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di el ectrophoretic mani pulation of suspended

particulate matter. In additlion the invention relates

to a nethod for production of the device. Wthin the
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used for the collection of particles and for transport of particles along an
electrode array. It is based generally on exploitation of differences in the
dielectric properties of populations of particles. This enables a
heterogeneous mix of particles to be fractionated by exploiting small
differences in polarizability or by using a dielectrophoretic force in
conjunction with other factors such as imposed flow or particle diffusion.

If a dielectric particle is suspended in an electric field, it will polarize and
there is an induced dipole. The magnitude and direction of this induced
dipole depends on the frequency and magnitude of the applied electric field,
and the dielectric properties of particle and medium. The interaction
between the induced dipole and the electric field can generate movement of

the particle, the nature of which depends on a number of factors including

CONFIRMATION COPY



CONFI R(VATI ON COPY WO 2004/ 076060 PCT/ GB2004/ 000815 2
the extent to which the field is non-uniformboth in

wo 200a®7660 magni t ude and phase. |f the el ectriPRCE/GBR@4/000815
is uniform the attraction between the dipolar charges
and the electric field is edual and opposite and the
result is no net novenent, unless the particle

RGBSR 185 SHE R o M o BT e o

phase.uni form the magnitude of the forces on either
side of the particle will be different, and a net
force exists in the direction in which the field

I eldéBige | 'f@lcg r,@ %"nﬁﬂ-m thk %@rakﬁ%n%éﬁ%éfnoﬂwé)fdlgé?&c Rharges

|s over ned ¥ he 'spafial variation i
ard r eiegtetectrinefiplal tis cequali and approysiterane dhengeduie is no net

t field i S
RSB R 5L o i 7B 52568 Hecuenc
|sdeqLeaittopnr mrﬁaag,rmbe%tofwe?mr,eg&heg“aﬂ efhpatslalﬂy Bb#- umform the
dl . Sl nce
PP i B HhisRomn PLner SseriBiepsttlene b clitersntornd a
nétheorcel @astsi i theldireReibarint Whidht theé ﬁ‘éh:?%é! r‘i’ktu&lﬂf1 iPYrBatest.
AC and DC fields; the dipole re- orients wt

Singe| theg dinestian pof &ericeyis awemﬁd bbr‘&‘@ Bsaiaalwaysatlon in field
SGENGI AheDBartdie Wiehiy /A Bhe 'R Wil the

ori ent ati1on € nmagni t ectron
elgcigfield nicveasesrby the gdfeimeIS’E)aMQuTttt itbat &, it Imeaoves along the

oREAG L GraRESP TG R0R! BB L SR Wb of e

ce exXxi In a

paiestly eBinceitheidirdationest mosiohiiy énd¥gandens dflfth@fdlﬁe]?:tlon of the
article from

BN b EIsosaried fot Bt R AmigDEeigesashe SRele re-
offi erﬁisdwtthGt%leeéﬁplmW‘ﬁélHegbolérlE’gﬁréﬁcP|tl$e PSRN |'seél%§'s governed by

|ve or ative () depen ent on It
tn@mﬂsfq gapdient ;rag@rath% the figld erientadion. ngThamlagmude and

difbéd Sy Sf‘ﬂ?esgdrEe tar}ﬁﬁ%ﬂﬂgtv'ef:%rqg 3 %ﬁﬁ%l‘lﬂ atiag o?ghélgil? electric

interface between partic
Propeshiee dofc panide aodt mediuppl ifed foreédematsd |heacé|rect|on of

'“ege%r?ﬁo'#%q:%%r# t(af'w%ep%bq%zﬁab@{%’@t brﬁ{ nsSn %OS'te effect,
nefatect DEP, m:tartoam]jel el pahlﬁédfréﬂﬂde@iaﬁg%mﬁ@w eM&tric field,
BTl Mt e B Vel ot L hosive
ompeedgativey DEP i8dépendent on its polarizability relative to its surrounding
medium; differences in the quantity of induced charge at the interface
between particle and medium lead to dipoles oriented counter to the
applied field (and hence positive DEP) where the polarizability of a particle
is more than that of the medium, and in the same direction as an applied
field (and hence negative DEP) where it is less. Since relative polarizability
is a complex function dependent not only on the permitivity and
conductivity of the particle and medium, but also on the applied field
frequency, it has a strong frequency dependence and particles may
experience different dielectrophoretic behaviour at different frequencies.

Where there are non-uniformities in phase, a different but related

phenomenon is observed. An electric field having a peak which moves



conductivity of the particle and nmedium but al so on
the applied field frequency, it has a strong

wo e@guamey dependence and particles may experPENGS82004/000815
di fferent diel ectrophoretic behaviour at different
frequencies. Were there ar® non-uniformties in
phase, a different but related phenonenon is

| : o : Ceh _

tHia8H 8765 ef il fab 65 St 4s RIS WGSE ARG paries

witht positicanWherd est eidode fisldameves amlosaftlpdaqmetima; iaedipole is

. W th Wh I t .nmQves acr oss

SRR D R A ol O SR e

stﬁﬂ’iele\/\@llyoﬁllghy tﬁéntﬂh@ Hlp@léiI (@midhsﬁalé_hspé”ﬁmt‘é €irhé to respond to
ficiently hen t he di pol e (which takes

thy ﬂﬁ{de dicked daw é@p@w&eqtac RN ameg; wilbia b@imnct g at a
flﬁl‘t@'d?&ta kE; RAL aXAraehoh IHERNelh! be léglrpgh'é‘lgctﬁc ‘T‘i%loaand the

finit Istance; the interaction betwee
piemcalm displasied dipdle h’eﬂuqahyasfm'&l%lwhm:hsmtao@m tUepIHr‘acIe The

OBEHSERE I 55 HPUE AR 0 b BEBRORY Elfe B o mor

pothrﬂzhlelepman tﬂee medianT H’nerpoﬂw@rdui(ﬂblaﬁlghh%bddt@r rtBChh@nélectrlc
ﬁ%lg n the dipole ali field

t t th I t
usq%'a% B PR TrRcEd e baryoRst Eesiitiag i the, Rafticle

gﬁm the kamemirk&gon afmeﬁﬁaﬁt g5 tRE 16O aCHpI%BVﬁéTB”'if the
as the local applied field; if the particle'is |ess

PRISiciR ilsalsse pelanzeble Hean diner Meerivme tberpothae (@mqienéand net
PRI TSI dee RiSed SRR, U bplteridnt fitns goole i

glmterr &g Hnadft thehtwaede@‘tgthooﬁ thel dleamu: fletd)wgsnttmooe:ghhrough

SRR tah Bttt iy G bty el PGS reiuting in o

r&\mlgbf/e:mr‘lécm(jnhl'Bh@flﬁaﬂésgh‘/ehr_&yedhhs r@femvg travelllng wave
di el ectr ophor nce it is possib

diglqrEroRnoTsHS iRy g"ﬁeeltd's RPEFblgpia |9§|‘"‘F5§73t\¢a?|1a%'ﬁcmc field

wethe Gptigll§ | Qbﬂaﬁﬁgéllekt!ﬁe ﬁ’é]@ Pr'?a’r’gﬁﬁtucﬁa Pad | Ehﬁse 3 pacrtlcle

suspended in such experience both
sysmeNdednuint aﬁ'é%slay, f“ %dt hthheeRﬂé%'tl@?C@ obotlor d;éEPacﬁhdg TWD

SIHL)ItaﬂéE)nu%M hﬁléﬁi th@q}éc?&soéf ﬁ»rcé@éhﬁ% r@)cgfb'f‘%ﬁtﬂﬁdiarection of a

l'ectric fiel al ong the direc
Mekinem disagge mnefecend ’b@ldsean@EEh)cemobg tiseddifrection of a

m%?ﬁrﬁﬁH Qllq%néé %Cf‘e‘%ln@ié concentration or separation
0 I'c

conp par “Addi t i onal | y, studying the DEP
behavi our of particles at

DEP can be used for detection, fractionation, concentration or separation of
complex particles. Additionally, studying the DEP behaviour of particles at
different frequencies can allow the study of the dielectric properties of
those particles. For example, it can be used to examine changes in cell
cytoplasm in cells after infection by a virus. This potentially enables
detection where the differences between cell types are subtle and could be
applied to the separation or detection of cancerous or healthy cells, viable
or non-viable cells, leukaemic cells in blood, different species of bacteria
and placental cells from maternal blood.

