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[ 0002] The present invention relates generally to a mcrofluidic
device for 10 analGRORG-RREERENGE T6FRELATAL APBLIGALIONS mat i on and

its use, and particularly to a sensor that can be used for the

det ecti on bi-gl ogi ca TRy |\ :

o rre | e e Pl SRplation RS dtelodtend, 4l biaimiHE GReRtur
t r an§por priewtyiofi ary applicatibh foe abiDevies fonanalyzigutheestatuscoiua pavlicleh diled

patch cl deyi Thi.s techni i.[ectl j i Qni
Current PROLan PaTb PRSP o el b Reb PR R Gupgit 1.8 ontents
pot ent i abfwlith & ildoRsoratedttagein biivefaranceint itssergirety fooall pumesesf or mat i on
on behavi our of ion channels which is crucial particularly in nerve
and nuscl e physiol ogy. Abnormalities 20 wth ion channels lead to

di seases |like cystic fibrosi FIEIpORPHE INVENTIONa, and

osteopetrosis. Potential cures for such diseases are typically

screened agai nst the target ion channels usi i ndirect, assays .since
Chey of f et I0GerTHEn PERRRBIDVERIGN TolBIeoogRs AN do stBicr ot g device T6r
]g:: anmpi nganditgngftee estambthﬁraf R 100 FdtnatiBh Naritb its ruie,@i, fahaq%ngcmgﬂsd it6 G
uorescence, neasurenent of ions or nenpran otential or .atom
baor ot | SHaRE Vit B Weshor BRSHaO MU DB Pl Pusl ascalidng Far
standard nmethods in drug devel opnent for ion channels as targets.

Measurenents nade usi ng pREKGEGUND OFaME #GVERSORave neverthel ess
provided a direct and accurate way of nonitoring a cell's behaviour,
in particular due to the nmethod's high tine resolution, hi ?h
sendftivit 000 d Rarenaryayaans) sciesplfic shlies or anskart agtiviiidn eelf membranes
measur e d | eV ;
nﬁg\{ﬁ gé:q‘?ﬁrehlhtgé ell.{f]s%atﬁ%e PR Baf G Jﬁ?ssteBﬁH uB &Y%y monitors

i ndi spens t oo een ‘extensively used I n nmany areas,

especi al the iopict ewrent trenoh gnembrasieapreteirs while [hoiting Hig membrangpotantial
the eff : . i vl .
e e e?@ _30{7'5% Ogﬁllﬁ%é’nﬂ% CE rEnf%@anf At ehEnah %h?.ﬁéwﬁ}ltyur En; on

accurate n a patch c est, an extrenely fi1ne plpe

(al so knoannets whichiis coyigdrariqulady insherve agdtryscigpinysielogneAlrmalities
menbpaney kR ibRCHdhnelss IGEL W 'dis@selChke’ bldic fibrosis, epilepsy, myotonia, and

osteopetrosis. Potential cures for such diseases are typically screened against the

a4 A ATT AL ) L) [FEAY (D B A 1)

m

target ion channels using indirect assays since they offer higher throughput than the
otherwise superior patch clamping. Therefore, other technologies such as
radioligand binding, fluorescence measurement of ions or membrane potential or
25 atomic absorption measurements of ions have been established as industrial
standard methods in drug development for ion channels as targets. Measurements
made using these patch clamp devices have nevertheless provided a direct and
accurate way of monitoring a cell’s behaviour, in particular due to the method’s high
time resolution, high sensitivity, and the available options of configurations for
30 measurement. For this reason, patch clamp devices have become indispensable
tools and been extensively used in many areas, especially in the screening of
pharmaceutical compounds, in which the effect of a drug on a cell can be



However, limtations in instrunmentation present several problens

whi ch hinder the 5 effective use of patch clanp devices. For exanple,
in a typical patch clanp test procedure, a human operator needs to
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Planar patch-clamp chips provide an insulated partition, mostly a thin diaphragm,

through which a patch aperture is defined. The partition separates bath fluid on one
25 side from pipette fiuids on the other side, while a gentle suction applied through the
patch aperture attracts and eventually immobilises the particle to be tested.

[0007] However, the planar paich clamps have several drawbacks. For
example, the packaging of pianar patch clamp devices requires muitiple-iayer
alignment and bonding in order to isolate fluids located both above and bottom of the

30 device substrate. The fabrication of such devices imposes difficulties, in particularly
when an array is desired. Additionally, fabrication turnaround may be longer as the
entire chip substrate typically needs fo be etched away. Although the patch aperture
is less than 2 pm in diameter, usually a chip area of 1 x 1 mmZ2 has to be etched to



the difficulties encountered in planar patch clanps. This alternative
device conprises 5 arranging the patch channel laterally within a
vertical wall, and-the patch aperture therefore positioned within the
vertical plane of the wall. By inplenedting a | ateral patch
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the range of giga-ohms. Accordingly, measurements taken from the device required

the use of leakage subtraction software which may not modei the actual test
25 environment accurately.

[0011] US patent application 2003/0180965 discloses a microfluidic device with
a micropipette fabricated using semiconductor manufacturing techniques. The
micropipette of the device, which is suitable for usage as a patch-clamp setup, is
created using complex cycles of efching and deposition. A final removal of a created

30 layer from underneath another layer generates a micropipette-like structure.

[0012] Tjerkstra et al. (Tenth Annual International Workshop on Micro Electro
Mechanical Systems, 1997, MEMS '97, 26-30 Jan. 1997, Proceedings, IEEE, 147-



5 silicon etch) followed by circular recess (isotropic etch). The
surface of the wafer is subsequently covered with silicon nitride. A
sealing layer is deposited onto the silicon nitride |layer. The
silicon nitride in the trench is subseqdently et ched away usi ng
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[0015] [n a second aspect the invention provides a microfluidic device. The
microfluidic device includes a base substrate. The base substrate includes a recess.

The recess includes two opposing lateral walls and a base wall. The microfiuidic

30 device further includes a filler member. A portion of the filler member is included in
the recess of the base substrate. The microfluidic device further includes a channel
defined in the portion of the filler member that is included in the recess. The channel
includes a first aperture and a second aperture. The first aperture is arranged on a

first lateral walil of the filler member. The second aperture is arranged on a second



channel has a portion that is contiguous to the first aperture. This
portion is conical along its length in that the size of the
circunferential wall in terns of its width decreases toward the
first aperture. According to sone enbodPrments this portion defines a
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25 [0017] According to a fourth aspect the invention provides a further microfiuidic
device. The microfluidic device includes a first and a second fluid chamber. The first
fluid chamber is for containing a particie to be tested. The second fluid chamber is
fluidly separated from the first fluid chamber by means of a partitioning element. The
partition element corresponds to a device as defined above. It includes a base

30 substrate having a recess defined therein. The partition element further includes a
filler member having a portion thereof occupying the recess. It also includes a
channel defined in the portion of the filler member occupying the recess. The
channel includes a first aperiure and a second aperture. The first aperture is
arranged on a first lateral wall of the filler member. The second aperture is arranged



5 along its length in that the size of the circunferential wall in
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aspects. The method includes providing a base substrate. The method alsoc includes

forming a first recess on a surface of the base substrate. The method further
includes forming a second recess on a surface of the base'substrate. This surface of

25  the base substrate differs from the surface on which the first recess is formed. The
method also includes filling the first recess with the filling material. Further the
method includes subjecting the filling material to a condition that causes it to deform.
Thereby a channel is formed in the portion of the filling material that occupies the
first recess.

30 [0021] This method allows in particular embodiments of forming a channe! in a
recess that is open-ended in that the recess streiches up fo at least one side of the
base substrate. In such embodiments the formed channel can have a circumferential
wall with a portion adjacent to the open-ended side of the recess. This portion is



5 includes providing a base substrate. Further the nethod includes
formng a recess on a surface of the base substrate. The recess is
formed in such a way that it is open-ended in that it stretches up
into at | east one side of the base subsfrate. The nethod further

i ncl udes smsgré; h@%@m tﬁamkrﬁiee?w\the*ar@uwrghm VB iRt ﬁ&ém#s i¥idth

met hod ano |nc ectin con

t hat caugdeerepses tovnavdcﬂ@eopen-ermd sidy Qi’fhfheames i s forrred in the
portion of the filling material that occupies the second recess.
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e ahonguiiee PR Rose, Shibsiater he reases o fabmed i ghed Soey dhatibis
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recess. %%%\24 Accor di to an elg aspect of the invention, there

is provi T4 oBo e rRaverng, @H@S@t sekpirage vatfbaof IBag dnatedak i ke
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of the i AR Jiereby §Far(ﬂeéf'§rf@m9@9’ ig| tet ppitign af %Iﬂ[tnﬁatﬂat%ﬂd that

associ at ggbdfg,éﬂh@ ddchAd rédadkus of the biological entity is first
obtai ned. The biological entity is then exposed to a condition that

i's suspect
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bi ol ogi cedcess thattis opeafanded éx fud dne recessisiretanedi up tmmtlleastaimrstdanﬂthe

for exagﬁége ?ﬁr@étﬁé?gqn 203 Qﬁ'fbo%lnﬁenté &Héf?nﬁég Igﬁblﬁ@lcgﬁor% % eha q%ﬁ‘ﬁ‘gr]eg ial

Not ewor resent i nven
pat ¢h cWaHrpw’dperanm's adjadent toptitechperhanded sidef ofather m‘cebe Tﬂnatpqrtmrats

I t t t

| some. CHEA3i b o) BehElhe Hp o b BRI B RTM aforpls s
shape. Ade@dases myardthe operdended side wf Hie eggess.ures in patch cl anp
devices is the possibility of achieving high seal electrical

resi st gnc?ﬂ&ﬁﬂﬁn Accpeding toczhlarmghth @spmmﬂri:ethbi phediciql therd iid }pr(b\ﬁded a

exerted t suct.l an e t he, at ¢, ertur Rou

apert ur e9€ &}Oé]glf’rﬁoﬁﬂalﬂf ge ﬁ F% %@P@Fﬂ %‘ggl agher@'?F

t hago ar elmmduhﬁg ehe bromjzc@lemmhtmthetﬁref Y chasbei 60a Bavke ﬁroam)m@m&e
asurenents to.

et akentih e Wi geRock Tireinyeaton: AR RPIGHIGE) AU PARea HEnalnel sy
to fabrigsdceizaee K)ﬁmraESrSMstétus oF W\Biomgicdl Mty HrsPobiamedl The biological
m cromet ertsty ttso thse% ex%‘o%ég qggecrond%on tﬁat |shsusgecte8 E{\o be capable of changing its
status. A second electrical signal that is associated with the status of the biological

25 entity after exposure fo the condition is taken, and for example analysed against the

first electrical signal.

[0025] Noteworthy, the present invention is suitable for providing lateral patch
clamp apertures andfor patch channels of a profile that is at least substantially
elliptical or at least substantially circular. In some embodiments the respective profile

30 is fully circular in shape. An advantage of round or circular apertures in patch clamp
devices is the possibility of achieving high seal electrical resistances when a patch
clamp on a sample biological entity is exerted through suction exerted through the
patch aperture. Rounded apertures are known fo be capable of providing seal



5 can be used on applications involving many types of bi ol ogical
sanpl es other than cells such as bacteria, virus, protein, and DNA
nol ecul es. " From the point of view of the fabrication of the device,
there is a shorter turnaround due to th8 fewer steps involved, as

|
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structur S| ng | e cel mpganl sns such pr ot 0ozoans,

bact er - GBapht Sixfly SyliFble for TaAge Senle Rasabel testintaisince: tarwalhBorione of han
' bi ol ogi galicemiattivcludd dh%nﬁéi%cbaﬁs’r%ifohﬂé@"E&’ft??c@gﬂftf’é)éﬁad@ :51*11 fP\%BﬁB ile of the

equival ent ternms, such bi o- pol ecul ar oglc

ent ilpy' . chaneals = TomPR IR 9E° | Wolb RArEeNS: £An boe aqﬁfqnedduthggrmhmny unlike
encormasala@nVagw@@s@d .rpédlétuntgkménaﬁpafa%@tﬁfj)ssens't'Ve or a cell that

is able to undergo a changé in its electrical potential, wherein the

Cel L T DIpOR" T oA RIS gt 8 ARLERL ISR da AT

of a suitable
ceI | . Ex8ipliasthef fa@QBt%fbfﬁ@lemil lﬂftﬂlllmehfeﬂs $oiless théa, about Arreicromodter.i imi thisl

cel | §or’ftFxtt hﬁle”%r’ﬁ?u‘?aﬁ%%t' emc@}d%?s%tha%&g;%x{?g gé% O@ﬁ% Cytilecd

Schvvann ce aut onom € neuron such
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horoccREERY! BRI S oS Spu il e i g
| act ot r oipekidingh iseue cfmnerganaﬂmnsopedwml wetls | afoam ogrganf orotisduee and
ol 5. enmslict drud B8 bl Go FhGRCAAT orfafhs “Richar, Pfdans
cells, | b@ﬁtembe@ and vicuddss as peell wsi maltisce losgahisrab) Ehe term ‘biological entity’
25 is also used interchangeably with other equivalent terms, such as “bio-molecular
body” or “sample biological entity”. Cells to which the invention can be applied

generally encompass any type of cell that is voltage sensitive, or a cell that is able to

undergo a change in its electrical potential, wherein the cell may be both an
eukaryotic cell or a prokaryotic cell. Examples of a suitable eukaryotic cell include

