Bl OCH P FOR SORTI NG AND LYSI NG Bl OLOd CAL SAMPLES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wappd/ooatsson cl ai ns benefits from U S. Provi si ®aalsG2005/000220

Pat ent Application No. 60/586,718 filed July 6, 2004,

the contents of which are hereby incorporated herein

by reference. FIELD OF THE | NVENTI ON [ 0002] The
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particularly to a | ab-on-a-chip for sorting and |ysing
bi ol ogi cal sanples by diel ectrophoresis and

el ectroporati on. BACKGROUND OF THE | NVENTI ON. [ 0003] A
growing area of research in the fields of
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creation of integrated m niature devices capabl e of
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pat hogen detection, environnental anaIyS|s and
forensics. The deV|ces are portable, require reduced
sanpl e and reagent sizes, and may be used to conduct

poi nt of care testi ng}N[OOO4] Sanmpl e preparation is a
cr FIELQAOROpINMENHR/IN | mportant step in the analysis
process carried out by a m TAS device. Front-end
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performed. Desired cells that have been isolated from
the original sanple nust also typically be |lysed or

di srupted in order to rel ease the intracell ul ar
conponents such and_RNA that are to be

an WO@WP%FE%WVENTW end sanpl e preparation

may include purification of the crude |ysate by
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nanotechnology relates to the creation of integrated miniature devices
capable of performing chemical and biochemical analysis of biological matter.
Such devices are known as micro-total analysis systems (p-TAS) or a lab-on-
a-chip. These devices are becoming increasingly popular in biomedical
research, disease diagnosis, food pathogen detection, environmental analysis
and forensics. The devices are portable, require reduced sample and reagent

sizes, and may be used to conduct point of care testing.

[0004] Sample preparation is a critical component and important step in
the analysis process carried out by a u-TAS device. Front-end sample
preparation for molecular, biological and immuno-assays generally consists of
many steps. After a biological sample such as blood or tissue is obtained for
testing, separation and sorting of target cells from the original sample are

generally performed. Desired cells that have been isolated from the original



nunbers of target nucleic acids. [0005] The use of

el ectrical nethods for performng the steps of
weep@riisag, sorting, and lysing target cells &C®S8G2005/000220

popul ar. Two such nethods ate diel ectrophoresis (DEP)

and el ectroporation (EP). [0006] D el ectrophoresis

(DEP) is a technique for separating mcroparticles
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i nduces unequal, el ectrical polarization dipoles in the
numberi phlargetdUSqic 86id8arti cl e. [0007] The

di el ectrophoretic force that is experienced by a
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also affect its dielectric properties, and thus its
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~ I'ts suspending medi um wi experience a net force
dlele@mpdrtml@h electric field regions (positive DEP),
while a particle that is |less polarizable than its
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experienced by a particle. A particle’s own structural and chemical properties
will also affect its dielectric properties, and thus its dielectrophoretic
movement. For example, a biological cell’'s morphologies, structural
architectures, composition, phenotype, cytoplasmic conductance, cell
membrane resistance, capacitance and permittivity, will all affect a cell’s
polarizability. Also affecting the dielectrophoretic force experienced by a
particle are the dielectric properties of the surrounding medium within which
the particle is suspended. A particle that is more polarizable than its
suépending medium will experience a net force toward high electric field
regions (positive DEP), while a particle that is less polarizable than its
suspending medium will experience a net force toward low electric field
regions (negative DEP). All of these factors affecting the dielectrophoretic
force experienced by a particle can be used to expioit the differences between

cells of different types or different physiological states such that cell



cells of different types or different physiol ogical

states such that cellseparation and sorting may be
woeodomonsel. [ 0008] Di el ectrophoresis i s ordi naPCir$G2005/000220

performed on a device having a glass slide with an

array of exposed interdigitated and castell ated

m croel ectrodes to which an AC voltage is applied. The
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leakage and unwanted local electrical fields within the microfluidic region.
Second, unwanted electrochemical effects arise from edge effects in
uninsulated multi-metal electrodes such as Ti/Au or Cr/Au. Third, the volume
of the flow chamber, (several hundred microliters), is so large that thermal

convection exerts unwanted forces on cells.

[0011]  Electroporation (EP) is another cell preparation technique for
creating cell membrane permeability that may be used to perform cell lysis.
EP causes cell lysis through the use of pulsed electric fields of high intensity
that result in an irreversible breakdown of the cell membrane. This disruption
of the bi-layer cell membrane is useful for obtaining intracellular material such
as DNA, RNA and mRNA. Empirical evidence has shown that cell membrane

properties, the external medium used, and electroporator protocols are all



that result in an irreversi ble breakdown of the cell
menbrane. This disruption of the bi-layer cell

woendsreanssi s useful for obtaining intracel |l ul aPCT/SG2005/000220

material such as DNA, RNA and nRNA. Enpirical evidence
has shown that cell nenbrane properties, the external
medi um used, and el ectroporator protocols are

facield fretimiuentdaffectifd cehigsisef f ective cell lysis. [0012]
- Typically, cell separation and |lysing steps of sanple
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as the ability to function in an automated and

integrated fashion. There continues to exist a need
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field gradient and hence a force on cells / particle
within a fluid in the chanber. A voltage source
applies a suitable voltage to separate and/or |yse
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formiaorwt-eveti elechiianiiadtl ondhahannel toygenesateriestiafield gradient
and hence a force on cells / particle within a fluid in the chamber. A voltage

source applies a suitable voltage to separate and/or lyse cells within the fluid.