Thus, it is clear that DEP can be a versatile technique for detection,

analysis, fractionation, concentration or separation. In view of this,
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plates having even more wells are currently under development.

Finding a technique for assessing the results of experiments performed in
such a small volume can be difficult, especially since most known detection
methods require the presence of an indicator or dye that might itself
interact with the organism or the drug candidate. Therefore, DEP can be a
valuable tool to evaluate these assays since it can detect changes in the
morphology of cells without any marker chemicals. In view of the fact that
DEP can separate particles based on their dielectric properties, bacteria or

cells can be detected based on properties of the cell wall or membrane.
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suspension, it may be operated to retain the desired, eg viable or

cancerous, biological matter in its regular culture medium while removing
unwanted, eg non-viable or non- cancerous material, from the suspension
together with a fraction of the liquid medium, which fraction of liquid
medium may thereafter be replenished using fresh medium.

A further advantage of the present invention is its high throughput
compared to known devices.

Accordingly, in a first aspect the present invention provides a device for
dielectrophoretic manipulation of suspended particulate matter which

comprises a plurality of interleaved layers of electrically conductive and
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It will be appreciated that an AC signal is neither positive nor negative but
oscillates around a neutral potential and has on average a neutral potential.
In use, the signal has (i) a connection to phase and a connection to ground
or (ii) a connection to phase and a connection to anti-phase. These
alternatives are included within the scope of the application and they have
only minor technical differences. In the case of connection to phase and
ground, the phase has an alternating potential in relation to the ground,
which has a neutral potential. In contrast, in the case of connection to
phase and anti-phase, both signals have an alternating potential relative to
ground, but the anti-phase signal has an inverted or 180° shifted potential
relative to the phase signal. Therefore, in practice, the signal applied may
vary only in amplitude since phase to ground is equivalent to half the
amplitude between phase and anti-phase.
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(b) can be selectively purged.

Preferably, an embodiment of the invention comprises alternating layers of
electrically conductive and non-conductive material wherein the layers of
conductive material are connected to more than two different phases of an
AC signal.

Preferably, an embodiment of the invention having more than two phases
has the layers of conductive material subsequently connected to a nhumber
of phases summing to 360°, for example four phases of an AC signal shifted
at 0°, 90°, 180°, 270°.



advant age that conpl ex separations can be achieved

usi ng only one device according to the invention. For
weanpr@ed or the isolation of one predefined Per/GBeioa/000815

froma suspension conprising a mxture of three or

nore particles. In this ex le, particle (a) is

attracted to the wall of a first part of a channel of

Pr(aE rag V'a(rf%rlsréof { e%HF RF g%%ﬁveffpblwg'ra%é r%bSh(apr)tvr?onShases is

ca@ia‘ble?lfbfqﬁrfdmﬁrhg walklliag Wasembﬂlécmphonésrs tanel isheapeble of

by frequency whi e particle | ed
moking ARG KoM Sranararies (1 bt HRSHgRS: stoh the
cl%?ﬁ’i%‘f's?l- Thereafter particles (a) and (b) can be

S

electively purged. Preferably, an enbodinent of the
i nvention conprises alternating |ayers of

Pl\%ﬁ%@%}%%éﬁ%ﬁ%%f ]pY% sk &&8@3&? ﬁthm'@hﬁBthomprrses

ayers o conduc
alsautnd ot e@I atmutorsﬁ t imarie t peefetiabfye rabout ph@s kyecd czfneleAcrrcally
si gnal f er.ail enbodi nt of th ven
R B SRR e B Taa L BBbRnd BF f BUGPL! Rorang to
tHEO e tiove p FEFE RIBIR| covprsesiu abblity ocenagoliedtd, omara ijfbﬁrably
of phases sunm ng to 360, for exanple fou ﬁhase
amutAt?éa\gerér ofsﬁrer:rré@llyaromon%ct'\reswtezr?ﬁ Awever % will be

&%ﬂf@géoﬁ%t ﬁ;%%%ﬂlwqgﬁﬂéer &rARobey 3! é’oncﬁﬂ:trve material

nment of e Invention having fore than t
shhald elge i% andapaliaxinofmp e of layess «f W@dw@iwe material is

i.el.e e | 0 f
I”%i'%&'sgé g’g @r%’é’?ﬁ ntddl??ferée?t%all ?Qgiﬁg ns t%o%gﬁf%annel
tirbaghethe. eftiref thiakhgss aftrentzodinatat Peffembdie the dayers of non-
cE 2 A S T OIS 8534, ARV AP rom cach
oﬁ&CtWhér@ kiey FANGC HbVED, MBlghgathe lextaddl tdammections to the
nbodi nent of a_ device accordrn to _the invention

cw@r@magbaée% layess wilh fegtote fw%w&@i' Y49, nore
preferably about 19 |ayers of electrically
non- conductive material. However, it will be
Peafprainy abedntdrieravieddayers atenlaminbtad bF preyides @minate which

is gredfggagﬁrl\éepcﬁégé C%Emp Ul q‘.%ﬁ asfeqrg?ri‘r m@fi(éé on?%@f about

ctrve naterl

4the rabid prgfetrabliyoamuttedcrhyardt Bl widbly)ofabdukabim doeabout 4cm,

h
n?or%ngreelferably about 3cm.

Preferably, alternate layers of electrically conductive material project from
a first end of the laminate and layers of electrically conductive material
between the alternate layers project from a second end of the laminate
distal to the first end. This provides the advantage that electrically
conductive material which projects from one end of the laminate can be
easily connected to a the phase and electrically conductive material which
projects from another end of the laminate can be easily connected to the
anti-phase of an AC signal.

Preferably the layers of electrically conductive material are produced of

metal foil or metal coated insulating foil preferably having a thickness of



through the entire thickness of the | am nate.
Preferably the | ayers of non- conductive nateri al

WO pedloatoeo t he | ayers of conductive naterial frpoT/68eiv4/000815
ot her; where they fail to do so, cutting the external
connections to the conductithg adjacent |ayers will
restore functionality. Preferably the interleaved

kT SROFS, Bt e ApBCPIAIG ARy eRgUR Yhimdy nPthferebly the

maklué sérérété@ﬁ@wume gfSuDd WIDERE comSiéteraHa imaior ad@goiand
a wdth of about 1cmto about 4cm nore preferably

about 3cm Preferably, alternate |ayers of
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am nate an Yers o ctri
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MR T oAb iGN, BiftadyeiEobaTARERo s PReretbly the
lo@l eetnpecatury cm@qﬁdlymrnﬂmrlsatelmwhfr@MJ@ﬁ Froéupmvhich
one end grtrtge | am nate can be {yl c?%? %ed to, a
cqnpistenak & Taa At whiel ISyCGHHH‘EF&t a¥at@pIEa ok Agvanced
COMPlo8RES drbap) anot her end of the lam nate can be
easily connected to the anti-phase of an AC signal.

