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Thedepys leqtasally Smen-sandettiveradt "iasulaying! tas gsdmhsetkin are
mt@ﬁ:’h%h b I ghences
di el egt%’%{]goél}%ﬁg\r@:tl]ieés%%rf%%p%'ﬁaﬁg'tgl j-h?yﬁreﬂﬁgqrﬂ:}?t@g to mean
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fractionated by exploiting small differences in
pol ari zability or by using a dielectrophoretic force
The hermdn]amml}laﬂcnwié mt&iphefed &P&f@:ﬁﬁlesﬁ‘? ﬁ?alb&%‘f?ﬁ}j r plant
tPC]:ll ﬁ(y&ilde diffusion. If a ectric par Pe
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for separation of particles, either by binary separation of particles into two

separate groups, or for fractionation of many populations. It can also be
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
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moving it "down" the fi eld gradlent Whether a particle experiences positive
or negative DEP is dependent 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
iIs 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
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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. Thls potentially enables
detecthn 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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generally carried out in well plates. These plates have a large number of

small wells wherein each well can be used to contain the reagents for
performing one experiment. Known plates have 384 or 1536 wells, while
each well is capable of containing only a few microlitres of sample. To
perform even more parallel experiments with even smaller samples new

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 difficuit, 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 t.he 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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A further advantage is its high throughput compared to known devices.

A first aspect provides a device for three dimensional dielectrophoretic manipulation
of suspended particulate matter which comprises a laminate of a plurality of
interleaved lamellas of electrically conductive and non-conductive material wherein at
least one channel is defined through about 10 to about 50 of the interleaved lamellas

of electrically conductive material.
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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 (i) 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 grbund,
which has a neutral potential. In contrast, in the case of connection to
phase and anti-phase, both signals have an aiternating 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 number
of phases summing to 360°, for example four phases of an AC signal shifted
at 0°, 90°, 180°, 270°,



of conductive material to shifted phases (for exanple
three or four shifted phases). The shift of the
phases can be equal or une&hal. Preferably an

enbodi nent of a device according to the invention
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connecte re than two different phases of an
signal . Preferably, an enbodi nent of the invention
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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




conductive material is limted only by the ability to
form(eg by drilling) at |east one channel through
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enbodi nent a device according to

Preferably, an embodiment of the invention camprises 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 paraliel 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.



the invention has 200 channels. In an alternative
enbodi nent there are about 300 to about 2000

wehanrgb@, for exanple 1536 channels. This n%‘@?ﬂmb(ﬁmoomﬁ
preferred because it offers the advantage of

conpatibility wth known agpd commercially avail abl e
plate formats. Preferably, an enbodi nent of a device
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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,



by a light beam |If particulate matter is repelled by
a field generated in the well it concentrates in the
centre of the well and scalters the light beam In
contrast, if it is attracted it concentrates at an
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| arge nunmber of wells to provide a multi well plate.
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according to an enbodi nent of the invention has
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- 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.



suspensi on of particulate matter wthin a channel of
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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 appiication 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 appliéd to
remove viable from non-viable celis. Furthermore, it considered that the




phases of an AC signal (for exanple three or four
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rac repelled by the field gradient. The device can be
used as a dielectric flow separator 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 particies and a sample from adjacent the wall of the

channel containing attracted particles.

Figure 3 shows a diagram of a dielectrophoretic multi weil 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 muiti well plate wherein
smaj# wells are filled with bacteria or a cell suspension. Positive DEP
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channel . Thereafter, the filter is regenerated by
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frequency.

Multiple frequencies could be applied to one device when a number of
layers at the top are connected to one freguency, 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.
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'nﬁﬁﬁﬁﬁg%”?%ﬁedc‘ﬁ&?f‘sty and a concise description features
are described herein as part of the same or separate
enbodi nents, however it wll be appreciated that the

Tlsﬁttﬁ]@%rlefﬁmdwlawem/erﬁ lamnineeyd tonpradee erﬂ‘acrdnamwmchha\pdwage

<tP3 0 TRk ACknals b aBeveaed Ak SEohSER. Alternate
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NCB having a thickness of 100m wherein 288 channel s
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In useoAcelhsuspension is| agreshte eachs gl tagether withsa pemton of a
different agent, a different amount of the 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 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 walis of the channel, and the
remaining particles (e.g. cancer cells) pass through the channel and are
optionally detected. |




