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1. APPARATUS AND METHODS FOR *159159* DETECTI NG
NUCLEI C ACID IN BI OLOG CAL SAMPLES FI ELD OF THE
I NVENTI ON This invention relates to apparatus anml'l'”"““I'I‘I“'"“mm“'m

met hods for det [ ﬁﬁl c.acid. i i ol ogi cal “159159%

sanples. In par %&%é@f é‘ﬂ}?é@ﬁﬁoﬂ)ﬁggﬁﬁi on rel ates

to a noHTEPNNGAUST BIU ATEDOUBIGIarGIetTe g4 Vi FANA

sequences using field-assi'sted nucleic acrd

hybri di zati on and to nethods - for optim zing the

performance of suc %WDJ‘?‘EﬁT t her the present

invention extends Il?gt E use o |-fec?ig- assi st ed

hy Bhisdimvattionn rélatesary dppakingi emd npatiede Sr t diddctinh ChustS acid in

charged entities. BACKGROUND OF. THE | NVENTI ON The
biolegi®il gangles. of phiighardensretent BRkNHGERAE kHL1ERY aMPRE and method

RNA) array technology has transfornmed the basic

for RAREEH TN LSRRI LG HM-RERIATRLER a%f@ﬂ%ﬂd?zarxyi‘ Gnd to methods
transition from "dot blots" to ".arrays on gl ass

| i des” . i | so_known_as .DNA
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.wel |l -known, a typical mcroarray, with reactive sites

enfijey 5 predet erm ned configuration on a substrate, wll
exhibit a binding pattern when exposed to a sanple
with target nucleic acid fragnents having a base

sequence conplenentary to that of the capture-
fragnments attaBR¢KGROUMND OFTHE WSVENTI@N. The

ot e PRAPRYF ST ey spbBL BN E (e ThERS! ilAn 2 techmology

h_ .appL.o ré%eb det ection nmechanismis used, which may
as fansiogged 15,038 SAPTERTS of | SFEPTRE @R Projpeics prplysis ibe iransition from

“dot SRS 11 BRI b S S R B 1B GPYA RyiBRoRaFaalsoriiognaes DNA
~ known technique in the '

chips) has revolutionised the industry by making large-scale clinical diagnostic testing and
screening processes realistic for practical applicaﬁons; As is well—lcnbwn, a typical
microarray, with reactive sites in a predetermined configuration on a substrate, will exhibit a
binding pattern when exposed to a sample with Target. nucleic acid fragments having a base
sequence commplementary to that of the capture fragments attached oﬁ the reactive sites. The
binding pa.tte.r.n. and the binding efficiency can be detected by optical or electronic mefhods
when an appropriate detection mechanism is used, which may include for example
fluorescent labeling, current detection or impedance measurement. |

The use of electrically-assisted nucleic acid hybridization is a known technique in the
analys%s of biological samples containing_'DNA, e.g. blood, plasma, urine etc. Conventionally,

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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anal ysi s of- bi ol ogi cal sanples containing DNA e.g.
bl ood, plasma, urine etc. Conventionally, a chip for
DNA detection is formed fromone of a variety of
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equenpce.in a biological sanple, capture probes
att%ggé?é ?@ﬁ HBichis comvsrinpely 47 gomREe Bol-of renelsgiaplesamplcaeontains the
to the Chlp surface by neans of an attachnent |ayer
targep PRI A, itke doaste MNHnatill ybind tagsrrcosemplementdry aDNA fragments by
bi ol ogi cal sanple contains. the target DNA, the

hybrifizetie; aid\eriots imégingltdchnitize monts eens detectMAh hybridization and
fragnments by hybridization, and various imging

thus the pResérge @sthd®nl€ ofisedark@ Tighect such hybridi zati on
and thus the presence In the sanple of the target

DNA. PRIOR ART Nucleic acid fragnents are electrically
charged and thus can be attracted towards a

particul ar site by elec %ﬁﬁ{%ﬁ. attraction by the use
of el ectrodes and ,thus e application of an

apyuctar dad faphents rareceibctnwlhyemargeh emB\thiid eirzed ht@fcted towards a
process may be accel erated and thus the detection

partiquiad 685 By Elsctidstfic aceation 8 &k udsMRKRIroddst an'd%hﬁbolgy the application
possible to use the electrode in direct contact mn?%

of anta optigt Eledtricd chnéﬁtqaérﬁwrﬁlﬂﬁeﬁgfo%eﬁf o;ht;SI 1 o{f%'ied%d thus the *

ect rochem cal degradatlon or electr

detecﬁ@z[‘fpflogess on?katea?Eélgrﬁe 4 %Q\%‘i &t %rn%tg ssi ler fo use the elecirade in direct