30 both a plant and an animal cell. Examples of suitable animal cells include, but are
not limited to, cells in the nervous system such as astrocytes, oligodendrocytes,

Schwann cells; autonomic neuron cells such as cholinergic neural cell, adrenergic

neural cell, and peptidergic neural cell; sensory transducer cells such as olfactory

cells, auditory cells, photoreceptors; hormone secreting cells such as somatotropes,



eccrine sweat glands cells, and sebaceous gland cells; and ot her
cells including 5 osteoblasts, fibroblasts, blastoneres, hepatocytes,
neuronal cells, oocytes, Chinese hanster ovary cells, blood cells
such as erythrocytes, |ynphocytes or nofilocytes, nuscle cells such as

nyocyt es, el as._enbryonic stemcells. _A mral i.an cel |
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endopl asiH® SEEENIG efiffrugs. bpe exasplen ohensukasieto selrinadudeyeasd solisand
Gol gig ap , EW i | a ,

ohl oot PR BELE e ok N, P RERIES rRASRHRTEe!S7 oot ofhs
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acconpanyniity” dedditiagally [cvoesipasses dthen dypésy.oflBialdgivalc moatsrale sticbnas
vi ews of o el | r.di I enbodi t
of “the. pr oogafar titdeoléh Sifionias 360 o Mk BrBiE P LaMoaiG R liEs
par tlidt i o i eiteskelrtonad calf memtirané,ccvidsohretell whkk and fragnments, erivhibwes:

ri ght sh t iy ' [ | | ateral channel .
being ar Fagafure@fkEor iatibib b Stobibich s bl Ate S Miited. fnihg
el ect r on Ntlers {inepusingthst oyslephs)p tha eodoplasmizctetionluat, & hesiderayich as an
channel . _Ej | f d .hent. of a device of the

i nvent i on ﬁfi%socnbé;g g_ﬁ@ée@sl%gﬂeal%élﬁpaﬁ%ag,%@%@o& Yo Peroxisome, a
enbodi nmenacudleza ohlorapidst andfragmients, dérivdtives rarshinixturet therepkr spect i ve
view. Figures IHto 10 show enbodi nents of the mcrofluidic device
in top view 10 [0029] Fig. 2Ato 2E depict a sinplified

ill@8tration of a net hoBRIEFDHESCRIRTION ORTHEIPRAWINGSt he i nventi on.
[ 0030] Fig. 3A shows a scanning el ectron mcroscopy inage of a

L%ggﬂmnp[gé%lhghge;@]v%gﬁég %vi %%OE,SI é‘rgurtlc?ergstggdlv& he Pete ePer}iceTt%I t?'\e detailed
description when considered in conjunction with the non-limiting examples and the

accompanying drawings.

{0028] Fig. 1A to Fig. 1C show cross-sectional views of microfluidic devices

25 according to exemplary embodiments of the present invention. Fig. 1D shows a

perspective view of a partitioning element having a single channel; the arrow on the

lower right shows the lateral direction in which the lateral channel is being arranged

in the partitioning element. Fig. 1E shows a scanning electron microscope

photograph of a cross section of the single channel. Fig. 1F depicts a further

30 embodiment of a device of the invention in cross-sectional view. Fig. 1G shows a

further embodiment of a microfluidic device of the invention in a perspective view.
Figures 1H to 10 show embodimentis of the microfluidic device in top view.



5 includes a device as showmn in Fig. 1. In the device depicted in
Fig. 3Athe latter device is a partitioning elenent. Fig. 3B to Fig.
3D show cl ose up views of the aperture of the channel of the
partitioning el enent. [0031] Fig. 4 depil@ts a schematic overvi ew of

an enbodi ne teLnatEVe: { r nt_..

I nventi oln o{m}f2 gjr m??l%rhf ?7(1) ?ﬁq;ﬁt}t&e %H‘?@‘?@%ﬁ%ﬁﬁ?ﬁ.W%ﬂ‘?ﬁﬁﬁa@r'ém the
in the delaviee efiibesnventieng. 3). [0032] Fig. 5 depicts schematics of a
patch clanp recording setup with Fig. 5A showi ng a cl assical setup

usijng_ a gl apd30] cFapi alAt S!mw:t:iag.scéﬁiﬁ%?oéléﬂﬁolﬁ rﬁi'cﬁmgbggah%@e é%fauﬁjrther
an i g. ng a later tch clanmp.setup. 1 'g, )
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the rfet hdoclatiesva davidd gs SBowhhia Eiannel e autics Mdbided @Blﬂfqﬁ.%ﬁthe latter
t aper ed %&I.doortlon. .1 0034 Flrg. A ghows the tlg of a pulled
convent i S5H[C%p'5 @rpad'f'%cg%“%iei)eéf’@ . Fig-g3B g Figd 30 ghowclestomuptvipws of the
enbodi neriperiafe ef hamaphelldiahe bakHibHRG defR. Cal portion contiguous
to its aperture. [0035] Fig. 8 shows scanning el ectron m croscopy
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depi cted i nprel Oﬁ'é**i)ﬂPg?’é‘%%%?‘Sﬁé@ﬁg@?ﬁ%‘ Vi oF B 0GfbOgieft b o bE B
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devige a? %iﬁbﬁiﬁg%@erﬁ%@ ih W&Hé\%ieé'sﬁ&m"i‘igfﬁqggz aCl anp chip toget her

with an | ustrafion respective exp ‘al results. The device
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of a parti ﬁ:ﬁh%)ng# %%n@?ﬁigtﬁﬂ$§?g”%]im§@g%Pﬁ?ﬁ?ﬁtwﬁsdﬁ %E@ﬁﬂf&' gbtgimeg using
L5 o AL T4 ATt P Aol

enmbodi nent a Vi is f] t : I |
channel s ;{gg‘?]pl t?élﬁiﬁ{%}fé E?cg‘%ﬁ% I %lﬁ%%@#g??@él%a@cﬁg%\%Eﬂpgftéé, P{g.
Fi g. 12A7§n@m%(§é&- £C shawamwor gmbedimenta of 2 whanaelaiet insludesch coicahpartion

S connggﬁ@&gtgitggf,gﬁg;é_ve second isolated fluid chanber via a
channel . The device of 5 Fig. 12B includes a single first fluid

chamber Tl hadsi GAENaF RewsOsidimid Widlidny n%rosé&%? ri]rglafgésu ' SRS Saic
20 device produced according to the method depicted in Fig. 4B before (Fig. 8A) and
after (Fig. 8B) a focussed ion beam cut along the line A-A’.

[0036] Fig. 9 depicts the use of a device according to the invention as a patch
clamp chip together with an illustration of respective experimental results. The device
used in Fig. 9A and Fig. 9B was formed based on a process as depicted in Fig. 4A.

25 The device used in Fig. 9C was formed based on a process as depicted in Fig. 4B.

[0037] Fig. 10 shows a summary of the electrical data of devices obtained by
the method depicted in Fig. 4A (Fig. 10A) and depicted in Fig. 4B (Fig. 10B) that
were tested as patch clamp chips.

[0038] Fig. 11A shows a perspective view of a partitioning element having a
30 plurality of channels; Fig. 11B shows a electron microscope photograph of a cross
section of the plurality of channels.



[ 0040] Fig. 13 shows m croscope photographs showi ng the various
stages of the filler menber undergoing deformation in a fabrication
met hod of the invention. [0041] Fig. 14 shows exanples of how a whole
cell can be imobilised using a 10 devite according to the present

i nventi on. W )hl tyr

(Flo 1an JURSf “Fig e TR RB brhiBg ofeeyioe & figAEHion
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DETAI LEDs@E@ﬁﬂ?ﬂﬁ’iﬂldﬁanﬁéré'HE | NVENTI ON [ 0044] The m crof | ui di c device
according to the invention includes a base 20 substrate having a
recess def ']{0@ thng'?a shmx% RGP é%hb[ﬁﬁréﬁ%dshd%wh?%@@éﬁ)us stages of the
substrate i ned two or nore osi n eral walls and

base wal [filler m@mém Mﬁ@er@ﬁ!ng@f@mtf%un@cfa@ﬁc@m me@odtcﬁéhe swesliorhay
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wal | portpsﬂ ,[generally a surface, of the base substrate that

i ncl udes recess. In certain enbodiments, for exanple where it is

desired th ansthe entire urfaeor |.e

from end r 002 EREETRGERBAEIOTE v Hede ohah R Bhent S bl diposing
pai r of h@tf@t&t{e&ﬁ)mbt i‘m:ludbs@klidﬂfoﬂata/t.li)'tl!ﬁaﬁtyEsbdeldha(f!tlih@lsSI ng

rel ati onship. In some enbodi nents the ends of the recess are |ateral

aperiisur es; [9043] OP@HBgﬁepndt@a%ﬁ@eﬁé@mh@@b%hbﬁﬁxd &ﬁﬁﬁl%gl@n |sbf!a%dil€él$

one end at an edge base substrate, "'where th I ncl ude

an aper @hitke aﬂ/ﬁ?‘P'@ ahm@?a@%oi@rtﬁﬁvm ekthe maenmwaoﬁpw'ﬂamnﬂﬁléed
base substiidrrthiréiadh adhlmﬁdl%u&;unag?é.a@cﬁgﬂfeié.hereof (e.g. at the

m ddl e portion). I'n such an enb ment the recess is bounded by a
pair of opposing lateral walls, a base wall, and an additional 5

| ateral wall connecti B@TW%ED\DE&@RH%‘HIO@I OB{FHERINVENT!ONThe
respective other end of the recess, which may be arranged in

opposi ng r %@Hlfur i lbﬂafﬁﬂﬁcacg%) %é %@@t%rd rfg:]% %8 M@%:Hcti%ﬂ e a°base

defines an aper e recess
ent 2Pel y subgiraigicaving & mecass dafineds theseinatThe recasscis inchuoddnpntie base

FecessS Mi¥bstrate. It is defined by two or more opposing lateral walls and a base wall.

(

Depending on the configuration desired, the recess may span (e.g. laterally,
diagonally etc.} the entire length/width of the base substrate (i.e. from one edge or
side to another edge or side). The recess may also be located near one edge of the
25 base substrate or, if desired, near the center of the base substrate. Such a position
of the recess allows the deposition of other matter on a wall portion, generally a
surface, of the base substrate that includes the recess. In certain embodiments, for
example where it is desired that the recess spans the entire surface or length (e.g.
from end to end) of the base substrate, the recess is bounded by a pair of lateral
30 waills, which are typically in opposing relationship. in some embodiments the ends of
the recess are lateral apertures, e.g. openings. In some embodiments the recess



i nclude two pairs of opposing lateral walls and a base wall. In sone
enbodi nents 10 the recess includes nore than two ends. In such
enbodi nents the recess typically includes a branching. [0045] The
recess nmay have any suitabl e shape, sucl? as being a cuboid (e.g
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such as fivéftion. The same applies to an irregularly shaped recess.

[0048] The base substrate may have one circumferential wall or a plurality of
25 lateral walls. It may also have a base and a top wall. The microfluidic device of the
invention further includes a filler member. The filler member may cover any area of
any of these walls. Typically the filler member forms one continuous entity. As an
illustrative example the base substrate may include a plurality of lateral walls and a
top wall, The recess may be included in the top wall. In some of such embodiments
30  the filler member covers a portion of the top wall, including the entire top wall.
Accordingly, the filler member may cover any surface portion or portions of the base
substrate. In one embodiment the filler member defines the entire surface of the

base substrate.