A plate conprising wells in a lam nate of interleaved
| ayers of electrically conductive and non- conductive

w(ﬁr%(,%y@ has a glass plate as a bottom This
}rswqoodl ment will use for bioassays. In lféjéF/G%z““*’“OOSl‘

plate e
cell suspension is added to]h ach well together with a
portion of a different agent, a different anmount of
the sane agent or both, in each well. The assay can
eval uate the reaction of the cells to the agent added
Exdin ixgh wel |l and therefore performa |arge nunber of
experinments at a tine. The enbodinent has 1536 wells

~and the sane di nensions as a conventional nulti-well
Mg.hg ..An ot her enbodi ment conprises a plate having
s through a |amnate of interleaved | ayers of
el ectrically conductive and non-conductive material.

The pI ate separates two liquid reservoirs and |iquid
Hegiohgdr ostati c pressure in one
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det ected. WO 2004/ 076060 PCT/ GB2004/ 000515 16
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and Qrﬁmm,eweha\destgr&(&l irl ayafm@rf wolRiRh! 4ica) {pv 25AUGE Y.
The”me%hg% é %51 rlmf0|l and 19 layers
G REiTen hF@%R’}E ﬂ@@tfh of thejlamméyeteswas 2mm

non-"c
+ CeBmim,] am nat e haV| ng a plurality of channels therein.
An array of dielectrophoretic separation channels of

bore diameters 1mnm and 0.5mm were designed in a
Eachilafizhate MY K RIA S8 %fng%%%w&n%rﬁe Ig& "S0mm respectively, this

allowed for the drilling of channels within the 22mm diameter mentioned

above, Electrically conductive material that ehergised 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 20um 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 iayers
projecting from aiternate ends of the Iammate -




The height of the channels, and hence the depth of the
am nate was 2mm f 0.5mm Each |lam nate had a width

wendydeagt h of 30nm by 30nm respectively, th|
for the drilling of channels within the ZZm%TIQE%@%&Sh

mentioned above. Electricghkly conductive nateri al
that energi sed the dielectrophoretic chanber array
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en@la ed in an oven and cur (cal'rbrate
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laminate, and the plate was sized so that it was not inhibited from vertical
movement within the jig, thereby reducing 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 drilied at a speed of



rel ease filmwas placed over the jig. The | am nate was
then placed in the jigwth alumniumfoil |ayers

\ ' ing up and over the 2 nmetal rods. This ensured
Wq)%@lt‘ﬁ@hérﬁl ng resin filmdid not escape from t RET/GB2004/000815

lam nate to the | oose alunipniumfoil at each end of
the lam nate. A second release filmwas placed atop
the lam nate; the release filmenabled the structure
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construction of the structures had no inter-electrode
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S cured lamnate into strips, the strips were

—eam-ﬁﬂﬂéﬂaded sandi ng paper until the |am nates

A e Trdk  he igRsieatefd. h ainty of -t :
dri| i}r&g. plfiocessH:I,e P\tea(g\/\/g@%g%?cggdsi %?S%é%%qg"ﬁgmfmaﬁsncs'

Suihey ks Woigl wasechipsdr ducauspravits erdalsenablennehmatibilitygwith

ok 8 E5” OE and DA A a5 A e

tramDaroB2 00d¢ 8G08 e 3!l oking @b8epmtiohhsr xpFaHrah®n test was
repeated after drilling to ensure there was still no

conduction path. The thickness of the |anmi nate before
To eusimganaroBass ek o May tﬁP@&ﬁ'ﬂﬂé Py orahdrFENE &9 uid
. E)y agpllc_atlon of a 0.94kg wei ght on top
inlet “was " positioned directly above the array. This was primarily, to
-minimise any errors in cell counting. 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 necessary.