_ perneat| ac aer IS
. US 5605662 and 6 06348, The
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| 0 terial
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e se ctlv d| fusion of smal| ions and al so as an

normg %t SORRENPL sHFf SISETPeT ashehQvabt Br & r AS§62 Dinde (1306348  The

contact of the nucleic
permeation/attachment layer is normally made from porous materials, eg sol-gel materials,

porous hydrogel materials, porous omdes‘ and serves to allow the selective diffusion of small
ions and also as an attaéhment sutface 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 underneath the permeation/attachment
layer, the devices of the prior art can provide electrophoretic transport effects without
electrochemical degradation of the samplle and can thﬁs enhance hybn'dizatioﬁ. However,
such prior techniques for enabling electrically-induced hybridization are not without their

drawbacks. For example, porous materials such as hydrogels and polymers are vulnerable to



acid fragnents with the electrode is reduced owing to
the size of the pores of the porous materials which
are generally too small to aIIOM/the | arger nucleic

e PR e B et A A Al % o
geatl attachnment g t he devices of the prior
amblgt 5 gfga\ﬂfﬂ)ém&o%ef F@rﬁ"r Ftsrials 18 fepr andeqopmbieaed, increasing

wi t hout el ectrochem cal degradation of the sanple and

the apgauasivsing nensise & uapbImale ZBe | perouHomaiemals ars uwhirplhi dragile and
techni ques for enabling electrically-induced

susceygtible ¢ zdsbiption ané throtrappitghofitmddsized foreipawhadiols suchras moisture
exanpl e, porous materials such as hydrogel s and

hydrp cdriyeraris aiay resuttidgnie nabbrerisbel f-Afelet ths A0fc@k] on under
contact wi th aqueous solutions, various chem cals and
a nunmber of anbient factors. The preparation of
sol-gel materials are costly and conpl i cat ed,

increasing the gBOMIAL ?gzggﬁhﬁl thernDre t he
porous naterrals are natura rangg and
I o ads nd the tr
e(g(ﬁ-?%lg tgor ePrese ]g%ﬂ gleﬁr é%PIQ?d%&aBP%?%S for detecting target

ocarbons |n alr resul a shorter-shelf-life
nucl%# L 28 el bR | RGN et apngeacgon ool
the%g{esent i nvention there is provided apparatus for
Wieps @id FREFmar Pl anettiachaar shiacs fommal of, 2 Gelepirie shaieial for

a substrate forned with at | east one reactlon cel
the afjaelaem of aneleic @aidt daphire plobes, nofl vdesima natdl aiHotreddt is prowded in
surface forned of a dielectric material for the
direchcortedtrvetit said dielectrieintatantdl.d Tha phmple ndyoddegrise Biblopel eilittances
a nmetal electrode is provided in direct contact with

and thakgnflle @l Cerwatemiet  soRition b eeapadtP T e BBYpIE BIAP2isS ®e a biological
bi ol ogi cal substances and the sanple may be

sampleSichWe bRbd, Sedmi drefner reagent. The sanple may al so
be a biol ogical sanple such as blood, plasma or
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contact with a side of the dielectric material opposite from the attachment surface.
Conceivably, however, it could be applied in contact with a side of the dielectric material or
| eVen in contact with the attachment surface itself.

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

In preferred embodiments of the invention the apparatus may comprise a multilayer
structl.rre 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 Tegions

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



contact with a side of the dielectric materi al
opposite fromthe attachment surface. Conceivably,
however, it could be applied in contact with a side of

: c Ler al ven.in contact . with the
seiche SUBLECHELETLE R B RUSDSL B SOMbEE LD ther o,
ntion.the diel e trlc terlal is preferably an

regiog >?? SJef’? maletalip éalii? R@yl%“éf Eiferabls dbe pastermeR ongusiipe regions
conS|st|ng of A1203, Si 02 and Ta205 The net al

of the {bizd lavsa ater ssparaind Ap Fagioma Jorseed! ofdiglectnd materinl Atifmdra praferably
preferred enbodi ments of the invention the apparatus

the regigps of disgtdctrs matemidl i1 $aid/fonurth deyen ateseparaedpy rdpidt of 2 passivation
first base layer, a second insulating |ayer formed on

matesa]j zhdiths eegiay ©F passivatidai Iﬁﬁeﬂlﬂ}iﬁiy &8RO e %@éég of said regions of
i nsul ating | ayer and conprising patterned conductive °

dieledtB@hRRsial Befdint f8d Rhctlogastis. one netal el ectrode, and a
fourth layer conprising at |east one region of 3
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in said thi overe

: e [ sal f a Pref rab
perfoffi} ﬁ% e %555‘%!’”% Ve @35 AEéthg: 8 Rhiein; st from 2
rated. reglons orned of dielectric
violoff BRBR HeFprinte e BReraraipe ¢ Fechey P@hé&*@ﬁg e aftachment
di terial in said fourth | ayer are separated
S“Ifaﬁfe BE5 D oo Bie pARiop AP ne el el odn bemtedh peishoontact
assivation materi al may extend over the edges of
with %aad elegigic apaterisl, attashingmcldic agid captinalprdbes thedzih st Rinent surface,
_reaction cells. Viewed from another broad aspect the
addingaesgmple forsagiteadion pelhvind @sowidingt daodectical peehid i BAd electrode.
fiel d-assisted hybridization in the detection of
The samp]leena:y atiydist fofeficl fubetahées ﬁﬂ(ﬂl@gﬂmﬁﬁé maf Hp'w%stewater solution
conprising the steps of providing a reaction cell
or reaenti MYe 84ingsit trRQANBME 2 bividdicd 8athPleBch belc%d?l" Crobie.
mat eri al , prOV|d|ng a netal electrode beneath 1 n