[0047] The filler member is arranged such that at least a portion of it occcupies



[ 0048] The portion of the filler nmenber included in the recess has
defined therein one or nore sub-surface channels. The channel (s)
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25 the filler member are orientated to be at least substantially perpendicular {also used
interchangeably with the term ‘orthogonal’) to the opposing lateral walls of the

recess. As noted above, the lateral apertures of the channel are included in lateral

walls of the filler member. As an illustrative example a recess in the form of a trench

may be included in the top wall of a cuboid base substrate. In such an embodiment

30 the orientation of at least the first aperture, or the second aperture as well, formed on

the lateral walls of the filler member is such that the plane of each aperture is at least
substantially vertical, thereby achieving lateral apertures on the lateral walls of the

filler member. By the term ‘substantially perpendicular, it is meant that the angle

between the plane of the opposing lateral walls of the filler member may be arranged



shaped profile. The termat |east substantially circular®' as applied
to the cross- sectional shape of the channel includes any formthat
covers a 360 0 angle at the opening and thus neans that i.t.may be
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25 achieve an effective seal on the surface of a sample partlcle or biological entity

through the application of a suction force. If the sample biological entity is a human

egg cell having a diameter of about 100 pum, the aperture that is used for performing

the patch clamp can have a diameter from about 0.1 um to about 10 ym, such as

from about 1 um to about 3 um. For smaller cells such as red blood cells, which

30 typically have a diameter of about 5 um, the aperture can have a smaller diameter of

from about 0.1 to about 1 um, if necessary. The diameter of the first and the second

apertures may be the same or different. In patch clamp applications, it is not

necessary for both apertures to be circuiar in shape but it is only necessary for the

inlet aperture to be circular to achieve an effective patch clamp. An aperture serving



correspondi ng second apertures are at |east substantially circular or
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second aperture has similar dimensions as the profile of the cross section of the
25 channel. [n some embodiments the area defined by the first aperture or the second
aperture is of a maximal size in terms of its width selected in the range from about
0.1 um to about 10 um. In some embodiments the area defined by both the first and

the second apertures is of a maximal size in terms of its width from about 0.1 pm to
about 10 pm.

30 [0053] As already noted above, in some embodiments the channel has a
maximal size in terms of its width that varies along the length of the channel.
Respective variations of the maximal size in terms of the channe! width may be
designed anywhere in the channel and include a progressive change in one or more
steps or a continuous change. Such changes include, but are not limited to a



5 such as a first aperture, a second aperture or both a first and a
second aperture. This portion of the circunferential wall my be
conical along its length in that the size of the circunferenti al
wall in terns of |ts W|dth decreases tolard the respective aperture.

0Lt i PIAART, S A D5 CHTRCLAIEL W SeCbbofRRRS

mout h andnaXmal d’éfherrgjldﬂmdLIS!ZSM terownofdts wmdh‘&ﬂh@hgasqnfwgnutﬁto an aperiure.

typi cal | e t he " cees re ista as co to.a cha

w Pha ol BaREe By, Hrc iilange” el WRRGRY, B)° o GuEulerente il such 2

will appr@mumf@'ehﬂlaitwalhohtrae clmasﬁne;mat have Bspdrﬂ@@rcbﬁt'@udu% oo aperae,
be desi.red t respective

chanrol | Gl MG Gpkrke o Sgo GPetia oneoBi F1e 40 cBooRd ARgrure.

i nvent i onrhislﬁonft@awhel mrm@:ﬁbmalmwetmufamamghtsl|§n@thr@m%e size
| aterally ghthln thin a horizont al ane

of the b&ddNe gk ?rgn f#hW@"dBéerrﬁ%tofdPsemqyla@eCf@?@eao’@yﬁm |t|wg%nﬁﬁwe

sections pleriufs NbofRihya sichR & apadient & $ﬁ@@ﬁcUﬂT@réﬁ§aloﬁvalid@W@“@ﬁ%el
within the flé)ler nmenber. I n sone enbodi ments the channel has a

maxi mal  SPSRMPIRSt & Myeds canventignal npatehy clame thipelte yvith andasew mAvbhand
f rormoabomf,d@mﬁg KbRyMSuehakypidal 2PaPRk! §b¥'i’ffglfe?acfrf Wn"éﬁ?%dgce@s EHB bStcess

about 10 g In some enbodiments the channel the annel
maxi mal JSP¥Etanget ap rﬁé)naﬁafeti do\a ghangs! dwih avsnstantsize i o ofzds pHiith.

such as frpasakel iR ti%‘bh%lﬁ%PFe&Qteﬁﬁbt ém:% a EBH@Q?&HI%W@ nﬁoﬂ%ﬂ ﬁ'lhiow—

| ength of the channel ent at ed be in I gnnent
| engt h orMmoigedierosing. W@m&%@& it migy b@r@@ﬁ@d toveslepia rspaaijvaieannelidesign

l'engt h.  kéy |SQ8R chmPEaiadb iy | ength from about 1
pmto about 2500pm suc% gﬁl}g%[b%i&@arg??@é Qg%ﬁttﬁrioo pm or about 1

pm 13 about[oﬁga%omn é&ﬂé@nbﬂaﬁn@m&ﬁhétﬂ?@hhaﬂ i8 arfﬁahgeaqbtgisnwlnﬁ@ ok Ry

desired materi exa base substrate mm

et A TRRTARN, b MR LSO RIS PT GGase SubSHBRalTh I dresaaiaroplude
oxi de cergdl fessibiitATRAE Se&iorsUbf R ScHEphg| ek da'?rérlb‘é'd“ﬂﬁ’slc?& wafds or

not I|mted to silicon, boron, germanium antinony conposites
t her eof . dopRuRFISYithIn 4be (WBr enemsbar. sin ﬁ@ﬂnﬁd@“bﬁ‘dﬂ‘"e@ﬁ% thgtchanpet dasta

iron (e. gnax@hsedize in fdrkE oF :’tém}wd%" tﬁr nfs'téﬁt%ra d?aﬁﬁé%@?f ‘{rl?ﬁi(];ﬁ i frofPRRRE 0.5

titanium zinc, alumnium [ead and onposi tes thereo A respective
oxi @8 of HEhyOoRDAU3Q WBt AUCH| a8 H0IE ﬁ%@t&l 8.5miiyn 5@ alpdd1@spm. In some

net al | oi @nfheidfiBeMs tﬁ‘@bﬁémﬂ%ﬂtﬁl@ chﬁﬁlﬁ’&q'fdsve?h%xm‘?ﬁ 9 in thﬁQ bRts dth from

exarrple the 17 base substrate e of quartz or a gl ass. term
"gl ass" @8ouk 8dHAefkiakopt @RdH, &L@}{leﬁ% fragn sbositrdy pivd de @mutono um The

mat eri al ioﬁq I;'ueih 1B %\%Fﬁs th bPéld 'Bﬂ%ﬂh@!'hﬁg
sub- cool ed a ' Accord l-llgln f) ass b%%?ig;f\ﬁagﬁ?gﬂﬁe iff aﬂ%nment with
the Iength or width of the recess The channel may be of any desnred Iength In some
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[0055] The base substrate may include or be of any desired material. As an
example the base substrate may include a metal, a metalloid, ceramics, a metal
oxide, a metalloid oxide or oxide ceramics. Examples of suitable metalloids include,

30 but are not limited to silicon, boron, germanium, antimony and composites thereof.
Examples of suitable metals include, but are not limited to iron (e.g. steel),
aluminium, gold, silver, chromium, tin, copper, titanium, zinc, aluminium, lead and
composites thereof. A respective oxide of any of these metalloids and metals may be
used as a metalloid oxide or metal oxide respectively. As an illustrative example, the



substance and rapidly cooling it belowits melting point. Upon doing
so, no crystalline 5 structure is formed. The term"glass" in
particular refers to nolten inorganic material selected fromthe
group of silicon dioxide, sodium carbondtfe, potassi um carbonate,
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base subsiatlaf the base substrate is at least substantially parallel to the plane defined by the
25 first lateral wall of the filler member. In some embodiments a respective portion of a
wall of the base substrate includes at least a portion of the first lateral wall of the filler
member. In some embodiments the base substrate includes two lateral walls, for
example on two opposing sides of the base substrate. At least a portion of a first of
these two lateral walls may be at least substantially parallel to the plane defined by
30 the first lateral wall of the filler member. At least a portion of a second of these two
lateral walls may be at least substantially parallel to the plane defined by the second
lateral wall of the filler member. In such embodiments with two lateral walls a portion
of the second lateral wall of the base substrate includes at least a portion of the

second lateral wall of the filler member.



may for instance be a circunferential wall or a lateral wall. In sone
enbodi nents the second lateral wall of the filler nmenber also
defines a wall portion of the base 5 suhstrate. In sone enbodi nents
the wall portion defined by the first |aferal wall of the filler.
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[0061] In typical embodiments the lateral recess of the base substrate is
inclined with respect to the recess that includes a pottion of the filler member. In
some embodiments the lateral recess is arranged at least essentially perpendicular

30 to the recess of which at least a portion is occupied by the filler member. As an
illustrative example the base substrate may have a lateral wall and a top wall. The
recess that includes at least to a certain extend some part of the filler member may
for instance be included in the top wall of the base substrate. The lateral recess may
be included in the lateral wall of the base substrate.
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aperture an a second- aperture apert
the same maximal size in terms of their width, In some empodimenis some or all

25 channels of the plurality of channels have apertures that define areas of the same
maximal size in terms of their width. In some embodiments one or more of the
channeis of the plurality of channels have a larger maximal size in terms of their
width than other respective channels. In some embodiments where a respective
microfiuidic device is used for patch clamping such wider channels may be used as

30 auxiliary channels as described below.

[0064] In some embodiments the microfluidic device includes one or more
additional auxiliary channels. Typically such auxiliary channels are present in the
base substrate rather than in the filler member. A respective auxiliary channel
includes a first aperture and a second aperture. The first aperture is generally



arranged on the same side of the mcrofluidic device as the first
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In one of these embodiments each channel of the plurality of channels includes a
first aperture and a second aperture. The first aperture may be included in a first
lateral wall portion of the filler member, while the second aperture may be included in
a second lateral wall portion of the filler member. The lateral walls of the respective
30 portions of the filler member occupying at least a portion of the various recesses
~ may have the same or different alignments and orientations with respect to each
other. These lateral walls of the different portions of the filler member may for
instance be inclined with respect to each other or define different planes, which may

in some cases be parallel to each other. The apertures of the channels included in
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first fluid chamber and the second fluid chamber may be monalithically defined in the
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channel. In this manner, a lateral patch clamp comprising two fiuid chambers
connected through the channel in the filler member is realized.

30 [0069] In some embodiments, both the first fiuid chamber and the second fluid
chamber may be similar (identical) in shape, dimension and/or geometry.
Alternatively, the first and the second fluid chambers may be different in shape,
dimension and/or geometry. The first fluid chamber that is used for containing the
sample biological entity may be a closedfisolated chamber or an open chamber



sanpl e biological entity nay be a closed/isol ated chanber or an open
chanmber 22 fluidly connected to other fluid channels or a supply
chanber. I n one enbodinent, the first fluid chanber is fluidly
connected to a fluidic channel that is PRuidly connected to a source
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can be aggsneml nalyast ddnnLtRel tBdhése @ hat includes particles that
are to be sieved out into the first UI "chanber .

[0071] If electrodes are not built into the device of the invention, such

25 electrodes may be provided by an external measurement system, and may be
arranged to be inserted into the fluid chamber via access ports. The device may also

serve other purposes, notably for the filtering of particles, Filtering can serve a
variety of purposes, including pre-concentrating a solution that includes a sample
particle based on electrokinetic trapping (cf. Wang et al, Anal. Chem. (2005) 77,

30 4283-4209). Other examples of filtering applications include DNA sieving or the
isolation of a virus sample, for instance. Filteting can be accomplished by placing a
sample that includes particles that are to be sieved out into the first fluid chamber.

By applying a suction force in the channel present in the filler member, particles
smaller than the diameter of the narrowest section of the channel will enter into the



By applying a suction force in the channel present in the filler
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chambers. In a further embodiment, the device of the invention may include a

plurality of partitioning elements, each of which is connected to a respective first fluid
chamber constituting a multi-well array.

[0074] Where desired, the microfluidic device may include one or more

30 elements for the formation of a concentration gradient. Such elements may for
instance include a system of interconnected channels fluidly communicating with a
plurality of reservoirs as described by Phil et al. (Anal. Chem. [2005} 77, 3897-3903).

The formation of a concentration gradient of a compound fo be tested may for
example be desired in embodiments where the microfluidic device is to be used asa



plurality of reservoirs as described by Phil et a]. (Anal. Chem
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[0077] The method further includes forming a recess on a surface of the base
substrate. The recess can be formed by any conventional means, such as wet
etching or dry etching. The dimensions of the recess can be varied according to the
size of the particle to be analysed. In one embodiment, the width of the recess is

30 from about 0.1 pym to about 20 pm, and the length is from about 1 um to about 100
um. In some embodiments the recess is open-ended in that it stretches up to at least
one side of the base subsirate.

[0078] In some embodiments a foundation layer is formed in the recess.
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process, lncludmg a growth process. In some embodiments filling the recess is
25 achieved by covering the base substrate with the filling material. Thereby the recess
is filled at the same time. Examples of a suitable deposition process include, but are
not iimited to, plasma enhanced chemical vapour deposition, inductive coupled
plasma enhanced chemical vapour deposition (ICP-CVD), low pressure chemical
vapour deposition, flame hydrolysis deposition (FHD), physical vapour deposition
30 (sputtering), epitaxy or coating. Examples of a suitable coating process include, but

are not limited to, spin-coating or dip-coating.