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 107 m2.




gl ass plate covering the |ayered portion of the
structure. It will be apparent that the thickness of

cture can be decreased further, by increasin
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epoxy |layer was not consta b, but ranged between

130- 150pm The al um ni um f0| | thickness neasured
before curing was found to be 30pm and renai ned at
that thickness after curing. Separator Casing A casing

. terﬁ Pl vice was constructed of Perspex (Aquari us
y). This was chosen because of its
2 web;smfrmzlse c@ﬂﬁpgétdoldéri/béré@)t Qtrailﬁ' Q/Ig@gf@—ﬁl%%at fet@obtained
i 3 %rm]::hflmnglnawor hop a
ofp Ehg Ssh Oa%'BW%ﬁlﬁl%qeamﬁJn!qetﬂjsmﬁ/&mnrem c'ﬁhey had been
StR¥BFHF T@Ettﬁan Eﬁr@é‘ggér% anal 'CSmV?‘f"(?I gtj{/ceefrtﬁl ,eqs (,%‘Qmmended

t hrough t array channe

Vﬁb@lsﬂpﬁh@@, @LOAETECHbove the array. This was
primarily, to mnimse any errors in cell counting. A
facility for creating a head of pressure was included

wan adj ustabl e piston this enabl ed opti nmal

rat throu h the channels to be provided if
Pre; h‘%’g? %W?ﬁ 3tk 2GEr PMGIETS YED @gdisyere purthaseddrernaigma
Aldeigh. into strips with a fine tooth saw Channels were
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constructed with 1nm hol e dianeters, and two were
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temperature. After st:rrlng 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
- sofidification 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 fiim 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.




Medi a Reci pes Pre-made broth and agar (powder) YPD
medi a were purchased from Sigma Aldrich. Solid Media

W @kd on 500nL of distilled water was added to _
@%&E@;&E agar YPD in a clean 600nL bor osi | iF&Af@P2004/000815

| abor atory beaker. The beakgg was then placed on a

magnetic stirrer hotplate d heated to 90C for 20
m nutes and stirred for 45 mnutes. The beaker was
covered with aluminiumfoil to maintain tenperature

thrrmnﬁter was used to nonitor the
i After stirring the beaker was
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Pl ate One frozen vial of yeast cells was taken out of

a freezer and thawed in a fridge for 3 days. Sterile
Call PRivalkidy | oops were used to inoculate 2 petri
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exgayined under the microscope. Viable ceth were identified as spherical

cells that had not been stained,

- 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 mi solutions. An 80 m!
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 51gnal
to the device. A 20MHz oscilloscope (Hameg, HM203.s) was used to ‘see’
the input signai. o



within a 1 litre bottle capable of being autoclaved.
After 15 minutes of stirring the bottle was

ed for 40 minutes. Thereafter the nedia
W(g?{fogfal)(@yto stand at room tenperature until tﬁ%T’ﬁ’@a?"d/‘"’OSh
was cooled to about 55C then stored in the
refrigerator at 4C. Cell Htvesting As described by
Lee et al, Biotech and Bi oeng Synposium 11, 641-649,
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in distilled water. 20l of yeast cells were m xed
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Thereafter the voltage supplied was discontinued, and the separator was
washed with 5ml 280mM of mannitol solution at 50ml/hr into a receptacle
with 1ml of mannitol sofution.

Notes

-1 Apart from the aforementioned autoclaved materials, all other
equipment used was rinsed once with distilled water, washed in 70%
alcoho! 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 | '




The tubing and the device were washed through with
distilled water at 100m /hr before each test, to
| s and other debris from previous )
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The cells were counted i mediately before the test to
enhance accuracy of the results. A 5m syringe was
| oaded with a 50:50 m xture of viable and non-viable
cells, with 1m volunes bei ng passed through the
device. A syringe needle ,wid$'fixed securely into the
tubi ng with an adhesi ve, anddt he articul ation was
wrapped with cling filmto prevent | eakage. Wth an ac
signal of 10 volts at 10MHz applied to the device
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Or,
(X Xf—-l)

_ J ;
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

Vo = m =9.2x 1 0"5 ms“’ : for 1000 micron chamber
0. 0.0035
Ve = 3083 - 168x 10°ms™ : for 500 micron chamber