deh@Céle&x%hﬁ afotentidtl Ihy SR gheflieg! fCLT oﬁhﬂﬂ%ﬁ?r 'o?el&mal or may be a

attachlng nuclelc aC|d capt ure probe

snwo@ﬂ g spadding a sanple to sald reaction
eII aﬁd ﬁrOV| |ng an el ectri cal potentlal to said

el\/?&;,gé) ﬂ’gm another broad aspect the present invention also prov1des a method. of

atfracting 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 dieleci:n'c mateﬁal as
said surface, and generating an electrical field by inducing charge-separation in said dielectric
material. The electrically charged entities may be nucleic acid molecules.

Viewed from a still further aspect the invention also extends to a method of forming
an amay of reaction cells for performing biological ana1y51s comprising the steps of

pattemmcr m°ta1 electrodes on an insulating substrate, depositing regions of dielectric



The sanpl e may conprise biol ogical substances and the
sanpl e may be wastewater, solution or reagent. The
sanpl e may al so be a biol ogical sanple such as bl ood

. [ The el.ect.rical_potentjal ., may _be
oS5 ] L B BB LB R B e o

.. Smot h var.yi ng,. or pul pot.ential . Viewed from
said Iaemg)f1 ?18#(%%1?%5% m&%ﬁ’@&o a@ﬁ%g%g’@§§’ﬁtm4cﬁ\?% Relson al so
prov'd% a method of attracting or repelling
eI%E%‘_“Far g’aFf‘I’TyQ"éWﬁleg@G reihqG 18 cergprine depositieg s layEaafemetkl on an
. .a reaction cell when performng a biol ogical
msmﬁ%cﬂl'@m‘, mg SIdn:glrddhpa’fStmp£ saifl pial=i21Y ﬂ@bﬂgnt@ a photoresist and
dielectric material as said surface, and generating
remosmgdhertmirtat of dabl tefaylabGrdbycim @GR BRe CABOALHOT 1dyBr of said
said dielectric material. The electrically chafge
diele€fit inbdt€rtu] ¥ B8 PefrRiLC mRGl %ﬁé?éb‘;%ﬂdeaie1e¥ﬁ{avﬁgzeﬁgloé‘3v%m said
still further aspect the invention also extends to a
atternBd H9&ai0%nd ' r Lon_ cell or oy
pelteliB P BhpRS nO b iR SEEEMAN Elerfoded; dppsiting
-Qf [ el ectrodes.on_an insul ating .
passition Bt 671 8 % B 8-E51 BRE5D T Bnactiid msigetibn tver with
material _on .said nmetal electrodes, and formng a rim
- photo s 2% rREOWRG S8 GASKIFASER eYRer B en GRid digiegivie dgrion witers it
di el.ectric nq%erial so as to_define said reaction
coverg sgif Q?etaéf’]éf‘%‘? BfqdefingFeaghapgsideelishe net hod nay
: conprise depositing a layer of netal on an insulating
surface, covering a desired pattern of said netal
| ayer with a photoresist and renoving the remainder
of sai d net BRIERNRESCRIPATONQINTHY DRAWESSS deposi ting
a layer of said dielectric material over said :
pabinerendodinedna ofihe idlaytiGawil]l dbw® bt ebdibed® evrrdya$f example and
covers said patterned netal and occupies the areas *
with leftaeeto thabcbopbinghn@dwalcgGhhallgs, depositing a
passi vation | ayer over said |layer of dielectric
BT iah sedtbkionk i VAL ith a
phé%oresist and1?2%%%?%8agg%ﬁhbgégﬁgg%?%ﬁﬁFﬁ%é&o@gmmtofﬂm
ORRRR&hAnGhel ectric material where it covers said
netal electrodes to define reaction said cells.

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

Fig.3 is a schematic illustration showing the undcrlyiﬁg 'priﬁciple of preferred
embodmments 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(a) and (b) show second test results, and

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS



BRI EF DESCRI PTI ON OF THE DRAW NGS Sone enbodi nents of
the invention will now be described by way of exanple
and wth reference to the acconpanying draw ngs, in

wh ction ou chi )
M ?P%%g%én Bt P 41dh el venion Bat inctudes
. . a Vi.ew ar_to Fig.1l but

tored, G RPiiging : ool Srntiitie $uBs S, vl be understood that
illustration shomnn t he underlying principle of

any gyl of gels camid e H@wﬂ§¢ ¢nd they yived apmmaliyvkenforoed infi rgctdngular
illustrates the steps in a possible fabrication

arrayjyr ocess, Figs.5(a) and (b) show first test results,
Figs.6(a) and (b) show second test results, and
Fi GBe d¢vice. acedrdinglt) aghewpokibhdntl of €&t inkesiontis fETAk lb?—@equenual
DESCRI PTI ON OF PREFERRED EMBODBvI ENTS 5 Fig.l shows

depdsiliof €6tb ON s@icBAr §ub@t.fra’c§nus%'[%"I Q:ghﬁﬁg)nzﬁf fl%%%tﬁﬁe?e%ﬂh%ues Firstly,