Preferably the |ayers of electrically conductive
| I f '
PRSI, ERIRIATNAE Y & JoVTES Boditlla B iERlenfBRYRERS about
5200400V6C60 CrENHNEB20044 poefetred Ombbdimesdandeyictbaudording to
15 re ref b about. 10m_,Preferably, the t.al
> PP RloRe Bof i Ehin R LIl allerndy & Retog el i, are
al@cmit gobdto ibcﬁjteeabbycmé\mél@,y%ﬁ e&fanqil@cwx@aéﬂahnels This
-cqonductive naterial_ ar erg oduced of a

nw@ BriatRIEECTERR iDFGAPST Yheffers the sidveatadn ¢f ww}@hty with
kWA m@s&)rﬁﬁqeralawtav%ﬂabweop@@f&nﬂai@m nore preferably

about 100m Preferably the [ow tenperature curing
polymer filmis selected fromthe group which

PSR STHUERE, $e” Aol SRR ) 1 FhVRich has

clearbad$ nfeantingf aa ditevetts a)tfcaln«mlmg) dmrh ho |afhm1tt ilobmimas In a
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200 channels. In an alternative enbodi nent there are

Preferably, an embodiment of the invention comprises one or more
cylindrical channels. An alternative embodiment comprises one or more
non-cylindrical channels, for example a channel may be a groove defined
through a plurality of the interleaved layers of electrically conductive
material.

Preferably, an embodiment of the invention comprises substantially planar
layers which are substantially parallel and a longitudinal axis of the channel
is inclined substantially perpendicular to the layers. In an alternative
embodiment, a longitudinal axis of the channel is inclined non-
perpendicular to the layers.



about 300 to about 2000 channels, for exanple 1536
channels. This nunber is preferred because it offers

WO b@4adipent age of conpatibility with known anBCT/GB2004/000815
commercially available plate formats. Preferably, an
enbodi nent of a device accoidfing to the invention has
channel s having a dianeter of about 0.4mmto about

1.0 In a ferre adi nent _t he,. channel s _hav
P ARy A, BrosSi R S BB EE TERSrelifit o BB AN for ise in
highmmbu@lﬁplﬂoméeﬁﬁ@ corepAsed Bt Easﬁlbherdﬂfahﬁél mktaﬂﬂabéd at a
alteraaélve enb I ment conprlses one or

f“f?&r?"&?f FE%P“%‘h%H@Véde phreask ans wel Oérfémﬁaberm\’yeﬁ%ably
the Weﬂod’red‘i’%b@?% ﬁ@ﬂ@é@oﬁa@rb‘ﬁ@da‘r@%t ‘Prftat‘ép‘él in this case the

I nterl eaved ayers of electrical conduct1 ve
layareef apndwetivee maserial are @rrﬂﬁ@mbﬁyemdlum tineoXide enditbe layers

of SRR 0L AL b, BB AP0,y oo

polyaarmmnate,s | ncI [ pedzmejjtnytraeithwmaye per peno(Petd;;mx)t 0 or
ative

PP R Rl R Bed (PELE Yot Refierably MBF icredupting and layers

oPfbReHAELRE Rtéhsl tavpFiSe a¥nBf0A @REO0SBSstics and only the
PCT/ GB2004/ 000815 10 Preferably, an embodi nent of a

befdont ef &e ovell sgMrsisered tiARSRBTHI MEeiRleSUGh ahigass, quartz
PhRF SRS oF ety AL AR Blar e eog WED el probed
buta lightshbeame If/\eartlczmamhmﬁtt@r is Pepgltadaby y fieldegameratest in the
' SR t [ i
WEI3Eehed RS R Honfhbd FOSPRLER SRS el By 1
comtslastitft it ns ameletmlnnd coheedtayt@ssat arf edge-ofghduedll wrd reduces
masit eri aI are preferably a transparent polyner such as
S¥ht e, pol ynet hyl met hacyl ate (Perspex) or
poI yet hyI enet el epht hal ate (PET), nore preferably the
conducting and |layers _of non-conductive materi al
Peafaitiveadl @mbﬁﬁuneaﬁq@f phasyertiemgosmrisasha laps nember of

wells tdep P’Wéle Cé"f‘ﬁ)ul'tlsﬁéllapléfeanﬁ%‘rﬁ%\nd@t %ldv H ea§hat the
g VRS

ass, quar z ycar bonate or pol yrre
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siand esabldeDEPtthebd Lghd fdreetirbdged bioassays.

Most preferably the device comprises a plate containing 1536 wells with a
depth of 1 to 8 mm and has the same outer dimensions (about 7cm to
about 9cm x about 10cm to 15cm; or about 8.6cm x about 12.8cm) as
conventional multi well plates.

Advantageously, with regard to performance, a device according to an
embodiment of the invention has channels which each correspond to a
version of a conventional two dimensional device having a 3x3mm
electrode. In addition, the total area of a device having 100 channels is
equivalent to a conventional two dimensional device having a 3x3cm
electrode. Furthermore, since an embodiment of a device according to the

invention has a larger parallel volume compared to a conventional device,



contrast, if it is attracted it concentrates at an

edge of the well and reduces |ight scattering.
wee@ierabl y, an enbodi nent of the invention coPQI/GBe®4@00815

| arge nunber of wells to provide a multi well plate.

This provides the advantagellhat the invention can be

used to integrate DEP separation into a wi dely used

S for . Pr.OVi ap. i kKnown
o aReniPSL GiER SESREER o FRARLERERL bBvERENR, areatly
integased! | - based bi oassays. Most preferably the device
conprises a plate containing 1536 wells with a depth
of 1 to 8 mmand has the sane outer dinensions (about
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X about 12.8cm) conventional multi at es.
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channel's I'ch“each correspon O a version of a
tac dhe eimvieotiah emablds nigigbiyo paraliiev separabionpgt ais 3x@hnsuited to

el ectrode. . ln addition, the taotal ar of a.device,. .
ofREFHYS 1GtidhiReped Repatien, dhEheth s sl i biotogical
apprationeNas Wl aglaieletrdphoratic asSayBtathneduess, r ode.

Furt hernore, since an enbodi nent of a device according

to the invention has a |arger parallel volune
Irf QTREERE BEpECtCORY RilldrRiR Pﬁfﬁﬂdé’sea RO 46P HhO&Ltrophoretic

PCT/ GB2004/000815 11 the trapping efficiency conpared
sepRratan eaft sernandgey padiculategmadtarywhichc cempsiges Whehsteps of

I r St., ] ' ' .ad
PRRAE 4 lnbRS st Rip L A B e Yh e WY PR of an
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fabrication costs. In addition, because a device
Cl%\acnﬂﬁj'di ng to the invention enables highly parallel

separation, it is well suited to disposable
cartridge-based separation nethods for nedjcal_ and )
P@?%W%Y'c%\'l" emppAimeat Yndie RYeREPN iaysgrdnddfiasionorlpaiticle-
lzdehaigehagues. I n a second aspect the invention

provi des a"nethod for dielectrophoretic separation of

suspended particul ate matter which conprises the steps
PrerdtiAC BRI e tiRAMRIcfit SHERAESHOBNAEn PR L& B CcdRickiSh of a

w thin‘a channel” of an
predetermined particle from a particle-laden liquid or gas (e.g. cancerous

cells from blood).

Preferably, an embodiment of the invention is used for travelling wave
dielectrophoresis to move different kinds of particles in different directions
within the embedded channel.

Preferably, an embodiment of the method is used for high throughput
screening.

