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chips) has revolutionised the industry by making large-scale clinical diagnostic testing and
© screening processes realistic for practical applic‘ations. As 'is well-known, a typical
microérré;y, .With reactive sites in a predetermined configuration on a substrate, will exhibit a
bindiﬁg patterh when exposed to a sample with target nucleic acid fragments having a base
‘ sequénce compierhentary to that of the capture fragments attached on the reactive sites. The
binding patferh and the binding efficiency can be detected by optical or electronic;, methods
§vhen an appropriate detection mechanism is used, which may 1;nclude for 'exa:mple
ﬂuoresc‘ent labeling, current detection or impedance measurement.
The use of electrically-assisted nucleic acid hybridization is a known.technique in the
analysis' of biological samples containing DNA, e.g. blood, plasma, urine etc. Conventibnaliy,
a chip for DNA detection is formed from one of a variety of materials including glass, silica

and metal. On the surface of the chip a number of electrical contacts are formed using known
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el ectrode is reduced owing to the size of the pores of
permeatibe/afisshmest layer is normally made from porous materials, eg sol-gel materials,

porous hydrogel materials, porous oxides and serves to allow the selective diffusion of small
ions and also as an attachment suiface for the capture probes. Direct contact of the nucleic
acid fragments with the electrode is reduced owing to the size of the pores of the porous
materials which are generally too small to allow the larger nucleic acid fragments to pass
through. |

When a voltage is applied to the electrode undemeath the permeation/attachment
- layer, the devices of the prior art can previde electrophoretic transport effects without
electrochemical degradation of the sample and can thus enhance hybridization. However,
stich ;;rior techniques for enabling electrically-induced hybridization are not without their

drawbacks. For example, porous materials such as hydrogels and polymers are vulnerable to
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Preferably the electrode is provided beneath the attachment surface, that is to say in

contacf With a side of the ciiélectric_ material opposite from the attachment surface.
Conoeivably; however, it could be applied in contact with Ia side of the ‘diele‘ctric material or
even in contact with the attachment surface itself.

In preferreci embodiments of the invention the dielectric material is preferably an
oxide, for example it may be selected from the group consisting of AlyO3, SiO; and Ta;0Os.
The metal electrode for example may be formed of aluminum.

In preferred embodiments of the invenﬁon the apparatus may comprise a multilayer
structure comprising a first base layer, a second insulating layer formed on said base layer, a
third layer formed on said insulating layer and comprising patterned conductive regions

defining at least one metal electrode, and a fourth layer comprising at least one region of
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Viewed from another broad aspect the present invention also provides a method of

attracting or repelling electrically-charged entities to or from a surface of a reaction cell when . -

performing a biologicél reaction, comprising the steps of providing a dielectric material as
said surface, and generating an electrical field by inducing charge-separation in said dielectric
material. The electrically charged entities may be nucleic acid moleculgs.

Viewed from a still further aspect the invention' also extends to a method of forming
an array of reaction cells for performing biological analysis, comprising the steps of

patterning metal electrodes on an insulating substrate, depositing regions of dielectric



or reagent. The sanple may al so be a biol ogical sanple
such as bl ood plasma or urine. The electrical
w@odaosossoas nay be applied as a continuous pot ePtT/aN2008/001180

. be. a thly varyi ._or | sed potential. Vi
materqle i st st depacithe B RS Bk ot af §ffeces of
~ provides a nethod of attracting or repelling
said regloae of digkercine wafsrigleq 26 feinesaigeyitioncsts-a surface of
a reaction cell when perform ng a biological reaction,
Quaferdbdy, for ehensit eths nofthqt wey domgrise dépeisiingra layer of metal on an
material as said surface, and generating -an electri c\al
insulatfdpbdrRY, boHRENg d%ﬂ?erdgﬁatféﬁp@fastaidoﬁletdﬂ_lﬁ?érdwﬁh@ Eﬁdtbfeéist and
material. The electrically charged entities may be

n eic acid L ec : i Bh3 :
removi ey Adt TSnR ey SR Roc, depditind Blayer of said
diclectis GPUGHAaTY R ) BRETED S ST o e APEStE el covers seid

patterning netal electrodes on an insulating S
. patternsdibsetehiaad eheppiss tthegreas dietiecnofaidi patisaicdi elgeitades.aflensgiting a
: said nmetal electrodes, and formng a rimaround the
. passivtid@dsyeplovepgpad 18t dhdielcoi mabidhly pateping seid eV amhrlayer with a
material so as to define said reaction cells.