[0015] In accordance with an aspect of the present invention, an apparatus
includes a top insulating layer; a bottom insulating layer; and a conductive
layer, between the top and bottom insulating layers. The conductive layer is
etched to form first and second electrodes separated by at least one
microfluidic channel. The top, bottom insulating and conductive layer are
bonded together and the microfludic channel forms a fully sealed flow
chamber. An inlet and outlet are in fluid communication with the flow

chamber.

[0016] In accordance with an aspect of the present invention, a method for

cell sorting includes loading a biological sample into a microfluidic channel,



chanber. An inlet and outlet are in fluid
communi cation with the flow chanber. [0016] In

weceewrodassee Wit h an aspect of the present inveRCIT/SG2008/000220

met hod for cell sorting incbudes |oading a biologica
sanple into a mcrofluidic channel,fornmed between two
conductive el ectrodes; applying a potential difference
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vice, wherein the mcrotfluidic channel walls are

conduct i ve el ectrodes; 3]0 gl ng a potential difference
[0018] t He ecinidance, with welt a JuEBer 36ROk HiegBreseaf (ilvangon.,
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renovi ng unwante rom t m cr of
singihaluvide, luebdmgnﬁng -apydiregl o Ibimldgmabrsesmhe dntoa@p Inyicoguigic
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caumhgdargﬂwjls to experience a dielectrophoretic force under an electric
field; removing unwanted cells from the microfluidic channel using an applied
fluidic pressure; applying a potential difference to the conductive electrodes
causing the target cells to experience a dielectrophoretic force under an
electric field moving the target cells to the tips of the conductive electrodes;
and applying a high pulse potential difference to the conductive electrodes

causing the target cells to experience electroporation.

[0019] Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.



and applying a high pul se potential difference to the

conductive el ectrodes causing the target cells to
woxpmriogssge el ectroporation. [0019] O her aspeeCs/sapa)s/000220

features of the present invention will beconme apparent

to those of ordinary skill in the art upon review of

the follow ng description of specific enbodi nents of

t h@RIFFEDESORIPTIGRIPETHE DRAWINGShe acconpanyi ng
- figures. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0020] In
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Ofﬂ?e Q%?HF?‘%?‘@%% enbodi nent of the present invention;
[0022] FIG 2 is an expl oded view of the biochip of
[00R]G HIG.[10828pemparti& viswafa distectrephomiicdieshipf t he
a bottom plan view

exegp?qm@?@p;gﬁpcbdlg}ér%%% ;lre%@%g]/ergqg 5is a schematic

di agram of a systemincluding the biochip of FIG 1 ;
[0028026 16 12G8. arPéxdlod & viaveofank diatib 8ERIGEE;i ¢ di agr ans

of’ possi bl e geometric configurations of channel wall's

of the biochip of FIG 1 and el ectr el d vector
lomlst rFIG:3 59 gosarsactien Mipw of ﬂé%@ié%fih*B@éE,fG{ J6027] FI G
7 is a graphical illustration of the cell sorting
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cross-section view of another enbodi ment of a =
[0026]e| eRHG. Goisar schamatiodinpmm ek aystany insfuding dh bigichienef
FIGoi_the present invention; and [0030] FIG 10 is a

bottom pl an view of the biochip of FIG 9. DETAILED

DESCRI PTION [0031] FIGS. 1 to 4 illustrate a device in

[0028]e fRIGB.®BA o BFerbigplaked exlwrplam yhagﬁams of possibleent

geo(r;]fetlglct] gor?f{geusrgtrl]ct)nsl, gf\/ c natr{n%PwaiA‘s? oWhe blochlpmiat FIG. 1 and the

electric field vector distribution generated by the electrodes;
[0027] FIG. 7 is a graphical illustration of the cell sorting process;
[0028] FIG. 8 is a graphical illustration of the cell lysing process;

[0029] FIG. 9 is a cross-section view of another embodiment of a
dielectrophoretic biochip, exemplary of an embodiment of the present

invention; and

[0030] FIG. 10 is a bottom plan view of the biochip of FIG 9.

DETAILED DESCRIPTION

[0031] FIGS. 1 to 4 illustrate a device in the form of a biochip 100
exemplary of an embodiment of the present invention. As will become
apparent, biochip 100 may be used for dielectrophoretic separation of

biological material and lysing.



apparent, biochip 100 may be used for

di el ectrophoretic separation of biological naterial
wanodopsisag. [ 0032] As illustrated in FIG 1, bPaTisiGpoos000220

100 includes an inlet 110, an outlet 120, top, mddle

and bottom |l ayers 130, 140 and 150. Top | ayer 130 and

bottom | ayer 150 are each formed as insulating wafers,
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forrfle&dillr giéﬁd Hosrosvtae tlokeshdrabere! ect rode 200 to vol tage
pad 410 and bul k el ectrode 190 to vol tage pad 400.