[0080] The filling material, which will provide the filler member as described
above, is deposited into the recess in such a way as to trap a void within the filling
material, in particular the void is to be trapped in the portion of the filling material
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25 [0083] After deposition (including growing) of the filling material has completed
and a void is formed or frapped in the filler member, the filling material is subjected
to conditions that will cause the filling material to deform, thereby forming a channel
in the filling material. In general, the deformation procedure to form the void in the
recess depends on various factors, such as the width-to-depth ratio of the recess,

30 profile of the recess, deposition pressure of the filler, etc. For example, it is possible
to form the void by non-conformal deposition of the filling material into the recess.
The void can be reshaped into a circular structure so that a circular channel is
realized in the trench. This may be done by re-flowing the filling material.



30 profile of the recess, deposition pressure of the filler, etc. For
exanple, it is possible to formthe void by non-conformal deposition
of the filling material into the recess. The void can be reshaped

into a circular structure so that a cir@ilar channel is realized in
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(which is around 760 Torr), depending on the heating temperature. The pressure

25 may for example be selected in the range from about 3 Torr to about 760 Torr, such
as about 50 Torr to about 760 Torr or about 200 Torr to about 760 Torr, including for
instance in the range from about 3 Torr to about 50 Torr or from about 3 Torr to
about 200 Torr.

[0086] In embodiments where the recess is open-ended a void may be formed

30 that has an end adjacent to the open-ended side of the recess (see above). Upon
subjecting the filling material to a condition that causes it to deform, a channel with a
circumferential wall may then be allowed to be formed from the void. Using the
method of the present invention will in particular allow forming a channel that ends in

a portion adjacent to the open-ended side of the recess. This portion of the channel



30 that has an end adj acent to the open-ended side of the recess (see
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filling member that is included in the recess. Accordingly, during this embodiment of
25 the method of the invention a channel can be formed that ends directly at a side of
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respective side wall without the requirement of removing any matter of the base
substrate itself,

30 [0080] In some embodiments the microfluidic device of the invention, and
accordingly the device formed according to the present method of the invention, the
base substrate is of a material that is less deformable than the material of the filler
member, e.g. under conditions of elevated temperature and/or reduced pressure



substrate itself. 30 [0090] In sonme enbodi ments the mcrofluidic
device of the invention, and accordingly the device fornmed according
to the present nethod of the invention, .{he base substrate is of a
material that is |ess deformable than tR8 material of the filler

menber, esge abode). I ench birPBEINNtE! FAEEBrdREBEE BbHLS e?xgtﬂégéd RIS $s
d I"er” protes

pressure 29 see .above). |In such enbodi nments, ggnt ses can
be enpl oyBEeAeTEred 19 Lemexs @ pantea ree @OtienT efrevauriacealayer, exfgtheafilier
portion Ghemb&rF igh. L

ot ti on o ke FRethaR P hortih of to basp RlostREAS flfath 8ehwle, ary
et chi ng riiSNIBe MaygRe Feyited tp sawore @ prution ofthef badecsulstrates whsleramid wet
whil & a @ i ff el r rtjon of
the 111 ep iniffha b saiicRt 1 ForucH polfirt st veiyie? Wbl B plebitmay
avoi di ng RERdvreafaidy €plighyswiansss Byaavaiding emehyan stohirighpfacebe mnextemiely

.g. gl f b
oot r abl o ot SICPRRAIRE (76, aBsTF drdde RPN KA Aot Sirteea ne
wher e it desifabliedescertdie applitations, s pasitutar foxpatel elanspitdavisieb itainiises
¥ oht oo Pok o rieBRnftal oGS b tud Belittht Ml TRaRRReG A oot crurtace s
exam® e Berthrrnfose addanisgensdoBtightssatiforinatien mﬁh@bﬂ&ﬂmbﬁinehyﬁt@télﬂﬁg
B ; ; g : et

materi al 0 o Rl B8 pBflaied ifibg o MBI s 1 ate) bvioxidh er
hydr ochl @ Boarastédi ac'rd.o‘tfnaari#lmat&tiﬁieb&aaln‘iplé,i \fih?fé ﬁ‘ueffﬁMn@gnét%ﬁQ{ fsogtanium
renove the.sange...kxa s .of. suitable nmeta roxi des i ncl ude,

but are E’g%d%r %W@é %@b@éfg’i'oﬂHPﬂ?oq%iirﬂ'gﬁ”?\la@‘,am&ﬁg’é‘é‘s?‘ﬁ% o ¢apetpded
KOH, Iitthmﬂmmﬁﬁcb?habe,bih@bid “Pde'ﬁa"?!tf'? Bﬂﬂépﬂ'ﬁ%bpl@gﬁ Slﬁfhfble metal
accyrat e Vi a, partion of, t i |l er nmember means of we

et cﬁ:’sng (@gﬁr@?%%s ﬁ'ﬁgfdgﬁg’é}t S L\W@ﬁdb@ %‘?‘BB%”BY@"HED%UNM: fetasgim
subst r at éydmxie, eiKOR, nithm Uidedkiddn dioMaHdn Galdiun ?\F@[rﬁxilﬂe, %é?HPWh

0 e i nvention

of secon 2 0091 n so of .t hese enbodi ment s

the met hggcwg% Gy Pﬁﬁe‘&rﬁ%ﬁﬁm%ﬁ%f "RPEC BY impangefstmteing can for

convexi t ynstance ls@ackieved by Hispin@shé sih&Lof the élRtratedinl &f8RhIMR solution

extrusiopn, .a st eE ?hr;d. anﬁ,éconbl Inat ion thereof. A respective

convexi t? fE§mP B For iy ed CPpPIgof seppndisit e, 1n some of these

enbggi ment el ds ortion of .the channel configuQus to

t heagpert uigé?ﬁatlﬂ}a%&ﬁ%rﬂ\f ctﬁ?ger ﬁ%df'ﬂﬁ?tsi ?ffsmﬁ H’c"ﬁ“@&&'&%é@}"?gvﬂ‘?las a

t he aper thiee-dirsenissnalisnedcaiihe foaref aloveedtydora Goncavitg, sUéR asBoaige,

7C). Thoge i LI In_the . art will, appreciate that for e.q. patch |

cl anp a%pqeﬁﬁ’g% i Igﬁgé's a'él‘? HSIOB, ?u?tfeac%“g ?B\&i@é‘%b'%at&?nwogfsﬁr fegpective

sui t abl epcmexameqawme_e;nbtpfthe it bﬁ anilplsltté.En‘bﬁéﬁ\%- ofl theBarémbédifentd the

assi sts p R ey EREM LR Re tchgnrgelsceo%tig\t/l%as i 1% aperture that is conical in

25 that its width decreases toward the aperture as described above (see above and e.g.
Fig. 6B, 7B or 7C). Those skilled in the art will appreciate that for e.g. paich cltamp
applications such a 3-D surface provides a contact surface suitable for adequate grip
to the cell membrane. In particular it assists in the formation of a tight seal with the
cell membrane. In this regard others have in the meantime observed that depositing
30 undoped silicon dioxide on a patch-on-a-chip device, which already contained

channels, yields an hourglass shape of the channel (Sordel, T., et al., Journal of
Biotechnology (2006) 125, 142—154). Albeit obtaining a rough surface, these authors

observed an improved seal in patch-clamp experiments using the obtained chip
(ibid.).
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wall. The second recess may for instance be formed in a surface of a lateral wall of

25 the base substrate. In some embodiments at least a part of the surface or surface

portion, on which the second recess is formed, is at least substantially perpendicular

to the surface on which the first recess is formed.

[0094] The first and the second recess may be formed in any desired order. In

some embodiments the first recess is formed before the second recess. In some

30 embodimenis other processes used in the invention are carried out between forming
the first recess and the second recess. For instance the first recess may be filled

with a filling material (see above), before a second recess is formed. As a further
example an additional structural layer (such as a foundation layer as described
above) may be formed on the base subsirate before depositing the filling material.
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25 embodiment the first recess is filled with the filling material after the second recess is
formed. In this embodiment the base substrate is therefore prestructured before any
filling material is disposed thereon. As an illustrative example the base substrate
may be prestructured by first forming a first recess on a top surface of the base
substrate. Thereafter prestructuring may be continued by forming one or more

30 second recesses, which may be lateral recesses.

[0096] Filling the first recess with the filling material may again be carried out by
covering the base substrate with a filling material as described above. Thereby the
first recess may at least partially be filled with the filling material (see above). At the
same time at least a portion of the surface of the second recess may be covered
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25 [0099] Another illusirative example of a process of removing filling material that
the present aspect of the method altows, is chemical mechanical polishing, known in
the art also by its abbreviation “CMP”, is widely used as a process for planarising
surfaces, in particular in the manufacture of semiconductor and microelectronics
devices. Typically, chemical mechanical polishing includes the use of a rotating disk.

30 On the disk a polishing pad, for instance of polyurethane, is attached. To the
polishing pad a sturry or an aqueous dispersion is provided, which contain abrasives.
An aqueous dispersion may for example include polyvinylpyrrolidone, an oxidant, a
protective film forming agent such as an alkylbenzenesulfonate, and abrasive grains,
as described in European patent application EP 1 757 665. Where desired, a



the present aspect of the nethod allows, is chem cal mechani cal
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25 can be deposited in order to minimize capacitive coupling without the risk or concern

of the aperfure being clogged.

[0101] The partitioning element can be fabricated independently, and then
assembled with other componenis fo form a complete device. For example, the
partitioning element may be fabricated in a silicon wafer, and the silicon surrounding

30 the partitioning element is entirely etched away to leave behind only the partitioning
element. Subsequently, the partitioning element is assembled into a correspondingly
sized fluid chamber and firmly attached by various bonding methods like anodic
bonding, glue bonding, UV bonding, etc. The partitioning element is orientated to
separates the fluid chamber into 2 sections, wherein the channel fltiidly connects
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25 [0104] This device according to the third and fourth aspects of the invention
represents the general form of a complete microfiuidic chip which can be deployed at
the end-user level to collect samples for analysis. This embodiment may be obtained
several ways as mentioned earlier, for example, by fabricating the partitioning
element independently, and then assembling the partitioning element into a fluid

30 chamber member, for example by bonding; or by forming a first and a second fluid

chambers monolithically into the base substrate with the recess with the filler
member arranged between the two fluid chambers.

[0106] Various modifications can be implemented to make the chip more
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entity, for instance as’ca
in a typical patch clamp test. In general, the biosensor of the invention may be used

25 in any application requiring electrophysiological measurements of biological entities
such as cells. Such applications typically require contact between the biological
entity being evaluated and a current-sensitive sensor, such as a tfransistor or a
conventional micropipette patch clamp or the sensing electrodes piaced within the
first and the second fluid chambers. Common applications for the biosensor include

30 the screening of drugs (e.g. electrophysiological determination of compound activity
on ion channels, an important class of therapeutic drug targets, in cell membranes is
studied) and studies into the characteristics of cells (studies on the mechanisms of
microelectrode electroporation).

[0108] The method includes introducing a biological enfity into the first fluid
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signal. The respective continuous signal may be recorded continuously for any
25 desired period of time.

[0111] After exposure to the condition, a second electrical signal that is
associated with the status of the biological entity after exposure fo the condition is
measured. In some embodiments the second electrical signal is a continuous signal.
Measurements of the first and the second electrical signal prior to and after exposure

30 to the condition may be carried out continuously, meaning that the electrical signals
may be continuously monitored before the exposure fo the condition, until after the
biological entity exhibits the full extent of the effect of the condition on it.

[0112] in cell membrane studies, e.g. studies characterising membrane



bi ol ogical entity. In some enbodiments the first electrical signal is
a continuous signal. The respective continuous signal may be
recorded continuously for any 25 desired period of tine. [0111]
After exposure to the condition, a secodfl electrical signal that is
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i ncl ude located within or isolated from the region of the blologlcal entity, e.g. cell, on wh:ch
25  the suction force is applied. For such purposes any technique and/or protocol known

in the art may be employed in the method of the present invention. As an illustrative

example, a patch-clamp measurement may be caried to determine a
transmembrane voltage. Such a measurement may include setting a holding voltage

or command potential, for instance in the form of a ramp of a desired structure. In

30 accordance with conventional patch clamp techniques, the measurement may for
instance be carried out on an intact cell using the whole cell or cell attached
approach, or on a fragment of a cell using the inside-out and outside-out approach.