.photor%‘is‘%fa?ﬂall%h}/crviﬁ%)Eaigifp%gﬁ{fﬁiont ﬂla?eﬂ'%t Bosh 5RY GOBREE SRaterial where it

epositing a 1ayer of netal " on an insulating surface,

: cover i a.desire : f id netal layer with a
covers 5W§t1%ert@%1%c‘ttm§ﬁsd{or & @@@?énag{@hgal? ééﬁrié‘r nder of said netal
| ayer. by an etching process, depositing a |ayer of
said dielectric material over said patterned netal

whereby said dielectric material covers said patterned
metal and o&RIBFEREICRIPIIENOBSERBERAMIMNGPat t er ned

el ectrodes, depositing a passivation |ayer over said

| Sty erfbodihehicdfr the itXesheon &lill noat bedesegibsdibg way of example and
passivation layer with a photoresist and renoving said

iSSP e gutteny o el ol Tl o) o

" ag\}iiﬁl%esc 1glqalcv%<|3\!vsfhroug§§| c’%in RERR AN o 'dbodiment of the
preéent invention,

- Fig.2 is a view similar to Fig.1 but showing the chip in use,

Fig.3 is a .schematic illustration showing the underlying principle of preferred
embodiments of the present invention, |

Fig.4 illustrates the steps in a possible fabrication process,

Figs.5(a) and (b) show first test results,

Figs.6(2) and (b) show second testAresults, and

Figs.7(a) and (b) show third test results.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS



Some enbodi ments of the invention will now be
described by way of exanple and with reference to the
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rectangul ar array. The device according to an .
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Once the layer of alumiﬁum has been formed, it is patterned (Fig.4(c)) using a layer of
photoresist and the unmasked areas are removed by étéhing (Fig.4.(d)) and the photoresist is
- removed (Fig.4(e)). The chip is then coated (Fig.4(f)) with Al,O3 to a thickness of between
50-500nm 'With regions of A1203 being formed befween the aluminum regions that are formed
on the silicon dioxide substrate. A passiffation layer of (for| example) SisNy is then deposited
(Fig.4(g)) on the A1'203 by means of plasma enhanéed chemical vapor deposition- or similar
techniques. The passivation layer is then patterned with a photoresist (Fig.4(h)) and the
passivation layer is then etched (Fig.4(i)) to open up the Al,Os3 areas that are to become the
attachment surfaces of the reaction cell. Finally the photoresist is removed (Fig4()).
The result of this fabrication process is the multi-layer structure of Fig.1. Regions of
aluminum are formed on the insﬁlating layer of silicon dioxide and these aluminum regions
are separated. by Al;05. Formed on top éf the layer of aluminum and Al;Os is a layer that

comprises regions of A, O3 located above the regions of aluminum and separated from each
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Asgwill be understood by those skilled in the art, if the sample contains fragments of

nﬁcleic acid that are complementary to the capture probes, they will bind to the capture
probes by the process of hybridization and this may be detected by known techniques. Since
the nucleic acid fragments are electrically charged, this hybridization can be enhanced by
- providing an electrical field that will attract desired nucleic acid fragments towards the
att;cxchment surface and the cépture probes. The mechanism by which this may be done is
shown in Fig.3.