i nventi on that includes ree cel recel

1 i o e l
e il vy o8 1 b e s 20 1
5000 ﬁ%ﬁlr?eq ’on%ds ﬂgyua%gnafg\%tﬁl @J%]%B{: % qdbngatlh}ermal oxidation or

rectangular —arra
of..the i.nvention is fabricated
by ?@qﬂgﬁﬁg ﬁﬁepoﬁgﬁ%sﬁe?%%eo g a5 P isampisy BB‘%%&P& eS¢ty beam
convent onag#de(ﬁgy tiagn techniques. Firstly
evappraiign 1{1 demof e msplating deveeds Cfﬁm&dogﬁlg;ﬁ(baa) a layer of
t hi.ckness of between about 200nmto 500nmis formed
alumypm pia @c@%ﬁfrb&fvéeeﬁyabQWﬁoﬁmTaﬂloéonradgmlnmsmg any conventional
i ncludi ng thermal oxidation or by any suitable
deposfpoteckiigest echni que such as for exanple sputtering,

el ectron beam
Once the layer of aluminum has been formed, it is patterned (Fig.4(c)) using a layer of

photoresist and the unmasked areas are témoved by etching (Fig.4(d)) and the photoresist is
removed (Fig.4(e)). The chip is then coated (Fig.4(f)) with ALLOs to a ﬁcbess of between
50-500nm with regions of A1,0;3 being formed between the aluminum regions that are formed
on the silicon dioxide substrate. A passivation layer of (for example) SisNy is then deposited
(Fig.4(g)) on the Al,O; by means of plasma enhanced chemical vapor deposition- or similar
techniques. The passivation layer is then patterned with a photoresist (Fig4(h)) a.nd.' .the
passivation layer is then etched (Fig.4(i)) to open up the Al,O; areas that are to become the
attachment surfaces of the reaction cell. Finally the photoresist is removed (Fig.4())).

The result of this fabrication process is the mulﬁ-layef structure of Fig.1. Regions-of
aluminum are formed on the insulating layer of silicon dioxide and these aluminum regions
are separated by Al,O;. Formed on top of the lﬁycr of aluminum and A1203 is a layer that

comprises regions of Al,O3 located above the regions of aluminum and separated from each
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evaporation and the like. On top of the insulating

| ayer is fornmed (Fig.4(b)) a layer of alum numof a

t hi ckness of between about 500nm to 1000nm agai n usi ng
Once. t he

nventi.onal , depasi.tion.techni ques. ) .
ofbey B 4P BFSSART ORPHLS B NG REET (1 ALChEPORhSgparating the
Fig.4(c)) using a |ayer of,6 photoresist and the
ﬂuﬂ%ﬁ%&%@&s ap ErdoWrdaire fv aSHpter BRieRg! 115 grtondajo covRuithe edges

the photoresist is renoved (Fig.4(e)). The chip is
of the QGatoeas t¢ Refgnes(syfrcador 4 bmiod@l sample tdbaglaed Sorafalysis.
bet ween 50-500nmw th regi ons of A1203 bei ng forned
beltweB rihus foe valensiond that &gthe asarhpiakhewe if Big/Tede clép id Remed with
silicon dioxide substrate. A passivation |ayer of (for
threecoetisfll €3 oBtBIMmES of RO, 0AROSH ufdkrlyidd Shd%dfBldmBim! A8hough not

A1203 by neans of plasma enhanced chem cal vapor

shovHERP$E | WAL the faldhifrh 3giors %@@gﬂgrﬁgir et-gﬂﬁﬁ,pe@&?ﬁég&f%ﬁﬁons may

| ayer is then patterned wth or esfst
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...faprication progess is the nulti-layer structure of
Gifferqh Dol b 3 GPeay o PG SR Ghinbct T KB may be provided
.. insulating layer of silicon dioxide and these al um num
with sitabieeptugg proges s she wel irbkie A1 PoBending orethe teststio pe pérforued, each
. layer of alum numand A1203 is a'layer that conprises
cell mayibsrrrovfedAwRib3the semt eeptatsopmbesher wethi differentf caphurerippebes, the
and separated fromeach 6 other by the passivation
capturapestiea haBng Miclshiacill feapuents thaeadloehlEBit89So fragments in the
separating the alum numregions on the |ower |ater.
sampldghap &Skt Jr | :0dhy RISk foll BO0the %k 8RER IromiEOVRE LhRE1- 3 are all
edges of the top A1203 so as to define a surface for
identfbabir@ O@bE BF sHANP béhtdiBind SutbAcRHichQk 18RakY feXel Isétﬁ’?ft Ftl covers
t hus be understood that in the exanple shown in Fig.
all thtddgeghip is formed with three cells 1 - 3 each forned
of A1203 with an underlying pad of al um num Although
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nucleic 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
pfov'idi’ng an electrical field that will attract desired nucleic acid fragments towards the
attachment surface and the capture 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 AlO; is a dielectric material charge separation will occur

within the Al,Os the polarity of which will depend on the polarity of the voltage applied to