Vol tage pads 400, 410 are electrically connected to
[0034] qeMetalizad Vimn21 #1220 Hystrataddn FEGS. 22004 wteee treuoh

bot%?ﬁ | r 56 1o ?na“(ﬁ(QP&%egﬂ?mcgl%d ecfebl‘#l%élt &H’{F%étigrq %

exte ectric onnect i ons
cendarlaéeltactud@es 200 &and200k atettralde AQ0bi Meﬂallnaﬁﬁlﬁ) stripsbd 0, 320

visiSRIR EIeSha it Hbiad e Rolthm S tiptolt Bt 15 Girancally

conhBbetentrHp ele%tﬁoﬂefimoc\ﬂﬂfé‘gé 'p%\@MW‘aHd bﬁlk%ﬁéétﬁi&ﬁ % 9
to channels 250 through inlet hole 230 that is drill ed
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board (PCB) that may supply the biochip 100 with applied voltage.

[0035] Inlet 110 is in flow communication with entrance 240 to channels
250 through inlet hole 230 that is drilled on the top of glass wafer forming top
layer 130. Outlet 120 is similarly connected to an exit 260 of channels 250
through a second hole 235 in the top glass wafer forming layer 130. The
inlet/outlets 110/120 allow the loading and unloading of biological samples in
channels 250. Example approximate dimensions of biochip 100 are 12mm
(length), 4mm (width) and 1.1mm (height). Electrodes 190, 200 range in
thickness of approximately 50-700 um. The size of microchannels 250 ranges

approximately from 20-500 pm in distance between electrodes 190 and 200.

[0036] As schematically illustrated in FIG. 5, biochip 100 may be



channel s 250. Exanpl e approxi mate di nensi ons of

bi ochip 100 are 12mm (l ength), 4mm (wi dth) and 1.21mm
wOheiogiotss El ectrodes 190, 200 range in thicknee$/sak005/000220

approxi mately 50-700 mm The& size of mcrochannels 250

ranges approxi mately from 20-500 nmin distance

bet ween el ectrodes 190 and 200. [0036] As
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[0039] FIGS. 6A and 6B illustrate generally semi-circular electrode tips
with opposite (FIG. 6A) and offset (FIG. 6B) configurations. The radius of the

semi-circle is approximately 50pm-400pum.

[0040] FIGS. 6C and 6D illustrate an interdigitated electrode tips with
opposite (FIG. 6C) and offset FIG. 6D configurations. The dimensions of the
interdigitated electrode tips are generally rectangular and approximately
50um-400um in width and 50pm-400um in length.

[0041] FIG. 6E and 6F depict an example triangular electrode structure
with opposite (FIG. 6E) and offset (FIG. 6F) configurations. The angle of the
triangle forming the tips of the electrode ranges approximately from 30-90
degrees. The height of the triangle is in the approximate range of 50um-

200um and the diameter of the arc forming the bays between two adjacent
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[0044] The glass-silicon-glass structure of example biochip 100 may be
fabricated using wafer level anodic bonding to create a fully sealed fluidic
environment as follows. Other materials and fabrication techniques will be

readily apparent to those of ordinary skill.

[0045] First, top glass wafer forming layer 130 with inlet/outlet holes 230 /
235 is fabricated. A four-inch glass wafer (Pyrex glass Corning 7740) with a
thickness of 700 um, for example, may be drilled using diamond bits to create
inlet hole 230 and outlet hole 235. The holes are of a diameter of

approximately 1.6mm each.

[0046] Next, the top glass layer 130 is anodically bonded to the silicon
wafer defining layer 140.

[0047] Thirdly, electrodes 200, 190 and microfluidic channels 250 are
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content of oxides that gives rise to insoluble products in HF (e.g.CaO, MgO or
AI203). These insoluble products can increase the roughhess of the surface
due to their re-deposition during the wet etching process. The role of HCl in

the solution is to transform the insoluble products into soluble products.

[0050] The presence of insoluble products can drastically reduce the
etching rate. The thinning process is performed using a Teflon beaker and
slow magnetic stirring until the thickness of the glass is around 100 um. The
uniformity of the process is relatively good with only 20-25 um thickness
variation after 400 um of etching (the process uniformity is around 5%).
Temporarily bonding a protective silicon wafer with wax assures the protection

of the other front side of the processed wafer, during the wet etching.

[0051] Next, via-holes 210, 220 are formed in the bottom glass wafer of
layer 150. An ACr/Au (50 nm/1 um) masking layer is used for the via-holes
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process. After 'the wet thinning of the wafer, the
prosess sdmproved. Eiching vias 210, 220 is performed in the same solution:
HF/HCI 10/1. The Cr/Au mask is removed in the same Cr and Au etchants.
Another wet etching process for 1.5 min (equivalent to a depth etch of 10 pm)
is performed mainly to remove the sharpness of the edges and also to remove
the non-uniform effects of the wet etching process (during the via-holes
etching the etch-stop process cannot be realized due to the small size of the
mask and the large depth of etching). The modification of the edge sharpness
plays an important role for the subsequent steps of the fabrication process:
the photoresist flow during the spincoating is more uniform, and the risk of

metallization stepcoverage issues over a sharp edge is eliminated.