. The volumetric flow rate (Q) through each bore Is calculated beiow:
Quo00 = va2 = 7.8 x 10°x 7.8 x 107
Quo00 = 6.1 x 107? m3s™ = 0.022cm3hr




dt To find the time, t, for which it takes

22 dx v=-
at a

the particle to collect at the el ectrodes
we can use the follow n

[ X, fromthe wall

szﬁJ@%ﬁ%: Jdt = 1dx Jv Rearranging and |ntl’€§4‘;&’c28‘h‘§0,°"315
vveobtain t= Jax v=f(x), agunctlon of yE2 (X,y,2z)
whi ch can be deternined by fitimerical nodelling. The
definite integral can be found by using higher

appr@sﬂaﬂtﬂmﬁ%ﬂﬁﬁmﬁﬁamQB& Mﬂten as, ~ t\x/=l=
an-xn- 1) V2 vn O, =1t~

~1
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E .m cr.on _chanber The volunetric flowrate (Q
%%i@iﬁ% is calculated below Qo000 = v7r2 =
The ?Xgigﬁ;srﬁb@r 8x 811, asA@RPmndH by Xishy & %art]a?n%lcyfometer, was
foun y multiplying the number of cells per mi by 6ml; 5ml solution cells

were collected plus 1m] 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 10° cells per
m_l (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 500pym 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 celis (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 1000um 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, OFf the cells collected in the

. devices (50% and 53%, mentioned above), for the 500um bore chambers
the average percentage of viable cells collected was 86% and 14% for the
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t he average percentage of viable cells collected was

nd 14% for the WO & PCT/ GB2004/ 000815
3n- vi abl e cells. Th 1000pm di anet er had

a mean percentage of 73%viable cells collected and

27% non-vi abl e cells. Althodgh the sanple sizes are

not | arge enough for significant statistical

cal culations and with the introduction of errors, a

| e conparison of proportional data allows for

qui ck performance anal ysis of the device. However, it

can be seen that the performance of the deyices was_,.
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chargBBuERiE Batar R Tl eher St riifiabls defMEd through
depabbubg1dr e dHruts BOr of #hed iseeRavet! tamelas sefielectrically
invention and without dimnishing its attendant

adv&angdyedve matesial.her ef ore i nt ended that such
changes and nodifications are covered by the appended
claims. 25 Cdains 1. A device for three dinensional

2. di eledévioptamcetdingnmndlpirh att idvictotomgurisesmiedns for electrically

ticul at. tt [ ' | am.nat e . of
P cannedin et St RriaiasAb b adiofve AR 1f)q frst phase
CON@RCAr VAT adi§nAOBndCRIGMS! fote com&dting 1avhelias noftonductive
| east one chanhnel is defined throu%geoabout 10 to

abomatspiabtbetmeennthose soaaet Rk t9 firgh phase kg @y second
con ﬁg&%\gﬁ arﬁaherg;%@l‘al. 2. A device according to claim1
conmp

whi rises ans for electrically connecting
alternate lanellas of conductive material to a first

2. Py OGS AU V8 SRITLr T ab” Lot GRAW Sk o) means for

Zgﬂgﬁﬁgﬁrﬁg? firee dtidrabtPnpelsd F eavdidived iasterRl tanphase
and means for connecting lamellas of conductive material between
the first alternate lamellas to ground; or (ii) means for connecting

" lamellas of conductive material to shifted phases (for example three

or four shifted phases).

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

A device according to any preceding claim comprising (i) means for
electrically connectihg lamellas of conductive material adjacent a

first part of a channel to a an AC signal having a first frequency; and ‘
(i) means for electrically connecting lamellas of conductive material
adjacent a second part of a channel to a an AC signal having a

second frequency.
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3. A device according to claim1 or 2 conprising (i)

3 for connecting f ate | anel | as of
ictive material to means for connecting
| arel | as of conductive material between the first
alternate lamellas to groun2§ or (ii) means for
connecting lanellas of conductive material to shifted

phas es, (f q%é ggé% | e ﬁta hz{rgye gﬁﬁcﬁ-@ggﬂ%ﬂ%f\&ﬁ%eﬁ]@ﬁss}lteﬁeaved

Conﬂéhﬁéllﬁg dTEaI%fmﬁQfed £b grblideakh! lnieateeaihicrg hesrelérgth of
of conductive material to different AC si gnal s, or %m

si grattautSicmiie RbpghOCcht aadenbid@s o aboyellica ta@bouli
to any preceding claimconprising (i) neans for
electrically connecting |anellas of conductive