al so be fornmed that allow an electrical potential to
be applied to the al um numregi ons. Once the chip of
Fig.l has been fabricated it can be used as the basis
. ' di tf enemt bjol.ogical .tests and . . "
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1 ovi de i th sui.table captuyre probes as shown in
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have\y (PRSIgVE ROl ehishuvenlgr ¥beet nesaively abeged fpramvess, and repel
_having nuclei acid fragnents that are conplenentary to
positfvelygrharged fragntents. Commepely, tfhategative petaitial fr applis@yo #& aluminum
| ooking for. In the exanple of Fig.2, the cells 1- 3
clectmide, théd theingpdrtsiutale oftid 4,01 ofill Blko BRIz ARBHBtAEADwWhich would
buffer solution is added to the cell so that it covers
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illed in the art, if the sanple containstragne
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are, el ectr.i cal .charged, this hybridization can be
enablgh A c%eéecﬂ'ye %‘GPE(F%’E‘%& f aiclco apidf Fagmeninaandyithys enables

attract desired nucleic acid fragnents towards the
elec“éﬁaﬁlé{éwi%&ﬁ@ hykriGizatian hehopldebecenstersiand fiad theotenibial can be applied in
' mechani sm by which this may be done is shown in Fig (
many, & fferent yeave.i Ehe patentiab coidvior exankilg b8,a dohstantpedrinubad potential,
is applied to the alum num el ectrode wunderlying a _
may belsinoottie valytpaos enafkli20pulbel aitlthr ebigCiepiler FREEY bAlkn any desired
charge separation will occur wthin the A1203 the
patterpol arity of which will depend on the polarity of the
“voltage applied to 7 the alum num el ectrode beneath
t e pARZABr aASartdpeVei B ptdiend BitntRh B Basdinlifs Preferred forms, in
positive potential is applied to the al um num

contr®t §5ta 106 Prict BERs hbeuddRRRH ﬁégtfo.@ﬁ%ni% ir% ﬁoxﬁllj%ngl?(g}/%léétro ysis can

also have . a positive potentia WO rac

be coltP ALY UebiMeS BACAGT e i RONB G oA DERELD the sample solution and the

surface of the dielectric layer. The nucleic acid fragments can thus be electrically drawn to
the attachment surface without electrochemical dcgradati_on. A further important advantage of
the field-assisted hybridization method and appafatus of the present invention, at least in
preferréd 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 solﬁﬁons, are required

in order to compensate for these effects. A further advantage of the present invention is that



positively charged fragnents. Conversely, if a
negati ve potential is applied to the al um num
el ectrode, then the upper surface of the A1203 w II
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A1203 attachnment surface enables the selective
- of thedetecied sigmal.r epel | i ng of nucleic acid fragnents and
thus enables electrically-induced hybridization. It
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in many different ways. The potential could for
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ired ele em ca

movu#E pER: E%Sﬁ%ﬂgfﬁ?rgsi?&‘s%%w@v 108 SRSGE AL ARSS o or

the _surface of the dielectric layer. The nucleic acid

fromsugaient s can thus be electrically drawn to the
attachment -surface w t hout el ectrochem cal
defendén 7 ehow A Hugrheh ef expypmenahtesalthvamgaibe sofictutehsf Figs.1 to 3
field-assisted hybridization method and appar atus of

with etrbwjth@s en eleciricelngdtential giplibd asthe isumiie feRetrodks fiendim the cells.
is that the salt concentration and pH val ue of the

It mﬁarfpéomsm Bed uidestdre] ﬂdaaﬁlgem .of tﬂmsaaﬁgrearmé Q€2 tied Gmes, applied
crucial factors influencing the hybridization

voltagdsfang ogtRE yarameteishee piralyiekéhylaryOindtuhtsy AWREEE bz @Gired.
nucleic acid fragnents. Prior art

el ek b5 ahk Xb)aéifokaﬁh%@nﬂ%'v@h@@id Rithet €481k %%?ec&%@ppotmhal

to Si gni ficant changes in the salt concentratl on

applibd eco PHe AiEmirfim SHREHEAC Wﬁe@é@% LA 'h?lﬂ?l ons grogeeds without

techni ques, such as spect al er so

te for hese effe

eleci#lgagg%sés?a%gedv arﬁ]?1 ;ge or ttﬁ e{%;gre QRPRTH T STRPIE &7 .eﬁ% B-actin

(91 bases, pure) and the hybridization time is 90 minutes. The target oligomers are present in

the sample of Fig.S(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 cl.early darker m
Fig.5(a) than 5(b) owing to the presence of the target oligomers in the sample of Fig.5(a).

