nalRR Ebueen AR el ARl O Soeeneh o Bfend the
f QlibsieSEga). ectrical variations due to a change in

the status of a bionolecule, said substrate having a
substrate surface | ocated above the buried electronic

7.2 jﬁéibﬁl&seﬂ%&ﬁ&ff‘ériy 8né oF Utditisertd 9PwheeRT theosisindelbbigode is

strate surface, said structured top |ayer having a
t apasged ac thd vpawskicalsdine strustyanden lBYer-sur f ace, sai d
top surface providing a sensing region on which a
sanpl e sol ution containing the bionolecule is placed,
8.2 Thehogeaset eflcdrmyostee bhalbimss1 & Bowhéreld thyg seosinigealestpde has

the el ectroni ¢ sensing. el enent, said sensing el ectrode
h&&Mg eﬂ'f"“?%ég‘?pﬁoﬁér '@f"e‘?{?@%%ﬁ%f&%- exposed to the
sensing region , and at |east one channel for

i mobi |1 zi ng the bi onol ecul e means of suc

( b tio
9t Aiheuyesesgptiotamaes of glains L iefneheisin %ﬁwsgwg%actr qfle has
the. I . 2. The bi f claim1,
m%grrl@{#gg%@e%ﬁggp ayer e bi osensor of claim

nnel conprises two openi ngs
termnating at the top surface of the structured top

. £ saidt i - _
8 el B AP B B renc
ofwigliiha ringPshapedvdepisirignelbdtmdeop surface of the

structured top layer is at |least partially covered
with a bio-conpatible layer. 4. The bi osensor of any

19N Phiosérdiof hrlyCore ofBiRINeS N t8 1Rtvittereihathp tep estitfaoe f the
I's conprised in the channel said Ipat?h cl anp el ectrode

c cHpiciusedippdayeris Pravided Wi cbanPeniaSsai d first end of
the patch clanp el ectrode bei ng arranged

12. The biosensor of claim 1, wherein the chamber walls are arranged to define

at least one sensing chamber.

13. The biosensor of claim 12, further comprising a fluid control chamber which is

separated from the at least one sensing chamber by a chamber wall.

14.The biosensor of claim 13, wherein the first opening of the channel .is
arranged inside the at least one sensing chan"_lber, and wherein a second
opening of the channel is arranged inside the at least one fluid control

chamber.

15.The biosensor of any one of claims 1 to 14, further comprising a sensing
electrode connector that is in physical contact with both the sensing electrode
and the electronic sensing element, thereby electrically coupling the sensing

electrode to the electronic sensing element.
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proxi mte to one of said two openings, and said second
end is connected to an anplifying circuit. 5. The
woizow@ssos of any one of Clains 1 to 4, wherei RC&SG2006/000012
reference electrode is arranged on the top surface of
the structured top layer.6. The biosensor of any one
of Clains 1 to 5 wherein the sensing electrode is
1@ Mhangestnest vty éieot dpinssil ftads, whetdrethst substrateecornprises
| ayer and the subs&l{ate surface. 7., The Ri 0 ensor.c%ductor
adySusresBrelPHRARGSd laygr BSAYRNEP ORI T ¢ Sem!
el 8 Qs icfoidanP difmgt 1Bger, @setond atsstadally hesulating layer
structured top | ayer. 8. The biosensor of any one of
c laadresthird teecirically gyselatingiayeSensi ng el ectrode has a
solid elliptical shape or a solid rectangul ar shape.
9. The biosensor of any one of clains 1 to 7, wherein
17 hithes ditsiensgpre o adlaiod & Ghawherein rthe (elaeionie ) sasisi|te elepent is
The bi osensor of cl.aim@9,. wherej ' 0 [ "
t FErA0REAN gyer[agpg‘\gr bt e%emci)ﬂ(ﬁﬁc%ﬂ (laéJr%? n%'l'(g ﬁ%ge QPSE eﬁlg Pﬁ%a"y
eligsliafdBayedkl. The bi osensor of any one of clainms 1 to
10, wherein the top surface of the structured top
| ayer is provided with chanber walls. 12. The
1§.'ﬁ§ee%?%ren9$r %’{%IQW”I?",‘“%@#G% the eleitae ¥&Hdisg afiément is
arranged to define at | east one sensing chanber. 13. |
Thaetiricallyroneaed ¢o diesk TRNdReiprshaTangsHpRitae sgeeng plgeically
cant r,ol clh &ber which is separated fromthe at | east '
orlas¥aing ﬁg ¢hanber by a chanber wall. 14. The
bi osensor of claim 13, wherein the first opening of