7.mat ex ldablcmbcaoealmgato dny preqeading claitn whamelaltasnatealamellas

AC si a,first fre ng
for o Bleckiealiv fodgvsbes imptetiatomaie@nfroch i reF Jiid of the
mat %h‘ﬁh teaghac%eﬁbsﬁ%Oéﬁcﬁ%éllw%oﬁdﬁﬁwm&hat@a’i Between
AC s ? havi ng second frequency. AMENDED SHEET 26
6. Aheemai@raatﬁ)lamﬂ@a& Sreifrt frePeaiseoBAfne whehei lgminate
t he Ilas are laminated to provide a
|am4{§{3ﬁéﬁﬁ%wﬁ€a€ﬁ§ | ength of about 7cmto about 9cm
and a width of about 10cmto about 15cm 7. A device
according to a recedi ng cl ai.m wherein al ternat

8.1 anh ey tesr SeRIAitg 48195 ASRESRBy IR Eheta g, Brpelias of
fr O'Elé‘cﬁ'?céﬁi c%'h@u@fwéh%atéﬁ@l‘ Bﬁtt PrédecdPBEIrhétal dbil or metal
el ectrical conductive material between these
al t eraated insateting§oipr oj ect from a second end of the
lam nate distal to the first end. 8. A device
according to any preceding claimwherein the | anellas

9.0f  RldSAded aatdrdirpnduahy \menadhagi dbimarwheradutedlanellas of
netal foil or netal,  coated Lnsu atl foil

dev.edecta@euv RHFUHVENPHFEBLAANG 8| Hileiotass: of ks Sum to

I ama‘%< el ectrically conductive materi aI have a
t hi ckness &Tmabout 5Smto

10. . A device according to any preceding claim wherein the lamellas of
electrically conductive material are produced of a metal selected
from the group which consists of aluminium and gold.

11. A device according to any preceding claim wherein the lamellas of
electrically non-conductive material are produced of a. low

temperature curing polymer film.

12. A device according to any preceding claim wherein the lamellas of
electrically non-conductive materia! have a thickness of about 50pm
to about 150pm.

'13. A device according to ahy preceding claim wherein the lamellas of
electrically non-conductive material are produced of a low
. temperature curing polymer film selectéd from the group which '

consists of LTA45 NCB.
| AMENDED SHEET
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about 15m 10. A device according to any preceding

M Wherein the | amelg: ectrically conductive
al are produced o% selected fromthe
group which consists of alumniumand gold. 11. A

devi ce according to any pre¢éding clai mwherein the

| amel l as of electrically non-conductive material are

L.produced.of a lo te rat iy [

145 "B it ateplihantfihet BrHb e ang Rhie has; 28yt 50 to
t he doaie! IO civdnnadt ee tabioaa 30P tecab®AnzNE0 channelser i al
have a thickness of about 50m to about 150m 13. A
devi ce according to any preceding clai mwherein the

15, amgy| h%icgfaccsr&&lb "thGHy Prat@BirkPOSHAIWNE TR LRE IcABNAER have
produced of a [ow  tenperature curing polynmer film
sel ecdiatnéterroftaboul Codimmtd @bout dr8ingts of LTA45 NCB.
AVENDED AMENDED SHEET O p , ~~ .. also= 27 14. A
devi ce according to any precedi ng clai mwhich has

162boyt d2Qidedac@tifg 89 rgheretetimgotlaibowhebdi the abdedst one
2000 channels. 15. A device according to any precedi ng

cl aichennet i evlindkicehahRI'§ONBve a di aneter of about
0.4mm to about 1.0nm 16. A device according to any
precedi ng claimwherein the at | east one channel is

" 17cyl ikddeciee caccardingovte. @W prateding: slabor divhight ccamprises

pr ecedi cl.ai mwhich ¢ rise u ' y r
P o5 P SR R, B BIARR anc o
| onghhditiidinial aXissoPthé ¥ |aast eastchaneet imimelinedssubstantially
i nclined substantially @erpendi cular to the | anell as.
18. pergendictlardeding lageiesany preceding claimfor use
i n high throughput -
18. A device according to any preceding claim for use in high throughput
screening wherein the at least one channel is closed at a first end of

the channel to provide at least one well or chamber.

19. A device according to claim 18 wherein the well or chamber is

defined by a wall of transparent material.

20. A device according to claim 18 or 19 wherein the lamellas of
conductive material are selected from the group which consists of
indium tin oxide and the lamellas of non-conductive material are
selected from the group which consists of polycarbonate,

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

~ 21. A device according to claim 18 or 19 wherein a first end of the well

or chamber comprises a transparent material.