In Figs.6(a) and (b) the conditions are the same as in Fig.5(a) 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, héwever, a potential of +10V is applied to the

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



no el ectrochem cal reactions will occur and in turn
this will nmean that the solutions/reagents involved
in the detection process will not be disturbed. There

Fies ) i T he B e PR SR MR R B R, Ml oven
tonig G5 Rt O B b i TR BrBbieie the effetiveness

enbodi ments . of the present . invention are_ described in

of th FPlieg K e iy pecglepating tan QTR R R ThaSimarity between Figs.5(b) and
detection of nucleic acid fragnents, the invention is

6(b) Yrbere ng tangst aliggmerp preinzesontshows that thisiapplomgi \withgpdoee pstdead to any
that involves electrically-charged entities and where

false jpositiee medter ed to be able to control the novenent of
such electrically-charged entities by attracting or :
r emghta)-Q iSusdatee hintieREm$10 i@ bvhidhl BBk A& Wiikasss i8S adiple are
to 7 show a nunber of experinental results using the ~

avarifd isGiedf£ vahs FAg9) | 13 O é’\ﬂdfz?o M ROU AN ey non-specific

el ectrical potential applied to the alum num
oligoffeRE B ERORA g Pidmench Mt 1o, B0 S Taf Rifpronces
e 53 QPR M 5B o R e e
e e A e e A s 5.

. _alum num el ectrodes and therefore the hybridization

Fig. 70y sedage akicpmetn are present iy gl samply adaancelecttical phiestial of +10V is
_Exanpl e the target oligonmers in the sanple are

appliefy tot e tajwgnifiim aad¢dtrodey Beneighsbs celpyiraad iarfig.V{aP target oligomers are
hybridi zation tinme is 90 m nutes. The target oligoners

preseafrie tigr espltbut Ao elcbricslapopntaldf afpliedié @e ARGinGMtclRIESER Beneath
in the sanple of Fig.5(b). In neither Fig.5(a) or 5(b)

the célis. Aghinehie GikkrnpR| shpRE @it vith ARPIA®@ELA tilleoBbdH™ § Wikutes, the
el ectrode, but the cells are clearly darker in

appliatign Bf 2310 BHertif ko AWeRBrddR tH8sBh ESRNCRLL b‘ﬁg.\%atgo%ra%gtsh‘onv
oligoners in the sanple of Fig.5(a). In Fldg. a) an =

ignal Per} B8k GRAGHL HANS1R 08 FdIR A ok % Ak oD

sl e R L L

in that the sane target ol gomer

betw%?[@%%’é(‘gf (inittgmfé Qﬁ‘éetaa'ﬁﬁ i gpapﬁi%g tpo elniti &4 351;2’}(‘?;) (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 mvention at least in its applied forms provides a simple low-cost device
that allows nucleic acid field-assisted hybridization and/or other biological processes to
proceed at a much faster rate with high performance that can be applied to a large number of
possible applications. The present invention employs the principle of chargs-separation m 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 O,

10



in the sanple of Fig.6(b). In this exanple, however, a
potential of +1 OV is applied to the alum num
el ectrodes and the hybridization time is reduced to 10

but Wn@éoﬁ%ﬁ%ﬁaﬁ%{@?&%ﬁeﬁ’nmo{i agl%a@rﬁlgg %ﬁ%%%%{ 61{(.}—?%5%]%%0 possible.
For BJ(%IF‘ [ﬁ@%’ g[%f(s Y e{l]}ybe: 12;8 Ei}fﬂ%g @%Q%gﬁ%éﬁ?@sﬁr trl]ngséttachmnnt

ef fectiveness of the applied voltage in accel erating
SUrfgqge hybridi zation. The similarity. between Figs.5(b)

and 6(b) where no target oligoners are present shows

t hda comfeashipphitbelprial wradevidmsethanote & @atndationNyyer,ftBk $ide based

positive results. Fig.7(a)-(c) illustrate a third
dielestaompdyer iim-direbti edntdch evithathgeeleotrd@OpRIRes 1 gthfcn%@rfegtels robust,

are avarian influenza virus (AlV) H5 subtype (2

compas echeftiionds itdrt Pwatdehod QP 1SPeGH] | |
al | tﬁree gases (a)- (cg t he hy%?%é@?ggﬁg%%??&§&¥a&gﬁonmmnﬂy

usednih Ml@@caﬂgﬁugﬁsf Ny ?cﬂfcﬁﬁe 1st}1% V\ﬁgtﬁe @1&%& a&&%tip ag:ikﬂ?nt %ﬁc%ors such

lows: In Fig-7 target |goners

l.ectr cal nt.i of +10V is
e fe*%%f 3SRyt B B aebr b BBl sainet e upugtion coss
b) no tar et ol i.goners are present in the
are LWTﬁI aé%aﬁ% gh V1 &t Fc’ﬁf’mﬁ%ﬁt@%ﬁ WY ofasiy owings standapd idgposition
t.o t he Iun1nun1e|ectrodes beneath the cells; and in
tec@ﬂ@%? C? g@%cr SCgeRET ga]?ﬂ@tloﬁ rteefaiques.n Indeed dherpise of such
but no electrical potential is applied to the al um num
micra¢lacironisg dlepesitinasand fahrivetiere technigagpainribe biaaufaxmrgbPthe devices of
shows that with a hybridization tine of only 10
the pm¢sanit igventivhelso appihe eétantuge dhat dhetddditep OLERhER} bd ﬁc&lﬁ@rated into
el ectrode results in accel erated hybridi zation and
othersdavinagmatt gshiad the ¥ehe/ordahkarac@asideh. t he cel l s 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 is not possible to
obtain effective hybridization in the sane tine
period (10 m nutes) wthout electrically assisted
hybri di zati on. The present invention at least in its
applied forns provides a sinple | owcost device