Preferably, an embodiment of the invention is used in conjunction with one
or more known assays. For example the invention can be used in
conjunction with other conventional assays such as fluorescence-based
assays or antibody-based assays.



enbodi ment of a first aspect of the invention and

generating a field in the channel. Preferably, an
weedvagvgmemt of the invention is used in filtraPCDGBRG04/000815

particle- laden liquid or gas. Preferably, an

enbodi ment of the inventionlds used for collection of

a predetermned particle froma particle-laden |liquid

1n%h 8% Rpler SBPRLEMTen SFbbRickr TYRAR ror FEBUEE Yor an

an é invention’i s used for trave
embydimetitedfes tfirep bepecti of the imoeeticn Whdcke rbmidrisgs the steps of

R e
meeshif & pProdlcé g quetifate; Sif0v@RB Bk (Bhehseakd Yeurah drilling
enbodi ment of the invention is used in conjunctjon
cl'\.,;;innﬁlsoﬁb thgrlamngtqq'n@m qgt%ly mn@;@@pp@cqqsgwe layers of
elé&Yﬁ:th'( %Bn&ﬁ&i@eet&aﬁ%rbﬁt eFe%FHiéén k@i o ﬁ%%@rshifts.
| 'uore se

conventional assays such as scence-b assays
or anti body-based assays. WO 2004/ 076060

PCT/ B2004/ 81 12 1 t hi as .1 he. i nyent| .
Pt heses actrsiredf BF ofuotBieorRERabap s HER: igRntion
camprised caspestingofayehe of syediidtdie wateMalctonpwo peastdhef an AC
.Steps of lam nating alternate layers of electrically
S'Q%%duct ive and non-conductive nmnaterial to produce a

| am nate; allowing the lam nate to cure; drilling

channels in the |am nate; and opti onallaﬁ connect i ng )
Prefrrebbsi a2 eajRadiment ef eat mefhilody asspingi f@ the invention

i ff. kcal i .Shi .

cEhHEEE By AT 1Al ke GABBRITE it phese

arichvenhieoting deyprrs s€oadonies imgtdriay dretwelenc trad dicst wlernate
material to two phases of an AC signal. Preferably an

lawﬂ‘f?otcﬂ %C?Hndof a nethod according to the invention
conprises connecting first alternate |ayers of

conductive materjal to phase nd connec¢ting | ayers of
PF@%@{'@E@“@% ﬁ&?%‘?d‘menﬁef’\?\eén P& rageo 'E‘@r%‘été € Invention
cdrAPRESs L@rHRHAE- layers of conductive material to more than two
phases of an AC signal (for example three or four phases).

Preferably an embodiment of a method according to the invention
comprises connecting layers of conductive material to different AC signals.

While a device according to a first embodiment of the present invention is
generally suitable for the separation of any polarizable particular matter in
a liquid suspension, it is preferred that its main application is in the fields of
microbiology, biotechnology and medicine, for the separation of polarisable
biological matter. Such biological matter includes viruses or prions, cell
components such as chromosomes or biomolecules such as
oligonucleotides, nucleic acids, etc., as well as prokaryotic and eukaryotic
cells, and preferably comprises plant, animal or human tissue cells. It may
be used to separate different kinds of biological material such as cancerous
and non-cancerous cells from each other but it may also be applied to

remove viable from non-viable cells. Furthermore, it considered that the



Preferably an enbodi ment of a nmethod according to the

i nvention conprises connecting |layers of conductive
woraioeni@bo t o nore than two phases of an AC siPOEGBEG08/000815

exanpl e three or four phases). Preferably an

enbodi ment of a nethod accodding to the invention

conpri ses connecting |layers of conductive material to

' ding t
PSR AL 5, 2" SRS AR Bl anc
tepting; ahdyindhiettalelhwdnd industey.separ ati on of any

pol ari zabl e particular matter in a liquid suspension,
it is preferred that its main application is in the
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he separation of ari sab bi ol ogi ca
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eﬁﬁiddlméﬁ’fg’WFﬁéH %rﬁuée% 8t %Qfo%%ﬂmfqu Rk Oc{(pl:h C'“aégg\ﬁmgs in

such as ol igonucleotides, nuclelrc aci

WRigh: as prokaryotic and eukaryotic cell s, and
preferably conprises plant, animl or hurran tissue
cells. It may be used to separate di fferent ki nds of

Figuot ofji shbweBberschbnfitich visereRNCGer Pardicl@n® suspended in an
but it may al so be

h oth
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of the \updigAt REvPRROSES larseolsing ftpc\dhefdﬂﬁl‘aﬂld not ¢QE| ijtlcle is
nird &P 1dde p|8¥a$ ERCS 'tﬂgHs{:Hé/ mé‘ﬁﬂrﬁ iR Ahideqt 'j% s‘%&%epﬂed A

advant ages of the present 1nven on are dede
paifittien ¢xpearermeparerforde odge ttoe (@@sar imar-anifofmt lkéectric field

CRBFRGR ErRERD: Bl e FAVRHRCRArR G (heas Sraderur o

1 shovvs a schematic wherein a particle is suspended in
ternatlﬁﬁ el ectric field which contains either a

Flﬁﬁbe] spewsa %%r@mg}a@icgwﬂce Ravina: lviesed rigesades wherein
Iat,/EBs p@ﬁél@h@lc\mygrtoﬂ@lhétlﬁét Hﬁal'tehﬁl t@fe Qtéﬁ% ﬁn pcﬁgrlty are

radi ent or pposes | t accord
S%Rﬁra atkby ant inspiatps  There isop hl@|3§le|!1blga&!qlleablae thenasrdetsrm‘ the

RN B Reld SN I8 Lo, PG neons
pdritiglas arenaigraatedeorgrapdiledthy; thebfiekl traalient.i Mpead@tdd ten be
ugéama% (apla‘?‘eslgctg a?l’ow s)eparator wherein one species of particle is
attracted by the field gradient and another is repelled. The repelled
particles are concentrated into the middle of the channel while the attracted
particles flow slowly adjacent the wall of the channel. The flow can be split
after passing through the channel into a sample from the centre of the flow
containing repelled particles and a sample from adjacent the wall of the

channel containing attracted particles.

Figure 3 shows a diagram of a dielectrophoretic multi well plate. Multi well
plates can determine the composition of a cell mixture, for example by
measuring light intensity at different frequencies.

Figure 4 shows a diagram of a dielectrophoretic multi well plate wherein
small wells are filled with bacteria or a cell suspension. Positive DEP



Figure 2 shows a diagram of a device having | ayered

el ectrodes wherein |layers of electrically conductive
woradoa/7@bo of alternating polarity are separ at BAI/IGB2@1/000815

insulator. There is a high field gradient at the sides

of the channel and a low fildld gradient in the

centre. Depending on conditions, particles are

t epel |.e the field gradient. The
B B8 B REL btk P 5rd et PO Bsadir meoaove
Défite tencerrates pearitiefesofn RREtntdde | 6F tid WACLERAE Merédss light
field ragl ﬁgt and another is repelled. The repelled
Sif’%ﬁ?ﬁ”&f-es g @Bnberistacked rasity . fas examaple &y mmasuring the
afTRIMQIF ik karisheit@it racted  particles flow slowy

adj acent the wall of the channel. The flow can be
split after passing through the channel into a sanple
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|nten3|tdgpat di fferent frequencies. Figure 4 shows a

refeir AR PY aChandirg tthephiRldetreauangtt ito vigpe! shatfirst species of

WRIE€BAd puUrBklic w8 e filled with bacteria or a
el suspendion B B et 0 2004, 096060
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particle is attracted by the field gradi ent

OYRRentrating it adjacent the wall of the channel and

a second species of particle is concentrated in the
centre of the channel distal to the wall of the

FigHE Heshovih er dagram  oft heelvidet arcordingrtegereeimaeationywherein a

' fielLd t I i . )
nGABE0. 38 1S, hir el TS " BRoAG Ridnd baying a first
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B HGR, $085S Pon Rt 507 U AUARSE oML 2 ematie

frequency.