[0053] Metallization leads 310, 320 are formed on the bottom of layer 150.
Metallization may be performed using a Cr/Au (50 nm/1 pm) layer deposited
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[0056] As illustrated, the biological sample that is to be processed by the
device 100 is first loaded in step S600 into device 100. Many different
particles, including the target cells of interest, will be suspended in the fluid
that is loaded into biochip 100. Pump 1200 (FIG. 5) may be employed to
introduce the sample into the microfluidic channel 250 by way of the inlet 110
and flow chamber entrance 240. For example, pump 1200 may be a syringe
pump used to accomplish cell-loading step S600. Other similar instruments
familiar to a person skilled in the art may be used. These might include
peristaltic pumps, pipettors, and Hamilton syringes. The loading of the cell
sample in the biochip device 100 can be entirely automatic or manual

depending on the device user’s requirements.



be used when the electrode material is nmetal. [0055]

FIG 7 is a graphical illustration of exenplary steps
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di el ectrophoresis. The four1dillustrati ons shown in the
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where ¢, is the absolute permittivity of the suspending medium, VE is the
local electric field (rms) intensity, and R, [K7] is the real part of the polarization
factor (Clausius-Mossotti factor). The polarization factor is defined as:

* *
X - &, — &y

® *
&, +2¢,

where e, and ¢, are the complex permittivity of the particle and medium
respectively. The complex permittivity for a dielectric material can be
described by its permittivity £ and conductivity o, where wis the angle

frequency of the applied electrical field E:



created by a voltage source 1500. The function
generator 1500 outputs a waveform (e.g. a sinusoid) to
wgoensrisst he AC drive signal in order to drivecrise2005/000220
bi ochi p 100. [0058] Di el ectidophoresis (DEP) separates
particles using dielectrophoretic force, a phenonenon
that occurs when a neutral dielectric particle is
pl aged jn;&n electrical field that is spatially
- non-uni form A dielectrophoretic force is created
because the i nhonbgenous el ectrical field induces
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deperid én the magnitude and sign of the real part of the effective polarization
factor K. Thus, both the amplitude and frequency of the applied alternating
current (AC) non-uniform electric field will directly affect the dielectrophoretic
force experienced by a particle. A particle’s own structural and chemical
properties will also affect its dielectric properties, and thus its dielectrophoretic
movement. For example, a biological cell's morphologies, structural
architectures, composition, phenotype, cytoplasmic conductance, cell
membrane resistance, capacitance and permittivity, will all affect a cell’'s

polarizability.

[0062] Also affecting the dielectrophoretic force experienced by a particle
are the dielectric properties of the surrounding medium within which the
particle is suspended. The effect that the relationship between the dielectric
properties of the particle and-the suspending medium has on the DEP force is

described by the Clausius-Mossotti function. If Rg[K] is a positive value, then:

£, > &,

[0063] This means that a particle is more polarizable than its suspending
medium and as a result will experience a net force toward high electric field
regions due to an induced dipole moment aligned with the applied field, a
phenomenon known as positive dielectrophoresis. When a particle is less

polarizable than its suspending medium, then R¢[K] is a negative value and:



w [ 0060] The above equati ons denonstrate that the DEP
force that is experienced by a particle is dependent

wono@/mews®er of factors. That is, the DEP forcecirsG2005/000220
proportional to the volume 16f the particle and - , the
dielectric permttivity of the mediumin which the
particle is suspended. It is also seen that particles
wi | £, orfl.,y experience a DEP force when the electric

- field is non uniformand that the force does not
depend on the polarity of the electric field,
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[0066] All of these factors that affect the DEP force experienced by a
particle can be used to exploit the differences between cells of different types
or different physiological states such that the cells will separate when the
device is actuated in step $610. By selecting appropriate parameters, the
target cell DEP characteristics can be used to physically separate the target

cells from other unwanted cells.

[0067] The selection of appropriate parameters will depend on both the
characteristics of the particular cells to be sorted and the geometry of the
electrodes on the device, but will be apparent to a person skilled in the art.
For example, if a positive DEP causing target cells to move toward high
electric field regions is desired, then Re[K] should be a positive value. This
means that a suitable suspending medium is selected such that its relative
permittivity is lower than that of the target cells. A suitable frequency of the

applied electric field must also be selected, since the AC frequency of the



phenonmenon known as positive diel ectrophoresis. \Wen a
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[ 0064] Under these conditiaes, negative

di el ectrophoresis is the result, and the particle

experiences a net force toward |low electric field
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both the characteristics of the particular cells to be
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[0069] As will be appreciated, prior to introduction of the biological sample
into microchannel 250, the DEP characteristics of the cell sample of interest in
the biological sample are typically studied so as to choose an appropriate
conductivity suspending medium and an appropriate actuation frequency of

the voltage source 1500.

[0070] As shown in step §610 of FIG. 7, when the device is actuated an
AC current is applied to the electrodes 190, 200 creating.a hon-uniform
electric field across the microfluidic channel 250, in a first mode to separate
cells in the biological fluid. The physical separation of target cells (shown as
black particles) and unwanted cells (shown as white particles) is a result of
the dielectrophoretic forces acting on the cells. In this particular example, the
unwanted cells are moved to the electrode 190, 200 edges or tips where

electric field concentration is the highest, while the desired cells are moved to



electric field regions is desired, then Re[K] should

be a positive value. This neans that a suitable
weusandisag nmedi um i s sel ected such that its relasSGL®s5/000220

permttivity is |lower than ®hat- of the target cells.