t he channel is,arranged insi.de,the e e :
18eHRg MPSeRsPinof ,anéWd ah&r@r?fnathgeg%rﬁ%"%ﬁi%“hog%o Elggtrically
chadipfdd foSthaldlei@Rit sersinteeleheenttvid @#aehsingelddinaide connector
control chanber. 15. The bi s,ensior of any one of

cl arapged 'B@"elm‘,"'dfel'ﬁ‘-‘ttrl'@”yd'?ﬁ\“g?tlr@i A% a sensing el ectrode
connector that is in physical contact with both the
sensing el ectrode and the el ectronic sensing el enent

20hEnejosenser of cigimy 18owlareily heesensing wlpciode: seedtion is
t he | G .S ' l; d %
d |&&tFRIHROtofhected to
angy"EEEH Y G ERERANS (Ao foregily DIPIRREPE
cogund @sd armungee gsihedhiyd alectingdylinsalaing &ygtience
conprising at |east a sem conductor
21.The biosensor of any one of claims 16 to 20, wherein the electronic sensing
element is a field effect transistor having a gate region, and wherein the
sensing electrode is electrically connected to the gate region of the field

effect transistor.

22 The biosensor of claim 21, wherein the sensing electrode is electrically
connected to the gate region of the field effect transistor via the sensing

electrode connector.

23. The biosensor of claim 22, wherein the substrate comprises an electrically
insulated screening electrode connected to ground, said screening electrode

being arranged around the sensing electrode connector.
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wonsorlasi7ag | ayer.

24¢T e biaseasenofidaim %

| ayer, a first electrically insulating |ayer, a second
electrically insulating layer and a third electrically
17. The bi osensor of clai m B6T/SG2006/000012
wherein the el ectronic sensing elenment is arranged
overl appi ng the sem condyctor |ayer and,the.first .

e Mgraia i scregning RledyodS iyaliEnggd in the
c‘h%rglé&,i AMehKiRingNsy&! ectronic sensing el enent is
electrically connected to track conductors arranged in
the second electrically insulating layer. 19. The

bi r >l ai WMeheiRidde sensing el ectrode
25|J§\9~§$1@§ ﬂf%m%ﬁéglgéégs toﬁﬂ@"{é{'}ectroni Cc sensing

el emenproviding: = enbsiraje ehaxing dueiedothesein oan Blecdrayéd seAsing

the third el ectrigcally, insyl ati )
Pttt ibr SeindelPiigh AR, b0 thengd 1y 1P statys of o
CoRRANEENE hSd SUBnBIRGE Gubfrcaroedted tatioval thy burtad atesttonic

screeni n% el ectrode connected to ground and arranged
i fensieo elementel ectrically insulating layer. 2 1. The

bi ose n%B{}erﬁ'ngetﬁgi)‘ngé‘tg?tefsu%éé Wth1Pstr@etdied tvh &k hating a top

el ectronic enent is a field effect
t saris¢esabovehtheisugstatgsudaekigi on, and wherein the

sensin l.ect.r ode. i I i cal n 0
oate r SYTUTS dp Wred g UEhied o 16RENE RSO eletiode, the
biseasing oslectodd dlemg2 plaviddue fai Bending séedtica) wriatipnede the

is,electrically connected to the gate region of the
f PIANC'IEFYI8ct transistor via the sensing el ectrode

connect@ming3n orhén hhestsare®ftop!layen aR2jeashenei charimel for
substrate conprises an el ectri cal I‘\{ i nsul at ed

sdnewhiliEipodhe biaerlecye ki &realts ¥SUGIYUnd, said

screeni t | AtihaNE8&r O thd BRCEBAIB $¥hsin
el ect r(%]éebtlg%aﬁlge{:t ﬁh%?{‘@%ﬁe Ibléosengor of clai r?] 23, o

whedgreent, t he screening el ectrode is arranged in the

third ela%%ﬁ%é)ggeln’ég sURskd ?Jrﬁf‘%céﬁ&%ﬁ%ﬁom%éculég?@ééﬁ@% f5ample

form nga rconpri provi di ng substrate
hawslutignhberieadon,ledei n an el ectroni c sensi ng el enent

e S TR Rar T s At R U el fndinat i
| errbes @t 4 SrctibHFbred ol the biamblecule.