Multiple frequencies could be applied to one device when a number of
layers at the top are connected to one frequency, while a number of layers
at the bottom are connected to a second frequency. The invention includes
devices having means for connection to one, two or more AC signals having
different frequencies.

For the purposes of clarity and a concise description features are described
herein as part of the same or separate embodiments, however it will be
appreciated that the scope of the invention may include embodiments

having combinations of all or some of the features described.



conductive material. The di agram shows the |ayout for

fabrication of a four-phase device. Channels are be
waleickloemomhere al | four conducting |ayers ovePCHEB2004/000815

Figure 7 shows a diagram of a device according to the

i nvention wherein a nunber 18 |ayers has been

connected to an AC signal having a first frequency
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to a second frequency. The invention inclu devi ces
1R8uMyheeeins2 8% chaanele cecbhavind aediamasenef fBPpmATe defined

lﬁi@@%t@rlgg é@ga %ffer ent frequencies. For the
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are descrlbed herein as part of the same or separate
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lgyeye b Blyminius fail egiesk fosh agfistend gpHr daminate and layers
o?eawaw.uan i be‘é%@ﬁ'\‘i‘nl%geﬂégéﬂscef'cﬁé& ARt & SEONRY 'eﬁasof the
| ayers y

a lamnate of i nterleave of electrical

laypindte distal &0 te Arsireridbi | having a thickness of 10m

and 19 layers of electrically non-conductive LTA45

NCB having a thickness of 100m wherein 288 channel s
Aepldtie hmrhmgsmgd\h/ahﬂemera (ﬁmﬁx@ﬁeﬂoﬁrlatei‘téa\neeldlayie% ofieelectrically

i nterl eave he in erI aved ers are

PR En BT-cor e BT F GHEdecr Bl Pagebottom. This
vidlapiate ehﬂ:ﬁmmﬁe\htm\gll@sé&agbr@agéa\ﬂs 5cmand a width of
1.5cm Alternate |ayers of alumniumfoil project

froma first end of the lamnate and layers of

08, U0 O PRAPEBAPES 18 BSQUBE] WIEPE oop of -
differeat cgept. 8 idiffierest lagnounteaof] thei srme agfent rdrdtbairedach well.
‘IJh%y%s%yoéa E\%bé{: ﬂ%é Yeaction of the cells to the agent added to each
well and therefore perform a large number of experiments at a time. The
embodiment has 1536 wells and the same dimensions as a conventional
multi-well plate.

An other embodiment comprises a plate having channels through a
laminate of interleaved layers of electrically conductive and non-conductive
material. The plate separates two liquid reservoirs and liquid is directed by
a higher hydrostatic pressure in one reservoir though the channels to the
other reservoir.

In use, analyte is pumped through the channels and conditions (suspending
medium, field frequency etc) are selected such that some types of particle
(e.g. healthy blood cells) remain stuck to walls of the channel, and the
remaining particles (e.g. cancer cells) pass through the channel and are
optionally detected.



conductive and non-conductive material has a glass

plate as a bottom This well plate enbodiment wll
was@40oi6di oassays. I n use, a cell suspension PGT/ade@d/000815

to each well together with a portion of a different

agent, a different anmount ol6the same agent or both,

in each well. The assay can evaluate the reaction of

the cells to the agent added to each well and

therefore performa |arge nunber of experinents at a
ExampleThe enbodi nent has 1536 wells and the sane

di rensi ons as a conventional nmulti-well plate. An

ot her enbodi nent conprises a plate having channel s
METHOPBE 2 |amnate of interleaved |ayers of _

el ectrically conductive and non-conductive nmnaterial.

The plate separates two liquid reservoirs and liquid

é%a@.tro‘?-%& an@l DidRRLiJNSr ostatic pressure in one

s to the other reservoir.
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Exanpl e METHODS Separ ator Desi gn and Di nensi ons
ADa@fraye of mlemppbewmsemaraMnechmmlmeﬁ hmapajlamatgrs 1mm
S i e electricall nduc
aﬂdaﬁl !ﬂﬂh‘?‘ zwl%?é( cf?e%xgﬁn%df Elgwgarlgorlgpgr@’egf Xf 53 Cdiameter.

Ial’ um i
Th&)helghmdlﬁcthEMammE(y,laid ﬁeme(yhé depth bf L Iérﬁi’iﬁt& ,was 2mm
gh | am nate having a plurality of channels therein.
i% ay of dielectrophoretic separation channels of
bore diameters 1mm and 0.5mm were designed in a
ci rcul.ar working area of 22nm di aneter. The hei ght of

Eaqhelaghpakeehad aaWtﬂthea%é'Qﬂgéh 0 Br by @ rhantermpestively, this
al®ABd &+ B drilling of channels within the 22mm diameter mentioned

above. Electrically conductive material that energised the dielectrophoretic
chamber array projected from each end of the laminate at a length of
70mm. Each layer of conductive material in the laminate had a thickness
of 20pm and was spaced 100pm apart from adjacent layers of conductive
material.

Materials and Construction

Two aluminium templates were created for cutting aluminium foil and
epoxy resin film layers, 100x100mm and 30x100mm respectively. Sharp
knifes were adequate to cut the layers. Using a calibrated Mitutoyo
micrometer, 5 measurements of the thickness of the aluminium foil were
taken and averaged to determine the thickness of the aluminium foil.

The layers were carefully stacked to form a laminate by placing epoxy film
layers between the aluminium foil layers, with aluminium foil layers
projecting from alternate ends of the laminate.



Each | am nate had a width and I ength of 30mm by 30mm
respectively, this allowed for the drilling of

w@ b@anadoso Wi t hi n t he 22mm di anet er nenti oned BODGB2004/000815
El ectrically conductive material that energised the
di el ectrophoretic chanber d7ray projected from each
end of the lamnate at a length of 70mm Each | ayer
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rfovemeiewithin hiat gid, ahehebyt padecing instability whilst curing.  Metal
blocks were also placed abutting the sides of the laminate to ensure the top
glass plate did not slide.

To check devices were usable, they were subjected to an insulation test.
This test was carried out to check that construction of the structures had no
inter-electrode layers touching, hence no conduction path was present
when subjected to a direct current. The non-conductive dielectric material
(epoxy resin film) between each conductive layer (aluminium foil) ensured
that the electrodes didn’t touch each other. To overcome the potential for
this problem arising on cutting of cured laminate into strips, the strips were
polished down with graded sanding paper until the laminates were fully
insulated. Due to the uncertainty of the drilling process, it was decided
that 0.5mm and 1mm bores would be drilled to provide the channels. A jig

was created to hold a device in position for drilling and drilled at a speed of



alumniumfoil at each end of the |am nate. A second
release filmwas placed atop the |am nate; the

WO 200e@3@®6d i | m enabl ed the structure to be easiPET/GB2004/000815
renmoved after the resin filmhad cured and hel ped to
prevent unwanted adhering ®8 the resin. A glass plate
vvas cut vvith di mensi ons of 70mm w dth and 110mm

ed ato on ase fi
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was sized so that it was not inhibited fromverti cal
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insul ated. Due to the uncertainty of the drilling
process, it was decided that 0.5nmm and 1mm bores
Sepal-atdreCdsing ed to provide the channels. Ajig was
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to ensure there was still no conduction
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app on top  glass plate
covering the layered portion of the structure It will

e r t th he ru re can .
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was .not constant, but ranged . )
minimise any errors in cell courting. A facility for creating a head of
pressure was included by way of an adjustable piston this enabled optimal

flow rates through the channels to be provided if hecessary.

After 16 hours of curing, the laminate was cut into strips with a fine tooth
saw.

Channels were drilled through the laminate strips , two devices were
constructed with 1mm hole diameters, and two were constructed with
0.5mm hole diameters.