11



that allows nucleic acid field-assisted hybridization
and/ or other biol ogical processes to proceed at a
much faster rate with high perfornmance that can be

CL ied to a | arge nunber of possible applications.
present i nvention enploys the principle of
harg t|on in a dlelectrlc material that is in
ont Egl1‘ o5 Jefsptang: tarse nRglelthacith 2 jsemplet cemnpiising a substrate

applled In the enbodinments described above the

el ectiPEerd Wih At Jeshons aradtioheselli wheretnr said medotion aklliiscludes an
A1203, - 10 but other conbinations of netal el ectrode '
and ditteblendnt Sufamt fantuestla dudatenatgaotos GhePRAEShRER of nucleic
For exanple, Si02, Ta205 nmay be used as oxi de based

di el eeid ¢ptuii@bobelabd Wkerdih@ BéthiRQERRAL is ﬁf&qd%&\gn dlrBet contact

contrast with the prior art devices that Use

per meR kK dia¥&ks mkiE.0Xi de based dielectric layer in
direct contact with the el ectrode provides a structure
that is robust, conpact, chemcally inert towards
nost of the acids alkalis and other reagents commonly

sed 4 cal |on The structure is al so
22 t abIA I}' af‘ﬁ as gig e gIltC r}b‘fv sreinsaidielicgods jsfn cepgact with a side of

tenper ture and h dity and is_ less vulnerable to
physi® SPPRsHA deom ed aftpshment snefadeower and

t he deV|ce can be manuf actured very easily using
standard deposition techniques and ot her

m croel ectronics fabrication techniques. |Indeed the
Suse @¥ppeatils as platwedeh elatm d viveseid egid dictdcBIt AMtEral is an oxide.
fabrication techniques in the manufacture of:the

devi ces of the present invention also has the

advant age that the- devices can readily be

4l ncomppkieds bRlkkd iQtdreh ﬂ%'cﬁﬁ?saf@@x@legﬁcr}gaty?ﬁ i8 MBted from
or simlar technology. 11 CLA . Appar at us for

det e@ld feup FhSSing WA 1K1 Csﬁ§t gldlﬂ@ sanmpl e, conpri si ng
a substrate formed wi h at 1east one reaction cel

wherein said reaction cell includes an
5. Apparatus as claimed in claim 1 wherein said electrode is formed of aluminum.
6. Apparatus as claimed in claim 1 wherein said dielectric material comprises Al,O;

and said electrode is formed of aluminum.

7. Apparatus as claimed in claim 1 comprising a niultilayer 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 patfemed conductive regions

defining at least one metal electrode, and 2 fourth layer comprising at least one

12



attachnment surface fornmed of a dielectric material for
the attachnment of nucleic acid capture probes, and
wherein a netal electrode is provided in direct

cont i § i iele I terial. 2. Apparatys.

as c?egorrrlﬁ\ogq c?%e%lqgl%r%gefa'{mgregﬁn caCH AT TP EAY %%C&%’a?? ?aﬁ‘jua’ﬂd layer
cont act mﬁég a SLde%fi said die]ectric materi al

oppo¥i PETFT Bhf I2Hep o Peledmemeicral ipgeid fowth laggar at us as
claimed in claim1l wherein said dielectric material is

an oxide. 4. Apparatus as clained in claim3 wherein

said dielectric material is selected from the group
8consAppiraigs of clamedizin cBi@® whetelidROpattemed Appauctivel fegisis of said
claimed in claim1l wherein-said electrode is fornmed of

al unthirdrizy=6 areAppatiad b ratons [farea b dikideta) Madnaher ei n

said dielectric material conprises A1203 and said

el ectrode is forned of alum num 7. Apparatus as

claimed in claim1 conprising a nultilayer structure

i t:_ D La . : d A ti .. )

O oy o PPt B llinlctin BRS¢ MG sl RGNS ISR gl fp said
[ i ting .l d i Sl L.t d
conamun R Bt B eal of PR Rt o

el ectrode, and a fourth layer conprising at |east one
12 region of dielectric nmaterial, wherein each said

tal electrode in said third layer is covered by a
19-egi ORPEFIY 8 | Epd du il r § avhersin seif dregions of phesjmation Snaterial
Apparatus as clained in claim6 wherein the patterned
conderdendvaver tyiadges of saslxiegions bi diclettay enataiad tséifme atiddeaction
by regions fornmed of dielectric material. 9. Apparatus
as ctedlsmed in claim6 wherein said regions of
dielectric material in said fourth |ayer are
separated by regions of a passivation material. 10.
Apparatus as clained in claim@8 wherein said regions

1Df  pApSHratad i20tlMBle@r AClaim 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 field-assisted hybridization in the detection of mucleic
~ 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 mucleic acid