In particular, as shown in Fig.3, if a potential is applied to the aluminum electrode
underlying a cell, then because Al,Os is a dielectric material charge separation will occur

within the Al;O3 the polarity of which will depend on the polarity of the voltage applied to
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Al O. As shown on the left of Fig.3, if a positive
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be completely avoided since there is no electron transfer between the sample solution and the

surface of the dielectric layer. The nucleic acid fragments can thus be electrically drawn to
the attachment surface withoﬁt electrochemical degradation. A further importaﬁt advantage of
the field-assisted hybridization method and apparatus of the present invention, at least in
preferred forms, is that the salt concentration and pH value of the sample will not be changed.
. These parameters are crucial factors influencing the hybridization efficiency and the stability
of the hybridized nucleic acid fragments. Prior art electrically-assisted hybridization
" techniques lead to significant changes in the salt concentration and the pH due to
electrochemical reactions and other techniques, such as special buffer solutions, are required

in order to compensate for these effects. A further advantage of the present invention is that
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acid finpmtntsnthiesinventicl isctovr bensradly appdigahle dasanynpioggical process that
el ectrolysis can be conpletely avoided since there is
involve0 eRbeRRNPBhirpad Sheitieh ehdvedrert He isaleplral solhst bidn tancbntrol the
the surface of the dielectric layer. The nucleic acid
moverhdnR RIS c1eaRich iy Sh B S bRt fes 'b9adtﬂré’ctﬁ‘1§3e§&ﬂef)éllihﬁ1 Quch entities to or
att achnent surface wrthout el &ctrochem ca
degradation. A further inportant advantage of the
ﬁDnJaﬁP&%ﬁEassisted hybri di zati on nmethod and apparatus of
t he present invention, at leasf in preferred fornms, . iLs
URigts tnd Papt2 Somnbentt @meawe%qqﬁreﬁmtww% ty stpyeig QFrEJF%S-l to 3
wi || not be changed. These paranmeters are cruci al
with afidefthowt dnrdléateead ipotentinleapplibt todthe atvinsinuef glectasas hengat the cells.
the stability of the hybridized nucleic acid .
It willl sf265R Be URAERt00dr thaireell rof dhtdeyexassilat #ha reaction times, applied
hybri di zati on techni ques | ead to significant changes

Volfagésr!antd%ﬁqé %Halﬁ‘éﬂ’r}g r%fbt aﬂlﬁ‘&l&f%ﬁeﬁﬂ@l’}l 2R RE) Bi@arted as desired.

el ectrochem cal reactions and other techniques, such
- SHiRRL A BYSh EEHRFy E  pEd o
optied T LSS B 5 kol PRI it
the sol utions/reagents S L
electrical assistance. In this Example the target oligomers in the sample are synthetic -actin
(91 bases, pure) and the hybridization time is 90 minqtes. The target oligomers are present in
the sample of Fig.5(a) and not present in the sample of Fig.5(b). In neither Fig.5 (a) or 5(b) is
an electrical potential applied to the aluminum electrode, but the cells are clearly darker in
Fig.5(a) than 5(b) owing to the presence of the target oligomers in the sémpie of Fig.5(a).
In Figs.6(a) and (b) the conditions are the same as in Fig.5(2a) and (b) in that the same
target oligomers are provided in the sample of Fig.6(a) and no target oligomers are provided

in the sample of Fig.6(b). In this example, however, a potential of +10V is applied to the

aluminum electrodes and the hybridization time is reduced to 10 minutes. A comparison of



i nvol ved in the detection process will not be
di sturbed. There will be no bubble formation and/or
W(prz(msmmoumtl on durl ng the detection process, WCTN2®4/001180

Figs.5 &Ygﬁiﬁ&? |S{10‘§§] g(aﬁ)gj grag% b gﬁt %at V\ﬁ i gtlﬁgwahng even
preferred enbodlnents of the resent.i.nvent
- thoughifbe bybishantion lipebEdsee NbSHRALEEIBF éamﬁw'ﬁ%ata i piGptivevess
in the detection of nucleic acid fragnments,
of the hppliedtvolingd 1 aupelerateg erediybyidizppen. cis] @nﬂmiaﬁy:tween Figs.5(b) and
bi ol ogi cal process that involves electrically-charged
6(b) Wﬁﬁ‘t‘: 'n()'tﬁgeta&%o%% e Efesbr& sHewS thattHeappledid gt doemit feld to any
' tte novenent” of sulcI el ectrically- cﬁarged entities by
- _attrac repelling such entities to or froma
false P%%ﬁ‘Y%"c‘%ulP% -t g 7 shgw a nunber of exper i ment al
sults usjng the struct re of, . Fi t Q. i
IR i ot P e @e%ﬁ#“ég fh A0 %ample are
al um num el ectrodes beneath the cells. It f .
avariar Gofleenzhevinrd 6AEY b TP tsblype n(24 | bases (piEsd WB t}%@'s nEfgpecific
reaction tines, applied voltages and ot her paraneters
oligom@fsy. BUEE |thlre€>é@§$|(a) i) ahel hymydibetionatithe ds 48 mimsiase@he differences
Figs.5(a) and (b) show a control in which in neither