For this purpose the biological entity, e.g. the cell, may be ruptured in a method

according to the present invention. Thereby it may be allowed fo access the



measurenents of electrical current passing through any type of
transport structure Jlocated within or isolated fromthe region of
the biological entity, e.g. cell, on which 25 the suction force is
applied. For such purposes any technlqué and/ or protocol known
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25 [0115] In one embodiment, positioning and immobilising the biological entity on
the biosensor is performed by means of suction force that is generated at the first
aperture of a channeif as defined above or at the aperture of an auxiliary channel
(e.g. Fig. 15), as well as any other suitable types of forces such as dielectrophoresis.
Suction force may for example operate via an aperture of a respective additional

30 auxiliary channel. As noted above, this aperture of the additional auxiliary channel
may be juxtaposed to the first aperture of a channel as defined above (i.e. a channel
comprised in a portion of the filler member of the partitioning element). Immobilising
the biological entity at a desired location within the microfluidic device is typically
performed by means of suction force generated through the respective channel, at,



i mobi | ising the biological entity a respective channel is sealed so
as to prevent diffusion or other novenent (including flow) of ions
therethrough. Thereby the free novenent of ions between the first
and the second chanber is restricted. 2§9[0115] I n one enbodi nent,
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[0117] In some embodiments the respective channel aperfure is included in a

lateral side wall of the microfluidic device that defines & first fluid chamber, into which

30 a sample solution that includes the biological entity has been introduced. As an
illustrative example, the aperture may be the first aperture (see above), which faces

the first fluid chamber. In embodiments, where the first aperture is included in a
concavity (see above), the concavity may assist in positioning the biological entity. In
embodiments where the first aperiure is included in a convexity, positioning and
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25 of about 12 — 15 um or eukaryotic nuclei with a diameter in the range of about 8 ym
larger channel widths are required (see also below in the exampies). Such an
embodiment of the present method of the invention providing a channel with only
one tapered end portion resembles the patch clamp technique described by Lepple-
Wienhues and Ferlinz (Recepfors & Channels [2003] 9, 1, 13-17). These authors

30 have previously shown that immobilising cells within a micropipette yields extremely
stable gigaseals at a high rate with high clamp quality (ibid.). The present method of
the invention however dispenses with the previously faced challenge of introducing a
biological entity into a glass capillary.

[0119] When using the device to carry out conventional patch clamp
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results in biological entity that are smaller than the aperture diameter to enter the
25 aperture and then travel through the channel into the second fluid chamber, while
large particles remain trapped within the first fluid chamber.

[0122] In embodiments where a device with a plurality of channels is used,
muitiple independent analyses, filtrations or other methods, for example patch-clamp
measurements, may be carried out in parailel, including simultaneously. As an

30 illustrative example, different patch-clamp protocols may be performed at the same
time. As a further example, the plurality of channels may disembogue into a plurality
of fluid chambers. In such embodiments a selected number, such as one or higher,
of biological entities may be positioned in each respective fluid chamber in, behind or
above an aperture of a channel. By providing different conditions, such as



sieving. The device can also be used to immbilize or filtering any
type of small 20 particle over the laterally arranged aperture

| ocated on the filler nenber. For exana?e, t he devi ce can be used
for filtering and for trapping certain pes of biological entity

such as veampoLewe m%@ﬁgﬁﬂ&nc&@ﬂratfdnbtcﬂrcbﬂﬁaoﬁﬁaé F@één?qipp Qgctgﬁmtgr

of thelné@ap rture CF} B in the sub-mcron ange ica

sucti on € FESPEGINGS CRAMBPEY ogviods Rakameters ftinterestsmay| e analysed He
aperture phraliet er to enter the 25 aperture and then travel through
the channel into the second fluid chanber, while |arge particles

remai n trapfdasly The I]Dremt inmatadd bf thledn\‘iérﬂi'fﬁhebr arﬁgﬂsé’ﬂhéra?ie m%]?fqiéT@é}I‘léd

wh | f ch
e penadi e ey Paddl 7 e adomattr Way. Aeoeios sccoring dhes prosent
pat ch- cl dnyentioranay rrnsushe ,enﬁma)dn’ﬁéntﬁfﬁeﬁh%r%ﬁ lhtg) @?Eﬁér@tus fopﬁh{&éﬁ%#%d

S|rrultane O illustrative exanple, atc
prot ocol & ?@V%BXSIB@IQF@?F%@%W”Q hiorse¥ample  ifreionaghanrfal rdrhgrd[mmw eThe

t he pl ur Frédant chebanselife imbénﬂbﬁ‘?ﬂap%";?u L«%E?ocﬂh‘}érnﬂé 'b%y%segjf flplrJih%lry

chambers. | n such enﬁodlnents a sel ecte suc
hi gher, SGfeeHING BgMe |aseiﬂt$qq0538wdo%afpwseqr$@meg of foreelednired apeitlatys.

o, B o g Y .

concentr edmyudlae he vsethin targetadisedvery, carged atidation amdﬁ@ssay
respect i devatb Shotha r nt.er e ana
v pm’@ﬁfé bothah|dPieS aRa ﬁ’am%ﬁl agg wﬁtﬁ egﬁ?’ﬁv eﬁ#@iﬁﬁh 8 méﬁgpd

in parallel. [0123 The present rre
part thefsseby ﬁ'ﬁ?ﬁ%ﬂ&&ﬁﬁh sespeBtive hasy. Amillusaaiive example dsushiomRhes

vvay A destied BAREIUELAE of B IPES th‘f&gfﬁ%’tr: ﬂia%ﬁg B%S%Igglasm the detectioh

ggl ment s be i ntegrated I nto ara

eI ect r opAYILBIHRYIT Bftentialahanges Ofthe @naepllrailomoﬁ:ntracéimmrebnsir ug

di scovery. 3’{}@ 5f%wsent nmet hod of the invention nmay in such

embodi ment $01541 Rechivaryethedr mayiingude thel Lseofi patsiecngarybesd
safety swhi@inn ftiyvi &L t@ﬂﬂf r
conpound scmﬁ?ﬁa yih| t ng%PJEtg!t] h a%@aﬁ@drégfﬁﬁggqﬁﬁgﬁmg ﬁgﬁecﬂng and
present lg. s glgnsegh ef@fmﬁflqrhr @étalmihscmm]lq-pelﬂ aogeperforated celi

| i dat
Xta oy e5g anE atr Wug SRBRARR, Mg s hALAREL” KiabRu8iR. 0te Hietea”
f‘fl usTeHed\_f ?dﬂiﬁ"éloﬁfmén(fwfwrﬂ@re h‘mluderEchndlugmstmmqmmﬂiatlon
FLI PRs " P { L ect
rrenbran(eﬁtgll?recmlrepp O Wbt a RS B oty AP it Fhe 8o oot
i ons. O%B'mn Al multipise eelis/at onash edciregalied db adseptanatelg@riofe Pe4 dbvick 2P

Ir ﬁgﬂjg | n%iﬁgﬁg% ;!IB%VGPEN a) ditBaldd data IHERRR SoREEGR A R thS ggragﬁtg%onal

od for measurmg the human ether-a—go~go channel (hERG) in high throughput
25 screening presented by Miu et al. (Miu, P., et al. JA.L.A. (2006) 11, 4, 185-202) may
be employed. A further suitable example of an automated data analysis procedure

has briefly been demonstrated by Asmild et al. (Recepfors and Channels (2003) 9, 1,
49-58).

[0125] Where desired, the device and method of the present invention may be

30 designed to analyse the status of a biological entity, including a plant {(including
water plants such as algae), or an animal such as for example a nematode, an
aquatic invertebrate or a crustacean, in vivo. A respective in-vivo method may
include the use of a fluorescent label and fluorimetric detection to assist positioning,

such as by means of a two-photon-excited fluorescence laser scanning microscope



positioning cells, gigaseal formation, obtaining whole-cell or
perforated-cell configuration, drug application, and data

acqui sition. Enbodi nents of the present 20 nethod of the invention
may furthernDre i ncl ude technol ogi es sufd as "popul ati on patch

clanp” (RB&3 egnme{maffhsa & gg! Waﬁ%t 56/@@0@6‘510%' fg Baob5F tf%rhguitable

whol e-cell currents of nultiple cel at once, ‘eath’sea

separ at e &pefimental proceddessl.ce as descrl bed above Any autonated data
anal ysi s pr cedure such as the corrput ational method for measuring
the human 8p] lt hegivsted theRtor qertaiti gemmerejalyh puailabie automated

t ®al 0
iclzreéelnl1 gg;;ééﬁé%?ﬁvnﬁa.nsfb dM/Fde§ s@éh é%\"u E)r(pge%%t 2 Mo‘?eed?(jiér /bev&%% ®orp.,

aut orat e@%ﬁaiﬁng@ﬁ § @@mp@r’uculaﬂquteﬂl @deemmb@r@wddyan
Asni | d elinéﬁrrédﬁ?qsw Rf\ﬁijc@élde qeanal s o ithtle, 44, . prbpnalb: 1o nglMgng

Wher e desired e and nethod o présént T nvention
30 desi grﬁ%@pﬁ)o 52nal3&e38heTRisamay obt 2oy db@gulufaltoentan-tspecsf ucbmdlmgoa

plant (i H)gih%lc c‘.’iﬁ'ﬁ uniBs 30t ﬁ?@?la?sssé’}eﬁggﬁ‘or #e rﬁ%eﬂegﬁcéaﬁu’t qﬁﬂo

for exanp nenrato e, an aquatic I nver ateo
vivo. A K@ﬂ}ﬁe@nﬂN/dlmeﬂsmnscofMEmbersrmt cambk wsed (ibed. )Jsléhexfe raquired, it may

suohVas. breldtache Ml B bERSY Bol DENbE opeedifinbincBogt soiop
m cr oscopmpiadyed with an, @toMateuhdew_éb ,baaecli ah.the vaweead cRrotrJd(i)l?g gb srlmf bﬁé&)’\t
1, 2, 64%\g§§o{lhat Eﬁﬁ&i g.leeﬁggar | ni%éﬂ fr ocedur es). [ ] as

been reporte or cer y avai |l abl e aut omat ed

Corp. | e PR B el 4, iferliBRCHED: 62 Thading YRR, alcbiicee
may be apsagiicate effgcti nﬂfmw@"c&mbodlmﬁntmmnmalimdeshmn,edlby,wa@ Githarféllwing

P |. Moth. (2005) 52, 123-135). This nay not
onI y%be Q%Qr@g{% A %ﬁ%%lgflc bi ndi ng of hydrophobi c conpounds to the

mat eri al s sel ect ed for the autonmated device, but also to the small

di nensi ons of chanbe oJNs N uired, it
may 10 therefore be eS|re or mance o
herefore b XeW ld“ﬁ?%“gs !’zﬁgﬁﬁ éj?? WEWE@Tﬁ@f f
any protocol enployed with an automated devi ce based on the device
accordi ng t[8128le @ﬁ%ﬁiﬂlﬂf emhodimeints ob methuxtsr adnodding o liks énntiboras well

(i g' d.). abd2dhnisnad Hb%?esgss 't | cu%g Qt% Leadl lu?' h%ngﬁ%gﬁ O&'

ut Into practica par od| ments w
des@ i befigW@sway of the followi ng 15 non-l| | m ting exanpl es.

EXEMPLARY ENBCDINENTS OF THE | NVENTI ON
[0129] Fig. 1A to Fig. 1C depict cross-sections through a microfluidic device

(10) (in a more general context also referred to as a partitioning element) according
to a first embodiment of the present invention. The device (10) includes a base
substrate (12) with a recess (14) formed on its top surface. A filler member (16) is
25 arranged to cover at least a portion of the top surface of the base substrate (12) and
occupies the recess (14). While in the microfluidic device depicted in Fig. 1 A the
filler member (16) covers only a portion of the top surface, the microfluidic device
depicted in Fig. 1 B (and also in Fig. 1D, see below) includes a filler member (16)
that covers the entire top surface of the device. In the device shown in Fig. 1C the
30  filler member covers the entire surface of the microfluidic device. Any portion of the
filler member (16) that covers a portion of a surface, such as the top surface, of the
base substrate can be removed via etching or any other suitable means, if desired. A
channel (18) is arranged to be present in the portion of the filler member (16) that is
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30 walls has a surface of convex shape. Fig. 1G shows a further embodiment of a
microfluidic device of the invention in a perspective view. The arrow symbol (19) in
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the recess (14) such that a void (19) in the shape of a through-channel is left behind

in the doped silicon dioxide after the filling. Partial filling is carried out by

30 simultaneously depositing the doped silicon oxide onto the lateral walls of the
recess. By deforming or re-flowing the filling material, the shape of the cross section

of the void (19) graduaily approaches a circular shape, thereby realizing a circular

channel profile in the recess. For this purpose, heat treatment is carried out over the

glass transition temperature of the filling material. After heat treatment, the doped
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Furthernore the channel (18) of the mcrofluidic devices depicted in
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TABLE 1

15 [0132] Fig. 3A shows a scanning electron microscopy (SEM) image depicting a
perspective view of a completed device (60) according to the invention having fwo
fluid chambers (62, 64) and a pariitioning element (86} with a channel (68) buried
therein. Fig. 3B to Fig. 3D show SEM close up views of the aperture of the channel
(68), which is seen to define an area of at least substantially circular shape. While

20 Fig. 3B and Fig. 3C show the aperiure of the channel (68) of a device of the
invention in a recess of a width of 2 um, Fig. 3D shows the aperture of the channel
(68) of a device of the invention in a recess of a width of 3 um. The aperture
geometry mainly depends on the aspect ratio of the recess (width/depth), the



2. BPSG at 50 Torr 950 120 3. BPSG at 50 Torr 1000 40 4. PSG at 3
Torr 1050 120 5. PSG at 3 Torr 1100 45 6. PSG at 3 Torr 1150 30
TABLE 1 15 [0132] Fig. 3A shows a scanning el ectron m croscopy (SEM
i mmge depicting a perspective view of 44 conpl eted devi ce (60)
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| east substantially elliptical-shaped profile (). in method A fwo lateral recesses (28) are

formed in the device by way of dry etching. Thereby the recess (14) becomes open-
ended in that it stretches up to the two lateral recesses (28). At the same time
apertures (35) of the channel are formed (IV). In method A at least a respective

25 portion of the filling member occupying each of the two lateral recesses (28) are
removed, such that apertures (35) of the channe! are formed (IV).