13



extend over the edges of said regions of dielectric
material to define said reaction cells. 11. Apparatus
as claimed in Caim1l wherein said sanple conprises
bi ol egite@lproledis kAl GREhmitt sufRBARakHS tﬂeosramg‘get %kt action cell
target biological material in a sanpfe, conprising a ’
subs %gg% j f: t reaction cell
wher g?ﬁﬁfg{dgi eac%étﬁélutcl)‘!r%11 @%ﬁuﬁ%ﬁa@q ggcﬁoge.s urface formed
of a dielectric material, and wherein a netal
el ectrode is provided in direct contact with said
ielectrj.c nat?nialh 13, A nethad of perform ng
i el d* Egé’f’gtaéd’ HEEY i pla 13 hereir saidgriettots dnprofvided in contact
nucleic acid targets froma sanple, conprising the
st ep it spaca Qﬁsﬁé dacleairamaipositecizdth sai atacimneatsurface.
attachnment surface fornmed of a dielectric material,
providing, a netal electrode in direct contact with
said dielectric material, attaching nucleic acid 13
16apt ur enqlifcdb@s éleinsd th @laaChFeRheret a8C ele@ABHNGofeli®a is a
sanple to said reaction cell, andproviding an
eIec&@ﬁﬁﬂ@mgpﬁgm&ag%mﬁmﬂsaid el ectrode. 14. A nethod
as claimed in claim13 wherein said electrode is
provided in contact wth a surface of said dielectric
opposite fromsaid attachnent surface. 15. A nethod as
| ai i im 1.3 erein_sai.d electrical potential.
18 Filet & Bllherin MRk o P eh R cechuce potkgiah ummpiiod o o
clainmed ipn.claim13 wherein said electrical potentia
is appi 8€p"§§esa series of pulses. 17. A method as
claimed in claim13 wherein said sanple conprises
bi ol ogi cal substances.

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

substances.

18. 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 bharge-scparaﬁon in said dielectric material.
1. A method as claimed in claim 18 wherein charge-separation in said dielectric

material 1s induced by placing an electrode in direct contact with said dielectric

material and applying a potential to said electrode.

14



18. A nethod of attracting or repelling

el ectrically-charged entities to or froma . surface

of a reaction cell when perforning a biologica

Jpeact s of 0

o ol et APl oL 10 3R Re &Ryt pltuikis mglagio said
elect &g field by inducing charge separation in

sai d ém ectric material. 19. A nethod as clained 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

2ot et method @s whaivted i claino 18, whereR0a phlseepbtotiadss a phed to said
claimed in claim 19 wherein a continuous potentia ?

appl ielgdireds. sai d el ectrode. 21. A nethod as cl ai ned |n
claim19 wherein a pulsed potential is applied to said

el ectrode. 22. A nethod as clainmed in claim19 wherein
said electrode is placed in contact wwth a surface of

2ehe di @E®6d hd SlaitRE 8F tRim QPROSLE s&ﬁ%’[@c{rh(fe %%ﬁ%g‘% {noco&ltact with

whi ch the charged entities are to be ar

repekl “ce
det e(% tsﬁg?gepr gﬁce easlég%érambqlgéﬁpgﬁ’pog £ #8 g&?’@ﬁm charged
in a cel | risi t he steps of providing
a di gIF g%rleggﬁa?tgﬁ?tg?%a rgml@g f®ee of said reaction
cell, and generating an electrical field by inducing
charge- separation in said dielectric material. 24. A
_ gethzgeas clainmed in Caim23 wherein the nol ecul es
etap¢ ohadcelerating e dlateekon pocesh foebibhdical mbREwWeN Ferformed:

an array of reaction cells for perform ng biol ogica
anal st geaction oplh,i @mpgisingeths tseqps oIf pro@liingra BRGAR! @hterial as a
el ectrodes on an insul ating substrate,

surface of said reaction cell, and generating an electrical field by inducing charge-

separation in said dielectric material.

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

moiecules.

25, Amethod of forming an array of reaction cells for performing biological analysis,
comprising the steps of patterning metal electrodes on an msulating substrate,
depositing regions of dielectric material on said metal electrodes, and forming 2

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

to define said reaction cells.



depositing regions of dielectric material on said

nmetal electrodes, and formng a rimaround the edges

of upper surfaces of said regions of dielectric

et er ; f ' ction.cells, 1~.26

A ot P o 2l 4 e B e B APRRAE: Mt it on w0
ca |ay ' L on_an _insul.atjin urface, covering.a .
desi r]ggéfﬂ %%lgggf %e,o?ovggﬁgda Aeyist Pﬁé‘i}g PPW Retal Waltmgg@qmremst
and renovin tEF remainder of said netal |ayer by an

ot chi ) HPOTRS B8 THBHALF G g C BRI Dt sibing process, depositing
dielectric material_ over said patterned netal whereby

sai d &fieErof #9i¢ dicleghicanatenial Oyvail nattemied atetad whertbyredia Hielectric
and occupi es the areas between said patterned

el ectgges covtapaid patierned mpdalsing atdupies thryuedas O¥vees ddiflpattemed
| ayer of dielectric material, pattering said

passielatiodss, Heppeitingiat passivativet Diesewt s@lday@ @ViiBgoidinthteral,
passivation layer to open said dielectric materi al

wher eattbrifgoMer @sﬁﬁitfbn’ilgﬂ'é'wi@ﬂ e OhoBASS: L reﬂx%t/]n%esaid passivation

reaction said cells.

layer to open said dielectric material where it covers said metal electrodes to

define reaction said cells.
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