bemee?ﬁaisig]s '7%2356‘)' %’(3; t%rgg g@@angﬂf g%a)atlarg%P Blik@Herk Ard PRsent in the sample

erefore the hybridization
and an g f%mlétgali g&t—i-é ﬁ{/’ g%: l%rrglrt% ﬁfé%h?rhﬁﬂﬁ?ele«%tfbéeg beneath the cells;-In

synt het| c..b-actin (91 base pur e
Fig 0y v taich Al ETHEIS R DTSoS 1 e TS FhEh el gisel BRIFRiReF $10V s
are present' in the sanple of Fig.5(a) and not present
applied 1o thvealsanipine etectiey. lse(nbath the cnﬂss tamérm@l@ T6Qatprast obgeypers are
: is an electrical potential applied to the al um num
presen€inefit EAASle bathio tleericall Josentinkis abplied tp thankerinim electrodes beneath
Fig.5(a) than 5(b) owing to the presence of the target .

the cel?% )AQ%%E]H; ﬁ%% E% §1@ sREWP Itk?at CJifl’ch':a By B @ationNtifk $F-dafyal 0 @xﬁﬁutes the

ons are the sane as in Fig.5(a) and (b)
apphca’aon o*%% +1tO'Q/epo%enq%1 to the electrode results in accelerated hybridization and strong

51gnal (Very dark areas in the cells of Fig.7(a)). In companson the similarity in appearance
between Figs.7(b) (without target and with applied potentlal) and Fig.7(c) (with target but
without applied potential) shows that it is not possible to obtain effective hybridization in the
same time period (10 minutes) without electrically assisted hybridization.

The present invention at least in its .a]'gplied forms provides a simple low-cost device
| that allows nucleic acid ﬁeld—assisteci hybridization and/or other biological processes to
proceed at 2 much faster rate with high performance that can be applied to a large number of
possible applications. The present invention employs the principle ef charge-separation in a
dielectric material that is in contact with an electrode to which a potential is applied. In the

embodiments described above the electrode is aluminum and the dielectric material is Al,Os,
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target oligonmers are provided in the sanple of
Fig.6(a) and no target oligonmers are provided in the
W@ 20051088088 Fi g.6(b). In this exanple, however, PEI/CN2004/001180

ote i al. 10V, i,s .a '
but otfiP BB Ae TR T LG B e oG Fr Bl B ncs grq el ossibte.
m nutes. A conparison of F| 5(a d 6(a), sh
For expmipis, §13 A 0rBat b Rac-basco i ah ALt Btepy for the Hachment
illustrating even though the hybridization tinme has
surfackeen substantially reduced, denoristrating the
ef fectiveness of the applied voltage in accel erating

tﬂﬁc&ﬁﬁ%ﬂ Wit ahé Phior ERedsviides | tRatl sy Debmertiofrilgger, {B)oxide based
and 6(b) where no target oligoners are present shows '

&elec%gglaygp %.’1 %@1@!311 ?&t?ﬁgl &/ﬁgeth)go é(‘)tﬂ)(a% }%JS%C; % tlfll%l ﬁl%t is robust