[0134] Briefly, in an exemplary method of the general scheme of Fig. 4A, on p-
type silicon a recess was formed using deep ultraviolet (DUV) lithography followed
by reactive ion etching (RIE) of silicon [(I)]. Thereby a 2 pm wide and 3.5 um deep

30 recess was defined. The recess was partially filled (to realize void in the trench) with
phospho-silicate glass (PSG) containing ~8 % phosphorus in a plasma enhanced
chemical vapour deposition (PECVD) system [(II)]. it is understood that other
percentages than 8% phosphorus may be used where desired. The thickness of the
phosphosilicate glass was set to be 4 um, albeit other thicknesses may equally be



substantially elliptical shape. Thereby a channel (18) is formed that
has a 20 circunferential wall with a cross section of at |east
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gener al i&q%:rpgs@patle, é!asg 5t gent a;nmg ~8 % phosphorus was deposited on the
25 substrate in a plasma enhanced chemical vapour deposition (PECVD) system.

Thereby a trapped void was formed inside the trench [(IN]. Such void formation
occurs due to non-conformal step coverage of the PSG layer which pinches off at
the trench entrance before the trench is completely filled. The coated device was
subjected to a Buffered Oxide Etchant [BOE (1:6)] wet-etching for 1 min at room
30 temperature to open a small aperture before annealing. The time needed depends
on the required aperture size. The void was purposely forced into a cylindrical shape
by reflowing the PSG layer in an annealing step [(II1)]. Typically reflow was done at
1150 °C for 30 minutes, but reflow temperature and time can be varied as desired.
Optionally the reflowed device can be subjected fo a further Buffered Oxide Etchant



step lithographic patterning of silicon was carried out using deep

ultraviolet (DUV) lithography followed by reactive ion etching (R E)
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entity weldestrivat reeasurements. Fig. 5B shows a schematic of a planar patch setup. The
25 cell (27) in a sample solution (30) is placed to the surface of a chip (52) such that it
covers an aperture (78). Thereby it separates the sample solution (30) from the
sample solution in a cavity (32) below the aperture (78). This approach avoids the
requirement of a microscope, micromanipulator, and skilled operator by self-guiding
and trapping a suspended cell (27) at a planar paich aperiure on the base substrate
30 (22). Fig. 5C shows a simplified diagram of a lateral cross sectional view of a lateral
patch clamp setup, in which a partitioning element (26) arranged in a base substrate
(22) between a first fluid chamber (30) which includes a sample solution containing a
cell (27), and a second fluid chamber {32) which includes an electrolyte mixed with

drained sample solution from the first fluid chamber (30), both fluid chambers being



channel, such as at or in the tapered portion thereof. [0137] Fig. 5
depicts schematics of a patch clanp recording setup. Fig. 5A shows a
cl assical setup using a glass mcropipette (51) and a Petri dish
(42). Acell 20 is provided (27) in a &anple solution (30). The
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25 contiguous to the aperture (35), the width of which gradually decreases toward the

apertures (35). The respective portions (9) of the channels thus resemble a pulled

conventional patch clamp pipette. The aperture (35) of the channel depicted in Fig.

7B is included in a lateral wall portion (21) of the respective microfiuidic device that

is defined by the lateral wall of the filler member. This iateral wall portion (21) is at

30 least essentially flat. In the device shown in Fig. 7C the aperture {(35) of the channel

is included in a lateral wall portion (21) thereof that is three-dimensionally structured.

The surface of the lateral wall portion (21) contiguous to the aperture (35) is dished in

that it defines a protrusion (33) surrounding the aperture (35). The channel aperture

(35) is thereby located in a plane that differs from the plane defined by the lateral



di aneter, decreases toward the aperture. The white dashes indicate
the respective conical circunferential wall. This portion of the
channel accordingly resenbles the i nteré or of a pulled conventi onal
patch clanp pipette with a narrow nouth and wi deni ng body. Such
coni cal cWwalhpeitiopq@afi}.gur ation reduces the "access resistance” 20 as
conpared to a cylindrical channel which is inportant in | ow noise
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25 agreed well with Ropen-L/a:z:rz based on the microchannel geometry (L is length
and r is radius). For the microfluidic device obtained as shown in Fig. 4B this can so

far be confirmed on estimate-basis. Seal formation capability of the devices was

tested on rat PC12 cells cultured according to a known protocol (Hahn, S. J., et al.,

Eur. J. Pharmacol. (1999) 367, 113). The cells were incubated with a fluorescent dye

30 of 5 pg/ml calcein-AM (Invitrogen) at 37 °C for 15 min. They were then trypsinised,
spun down (1000 rpm at 4 °C for 5 min), and resuspended in the electrolyte before

being introduced into the bath chamber. When a cell was found within 50 Jm reach

of the patch aperture, it was repositioned and trapped by applying ~25 kPa suction to

the recording chamber through a manual syringe. It is noted that the suction



15 2E. Standard protocols were used for patch clanp nmeasurenents. As
an exanple for the nmeasurenent depicted in (1) of Fig. 9A chanbers
were primed with an electrolyte of a cggductivity (a) ;of 1.8 S/mand
in the followi ng conmpositions (in m\): 50 NaCl, 2.8 KC, 10 Cad 2,
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25 spikes electronically failed due to difficulty in estimating the distributed capacitance.
Although depositing an extra thick dielectric layer avoids the capacitive coupling, it
clogs up the patch aperture. On the other hand, attempts to thermally grow an oxide
layer fail since high temperatures cause glass reflow and thereby the paich aperture
to deform. The method depicted in Fig. 4B allows deposition of a thick layer of
30 dielectric while preserving the desired appearance of the patch aperture. Hence, the
capacitive spikes are minimised to an extent where they can be removed
electronically (Fig. 8C). Fig. 9C furthermore depicts two auxiliary channels (69) (see

also Fig. 8A and below).

[0143] Fig. 10A shows a summary of the electrical data of devices obtained by



culture conditions. 15 [0142] It may be desired to use glass, as a
reduced capacitive coupling is observed and it may be easier to

I mge cells under transm ttance versus reflectlon node. Fig. 9B and
9C depict representative SEM |nages of % nicrofluidic deV|ce and
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electrodes may be presen o determine experimental measurements in each set of

first and second fluid chambers. Alternatively, in a device (50), a single {common)

25 first fluid chamber (54) may be present in the device (50) for receiving a sample (see
Fig. 12B), which may contain a single type of cell. A partitioning element (52) with
muitiple channels (58) and having the same structure as that shown in Fig. 12A may
be used. The first fluid chamber (54) is fluidly connected to an array of individually
separate second fluid chambers (56). In this configuration, only one common ground

30 electrode needs to be located in the first fluid chamber and as many independent
sensing electrodes as the number of the second fluid chambers are disposed in
each isolated second fluid chambers.

[0146] Recess sizes of less than 0.2 ym to 3 ym wide and <0.5 to 7 ym deep
were fabricated according to the process described above. It is o be pointed out that



occupies a plurality of recesses (14). One channel is arranged in
each recess. The plurality of channels can be used to process a
plurality of sanples in parallel if so 15 desired. (0145] In a
further enbodi ment as shown in Fig. 12R4 a partitioning element (42)
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portion {21} and includes wali portion (21). The cell is immobilised on the aperiure,
25 thereby restricting the free movement of ions from the fluid chamber into the channel
and vice versa (and thus into and from any other chamber, reservoir, channel, or
other space that is in fluid connection with the channel). it also restricts free
movement of ions from the second fluid chamber into the first fluid chamber. In Fig.
14B and Fig. 14D the cell (53} is included in the channel (18). Again the cell restricts
30  the free movement of ions between the channel (and thus any other chamber,
reservoir, channel, or other space that is in fluid connection with the channel) and a
fluid chamber that may be located on the right hand side of the lateral wall portion
(21) {(and include wall portion (21)). it may in some embodiments be desired to
immobilise the cell (563) inside the channel as depicted in Fig. 14B and Fig. 14D for



after the construction of first channel, the top oxide may be renoved
partially and a second channel is fabricated over it. [0147) Fig. 14
shows enbodi nents of imobilising a whole cell (53) using a 15

devi ce according to the present i nventd®on with a channel (18) that
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I ncl ude mall portion (

i midbi | |3@@’W%C@E‘T‘P"e[d5%‘)°ti°ﬁsﬁ &E’W@e %@%O@%dﬁ% rel‘% 'gﬂ

and Fig., spiaﬂ&l ftﬂfou’é;ﬁ tr%aéexménpemet CIRaHriess tamadwla{ nedRy kefl dvethe patch
i mmobilising it, and al so for higher sta the cell"’

posi t i orePerlEs. N frases TBsthe G, 'S[Mﬁ@f‘eﬁlag ﬂl"ﬁﬁ We &PEMy&: \@Eh?%atag

of a de‘@d?@ Eﬁﬂié’ﬂ é&hté&tibﬁ\é\%@hé@ﬂlroﬁﬁﬁ&hé BEARISE Withux icircamferenit |
channel s 9 dition to hannel. with a 5%££rcumc reﬁ%l al

wal | ( 68yal( wg@mmanqta@@wra@eamf@cnvp fiRY pireanedp Akarp? dn the
auxgd I argfaak de f&l@:{‘{?\eh% arsy é’cbﬂu‘stl (Ar QUBAne Rammaky whdrthefs may for example
ci rcunt erentlaP I ncl ude separate apertures. These channel s
can be alfeadyche tsowdedin %ﬁf@glﬁom &afthieoﬁ"c&ﬁ"t?lf sheh éﬁaﬂ’éﬁr’)?c@s

such as gQ f fioheof
u !};(t:r![@don %ﬁ@ﬁﬁ%@' @%8 thé(m&qr@ ﬂh@"ﬁbnéélﬁmuﬁethé dévfw RS

to apply s I ndivid | s can be brought 10 _cl oser
to the apeltersushass thedi !bm@meéqma,lnqan @téilﬂbﬁlﬁft@r EarmEs, ihe, figal cross-

posi ti ongdubNer8hese side channels is generally larger than the cross-section of the
25 channel with a circumferential wall (used as a patch aperture in the present
example) for the applied suction to be effective. It is noted that a distance of 50 ym
represents an example rather than an upper limit. In particular where a microfiuidic

device is used that has been obtained as shown in Fig. 4B, cells can be atiracted

that are further away than 50 um.