The total area in which the channels were drilled was 3.8 x 10 m2 and the
total throughput area of the structure was made to be 5.6 x 10”° m2,



bet ween 130-150pm The al um nium foil thickness
nmeasured before curing was found to be 30pm and
WO espaiom@eo at t hat thickness after curing. SepaPEl/GB2004/000815
Casing A casing for the device was constructed of
Perspex (Aquarius Plastics, 19Surrey). This was chosen
because of its reasonable conpatlblllty W th
bi ol ogi cal materials, ease of machining in a workshop
and due to its transparent appearance all ow ng
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mivartespur Thas edakeiomyss godyverAH diith. alSalihidrVediip to maintain
tilled water was added t

f
Pr e%gggrtglf S.g %?g\%}pg?ryn%?m%ﬁtegmﬁ_used to monltor the solution

temperature. After stirring the beaker was left to cool to ~55°C on the

bench.

Once the temperature of the media was reduced to about 55°C, some
solidification had already occurred at the bottom of the beaker, so it was
shaken before being poured. Within a sterile hood five sterile petri dishes
were filled with the agar medium to 1/3 of their capacity. The plates were
manipulated to distribute the media. The plates were then sealed with
cling film and stored in a fridge at 4°C.

Yeast Stock Plate

One frozen vial of yeast cells was taken out of a freezer and thawed in a
fridge for 3 days.

Sterile inoculating loops were used to inoculate 2 petri dishes with YPD
media within a sterile hood. After streaking the inoculum onto the agar,
- the dishes were incubated at 30°C for 3 days. After this incubation period
colonies were visible on the agar. The dishes were wrapped in cling film
and refrigerated at 4°C.



borosilicate | aboratory beaker. The beaker was then
pl aced on a nmagnetic stirrer hotplate and heated to
W@0B4H0o06®R0 m nutes and stirred for 45 m nut eBCT/GB2004/000815

beaker was covered with alum niumfoil to maintain
tenperature and a mercury thH¥r noneter was used to

monitor the solution tenperature. After stirring the
beaker was |eft to cool to -55C on the bench. Once

the tenperature of the nmedia was reduced to about 55C,

Preparation of Ligaid Brotid al ready occurred at the

bottom of the beaker, so it was shaken before bei
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nmedi a was cooled to about 55C then store int
cells Ehajcrad Hpt heenctaiogdl Harvesting As described by
Lee et al, Biotech and Bi oeng Synposium 11, 641-649,

200ml of YPD broth was inoculated with a 3ml sample of cells with a sterile
pipette. The broth was incubated at 30°C for approximately 24 hours.
After incubation the broth was divided into 2 x 80 ml solutions. An 80 ml
solution was centrifuged at 1000rpm for 10 minutes and washed with
280mM mannitol three times. Live cells were rendered non-viable by heat-
treating them in a water bath at 90°C for 30 minutes. They were then
washed as described above.

Cells were counted using direct microscopic observation, within a
hemacytometer.

Experimental Set-up & Process Flow
Evaluation of a device according to the invention was carried out. A 20MHz

function generator was used to supply a sinusoidal 10MHz, 10volt ac signal
to the device. A 20MHz oscilloscope (Hameg, HM2035) was used to ‘see’
the input signal.



rapid determ nati on of yeast viability was determ ned

usi ng nethylene blue (MB) to distinguish between live
ware4de@e yeast cells. A sanple fromthe petrPCTGBR004/000815

was centrifuged in a mcro-centrifuge and washed tw ce

in distilled water. 20pl ofiyeast cells were m xed

with 380pl of MB then exam ned under the m croscope.

Viable cells were identified as_spherical cells that
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Eval uation of a device according to the invention was
carried out. A 20MHz function generator was used to
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non-viable cells, with 1m volunmes being passed

Tr%el}reg%gp t}'ngevo t?avgiecgiapp ié’J Wa%gﬁisggﬁgﬁﬁed, and the separator was

washed with 5ml 280mM of mannitol solution at 50mli/hr into a receptacle

with 1ml of mannitol solution.

Notes

1) Apart from the aforementioned autoclaved materials, all other

equipment used was rinsed once with distilled water, washed in 70%

alcohol and washed again thoroughly with distilled water.

2) Preparation of slides, mixtures and transferring of cells was all

performed within a sterile hood.

3) Sterile micropipette tips are recommended for use once and rubber

gloves were also used to handle equipment.

RESULTS
Flow Rates

Optimal flow rates can be obtained from the dielectrophoretic particle
velocity, v.



was fixed securely into the tubing with an adhesi ve,
and the articulation was wapped with cling filmto

w@r@Meniocd eakage. Wth an ac signal of 10 vol PET/&B2004/000815
10MHz applied to the device, and the fluid passing
through, it was expected tRBat live cells would be
retained in the channels of the device and dead cells
woul d pass through and collect in a receptacle of 5ml
280mM mannitol. After collection in the receptacle,
distilled water was flushed dyhrough the separator at
30m /hr'to wash. Thereaftetr= r@e voltage supplied was
di sconti nued, and the separat washed with 5nil
280mM of mannitol sol ution at 50n1/hr into a

I with 1ml of mannitol sol ution
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again thoroughly with distilled water. 2) Preparatl on
of slides, mxtures and tranz erring of cells was all
performed within a sterjdte_ et 3) Sterile
m cropi pette tips are reco nded for use once and

to handl e equi pnent.
Rééggﬁégggﬁ%\;ﬁﬁﬁgf%&%ﬁ?ﬁg?a' [ow rates can be obtai ned
fromthe diel ectrophojetidgxparticle velocity, v. WO
2004/ 076060 PCT/ GB2004F 15 22 dx v=dt To find
the tinme, t, for which it takes the particle to
vet{X) eatfuacttidrn ef &lEg o, pde whict can desdetac@ined by mummdre|

wal | we can use the follow ng equations: fdt=fdx v
mode”mg The definite integral can be found by using higher

approximation sums and can be written as,

() =1=506x0)  Cemxi), L, G m)

=0V Vo2 Vn

Or,
(X X/—/)
,/ v
Where r=radius of a channel and n=distance along the line from wall to

radius, using the approximation that the flow is equal through the channel.

The optimal bulk flow rate through the chambers, allowing enough time for
particles to collect, can be found using the longest time it takes the particle
to reach the wall, i.e. the plane at 190 microns, mid-way between the
inter-conductive layer spacing.

0.0035 P -1
= —— 9, : i
V suik 387 24 2x10° ms for 1000 micron chamber
Vsuk = -———~02'30;35 =168x 10°ms™> : for 500 micron chamber

The volumetric flow rate (Q) through each bore is calculated below:
Qmoo—Vﬂ'z 78X10 X78X107
Q1000 = 6.1 x 102 m3s™ = 0.022cm3hr?



Rearranging and integrating, we obtain, t=fdx v

v=f(x), a function of VE2 (x,y,z) which can be
waletapnioned by numerical nodelling. The defi nPE€BGB2004/000815

i ntegral can be found by using higher approxinmation

suns andcan be witten as, 123+, 2-x.)}...... 3.
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volunetric flow rate by the respectiv
were collected plus 1ml passed through the device.

The 200ml liquid broth was inoculated with 10 x 107 cells and allowed to
incubate. After 24 hours of culturing the cell count was 1.35 x 108 cells per
ml (dilution factor = 100) within a 200m| beaker. After washing the viable
and non-viable cells, they were counted again at 1.7 x 107 cells per ml and
2.2 x 107 cells per ml respectively. The conductivity of both suspensions
was made up to 0.20 mSm™ by the addition of sodium chloride solution to

balance the mixtures,

Prior to separation with the device having channels of 500um diameter
bore, the solution contained a 50:50 mixture of cells. Following the
separation the solution had cell counts of 1.1 x 107 cells (non-viable) and
8.5 x 107 cells (viable) within a 1ml volume.