22. A device according to claim 21 wherein the transparent material is
selected from the group which consists of glass, quartz

polycarbonate and polymethylmethacylate {Perspex).
| AMENDED SHEET
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screeni ng wherein the at | east one channel is closed

25 irst end of the y» provi de at | east one
r chanber. 19. A gording to claim18
wherein the well or chanber is defined by a wall of
transparent material. 20. A28evice according to claim
18 or 19 wherein the lanellas of conductive materi al

are selected fro he grou i, sists of _indium
2§ - BHSKSRIRRG E MO0 AT hlich Somaidaf 1arge
ar e nigabecbedhéneesttbepr@dvitioa whilchwelh pidtel s of
pol ycar bonate, pol ynet hyl met hacyl ate (Perspex) or
pol yet hyl ene-tel ephthalate (PET). 21. A device
Aec . ¢ . _ - . _
20 IR R G Il oIS M S Ak S et
A device according to claim21 wherein the transparent

ydrat ef i i sel.e d from.th ich consists of
29, & ettioR, 5 g RLoRhRRA SerF BByl RO pRefituiate
( Perrageey whbMFNORIDSdEThd stifisEdt PB2HY arsanisld Sidpension of
28 23. A device according to any preceding claim
whi ARFEEWEES seattgr withje mGhberelAT @ evice acqasdivaote @ay one
a el l-af e. 24. A device according to any
prg?gcﬁariéﬁlc%gprﬁonpri sing 1536 channels. 25. A
nmet hod for diel ectrophoretic separation of suspended
particul at mat ter whi ch.cogprises.the steps of. .
265 ot Miethod.pprardia f8,SRIR g WS irkediarmined particle
Wi t frdmaa @haﬂﬂetiaaénaiaﬂui@reg@ﬂ@rgiicrwcbao@yeiwg%m@fbsood)

clains 1 to 24. 26. A nethod according to claim
whel®pePabeddet er ni ned particle froma
particle-laden liquid or gas (e.g. cancerous cells
formblood) .is separated. 27. A nmethod according to

27¢| aifm psthord 28caundinty conprisises2bi gh 26 which comprises high

throughput screening.

28. A method according to any one of claims 25 to 27 which comprises
connecting the lamellas of conductive material sequentially to more
than two different phases of an AC signal.

29. A method according to any one of claims 25 to 28 wherein the
lamellas 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°,

30. A method according to any one of clairris 25 to 29 which comprises
travelling wave die!e_ctrophofesis and which comprises the step of
moving different particles in different directions though the at least
ohe channel. '

31. A method for production of device according to any one of claims 1
to 24 which comprises the steps of léminating alternate lamellas of
‘electrically conductive and non-conductive material to produce a
laminate; alloWing the Ia:{;{:{%ﬁggéﬁﬁ E}:re; drilling channels in the

MSRLEY OHEE]

segiev it SHEET




t hroughput screening. 28. A nethod according to any
f clains 25 to 27, apri ses connecting the
| as of conductive: iittequentially to nore
than two different phases of an AC signal. 29. A
met hod according to any one2®f clains 25 to 28 wherein
the lanellas of conductive material are connected to
a nynber_of phases sunmming to 3600, such as four
oha A San SHE o QNN | PN eiiTEh, SUERethg0 fomelgs  of
30. ofectREARS RFeRICEVBITaRedal tONGiffeferst dldtEried pbterdtals or
whi ch conprises travelling wave diel ectrophoresis and
whi Plhasembiftses the step of noving different
particles in different directions though the at |east
one channel. 31. A nethod for production of device
32accév devigetar arethodesubistanitiallysad showvr24r wlesctibed herein with
conprises, the steps of |amnating alternate | anellas
of ot Hia Ao RS ron. conduct i ve
material to produce a l|amnate; allowng the |amnate
to cure; drilling channels in the ANMENDED SHEET "trtt
GIv]SP T 29 |laninate; and optionally connecting
successive lanellas of electrically conductive
material to different electrical potentials or phase
shifts. 32. A device or nethod substantially as shown
or described herein with regard to the acconpanying
drawi ngs. 0 O HEFT OS/ '| ~Sle '
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