30 [0150] Mathematical modelling of micro / nano-channet cross section dimension
is carried out as follows. Let the non-conformal silicon oxide is filled in the trenches
at temperature T; and pressure P, This leads to a void In the trench with cross
sectlonal area A, Since the void created in the recess (trench) is at sub-atmospheric
pressure, the void has tendency to reduce if the silicon oxide is softened. Depending



At the same tinme cells can be selected by channeling unwanted cells
into these channels and/or away fromthe aperture of the channel
with a circunferential wall. (0149] Fig. 16 depicts successive franes
showi ng capturing an individual cell (&%rked by an arrovv) at the

aperture _of, the_channel wth i reynf er ent a

bot T o 1 2 tut, apENAE RpbeihneBe Sref HFFSFE! () of Bkl vald Bar R BRlates
sucti on thgEdfieairidisdenb at temperature a% gné prsssalaPnfom gdd laact s a near by
cell to the patch aperture. In frame T5 the cell is positioned at

the respective apert the auxiliary channels, such
suction applied trﬁPOS}QﬁTt‘h@S gfrﬂ:ﬁel with 41 Ei rcunferential wall
itseff mi ght not generate an effective flow streamto attract such
cel | . | nwhbs, 20aRd 3 b e phitiblethd findFivplunte efthetvaldis | (A or B) the

auxi liary channels may for exanple already be provided. Accordingly,
typically t[dlrsw dput shriceshe hergjtid of tHearoie (tserich) wilbieintrie dnehdiigedd, dhamd/\Vr

| arge so th r|n rication devi ce deposition of

mat Cor  SERNDSSSRRRAT PY A 2 Reiepralebd (0 #7P S hen up.
Furthernore, the final cross- section of these side channels is
gengpal |y I arger tqp@m)vm:g:gpfoggfﬁectlm) of the 25 channel with a
circunferenti al used as a patch aperture in the present
exanple) for the a plled suction to be effective. It is noted that a
di st ance®bf 50 pm#Hre ﬁég’e)at@f/g;b dXantle rather than an upper limt.
In particular where a mcrofluidic device is used that has been

obt ai ned a i &

further a yﬁjﬁ %J(; i 9 tgééﬁb%%% E;e?r%td%?b%ﬁé\d ? Alfdd] b ﬁl%or (;I}Oﬂ
nand$ c hapressulsr. cbtsls @@emedrthat irerastena vnosi chabhoui @ |ow (Q‘a@um I Susn) aress
t he non- f f e

t enper at SRl Blegt in R0\ e hd At 37 Pt BEeys FERERS Thisoid cap be
Wi th crodsforrsedttoomft:ular a0y seglione aflee expioduts dat kenting tunder geduesd
(trench) e C
Fedace | PleRlle Y SBBIMIE Hrésaukl; TRHESS shdfpift 51 dB8 SRRHRRSSoldes
sof t eni n@rumg‘rdtfﬂs mmodtlheufnnrmlseduné‘lableo& (Af) of the void can be
predicted. If the softenl ng is done at tenperature Tf and pressure

Pf1 frO = ln; MNEDLL 1:4: _/__\ . fv".‘!ﬂ:}CI‘ “Lr\,f
are the |t all YRR ff‘r?é?‘ (BRI of tﬂén% "S”['(tﬁﬁﬁi“ ut®ts ‘\-Fg_ﬁa‘?
| ength of the Vé’i“’d“’@f’}é’r?é teguerafulfig); Sgelive langed "2 WPeind - yFadin E‘?@

repl aced by A |4Ad, iafumespeC€jvel y in ‘!Z(ﬁﬁ)saﬁrl(%}iaﬁi 10 | @panng, ) /

Ti = (Pt ANT{ (2) or, A=(PitPf). (ih AL | (i pm)
1 60 D00 . .| 0.688 {%‘iﬂ’}' ~ 10406
7 60 950 | 0.717 F A ¥ TE
3 6.0 oo | 0.746 0487 | 0505
20  TABLE2

[0153] In summary, the present invention is capable of producing lateral
channels with circular or elliptical cross-section, which provides the minimum
surface/ frictional resistance and better electrical sealing. The invention is also
capable of forming channels with cross-sectional diamster in the range of microns to

25 nanometer while current methods are only good for either producing micro-channels
or nano-channels. The channel cross section dimensions can be predicted and



[0152] Say, in a typical case, BPSG is deposited at 400 C and 50 Torr
15 pressure. It is observed that it creates a void of about 6 pnt

(6.0pmx 1.0pn) cross sectional area, in the 2 pmw de and about 7.7
pm deep recess. This void can be def dfmed to circular cross sections
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circul a’atgfm@lénlc;mér@@” yCr oss-section, Whl ch provides the m ni num

surface/ frictional redistance and better electrical seali ng. The

i nvention [03541' S‘Dhe Jirpad| @ dikclssion 0 ac peavimisty publisitad decgmpent tnihis
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Is low as no specialized tool s/ progggmm%sl el.ectron bea

i t hogr éﬁﬁ?les\%*ﬂeﬁ*ibgéﬂ@"'%%mupﬁﬁér gEpepicdi q:sur%?g ofemypar

The i nv%ﬂl’éé)ﬂwﬁﬁ TorftITHs RRIVARRANE geﬁér% Hé@ér tioH o it Bwvestdd with Iangaviso
channel s ot h aterally and verti ca 151?4{” tﬁe | isti n
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di scussiasrnesative dineitationsieyaying 8K <D ?sge”%‘ﬁeé qrglgtsﬁcpﬁ
sho d_RHtRSGCHSRATNG tdifed ERMIERTS diboipkprRegemRein. L hat t he

docunent I's part o e state of the art or is conmon general

know edge. | o‘}'sb]n1¢héqmémahmdsrt@heay@@ecﬂstﬁdewelmmaymitamlgcbermaeumdby
reference in their entiret The |nven5|on has desc

br oadl y thac@hsenee |Qfaﬂﬁyyelﬁ5}eé't ©r elemaniss lipyfation oF J( :ogﬁegpggg%ﬂ%cauy
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20 expressions employed herein have been used as terms of description and not of
limitation, and there is no intention in the use of such terms and expressions of
excluding any equivalents of the features shown and described or portions thereof,
but it is recognised that various modifications are possible within the scope of the
invention claimed. Additional objects, advantages, and features of this invention will
25 become apparent to those skilled in the art upon examination of the foregoing
examples and the appended claims. Thus, it should be understood that although the
present invention is specifically disclosed by exemplary embodiments and optional
features, modification and variation of the inventions embodied therein herein
disclosed may be resorted to by those skilled in the art, and that such madifications
30 and varations are considered to be within the scope of this invention. in addition,
where features or aspects of the invention are described in terms of Markush
groups, those skilled in the art will recognise that the invention is also thereby
described in terms of any individual member or subgroup of members of the
Markush group.
35



or negative limtation renoving any subject matter fromthe genus,
regardl ess of 15 whether or not the excised material is specifically
recited herein. [0155] The invention illustratively described herein
may suitably be practiced in the absenagg of any el ement or el enents,
limtation or limtations, not specifically disclosed herein. Thus,
for exanple, the ternms "conprising”, "including," containing", etc.
shal | be read expansively and without limtation. Additionally, the
terns anﬂl 9 eSS|ons enpl oyed herein have been used as ternms of
descri pt JW Eﬁgé limtation, and there is no intention in the
use of such terns and expr essi ons of excl udi ng any equi val ents of

t he featuf.es Ahmmﬂarmd; @j@md;d)ﬁphgpm :portions thereof, but it is

reco nlsed t hat varlous nDdlflcatlons are possi bl e within the scope
of t i nvention @l aﬁ?réabst'm?mﬁwaaeﬂreaﬁf%e%fmeddaem By akleaghfvo opposing

featur es of tBital WHMRYAICNbYEd lvaf> becone apparent to those skilled
in the art upon exam nation of the foregoing exanples and the

appended cl ai ms. Tafiker membaohavingat leaster parbonl theneef cucupyog the tesess, and
present invention 1 os e ry. enbadinent s
and opti onal feat%?ré%ﬂ%?d h chtlghﬁ'ﬁt’ﬁﬁ O\?g?e:)i e?ﬁ‘ne%eaft%gui’ﬂ(}%m% GiY&=S:
enbodi ed t herei n heheiem thdlc’s\ehnsleﬂ)mimgseb@ firsisapdrietie bad ysecbnd @perture, the
skiJled in th t hat such nodifi tios 0 d_yariations
conld der ed t TBBORETAR DT ACERIRY BF & Hiot HtsrabRel of ¢ AlGuerTtah, and the
wher e feat ur egecRhd afiRPRiFs befngt Aifandbeesh iz08ectnd Besal AR &f ithe tfiﬂéﬁﬁwember

Mar kush groups, those skilled in the art will recognise that the
invention is $Aid#rst H%P@H)Wa“d?é%@ filgsanembeebeing erragagd imappedngrelationship
menber or SU%‘W% @c \r\g il dFRe fln@'rrhgr?lﬁelgraﬂgpat I%ar%t %%orﬁ%'ﬁlbf fr first
claimed is: 1. cro evice conprisin

havi ng a recm drest |Sae¢ahd Menai nwallg ta‘tthleeﬁliar mambepmmmmgt GE: eaubbtant;ally
eas portion

e or o cou it e tdiar & thi obBosiFE TS AAIA Pty hETRbadt BB or T o

of the filler rrenbﬁhereirctrmjlchgnriélasrmms by \sheir@imfdréittiat Wedinekherein the
conprises a first a ert nd a econg fl)ertu e, the 10 ftJI’St
aperture bei MgOeFPENY C‘f?'-l"% rendigbyall imal eagkaﬂqgtlmq”t@p Ghenpelhas

and the secogq a@ﬂééétuélﬁasl&ﬁrltl'éﬂy HircaRPeHt an A i%S&OQGbétéﬁt%@' emﬁddal 8haped
the filler nmenber, said first ' lateral wall of the fil nmenb

bei ng arrangd?:rof”ﬁ opposing relationship wth the second Iateral wal |
of Zthe filler menber, and at least a portion of the first

2. The microfluidic device of Claim 1, wherein at least one of the first aperture and
the second aperture of the channel defines an area of at least substantially

circular or elliptical shape.

25 3. The microfluidic device of Claim 2, wherein the circumferential wall of the channel
has a portion contiguous to the first aperture, said portion being conical along its
length in that the size of the circumferential wall in terms of its width decreases

toward the first aperture.

30 4, The microfluidic device of any one of Claims 1 to 3, wherein the area defined by
each of the first and/or the second apertures is of a maximal size in terms of its

width selected in the range from about 0.1 microns to about 10 microns.

5. The microfluidic device of any one of Claims 1 to 4, wherein the recess has a

35 depth from about 1 micron to about 50 microns.



and the second lateral walls of the filler nenber being at |east
substantially 15 perpendicular to the opposing |ateral walls

defining the recess, and wherein the channel is defined by a
circunferential wall, wherein the crosggsection of said
circunferential wall in at |east a portion of the channel has an at

| east sulist anTheatﬂit;roihilidiche&'rcecnf Glaimab, Whesin thebdepthtis &binyabout 2 microns to
elliptical- %Jgeq proflle 20 2. The mcrofluidic device of Caiml,
wherei n at e 8%“8’1"0 MPhe first aperture and the second aperture

of the channel defines an area of at |east substantially circular or

el liptica, shepemictbfiddicldevids 6f &ty ohdlof ClifivikCEtPH, WhalelM the ¥hSIRI Ras 3

the circunferential wall of the channel has a ortlon contiguous to
the Xirst apePadmal sizgiintasaeialdts vidihiglactsd watheaamfrpmsab%a& mmigrens to
t hat the si Zealﬂfuttlb‘?m&‘ongum erential wall in ternms of its width
decreases toward the first aperture. 30 4. The mcrofluidic device

of any one of Clains 1 to 3, wherein the area defined by each of the
first and.or Tl'tfen's'stm'oﬂmridiceqwictewfmy enebf &laimsintd 7swheredimtheecmsnef has a

morons. 5. TRISPEIsLane AR e h8dn et of =B d R g,

whellein the recess has a 35 depth fromabout 1 mcron to about 50

mcrons. 899 ‘fthe MiGroffliaicobbutdif HEVdse opfCiShd] M & sWaperiin th@ecwaﬁﬁélh.s
is fromabout 2 microns to about 20 mcrons. 7. The mcrofluidic

devi ce of anyarsngeddaterailyygthin ﬂ’@f@?f MEEwsr.n the channel has a 5
maxi mal size in terns of its vm'dth selected in the range from about

0.5 mcr o rrsﬁi ﬁ)ﬁé?&;ﬁuuggg d@\lfé@ y neTrJ?Q? gh%;ﬂcl 81 Fh&eHPHCENG ucgﬁﬂy axis

one of ereln anne 1ength seléec
t hel5r ange f r cohtbds obanriel s atrleasttambaﬁamtmllylﬁm'pamd]cmasto th@ fidst |adeeal wall and/or
m cr of | ui di c evice pf. an 1 to 8, wherein the channel

is arranged 3158?%{] tW¥%$E°ftﬁ%f'%rﬁ+gr?1b%nber. 10. The microfluidic

device of any one of Clains 1 to 9, wherein the |ongitudinal axis 15

of the channethd mickdflidiadeviet s bapohaldi\CIARISPE AT G UMdrefnathk Higstlihterdl wall
| ateral wall and/or the second lateral wall of the filler nenber.

11. The mi cr &¥fithg tiler ngripberededines gyvaliortien of tiedase sugsti@e. wherein the
fir2ot |ateral wall

12. The microfluidic device of Claim 11, wherein the wall portion of the base
substrate defined by the lateral wall of the filler member is comprised in a lateral

wall of the base substrate.

25 13.  The microfluidic device of Claims 11 or 12, wherein the wall portion of the base
substrate defined by the lateral wall of the filler member is comprised in a lateral

recess of the base substrate.

14.  The microfluidic device of Claims 11 or 12, wherein the wall portion of the base
30 substrate defined by the lateral wall of the filler member comprises a lateral

recess.