Analysis of Experimental Results

From the results, the average percentage of cells not experiencing the DEP
force when passed through the separator are 50% and 53% for the 500um
and 1000pm bores respectively. Of that the mean volume of non-viable
cells was 68% for both sizes, indicating the same proportions of non-viable
cells passed through both bore diameters. Of the cells collected in the
devices (50% and 53%, mentioned above), for the 500pm bore chambers

the average percentage of viable cells collected was 86% and 14% for the



of bores. The total volunetric flowrate for bore

dianeters of 1mm (71 holes) and 0.5mm (288 hol es) are
waeoz/omobthr and 25 ml /hr respectively. ExperiP€NGBR004/000815

Results The total nunber of cells, as determ ned by

usi ng a haenocytoneter, was24found by multiplying the

nunber of cells per m by 6m ; 5ml solution cells
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the cell count was 1.35 x 108 cells per m (dilution

factor = 100) within a 200rrfl beaker. After washing the

A}fhéﬁ?bﬁ th@%ggﬂﬂg S e@.bc'lrg it lllar?%e egg%gr\'v?cargs;&gii{&%e B@q%a}:'i?:al

calelslpérons \aerldwrtrﬁrteeantrdduttwm toy eaforb,oa brrﬁpl%p@ﬂﬁp@ﬂ%n of

nsnm'1 b
ot ke, i tor SRILK nRtior s Cerpe ko w%"e'?ﬁ{:"@
Heweaeatit @an \Wet &émmﬂ%e%rmaﬂ:m@ﬁ!@wé@s e

di anet er e, the solution contained a 50: m Xt re
ingicting that rf@['? SR SfPeHencigg JakR et an qnpéreécﬂmwmgmaﬂlov
10@HL, counts of 1.1 x 107 cells (non-viable) and 8.5 x

107 cells (viable) within a 1m volunme. Analysis of

Experinental Results Fromthe results, the average

t ' i th DEP
I BREER B0cueiSiedd AL RS, ERFhES W Mgt ro the
pn&enﬂ@@mafereec? eﬂrﬂﬂﬁbmmeglm dasa:rldalzsmbhéﬂerrggl\?y/ll fb@‘ aﬂbﬂ‘at%tﬁnt e those
-valune_ of _nop-vi abl e S ,was..68% for bo
S@F‘%Peéx O‘#“ﬁd?'?at isr‘r'ﬁ tﬂ?ea%géeﬁea% Bdificatiens caRohe vnage evithout

d@ﬂrtmgpﬁreﬁ'edhé rypwrglanaogébdéobﬁ tHé BFRLERS |n\)gntfolf'reaﬁ§| wighout
cted in the devi ces (50% and 53% nentioned

AERBENG fisr CtieadsnbAhmOREsEhalbl: Shorefuaisenged that such
cHER i 14%
e B B oS b ey OB Pttt
non-vi abl e cells. The bores of 1000pm di aneter had a
nmean percentage of 73% viable cells collected and 27%
non-vi abl e cells. Although the sanple sizes are not
| arge enough for significant statistical calculations
and wth the introduction of errors, a sinple
conpari son of




proportional data allows for quick performance
anal ysis of the device. However, it can be seen that
wo b@4paqobor nance of the devices was high, i ndPCEGBR@4/000815
that cells are experiencing DEP at an applied ac
vol tage of by, 10MHz. It sia%ul d be understood that
vari ous changes and nodifications to the presently
referred enbodi ments described herein will be
Pent to those skilled in the art. Such changes
and nodifications can be nmade wi thout departing from
the spirit and scope of the present invention and
Ini t hduflevige frhidieleaigopheralic eaaimtatiolv afitsugpended pasticulate
t her ' . . ’ .
o 1108t A CERPHE: adplEthiy o BRER AN lpversof egstrically
20040606y e G20 e AR ESmaisrial Giledreth at leAsdevieahannel

bar t 1% AFARE0 R s plE GeneSBeSe it Bty opelectrically
i nt ecbrdvetivd myeredalRf electrically conductive and

non-conductive material wherein at | east one channel
is defined through a plurality of the interleaved

2l ay_erASd@&iCS|a%_€bu‘diﬁ§"tb%Iaiﬁp@q}j\ﬁ&hv&nﬁifﬁ ?Heang'fo@e#ec’crically
devi ce according to claim1 I ch conprises neans Tor
el eccPnNBefing abemaiet!pvigrsadtt eondudtiveayeterialfto a first phase of

conduct i ¥e.; ' ir - of n_AC si.gnal .
and SRS PIEI inceRaor sbBhe I Byl o7 CoRoWEHBF Pogteria
bet weetweanskosmnoroeatddtto theepguiiivd biias®hasesédn phase of
second /gé:nase ?f an AC signal. 3. A device according

to cPHi ' 2 conprising (i) neans for connecting
first alternate |layers of conductive material to phase
and nmeans for connecting | ayers of conductive

Smat ef &eViRS \RERTYIRE {9 r Slpimall @rndt €ormprigingt 6) means for

gr ouRgnn&¢tird 'Fi}st_r@?é]%afé"ia\fe%gﬁ“t{joinﬂgcb?? gﬁétee)?{al to phase and

conductive raterial to shifted phases anp
t hr e@&RNS Quirconsigcting daygrasdsgonddictive deslierial detwedn rhe first

to a edi aj npLi Si ans for .

ol ol tE, Yae dor bR DY I BB RITet Roanaging fayers of

to dicohdueiite Adaterial to shifted phases (for example three or four
shifted phases).

4. A device according to any preceding claim comprising means for
electrically connecting layers of conductive material to different AC
signals or AC signals of different frequencies

5. A device according to any preceding claim comprising (i) means for
electrically connecting layers of conductive material adjacent a first
part of a channel to a an AC signal having a first frequency; and (ii)
means for electrically connecting layers of conductive material
adjacent a second part of a channel to a an AC signal having a
second frequency.

6. A device according to any preceding claim which comprises about 10
to about 50 layers of electrically conductive material.



signals or AC signals of different frequencies 5. A

devi ce according to any preceding claimconprising (i)
wore@n®7doer el ectrically connecting | ayers of PCT/GB2004/000815

conductive material adjacent a first part of a

channel to a an AC signal haging a first frequency;

and (ii) neans for eI ectrically connecting | ayers of

condueélve rraterclm‘;J é‘acent a second part of a
7. charMdlevieR acqpr §P nﬁﬁ%qﬁggama@wﬂwem @Qgéﬁtﬁy‘leaved

6. Aager afe asﬁﬁﬁgﬂe@gté cbreowepéeréﬁqhaae rﬂtﬁ”PMH ah nlg;c/h of

conpri ses about to about l'ayers of electrica
cond@mutvEMD@ﬂwt 9cmaadca4wmteoﬁoabwt/mw®a/ab©0815cm
26 7. A device according to any preceding claim
wherein the interleaved |layers are lamnated to

8.pr ovA dirvicd antoralireg whi arty bescealine tdim Whereshoultemtlayers
about_ 9 Ocm t o_about

A et EER RN hp B e AR el PgE et SORT vihdiat 1End of the

al t elhfé\ﬂ@\}e%velé?ers‘)far@i qswsc@lfl ¥l BiEHIgt Ic\éﬂdnewél Rlaterial
project froma first end of the .interleaved |ayers

and Pefaen shesg adternatg llap/eé@rm*@a;@qtv@onmaerspgqm end of the
bet V\ﬁﬁnt E&eaﬁ a@yltbecrh%a@%t eﬂ?ﬂers project froma second

end am nat e stal to the first end. 9. A
devi ce according to any preceding claim wher ein the

Iaye S d Y. CO cti. eri ar e

9 oahodiVics HEBLnBo e Yol REREIdN RS v erdThcing lavers of
f oi Ielewscaﬂydmncmmecnradém &z prydyderic eflimetatIfail ror metal
wherein the Iaﬁers @ el ectrically conductive

mat e?‘?%?dﬂ%\%a HPlkness of about 5mto about 15m

11. A device according to any preceding claimuwherein
the |layers of electrically conductive material are
1Oy oofic@eviee @cq%dl@g sl @t @decdding ¢lain gwbersinniheh layers of

Consél%f:t?hc%fll /0 Ande00] fayd2, t%%vésgeota%gg[lg'ﬂ@n to

any precgdl ng claimwherein the | aye

eI ecalwuiawgmnon-conductlve material are produced of a

| ow tenperature curing polyner film

11. A device according to any preceding claim wherein the layers of
electrically conductive material are produced of a metal selected

from the group which consists of aluminium and gold.