A suitable frequency of the applied electric field

must, al so be sel ected, since the AC frequenc

bay Fraipps Petvaandhg naighparindealestyods 191200 restgértm tipe of
whBR ffle e ggﬁrceffégiweﬁcer{gﬁé%ﬁﬂ I%H]%r,{)h,ggt conductivity of the

susp en 'ng e appl i ed vol t age
frequency is required in order to induce positive DEP.
[00343 ed lostahB6PBsinwarded cdlls e@rteinmelaﬁ’ﬁbmdhe esicrdfludic
he_bi ol ogi,cal
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red blood cells will exhibit negative DEP if
simyligneewsly remavingynveantedeells. nhPER Prepe ke@rand\manéeobeells

) e 7 ield i h
in i pntEFoF P oyl s tafbe BEITIED el RS kRS
castdiRiéd trpS henly éhd anwahiedeodiis il bp dsicbi\orit BEtheaditaririut 250
will npve to areas where the electric field is the
alogg,\/\gwgtggtsuspen@ﬁg fRfhductivity of the suspendi ng
mediumis increased to 92nS/m then an applied

[oofquuwsﬁépoéeée%ﬁettér@et §§7ské'|‘é rétblerb@d i@ ald® ik

inthe cells and an applied frequency of greater than
hasseeen(erszerted ondbe enpesinput/samele, the tangeimsllissnay be69]
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[0073] FIG. 8 is a graphical illustration of an exemplary process of
operating the biochip 100 for cell lysing by electroporation. Optionally, DEP
and electroporation may be performed on the sample in sequence.
Alternatively, biochip 100 may be used to perform either DEP or
electroporation, on individual samples. As will become apparent, the mode of
operation of biochip 100 varies with the voltage applied to electrodes 190 and

200, by way of voltage source 1500.

[0074] The two illustrations shown in the FIG. 8 are close up views of a
microfluidic channel 250 that is defined by a central electrode 200 and a bulk
electrode 190. The white particles represent cells that are selectively lysed in
this process. The general steps involved in lysing cells include loading a cell

sample, actuating the biochip, and capturing desired intracellular material.



AC current is applied to the el ectrodes 190, 200
creating a non-uniformelectric field across the
woizerep#issdi ¢ channel 250, in a first node to BePAGaN05/000220
cells in the biological flui8d. The physical separation
of target cells (shown as black particl es) and
unwant ed cellsq&shovvn as white particles) is a result
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luid transport out of the biochip 10
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st i pratfiesh &itio BbPoddEPoreREsBo Rk Bilotidfspaventy be
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cells in the center of the channel and target cells in

sarpp dieghip dayred90bet ween castel | ated tips, only the

unwanted cells will be.forced out of the channel 250
[00%2”9 B%éH“pHBP iSHeReRY A%iE) $7do ﬁﬁ@%%]:or‘:@ nﬁo%o f@ﬁ@e or
the target cells are recovere he ce sort

dishind tltfeeellscmrtbe diadogioal sameplena love vokh@ga lssfaabamqhedﬂe create
bt d by t fft
a O3 B cre (6t PR esornpee I otthe oldiler 5 2ne

ThibPortiicobPstep ST00Wisiigildhe sias56¢0 it fHd Sell sbrifg besderd
out of the channel 250 and the outlet 120 under the

and the splectioneefannsopiiaiatsygtesy Permeiprs Rerdgsliipomeredhe pells
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re-suspensr on pur pos renovi ng
artthe target cells. [0073] FIG 8 is a graphical
illustration of an exenplary process of operating the

[OO&fChI e%@moe fﬁ[g t%:aevleI belzé/nsé:&%cpé/d gg t%(e:terlg(ﬁ% et le?(ﬂ'ZOO tips, a
high pulse voltag’e is applied in order to lyse or disrupt the cells causing an
irreversible breakdown of the cell membrane. For many types of cells, lysis
will occur when the trans-membrane potential (TMP) that is induced across
the cell membrane is raised to about 1V. Empirical evidence has shown that
cell membrane properties, the external medium used and electroporator

protocols are all factors that influence effective cell lysis.

[0078] For biological cells that may be modeled as spherical particles, a
time-independent expression of the trans-membrane potential V¢ induced by

an external electric field is:

V® =1.57E cosé



and el ectroporation may be perfornmed on the sanple in

sequence. Alternatively, biochip 100 nay be used to
woeodomomsei t her DEP or el ectroporation, on i ndpPeirsGans/000220

sanples. As will becone apparent, the node of

operation of biochip 100 varies with the voltage

applied to el ectrodes 190 and 200, by vvaé of voltage
whefguris éha selbraqiod s thaalenaidy of thesextatnad ateciiroleidi and Ads
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mehivr¥n&l ectrode 190. The white particles represent
cells that are selectively lysed in this process. The
eneral steps involved in | sing%fells i ncl ude | oadi ng
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sizg ﬂﬁcgb O B R S AT
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, a syringe punp 120 pbe“used to acconplish
mategial rdlemstidlyy theegellINaY be@apburediusinga varistyrefmaetheds. For

famliar, to erson skilled i.n the art used.
exaniil b roatAE il e ls Puiigeg st s e REneTel e
usetlaBidapaite WRNAJEBhe $hRel e N200%thathe used ko Barthe bidthip
the biochip device 100 can be entirely automatic or

100t the erlpsaiapiegman berseddoirravids é methaskefi fluigriransporf ¢

[ y I t f : I :
oo BT B85 Aol b EruseATPldB her) ,

from éhid micrefluididcisaralel @B0Nng cel | separation and lysing to
be executed with the sanme bi ochip device 100. [0076]

j.ochi 00 ,i. t i t S710. in it
toofhie. TR biartus 68 Vigs 30 hest i rERies Pty kbl o PP
ma§ipiRtien of ybayt st a0e rh§ of yeast, 200 n@ef syt 2 nd DPEP
force, so'that the cells nove to the tips of the
water were bueibategbin arobppandast pbetat@y ¥ fartdp. Breicelisswere
| |

simlar to ste 10 .in th ortin rqcess and
therf pEhedtaude B Bridpgei ool Cipse B LaPHE: 78 caded
supefhatBiesditifort ®ak $einoveédantiths cefl pelist whealsRee by 2Qing 2

190 will be apparent to a person skilled in the
ml of DI water into the tube. The centrifugation and washing process was
repeated three times before the cells were collected and resuspended in the
separation buffer, which was a mixture of phosphate buffered saline (PBS)
and Dl water. The conductivity of the separation buffer was adjusted to about
50 uS cm-1 using NaOH. The final concentration of the cells was 1 x 107 cell

mi—1.