26.The method of claim 25, wherein said channel comprises at Ieast two
openings terminating at the top surface, the channel being substantially
buried in the structured top layer, one of the two openings being arranged

proximate to the sensing electrode.

27.The method of claim 25 or 26, further comprising cbvering the top surface of

the structure top layer with a bio-compatible layer.

28. The method of any one of claims 25 to 27, further comprising providing a field
effect transistor having a gate region as the electronic sensing element, and
electrically connecting the sensing electrode to the gate region of the field

effect transistor.
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sensing el enment; covering the substrate surface with a
structured top layer having a top surface above the

weubstosat’e surface; forming in or n the struct BCESGR@6/000012
| ayer a sensing el ectrode, the sensing el ectrode being

provi ded for sensing el ectrigal rd ati [ :
2ob et eRa & 5F ARG gt o Prtolfiel SPaieg erpine =
aberl P lelGiivdehapmedctdom ithertsubbiraiento tdiectticallyobemdot the
y means of suction, electrically c i ng .the sensing
ebensinmalecireds inthe aate F%%°f§5ﬁ§'¥Wgeof&f)°é k@ﬁ?‘?m&d apting
the top surface for placing a bionolecule present in a

sanpl e sol ution thereupon, and forning within th )
3GThecnethed afoany ageroflaimsadt o8, GHAMICEOTRINNG ©rming an
adapted. t o [ ' € Ofp ot bj l i
SRR Y, P SAGRE T LBy uietng
CRiyRF bS®e sabstratest two openings terminating at the top
surface, the channel being substantially buried in the
structured top | ayer, one of the two openings being

3RTHhaResHod be¥laii ol ahP oh&6f 68INGs 2§ teB@durtheteconZptisingierming
met hod of claim25 or 26, further conprising covering
t Bepatefpclemf eleetreste ine shani@l-ure top |ayer with a
bi o-conpati ble | ayer. 28. The nmethod of any one of
clainms 25 to 27, further conprising providing a field
32fThectetioginsf shgroreaef cginas @it to Bdgifgtheiscamprising forming a

el ectroni ensi ng, el n and electrically

céﬁ‘%&%ﬁe e%FPéjses geritggg\"tef% %ode to the gate region of
the field effect transistor.29. The nethod of any one

of clainms 25 to 28, further ri,si ng farmng. .
33aWE1 M5Bk Of e OBBIeURBIS P Rnd2s WETT; B 150 @ sensing
eléfét?tfdd%?&drﬂpﬁs‘é@ﬁﬂgtstéﬁéf ReRFigg selieelliptics drasdlib eectahgular

region of the field effect transistor. 30. The nethod
ofshapgd sersing elacHiofs- 25 to 29, further conprising
form ng an electrically insulated screening el ectrode

inthe third electrically insulating | ayer of the _
3¢ krst nagteod of any one of claims 25 to 33, whérein forming a sensing

electrode comprises the step of forming a ring-shaped sensing electrode.

35. The method of claim 34, wherein forming a channel in the structured top layer

comprises forming the first opening within the ring-shaped sensing electrode.

36. The method of any one of claims 25 to 35, further comprising covering the

top surface of the structured top layer with chamber walls.

37.The method of claim 36, wherein covering the top surface with chamber walls
comprises the steps of
forming at least one sensing chamber, and
forming at least one sensing electrode in the -at least one sensing

chamber.
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3 1. The nethod of claimof any one of clainms 25 to 30,
further conprising formng a patch clanp el ectrode in
woheo7omsarnel . 32. The met hod of any one of cl aPa¥/S82006000012
3 1, further conprising formng a reference el ectrode

on the to fa 33. The meth . fer
2T et pECBST S dT IS PO orae e Baduid gontro

CeRghbhsrethat he sepamted ffo nthamtaeast bde edenbipigi cladmber via a

solid rectangul ar shaped sensing el ectrode. 34. The

nefalerdfalllny one of claims 25 to 33, wherein formng

a sensing electrode conprises the step of formng a

ri ng-shaped sensing el ectrode., 35. The met hod of cl ai
38BFhe wiathad of ¢laimBA@r 38c whared farmingat Isastiane segndoghamboer

| ayer .conpri rmng the first opening within the
rPﬁ@pgﬂeaﬁpn{ﬁgsez)ﬁss(ngg el ectrode. 36. The nethod of any
one of femitighedst apediing bfithe lcbanma innidesthegatdeasionggensing

t he tog surface of the structured top layer with
cKa#BRP#Bf I s. 37. The nmethod of claim 36, wherein