'veé resu Strate a th
xanpl e i n . whi

o R 8k B e e a;%n% cormont

bases m xed with other non-specific oligoners) al |

used i hicdegiod gerstipny The strupfaranigildogitatde wak regards t%aqbﬂenf factors such
m nutes. The differences between Figs.7(a)-(c) are as

as tembelah@wand himfdily. aA( 4y lesavgiatrabld tggiigsisalataemage Beryiroilnction costs
the sanmple and an electrical potential o Vis applied

are lo f l‘tEﬁl? fleu H&'ﬂ&'é“cﬁﬁelfé HRAREacREBE by LdAGiIF Qlstr® stafdard deposmon

no target ol |gorrers are present in the sanple
ctri.cal,_potenti .+ p tg. t
reotmidfi] A R By PRl s gt o REn shdaLfbe! B of such
target oligoners resent_i.n the e_but .
microglpesorias po %%ﬁl%qagﬂ%nre%t?%moh%u?sgntfﬁ% %i’anarﬁcﬁw? the devices of
el ectrodes beneath the cells. Again this exanple shows
the prestuatinwénttionaldoytas itk abventege tharéheodevings pan tagilyi e dacorpaiated nto
application of a +10V potential- to the el ectrode
other de®fdh hixdk DsiBg €l sematoe dintiyRtédhingldgiyon and strong si gnal
(very dark areas in the cells of Fig.7(a)). In.
conparison the simlarity in appearance between
Figs.7(b) (without target and with applied potential)
and Fig.7(c) (with target but w thout applied
potential) shows that it i not possible to obtain
effective hybridization in the sanme tine period (10
m nutes) without electrically assisted hybridization.
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CLAIS

The present invention at least in its applied forns
provides a sinple | owcost device that allows nucleic

wa@eood/oBsoas d- assi st ed hybri di zati on and/ or ot hePCT/CN2004/001180

bi ol ogi cal processes to proceed at a nuch faster rate
th high performance that can be applied to a large
nunber of possible applications. The present inyvention

. enplApperatisefoprdetrctipg ¢argét wivdaigecideipar unple, Feroprising a substrate

dielectric material that is in contact with an

el egihdewith Wiesh chepRh@itn edll, i whapipl $adl redctien cell includes an
enbodi ment s descri bed above the eI ectrode is al um num

and ot Dnfl kGO HrlBd BF hHiclbSrif archidi A8k tnhiRfment of nucteic

conol nati ons O ectroean ectric

attac surface are also po e. [For_exa Y

pe. ASBGARETERIES ot Gre BT e dr 1S R i Y contact
attachnent surface. | contrast with the prior art
devV@@Smﬁh@Pbgﬁ@néﬂ@@ﬂneat|on | ayer, the oxide based
dielectric layer in direct contact wwth the el ectrode

provides a structure that is robust, conpact,
chemcally inert towards nost of the acids, alkalis

. and A¢ ? bhE ks 8 RUBMES irF QBTD M yheksiR daiti R1d2rBH W 16 dbntact with a side of
|

reactions. The structure is also stable with regards
to i.ent . f . . e mdity
andt8 B G ERRERL St SRk IREURL I AR D
producti on costs are | ower and t he deV|ce can be
manuf actured very easily using standard deposition
techni ques and other mcroelectronics fabricatjon

. t ec Appepabss.as chdmediin Hainub swhetein spith dislastreranateriplon pe exide.

deposition and fabrication techniques in the
manuf acture of the devices of the present invention
al so has the advantage that the devices can readily be

_inc g&ifaa{sea‘é d1Ata@d 94 RBm @ewh&%ﬁl SR BicketrtOmb 38 a SR Belebted from

simflPar technology. 11CLAIMS 1. Apparatus for
det ﬁﬁt i L8Rk, 8%‘&'12%3931%% Alair,@;.5ampl e, conprising

Apparatus as claimed in claim 1 wherein said electrode is formed of aluminum.
Apparatus as claimed in claim 1 wherein said dielectric material comprises AlO3

and said electrode is formed of aluminum.

Apparatus as claimed in claim 1 comprising a multilayer structure comprising a
first base layer, a second insulating layer formed on said base layer, a third layer
férmed on said insulating layer and comprising paftemed conductive regions

defining at least one metal electrode, and a fourth layer comprising at least one

12



formed with at | east one reaction cell, wherein said

reaction cell includes an attachnment surface forned of
wa2esebseaet ric material for the att achrrent of nPECT/ENe004/001180

acid capt probes, .and mhere r.od

ot 00} R e, SN AT tRL P B oS id Bird layer

material . 2. Apparatus as claimed in claim1l mhereln

sai @ @iversdrhyteregioniof didestrematpiehingaid fgarthfayeai d

dielectric material opposite fromsaid attachnent

surface. 3. Apparatus as clained in claim1 wherein

said dielectric material is an oxide. 4. Apparatus as

8. Cl aA('}?Qr iy & Mifed iMBRER 6Bk tHE BhtREhdd @oﬂae&t% Rbions of said
sele é’fron1the group consisting of A 2 3, and 5.

d
e SR

cIa|n11 wherei n said dlelectrlc mat eri al conprlses A2

3 and said electrode is forned of alum num 7.