[0081] Prior to injecting the celi suspension into the device 100, the
protocol was to assure that the voltage source 1500 and associated amplifier
were powered on but their outputs were set to the minimum. This was to
prevent the generation of bubbles inside the channel 250 by electrolysis. 1 ul
of the cell mixture suspension was injected into the biochip 100. The drive
signal was increased from O ;[0 25 V., gradually. The signal frequency was

anywhere in the range of 20 kHz to 100 kHz. When the actuation signal



art. [0077] After the cells have been collected at the
el ectrode 190, 200 tips, a high pulse voltage is

wappicioedsssn order to |yse or disrupt the cell sPCasER2003/000220

an irreversi bl e breakdown @0 the cell nenbrane. For

many types of cells, lysis will occur when the
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0078] For biological cells that may be nodel ed as
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v intracel lular material such as

devige, pertistes directlyrabmye the Zﬂw@lec@odesﬁo @Dé@m@ﬂammuseful

DEPHyst et Sritywe M EReLBled o SpleniEe). ST pav o be

freéﬁi@m fluido StelE V1N Es . PTHIS Was alerifiédl 'b?rprtrhlﬂgctﬁé Hebﬂ@é 1oeen
ysed, the intracellular material rel eased by e cell
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1200 that is used to load the biochip 100 with the
[0082) | Amesbed expripianydiethipdpyioe 198’ i itestratdd of FIGSI 9

and 18" §E8Is eBbprfrat & PEPEV: 100 Ry tol &R fe 2
dlre'éhﬁrﬁ of prelsdhtedc h@@n@h? 20 -evERA@P&dtrid h@lthCZ‘-hXIB islexdatead
00 has been successtfully applied to the

usmman plactroderconfigyedion iedidisg mf@@wlbplegﬁé@é@ 90fpghegyn in
FIG?tIO,Sé'ﬁ@fhlﬁ%ﬂcala%legtrodes 800, shown in FIG. 9. The thin circular
electrodes 800 are created using doped amorphous silicon and are

approximately 700 nm in thickness. The thick bulk electrode is approximately

100pm in thickness.

[0084] Due to the large difference in thickness between the thin electrodes
800 and the thick bulk electrode 900, a force gradient in the Z-direction is
assured in addition to the force gradient in the XY plane. Microfluidic
channels 250 are defined by the walls of the thick bulk electrode 900 and
numerous thin electrodes 800 may be patterned on the bottom glass wafer

150 within these channels.

[0085] The specific physical configuration and structure of thick bulk
electrode 900 and thin electrodes 800 affect the nature and strength of the
electric field. For example, using circular shaped thin electrodes 800 having a

diameter of 50-200um and a height of 0.1-1um spaced very closely (less than



wat er were incubated in an Eppendorf tube at 37 OC for
2 h. The cells were then concentrated by

woendsooissgat i on at 1000 rpm for 1 minute. The PCT/SG2005/000220

supernatant solution was retoved and the cell pellet
mas washed by adding 2 ml of D water into the tube.
he centrifugati on and washi ng process was repeated

10@#%@ a thigls bulkredeeradec9QQhawngerheigh cvfe1&0e@0@m achieves
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vol r. The conductivity of the separation buffer was
adjusted to about 50 nS cm 1 using NaCH. The. finm

centration of the cells was 1 x 107 cell -
[00§3b81 QiR 109 Gna jpedabrigpted & aananngisHBAar tshblpﬁmla 109
devi ce 100, the protocol was to assure that the
[oow@magﬁf SRHEE Bthé 2fvarfbsBREAF bmb%ewﬁémla' HiPintIRIER to be
on but their outputs were set the m ninum
llluﬂtmtweméy and | pT BY @Ry Itrhlangefﬂaeaiesonbed emhmldlmenisrm‘l de

the channel ectr Cc
carfyig GPERG RpRnorr e efleday BadflieatiPts ff fprvo
arrditferfént\o? paaNaétaneant trd@asTesheraton. OThe irdeniBn I:’rather is
gradual I'y. The signal frequency was anywhere in the
intengleg do encomprsg all suchmaedificatipnavithim s seepat avdefined by
the%mgﬂglreached 13 Vp-P, cells began to nove towards the
t1p of electrodes 190, 200 where the electric field
gradi ent was hi ghest. As the actuation voltage
i ncreased, the cells noved faster. For a 25 Vp-P
vol tage, a stable equilibriumcell concentration
pattern was achi eved in 10-13 seconds. [0082]
Exenpl ary device 100 was free fromelectrical dead
volunmes. The majority of the cells were concentrated
in the strongest electric field region around the
el ectrode 200, 190 tips. Since the cells are
concentrated together in the highest electric field
area, they can also be easily lysed. In a typica
device, particles directly above the 2D el ectrodes do
not experience a useful DEP force and cannot be
mani pul ated. Conveniently, device 100 may al so be free
fromfluidic dead volunmes. This was verified by
primng the device 100 with cells and counting to
confirmthat all the cells were imedi ately fl ushed



out when no DEP voltage was applied. [0083] A second
exenpl ary biochip device 100" is illustrated in FIGS.