cover i ﬂﬁrrﬁr#gf 4 QBcoM fopeaing bh tish amaanelwriside troengiids @sntrol
the steps of formng at | east one sensing chanber, and

f chathhgr-at | east one sensing electrode in the at | east
one sensi ng chanber.38. The nmet hod of C aim 37,

further conprising formng at |[east one fluid control
4@ Thaeheaethbbadf dry empaf atedds 260m Ih dudhen UBPrBMHS successively

sensi.ng chanber_via a_c wall . of first
c "B 78 0 2SS, S%%%“?Fnr‘l? ;oﬁ?)ﬁnglﬂéagt ﬁeﬁ%%n-%ﬁgdrglﬂ%?’ng "rs
c hagpafdallg oRaUltReSlal e sssemmdadlectficallyi ingulatieg fayestand a third
openi ng of the channel tbnSiﬂé the at | east one sensing

celgavigally insy'atigeriayry as tBe cUPd ®Peni ng of the channel
inside the fluid control chanber. 40. The nethod of

any one of clains 25 to 39, further conpr, Si . L
4§r,u'l%i/'_®em§thp@l| 9f pl@im(iéwg fgrtlp%(yg?mgrgdﬁ%ﬁggnﬁm ie@q%ﬁr&ng; sensing
f:éférﬁgﬁ'td%\%ﬁ%p'%ﬁ%efhe %eHi?%uEio‘?CFaﬂléﬁaéﬂd’ thBS Atst eRgtrically

Yer, a sec | ectrica insulating |ayer and a
t Hhgudating layer.

42.The method of claim 41, further comprising. electrically connecting the
electronic sensing element to track conductors arranged in the second

electrically insulating layer.

43. The method of claim 42, further comprising the step of electrically coupling
the sensing electrode to the electronic sensing element via a sensing

electrode connection arranged in the third electrically insulating layer.

44.The method‘ of claim 43, further comprising surrounding the  sensing
electrode connection by an electrically insulated screening electrode

connected to ground and arranged in the third electrically insulating layer.

45. A method of analyzing the status of a biomolecule, comprising:
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electrically insulating |layer as the substrate. 41.

The nmethod of claim40, further conprising formng the
wehewtosers ¢ sensi ng el enent overl appi ng the PCT/SG2006/000012

sem conductor layer and the first electrically

insulating layer..42.. The nethod of .cl aim 4 fur.

conpr | SrPIEBURE iaapiP I A e s SsPldog g eibekieor
sangfitdah g bhe lop Cldimeki warjuctors arranged in the
second electrically insulatin

. . . | ayer. 43, The nethod
of ol aAmeRRFING AfITH e SRS I GoRIRAtEd Ity F Rt Satl bf the
eﬂfiSHo'iéc‘Ex?é l'y coupling the sensing electrode to the
el ectroni ¢ sensing el enment via a sensing el ectrode

connecexmsingr thengiamolacilpetor §i condii@tthalcly isyspected to be
i nsul. ati I r T : fi.cl aim43, further
STt Bdts sl ProCiotitellier 21 Moo
connecinieasuring aseedrecelectiatl signaldhatds edseaiated withgthe status

el ectrode connected to grpund,and.arranged in the
L9 e HiarBelBRYIE aTey SRS 4 TRC PAYUON 457 A et hod of
anal yzing the status of a bionol ecul e,

conpri si&?: contacti n% the bi onmol ecule with the sensing
46eTae masded of clainhto SBRRYTCORPIHETY ned i n any one of
d ai ns irfdt rd f Gb&dnde| f&dtfiéakighbongl a pre-
associ g%newégw ﬁhge?%?s%ﬁ}gt@?us of 't he billorml lgcul e, °
edpsihingdttheesholdreiéddcal signal yalverfar deteatindhie gagurrence of a

oo Sl P FadbedBna el Gt i cal i gnal t ha

is associated with the status of the bionol ecule after
exposure to

i ditjon, 46. Th t hod of cl ai
AR el Eoae oo Sasn e Tes BHET Shafblemor e
sgRRh&@ B&tvebs the SitARRId the stcbhe dieitecarisig@l icaesated to

el ectrical signal value for detecting the occurrence
otheaprerdgiganingd tieshaldelestrisal sigaaly@difol ecul e. 47. The
nmet hod of claim46, wherein the shape and/ or magnitude
of the difference between the first and the second

4 Mbetmethal ofi gaiel 47 swhergyaméent thetshapp randdest mpanifte of the

t hteshol d, el ectr.i ' . . - th
c TR DEHERDT 6 ek o] dhe Ny, cfffricH SidtRl irr han
t ligose of the pre-determined threshold electrical signal value, the condition to

which the biomolecule is exposed is evaluated to be capable of changing the

status of the biomolecule.
49. The method of any one of claims 45 to 48, further comprising
immobilizing the biomolecule onto the biosensor by means of suction

generated through the channel of the biosensor.