12. A device according to any preceding claim wherein the layers of
electrically non-conductive material are produced of a low
temperature curing polymer film.

13. A device according to any preceding claim wherein the layers of
electrically non-conductive material have a thickness of about 50pm
to about 150um.

14, A device according to any preceding claim wherein the layers of
electrically non-conductive material are produced of a low
temperature curing polymer film selected from the group which
consists of LTA45 NCB, |



13. A device according to any precedi ng clai mwherein
the layers of electrically non-conductive materi al
whaooa/02606thi ckness of about 50m to about 150m PABGB2004/000815
devi ce according to any preceding claimwherein the
| ayers of electrically nonzonductive material are
produced of a low tenperature curing polynmer film
sel ected fromthe group which consists of LTA45 NCB
1500 2olevies @saomaing ¢e2av/RIeesABg ¢igim swhighdlgs @bout 50 to
acc ' [ | I 50 to
e L L
channels. 16. A device according to any preceding

| ai mwherein the channels have . di ter.of about
16, arhrdbd cesgerdhigrid o pree iy B BTy gRatifls have
pr ecedidrgetdrasfrabieredmrh e adouk da@mnene channel is

cylindrical or a groove. 18. A device according to any
precedi ng clai mwhich conprises substantially planar

1'}’.ayeA5déMfEé3|Ecé’dr%ir?dJP§taﬁ{e§/t glféclbblir@&@%e\}vhe?’é?ﬂltﬁiesat least one

| ongi tudi nal axis of t east one channe
i ncl ¢hasuned imsylindrical oy @ g@opendi cul ar to the | ayers.
19. A device according to any preceding claimfor use
in high throughput screening wherein the at |east one
18hanheldevicec| asmddiag aof i arst preteding t blairmhaminieh tcomprises
provide_ at,..l east one , well or.chanber, 20..A devi .
oo s e Y 48  BhisR, RES et R and 2
def i p@dithdirdl wid odfthéraansper enté dmaheel & incihed Aubstantially
devi ce according to claim 19 or 20 wherein the |ayers
of PRWEREISWR aths [aYeraire sel ected from the group
whi ch consists of indiumtin oxide and the |ayers of
non-conductive material are selected fromthe group
19hi ch daviesi aeeprgingpls poumseeerdiag claim for use in high throughput

| , _
00! YESRUNPAHEFASIE §PRESPRN) (Mgl i clgsed ap  frst end o
accotth dggrirel tbairovite arleast whemalinoraciamber.end of t he

wel |

20. A device according to claim 19 wherein the well or chamber is
defined by a wall of transparent material.

21, A device according to claim 19 or 20 wherein the layers of
conductive material are selected from the group which consists of
indium tin oxide and the layers of non-conductive material are
selected from the group which consists of polycarbonate,

polymethylmethacylate (Perspex) or polyethylene-telephthalate
(PET).

22. A device according to claim 19 or 20 wherein a first end of the well

or chamber comprises a transparent material.

23. A device according to claim 22 wherein the transparent material is
selected from the group which consists of glass, quartz
polycarbonate and polymethylmethacylate (Perspex).



or chanber conprises a transparent material. 23. A

devi ce according to claim 22 wherein the transparent
woraioei@bo i s sel ected fromthe group whi ch copsi/€B2008/000815

gl ass, quartz polycarbonate and pol ynet hyl net hacyl at e

(Perspex). WD 2004/ 076060 F&3/ GB2004/ 000815 28 24. A

devi ce according to any precedi ng cl ai mwhich

i ses I . i de.
22K 7o ot S8, B8 IR e BRNE i Bt = rarce
pr ecreatinbgr of ahammealsto igonigeldbitldhveainplate. 26. A

nmet hod for diel ectrophoretic separation of suspended
particulate mnmatter which conprises the steps of

2% ach '&@vﬁ:eseﬁ!@f@?&ng%mgﬁbﬁéte@fng 8a(rhicorh SN §atS3® channels.
wi thin a channel of a device according to any one of

clainms 1 to 25. 27. A nethod according to claim 26

cyher gineg, ?&eﬁ?él&tﬂ’gﬁjh&%gigi %ﬁégﬁi{)ﬁrﬁfasus endeldI particulate

particle-laden I'iquid or cancer ous ce
f or nmaktmodyhich copepdses Bk stps o platingda saowpldisugpension of

| ai 6 27 ich j high , th hpu:
cor ceRyPte gl HER SEhE TR gekits BHEEhacieapmy one
26 tof dB8imdiiald ZRNpri ses connecting the |ayers of

conductive material sequentially to nore than two
di fferent phases of an AC signal. 30. A nethod

2ACCOAGNREIP RBYr ARG 18 iRl 98 wWheleh 20 prBEERIMiINE® particle
| ayers of conductive material are connected to a

nunb@pmop RRTlsiesladenniifivig Qrog3s0€19)  capgerouss celisuform blood)

phas AC signal shifted at 00, 900, 180, 270.
31. %Ssr?@tfaﬁ%gdéccordi ng to any one of clainms 26 to 30

whi ch conprises travelling wave diel ectrophoresis and
ich conpri,ses the ste f. in Lfferent . .
280 R PP GRrineling,c & Taim [ 2Hs SPhGghTifE sempEses hish
one gHrangeput SFeeAinget hod for production of device
according to any one of clainms 1 to 25 which
conprises the steps of lam nating alternate | ayers of

29. A method according to any one of claims 26 to 28 which comprises
connecting the layers of conductive material sequentially to more
than two different phases of an AC signal.

30. A method according to any one of claims 26 to 29 wherein the layers
of conductive material are connected to a number of phases
summing to 360° such as four phases of an AC signal shifted at 0°,
90°, 180°, 270°.

31. A method according to any one of claims 26 to 30 which comprises
travelling wave dielectrophoresis and which comprises the step of
moving different particles in different directions though the at least
one channel.

32. A method for production of device according to any one of claims 1
to 25 which comprises the steps of laminating alternate layers of
electrically conductive and non-conductive material to produce a

laminate; allowing the laminate to cure; drilling channels in the



el ectrically conductive and non-conductive material to

produce a lamnate; allowing the |lamnate to cure;
waleioklorgee0 channel s in t he WO 2004/ 076060 PCT/GB2004/000815

PCT/ GB2004/ 000815 29 | am nate; and optionally

connecting successive | ayer29of electrically

conducti ve naterial to different electrical potentials

or Eﬁseaghlft A device or method substantially

as s ’ 85 c‘??%’é@”ﬁe‘?@%%ﬂhﬂ%@ﬁﬁ“&et'éY‘P'ﬁeOf electrically
accoomadydtive iabetid1ds-different electrical potentials or phase shifts.

33. A device or method substantially as shown or described herein with
regard to the accompanying drawings.