woO 200600438 I n t his enbodi nent a DEP devi ce 100PCWiSGR00&/000220
variable force in the Zdire2tion is presented. A
strong and even electric field in Z-axis is created

i n el ode configuration including a thick

VV@@Fﬂgéﬁe%wmgﬁiégoo, shown in FIG 10, and thin

. circular electrodes 800, shown in FIG 9. The thin
circular electrodes 800 are created using doped

1. doappanasusicompoisingnd are approxi mately 700 nmin
t hi ckness. The thick bulk el ectrode is approximtely
100mm i n thickness. [0084] Due to the large difference
i n phbsiesstingghygen the thin el ectrodes 800 and the
thick bul k el &ctrode 900, a force gradient in the
Z-direction is assured in addition to the force
gradigﬂt int e )i%iggane. M crof | ui di c channel s 250
ar 2 FEfPALISHATRG 11s of the thick bulk el ectrode
900 and nunerous thin el ectrodes 800 nay be patterned

on the bottom glass wafer 150 within these channels.
[ 008%5Pnduetivedayern betwagrssajdltor and ibgitoat inswlating layers, said

ol cEPdlefyCils? sfchelitorlh T (S setine Wit ponprtec
el eby bt leakt ehel mitrofluidiaehdrel;usi ng circul ar shaped

thin el ectrodes 800 having a dianeter of 50-200mm and
a height of 0.1 - 1mm spaced very closely (less
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volﬁa e t;HOS_G] Bi ochi p 100' nmay be fabricated in a
man cg\a €% to bi ochip 100. [0087] O course, the
above described enbodi nents, are intended to be
illustrative only and in no way limting. The

desah ineidn dirisberrewnicagon ydt saig dovighamieen anent i on,
are susceptible to many nodifications of form
arrangenent of parts, details and order of operation.
Thean outettindhnid cahimenjcatieniwitresalg dotvocremelosrpass al |
such nodification within its scope, as defined by

2. The apparatus of claim 1, further comprising metalized vias through said

bottom insulating wafer, interconnected to said electrodes.

3. The apparatus of claim 2, further comprising solder bumps on said bottom

insulating layer connected with said metalized vias.

4. The apparatus of any one of claims 1 to 3, wherein said top insulating

layer and said bottom insulating layer are formed of glass.

5. The apparatus any one of claims 1 to 4, wherein said conductive layer is

formed of doped silicon.



the clainms. WHAT IS CLAIMED |IS: 1. An appar at us,
conprising, a top insulating layer; a bottom

wonsasloasisag | ayer; a conductive |ayer, betweenprPe®isd2103[000220
and bottominsul ating | ayers, said conductive |ayer

etched to formfirst and second el ectrodes separated

by at |east one mcrofluidic channel; wherein said
ﬂ‘Xss,aMQquf aeylogei aiglaimg okl fotthoecorapdsing cevaliegged

PR e SRt Eh seREeRatetrS SRR B VATRE, o
ofential gifferatevadrbsssdid déamdelainesaid andrafinidicithatnen
| uid communication with said fl ow chamber. 2. The

apparatus of claim1, further conprising netalized

. iy . : "
- ThBaPoSr AR SR SR B U lad b le cparable o
gbalir@h said bu’ltdﬂﬁar diﬁlerqmcbsdlangaﬁsm datpubimpdirstrmesde ¢br
ottomins tin ayer connected with.said netalize
apaae dilecpmirel Bl tumiccmitie Wid sad migrogiidic
BRERRITo SBHtelIRtPsdiatuRg | aver and said bottom
Insulating layer are forned of glass. 5. The apparatus
any one of clainms 1 to 4, wherein said conductive
er is for .of . daped silican. 6, The apparatus  of

. TY SoneaS ol BB &0 h el +a18 vOLad ep e 2PYE TR
sontreIssdid pefehBaNGiFt RMcBIVidyeFeringl o8tk if 8desond ehctlPlollyge
time varying potential difference across said
eelscinrssi@ bidkegicaldludd. mi cr of | ui di ¢ channel . 7. The
apparatus of claim®6, wherein said voltage source is
operable to control said potential difference waveform
. Dhtpipbatratua of anglonswdeldime 1ajp, furigeracomprising a pump in

diel ectrophoretic force to cells within a fluid in
ﬂwﬁcpqwrapgmaﬂplaw\etha%ﬁ it andl sqyd oulley ioscrﬁp{qﬁ"‘%g PEFIPUrC
Witr”ndsaiéﬂoma?’ﬁlﬁ’é" atus of claim6 or 7, wherein said
o)

tage source I's operable to

10.The apparatus of any one of claims 1 to 9, wherein said first electrode

comprises a bulk electrode and said second electrode is thinner than said

bulk electrode.

11.The apparatus of claim any one of claims 1 to 10, wherein said first and

second electrodes include generally rectangular tips with dimensions of
between 50 and 400um by 50 to 400um.