Apparatus as clainmed in claim31 conprisin . L
9. mul tAippasasrs sstolaioted ire cleimmp rhsieiy sadfregions @fgﬁeleﬂatyéna}teraal in said
second insulating |ayer fornmed on said base |ayer, a

t hi gelrlemesr afr@ééﬁﬂlt&ﬁbysﬁgﬁnb pSabadsivagon eeesriadnd
conpr|3|ng patterned con tive regions defining at

| east one netal electrode, and a fourth layer
~conprising at | east one 12region of ‘dielectric

mat eri al mher ach sai tal electrode

104 hi p[alg{}g»r ag g }Ié&lagy Eg éel%r?alo reglo& ec% Eas§§?’agon material
material in said fourth | ayer par at ys, as %8 mé
in extghdoseniherdges aftseidyagions ﬁ%@tel,eg theyal toetsban saigfreaction

said third layer are separated by regions fornmed of
di ekelttric material. 9. Apparatus as clained in claim
6 wherein said regions of dielectric material in said

11.  Apparatus as claimed in Claiim 1 wherein said sample comprises biological

substances.

\

12.  Apparatus for detecting target biological material in a sample, comprising a
substrate formed with at least one reaction cell, wherein said reaction cell includes
a surface formed of a dielectric material, and wherein a metal electrode. is

provided in direct contact with said dielectric material.

13. A method of performing ﬁelanssisted hybridization in the detection of nucleic
acid targets from a sample, comprising the steps of providing a reaction cell
having an attachment surface formed of a dielectric material, providing a metal

electrode in direct contact with said dielectric material, attaching nucleic acid

13



fourth layer are separated by regions of a passivation
material. 10. Apparatus as clained in claim8 wherein

wa adod/0ssegs ons of passivation rrateri al extend ORET/CNb®4/001180

gglgsc eac?l%ggs {oe%u? n&ac%ﬂggf Sfr u § as %@ Fréér%l)]ie;tg éﬂﬁfré&?on cell,
1o RUFEPALRE ol eoetrsxe»rgﬁ?oa?a'@@?leﬁ%‘: Cogi cal e al

in a sanple, conprising a substrate formed with at
| east one reaction cell, wherein said reaction cel
i ncl udes a surface forned of a dielectric nateri al,

14and AahestRéd a@ chihed e bkbh rIgdehdrsinatl eldeodenisdprbeided in contact

contact with said dielectric material. 13. A nethod of
ber T o B9 old:Qlrdai iA%sdished bl bl Chitdoimbiurface.
detection o nuc eic acid rgets from sanple
conprising the steps of providing a reaction cel
havi ng an attachnent surface fornmed of a dielectric
material, providing , a netal electrode in _direct

15¢ ontAcieifiof has lgimerle e dlaime [Fndere | said tea%qﬁnwé potential is a
nucl eic acid 13capture probes to said attachnent

sur fecantnucadlyi apgliedhpotsaimdl e t o said reaction cell, and
providing an electrical potential to said el ectrode.
14. A nmethod as clained in claim13 wherein said
electrode is provided in .contact with a surface of

6520 Sl S BMIASEI 1 RO SiPLE SO Pt o

eI ectrl caiJ ?ot ential is a contl nuously appl i ed
pot SREFSE P A method as clained in claim13 wherein
said electrical potential is applied as a

17. A method as claimed in claim 13 wherein said sample comprises biological

- 18.

19.

substances.

A method of attracting or repelling electrically-charged entities to or from a.
surface of a reaction cell when performing a biological reaction, comprising the
steps of providing a dielectric material as said surface, and generating an electrical

field by inducing charge-separation in said dielectric material.
A method as claimed in claim 18 wherein charge-separation in said dielectric

material is induced by placing an electrode in direct contact with said dielectric

material and applying a potential to said electrode.