50. The method of any one of claims 45 to 49, wherein said biomolecule

comprises a cell which is able to undergo a change in its electrical potential.

51. The method of claim 50, wherein said cell comprises a eukaryotic cell.
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di fference between the first and the second el ectrica

signal is larger than those of the pre-determ ned
wohowglsal7d el ectrical signal val ue, the condit POWSG2006/000012

whi ch the bionolecule is exposed is evaluated to be

capabl e of changi ng, the status of the Dbj I
S5 ABE nBeNH 6F SHY Shewbrett S ughRo s, Seleu fidm
CRBWYonal RG] BRDBbAE, Adyipeobiteel emnoeytenta nilesle cell, an
bi osensor by neans of suctjon generated through the
c REpReniestermeelhansa 8t ce40. The nethod of any one of
clains 45 to 49, wherein said bionolecule conprises a
cell which is able to undergo a change in its ,
5% Meetmethad ofotleint A wherein Faid hiemplsgulss caMBisassy prokaryotic
wherein said cell conprises a eukaryotic cell.52. The
od of claim5 1, wherein the eukaryotic cell is
selected froma neuronal cell, an oocyte, a

| ynphocyt e, n te, a muscle cell.. ap. j

o B OS5 e HEH Sl R TR fom e
5QroVE6Rigtingaif GrdtiaeaRkRs Hh@ bast@raiceks a prokaryotic
cell.” 54. The met hod of claim 53, wherein the
prokaryotic cell is selected fromthe group consisting

5§.fTh%rrﬁQf’?1%? oq‘eclln&%n@% c%ﬁé%bité 58€{pharei® meatl@ndBic et &id/or
any one of clarms to , Wherein nmeasuring the )
f isesbndretiéatricad exignall compcises cagassiriga an @l@ﬁtﬂcagé@rrent passing

' | i cal . DASS] _
TR SR b Lo A S0RL R0 pgon of e
t hlloRgiisih @fe sltion €drce tmapiiedh t he suction force is

applied. 56. The method of claimb55, wherein said
transport structure conprises anion channels, cation

56 N Bl etho RBF @ith ! $8)SAXrERAI Said GRINsPOrtt stArRRPErdodigises anion
receptor proteins and binding proteins, 57. The nethod

ofchanpelsneation ehannfls, Anien BSPQUERIP e F7{Me HTTANRG S HECEPtor
figrg{ ir% 254 Bi!nﬁfﬁl pﬂﬂgﬂ%l_ and/ or second el ectri cal
Si gnaei conp § [

rises detecting an el ectrica
characteristic of the bionolecule through the sensing

I t.. 58 T d_Q: - : o

ST e RaRalr T STl HRE 3P o8 BoC el TRpdstrn e first

sesleateicall eignal caid/si gemindc efeotricab ssigred s compigsesh detecting an
Z: %g%t;i;:%@hag%tgrnmtﬁkgf tf%glgiﬁ%%letcn% t%lrcg)urgrg?ll {he %leﬁsina %'Ie%ent.

58.The method of any one of claims 45 to 57, wherein measuring the first
electrical signal and/or second electrical signal comprises measuring the
electrical potential across the biomolecule, said electrical potential being
measured between
a reference electrode present at the top surface of the biosensor and
which is in contact with the sample solution, and
a patch clamp electrode located in a channel present in the structured

top layer of the biosensor.

59.The method of claim 58, further comprising rupturing the surface of the

biomolecule by means of the suction force, thereby allowing the electrical
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nmeasured between a reference el ectrode present at the

top surface of the biosensor and which is in contact
wai2047/08k036 sanpl e sol ution, and a patch cl anp ePeTiSGo@s/000012

Iocated in a channel present in the structured top

;?QEJS %Thn%?rtl”%rﬁ%rg\ fq?r{?t lﬁﬁ?@&ﬁﬁ%l&%&f gaggtrg ca?ﬁgbét%rs to be

bbgﬁggggyle by nmeans of the suction force, thereby
allow ng the electrical properties of transnmenbrane ion
channel s or of ionotropic receptors to be accessed.
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