12.The apparatus of claim any one of claims 1 to 10, wherein said first and

second electrodes include generally semi-circular tips.

13.The apparatus of claim 12, wherein each of said semi-circular tips has a

radius of between about 50 and 400um.

14.The apparatus of any one of claims 11 to 13, wherein said tips of said first

electrode are interdigitated with said tips of said second electrode.



control said potential difference waveformoutput in a
second node to lyse cells in said biological fluid. 9.
wohercappEg at us of any one of clains 1 to 8, fuPCISG2005/000220
conprising a punp in fluid2onmunication with said
inlet and said outlet to create fluid pressure within
id fl ow chanber par at us of any one of
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amy one of clains 1 to 10, wherein sald first and
second el ectrodes include generally rectangular tips
wi t h di nensi ons of between 50 and 400nm by 50 to :
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ilerst ooe rgl@rm‘hmilbychseml heitween aaidtfirpband Secdrtkelectrode is
aratu f aim1l wher each of said
RS Bzl iy Bntles LA o™ SPMstianen about 50
and 400mm 14. The apparatus of any one of clains 11
to 13, wherein said tips of said first electrode are
17, The pEPRtug oy ene shrlaims hio 4P, whietein saishiirst and second

BIPEHiohEY Bat it e A Ao AP B s inEs "o have
a thi ckness between about f50 lm;: ﬁgdlabgut 700 mm 16.
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out m cronmetres an m crometres
apparatus of any one of clainms 1 to 10, wherein said

flr d cond el ectrodes. have tips that are
F?aef%ﬁ df‘? %?ﬂ rbﬂ ’|%"§%§H@' 18. The apparatus of
cI aim 10 wherein said bul k el ectrode is about 100 nm

I n thickness and said second el ectrode is about 700 nm
janding a kirtegicaisampleraicrpinigrefiuidian ¢hasvel ifagned between

ng&il&ijfﬂﬂ'e electrodes;

applying a potential difference to said conductive electrodes causing target

cells to experience a dielectrophoretic force under an electric field;

removing unwanted cells from said microfluidic channel using an applied

fluidic pressure; and

recovering said target cells from said microfluidic channel by removing

said electric field and using an applied fluid pressure.

20. The method of claim 19, wherein said dielectrophoretic force exists in

three dimensions.

21. A method for cell lysing, comprising:



| oadi ng a biological sanple into a mcrofluidic

channel, fornmed between two conductive el ectrodes;
wapployiosgsa potential difference to said condueCise2005/000220

el ectrodes causing target &slls to experience a

di el ectrophoretic force under an electric field;

renovin% unwanted cells fromsaid mcrofluidic channe
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fluid pressure. 20. The nethod of claim19, wherein

said dielectro h retic force exists inp three.
aPRYINg %ﬁ@tenﬂaﬁ Rrefcerte gajcbeondictive ﬁ%qv@des causing target
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m cr of ¢ channel erern said mcr

shigintagjet vealld © tedipsoofdaid comdiattive eledesiesappd yi ng a
potential difference to said conductive el ectrodes
causing target cells to experience a dielectrophoretic
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t1ps of said conductive el ectrodes;
appsing sglobtargejmeﬂsultcsexwmueaectmpfdr@m@hce to said
conductive el ectrodes causing said target cells to
experience el ectroporation. 22. The nethod of claim?2

22.1, TH@Iﬁ]@ﬂ{ommﬁﬂmgfuméw@mf)ﬂﬁngrﬂéé@@i Uhtacellular
material fromsaid target cells using beads coated

matgrighframrigich tarpet eglisrusiag beads qprtedwyifiva maAgnale seHaces
clains 2 1 to 22, wherein sald di el ectrophoretic force
exists in three dinensions. 24. A nethod for
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ce, risin adi bi ol ogi cal sanple into a
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m crofl uidic channel walls are conductive el ectrodes;

applying a potential difference to said conductive
24.e| & Mmathied far pesionyinceeesortiag Bad wcell dsghrg Parceingle device,

di el.ectrophoretic force under an electric
comprising® P

loading a biological sample into a microfluidic channel in said device,

wherein said microfluidic channel walls are conductive electrodes;

applying a potential difference to said conductive electrodes causing
target cells to experience a dielectrophoretic force under an electric
field; ’

removing unwanted cells from said microfluidic channel using an

applied fluidic pressure;

applying a potential difference to said conductive electrodes causing
said target cells to experience a dielectrophoretic force under an
electric field moving said target cells to the tips of said conductive

electrodes; and



field; renmoving unwanted cells fromsaid mcrofluidic

channel using an applied fluidic pressure; applying a
woavenisaB di fference to said conductive el ect POUSE2005/000220

causing said target cells t% experience a

di el ectrophoretic force under an electric field noving

said target,cells to th? tips of said conductive
of eaPPYEEA NGRiR Dolkgtal diffgiensa e saisbranmuciye electrodes
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target cells to experience electroporation. 25. The
nmet hod of claim 24, further conprising recovering

25 o€ BlatteBon Bl Z4ntisite? ForGubinarietose annirapalige
magdrizk MpnPSEid Abrget BeMBugifg bRads codh@ngim g%@%ﬁ‘éetic surface.

di el ectrophoretic force exists In thre nsi ons.

26.  The method of any one of claims 24 to 25, wherein said
dielectrophoretic force exists in three dimensions.