14



series of pulses. 17. A nethod as clainmed in claim 13
wherein said sanple conprises biological substances.
waooshssvet hod of attracting or repelling PCT/CN2004/001180

el ectrigally-charged entities to_ar from r.face. .
20 3 RS BT HER b pBErie At aRl) Borenilss A5flied to saia
reaction, conprising the steps of providing a
di elcletrpie material as said surface, and generating an
electrical field by inducing charge-separation in said
dielectric material. 19. A nethod as clained in claim
18 wherein charge-separation in said dielectric
21mat ef hkhddSad SlekeRdinbylaih 491 Wikkrain £helktd poRniitl giapeltd to said
contact with said dielectric material and applying a
potgg%&@heto said el ectrode. 1420. A nethod as cl ai ned
in claim19 wherein a continuous potential is applied
to said electrode. 21. A nethod as clainmed in claim19
wherein a pul sed potential is applied to said
+  electrode. 22. A nethod as clained in claimwherein .
22sai o wethordes gleimed pi eleby 1P whesvin seid ajgdtieda ispipgedda contact with
the dielectric material opposite fromthe surface to
whi eRuifhe: afithe distbcait mbiedsal eppesitofibem tht sudntedd Whiclothe charged
repelled from 23. A nethod of accelerating a ,
dett%ﬁﬁﬁé%rhr@fo%eﬁtﬁ?&&itomr%ﬂﬂe& #onft0l ecul es perforned

in areaction cell, conprising the steps of providing
a dielectric material as a surface of said reaction
cell, and generating an electrical field by inducing

chargeseparation in said di.electric ri.al .
23, Agmethgg o% accelerating a detection process fogg}o?ogical molecules performed

in a reaction cell, comprising the steps of providing a dielectric material as a
surface of said reaction cell, and generating an electrical field by inducing charge;

separation in said dielectric material.

24, A method as claimed in AClaim 23 wherein the molecules are nucleic acid

1

molecules.

25, A method of forming an array of reaction cells for performing biological analysis,
comprising the steps of patterning metal electrodes on an insulaﬁng substrate,'
depositing regions pf dielectric material on said metal electrodes, and forming a

‘1im around the edges of upper ‘surfaces of said regions of dielectric material so as

to define said reaction cells.
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24. A nmethod as clained in Claim23 wherein the
nmol ecul es are nucleic acid nol ecul es. 25. A nethod of

wo esosiosgp4@n array of reaction cells for perfor PCTVEN2004/001180

26

bi ol pgi cal. anal ysi 0 iL.Sing the ste of

pat oIy A TeiRgUAS CORTLE SUPSRPA lever of metel on an
substrate, depositing regions of dielectric material _. .
on daTuplingsaTiacs eetarmgacdesiipdipatsraphepidmefaklayebwith anhetoresist
edges of upper surfaces of said regions of dielectric

mat eni atmedngshet rendfdenef sad daatddayer by anedfidisng p%26ss, Aepositing
nmet hod as clainmed i claim25 conprising' depositing a

| ay @rlapdr ofBiialdicdsbuddmafteidl e¥drReidiatbRes metQetekdbg said dielectric
desired pattern of said netal |layer with a photoresist

and Iﬁﬁgf?a‘g icQQerg Qcﬁd ggt@ﬁ&flﬁl%tga? gn(f g%/cglpfgg @s%%%yb%m%&é Al patterned

et ching process, deposi ctric
wher.e

materi al ,over said patterned netal sal d. : .
o e FlachPie Hining B RsEi 00 i sone SrichYsrost ilgsiric material,
occupi es the areas between said patterned el ectrodes,
deposttetinggsail paesiviation layier Watpet pbeteresishpnl remyaingsaid passivation
dielectric material, pattering said passivation |ayer

W t faya@r pd @bper esidsdickoticr emteriahgviesd it @assd vAd inostal elgeirodes to
to open said dielectric material where it covers said

met gkfisd RetiiRAeR dpsdefine reaction said cells. 16

16