15. The microfluidic device of Claim 14, wherein the lateral recess comprises the first

aperture'of said channel.
35

16.  The microfluidic device of any one of Claims 13 to 15, wherein the lateral recess
is arranged at least essentially perpendicular to the recess of which at least a

portion is occupied by the filler member.



of the filler nmenber defines a wall portion of the base substrate. 20
12. The mcrofluidic device of Caim1l1ll, wherein the wall portion of
the base substrate defined by the lateral wall of the filler nmenber

is conprised in a lateral wall of the bgpe substrate. 25 13. The

m crofluidic device of Clainms 11 or 12, wherein the wall portion of
the basel7.subshe mierofleidiodayideyoft ary dreet ef Glainam /1B tof6f Wbefdin ther lataraiecess

is conprised e C as rate._ 14. The
m crofl uidic %%?ggsﬁg%cé?% t%%%%ﬁ)éﬁ%g’%v{ﬁ E}OHFBQQ%PPS‘pOHi on of
the base 30 substrate defined by the lateral wall of the filler

nmenber cogpri ¥RS ndictoALRIAHeviée® 6L Elaiml7, vihaem Be0ddpth ¢ 6eldBtedGR thE range
C aim 14, V\/nerel n the | ateral recess corrprl ses the first aperture of

sai d channel . fram akwut §famigrensdpiabiont 20 méPee of any one of Cains 13
to 15, wherein the lateral recess is arranged at |east essentially

per pendi .l arTﬁQ%Br%ﬂﬂ@%ec?%Jic%fqm% &eaaf(# d‘{' ggéo H%r\%%.ﬁ ﬁ'leOI%‘t:elwl' r?gess

by the filler e ’m Cr of evite Of any one
dains 13 to ddinprigesraecircuniferdndiblerall am@ae%ethﬁterebyimmmgsaIfledtcﬂndmbmr.
the range fromO to about 500 microns. 18. The mcrofluidic device of

Claim17, wherein the depth is selected in the range from about 0.5
m crons £% abble Mer @fco%%wcesOngny PRE ot dRiBTY &P &9 d9aeompEsive afipt gpe a

of Claims 13 §&0¥|§ |aYé?§Ir Riddst e hid %F[ %aétﬁ%ﬁtlaiwmdﬁl Sles of he base

cwcum‘erentlal wal | and an inlet, thereby defining a
20.10rhe micr o$uhﬁtrdlies deelaéhefﬁr%tdgtetaiéetzﬁss@omr:rree&:attleasle pqmmmf mmfgst

a first and a[a?e%%lo\?%ll l)ﬁfh%rfﬂlleﬁg?eﬁl'gs tacHEi thg%v\ﬁBnéf ?a‘?gllah?esﬁ ﬁ'{Hrl¥es at least

opposi ng sides © rate erein g% &l
recess conprisesrtmn dfehasse@nndah‘eraﬂmvaﬂfoftHfEeﬂlfermémbélat eral wall of the

fill nb dth | t
por 5 on of 1 ho SSHAAM G Qe (A CE1SS Gnes A B NIRRT BEh aPd e FRgond

first |ateral|atepgeftedsidentss a $ddosll fiidicHambantge meofiidchapfRitheing in
| at er al recess defines a second fluid chanber, the first fluid

chahber bei ngflyid comsynicatian wikrhaisesendiidichampaevia de sliamneli d
chanber via the channel. 21. The m crofl uidic device of Claim 20,

wherein 3f1e frRStmittdiuflic RaTRE or2Bfih 'S0, wherein the first fluid chamber and the

second fluid chamber are monolithically defined in the base substrate.

22,  The microfluidic device of Claims 20 or 21, further comprising a sensing electrode
20 disposed in the first fluid chamber and a reference electrode disposed in the

second fluid chamber.

23. The microfluidic device of Claim 22, further comprising electrophysiological
measurement circuitry in communication with the sensing and reference

electrodes.

25 24, The microfluidic device of any one of Claims 1 - 23, wherein the filler member

defines the entire surface of the base substrate.

25.  The microfiuidic device of any one of Claims 1 to 24, wherein the base substrate
comprises a material selected from the group consisting of a metal, a metalloid, a

ceramic, a metal oxide, a metalloid oxide and an oxide ceramic.
30



second fluid chanber are nonolithically defined in the base

substrate. 22. The mcrofluidic device of ains 20 or 21, further
conprising a sensing electrode 20 disposed in the first fluid

chanber and a reference el ectrode dispoggd in the second fluid
chanmber. 23. The microfluidic device of Caim22, further conprising

el ect r op2fysi ol ey imderbfluidis atewicernd r@ny ginecfi Glainsg h te 8onwhéreit therbasiet substrate
sensi ng and rcecI erence eéssactrodes. 25 24. The mcrofluidic device of
any one of a GIRISES. %@, ‘wherein the filler nenber defines the
entire surface of the base substrate. 25. The mcrofluidic device of

any one of, Cl BidTidrofl@dikddeWRebRChiM N5, b emURSt haleRoidGE BIdSES frim the
material selected fromthe sgroup consisting of a nmetal, a netalloid,

a ceranic, a'REP&PNYINGO! slicaBt ROMPBI GRrBIENEEN ANIMEANY BrdReNtRasiAs thergd.
61 6. The microfluidic device of any one of Clains 1 to 25, wherein
t he base substrate conprises a glass. 27. The m crofluidic device of
d ai m 2528.whefhes micrbiuidistdeiviceial Glains25,eetterdinfthemethieoxide sugelected from the

canet 410, Ol S5l B o ShTBAT e I o, SEPRRTH Sioe nc

met al oxi de i@nedsites @terésfom t he group consisting of silicon oxide,

ger mani um oxi de, al um nium oxi de and conposites thereof. 10 29. The

m crof | ui di c device of artljy one of dains to 28, wherein the base
&M

1
sub r at®d- i sThst mierattidip idenvice iR @ny oneed Claigisot BB evharein theebans ibsiiate
of the f111 Cris GPabRdterial that I8 ResliderHriabldhnan 46 hiefertl o Rl el hrember.

wherein said naterial of the base substrate ess deforma

the material of the filler nmenber under conditions of 15 el evated
t enper at3r. e af¥ microtddicet®vipees dLinim 29 lwhatein paidrméievialdofcthdehaseesubktrate

any one of C.ai,ns 0. 3 erein the filler mber . conprises a.

Ao Setr T mif U, felodeydtte WAL Hel il of e TG Bieropsriiden Gftions of
whersei n t he dileled tdneparaies bad/or fedtebe pt&durd.r om t he group

consi sting of phospho-silicate glass, boro-phospho-silicate glass,

and spin-on-glass (SOG, polysilicon, silicon carbide, silicon
nitride Hnd g@@rﬁwpfﬂlé@ctc%é!@oqf. anyzonerge Claimp df 1ouP@i whereln the fdler apgmber

one of O ai Mol dRed di¥BEHRIMatkAQ. M crof luidic

20 32. The microfluidic device of Claim 31, wherein the dielectric material is selected
from the group consisting of phospho-silicate glass, boro-phospho-silicate glass,
and spin-on-glass (SOG), polysilicon, silicon carbide, silicon nitride and

composites thereof.

33. The microfiuidic device of any one of Claims 1 to 32, wherein the microfluidic

25 device further comprises an auxiliary channel, wherein the auxiliary channel
comprises a first aperture and a second aperture, wherein the first aperture is

arranged on the same side of the microfluidic device as the first aperture of the

channel that is defined in the portion of the filler member occupying the recess.

34. The microfluidic device of Claim 33, wherein the first aperture of the auxiliary
30 channel is arranged in a lateral wall portion of the base subsirate, wherein said
latera!l wall porfion of the base substrate comprises the first aperture of the

channel that is defined in the portion of the filler member occupying the recess.



25 device further conprises an auxiliary channel, wherein the

auxi liary channel conprises a first aperture and a second aperture,
wherein the first aperture is arranged on the sane side of the
mcrofluidic device as the first aperturg of the channel that is
defined in the portion of the filler menber occupying the recess. 34.
The ni crd8. ui Bhe niexdfloigiodedtai of GBRjmavES: ef 341 médrer¢in stheafret eperuref of the
the auxiliary 0 channel, .Ls._arranged in a | ateral | |, portion. pf
the base subst ey ARG AneBt M aulte o e B PEHab PRries B lie vase
3 U]P_St r gt e COhnmme,tMr?ihrsﬁid E@ﬁfﬁ domphsed the firsthaibrtire Eheﬁe tiannel témzat is
efined int ortigon of the filler nenber occupying the recess.

fetlnediie g et

35. The ni crof§iiiediic rien gf the lprmegwes poalpyiNghiBpPdPrrsShe fir st
aperture of the auxiliary channel is arranged in a recess of the

| at e al [ i: the. j id.r

corm s 38 norf HictBnGkol dudoan o bf Blefing MRS viRKn IS AR aperture
portion of thef thelduilianeaimmedicjuptapoged e theefes apeBur@cof theechannel that is
m crofluidic vi ce_qaf any ong,of.. d ai 33 to 35, wherein the first
oot Cure Yof dsefin e EoRRENENSt Befhel Astduiit boTRES !

aperture of the channel that is defined in the portion of the filler

member ogZUPYTHY nideflliBieafsice3dt arh8ndTbf CRfihYi Ui 36l aMh&Rintthe g bHIONBf the
of Jains 1 to 36, wherein the portion of the 10 filler nenber _
occlbyi ng t hefilles rasabeasfoccHpyipadee Kesss phthe hasepiubstrateacqmprissisia plutglity of

channel s, eac aj ' 1 S| £ ;
apor tur o compingt: oot phifalty of PRHIEI o FRIRING B ¥etRpeltuR comprised
menber and a igeciatiatgralrwall poriompf theddler mentbes @nd redsécaind raplertued tomprised
portion of the filler lr{eglﬁ)er 1%. 38'ftThﬁl m crof | ui di c device of any
one of O ai menf %5039 latpial PRl poRignafitas Hipr member,” b jrality of

recesses defined in the substrate, the filler nenber having

correspoggli NgTROMidreMsdit dievRe of ahy 8RE S Cldins Qa6 WYY fitther @8®brigingor ti on
of each recess, and (ii) a plurality of channels, arranged such that

a channel is conpt)egwrality obrecessss dafinsdinithediubelpiendi ng portions of
the filler menber, W&efil?érnm%ﬁ%r.I'gvg%?'ﬁgré@ép#fnﬁlr{gt }Soﬂifonghtﬂ@ Sarrar{ged to

conprises a first aperture conprise I'rs ateral wall portion
of the filler nenbeoccups ahlesst o porimesftaach recasspanded in a second

| ateral wall portjon of the filler menber. 39. The mcrofluidic )
device of daim é@,aﬁwﬁﬁﬁvnofamamﬁlsstarwagg@ﬁi suchdhat ggihanpakisoeompised in

25 Hg |1 er menber t haicHCOMPAil TBrieBSofi’] boftiBn®lor thd BRRSREMBEr GixaHBRI each
defined in the plurality of recesses are aligned so as to define a

common pl ane. 40. Thlesaif Alwrlityi efi ehanegisceornpriseisa? firgnpamies spmprised in a
plurality of first fafeLals VWAI, portion of the filler member and a second aperture

comprised in a second lateral wall portion of the filler member.

39. The microfluidic device of Claim 38, wherein all first lateral wall portions of the
25 filler member that comprise the aperture of a respective channel defined in the

plurality of recesses are aligned so as to define a common plane.

40, The microfluidic device of Claim 39, wherein the plurality of first lateral wall
portions of the filler member defines a wall portion of the base substrate, said
wall portion of the base substrate being comprised in a lateral recess of the base

30 substrate.

41. The microfluidic device of Claim 39, wherein the plurality of first lateral wall

portions of the filler member defines a plurality of wall portions of the base



portions of the filler nmenber defines a wall portion of the base
substrate, said wall portion of the base substrate being conprised

in a lateral recess of the base 30 substrate. 41. The mcrofluidic
device of Claim39, wherein the pluralitgg of first lateral wall
portions of the filler nenber defines a plurality of wall portions of
the base 63 subistrateateach el ponkidn ofsaid plonalidf obwalt ppitionalbetng afmprided in a

her cby deti IS e o ByF dsPapuruetS, Eiledl soffind a pRtall) ‘& frera

substrate. 4Zrecéssdsaofaiie bash suldtatece conprising: 5 a base substrate
conprising a recess, wherein the recess conprises two opposing

| ateral walls and a base wall, a filler nenber, wherein a portion of
the fil 4% nefvpaeroflyi tﬁﬁﬁwqesfémni?rf‘ﬁ"lgﬁe recess of the base substrate,

and @ channel defig V\,%Sé guﬁgﬁ‘%‘g%éwgﬂ% a Féb‘ésé Vbﬁ&élﬂ%%&&&o%pe R

in the 10 recess, ereint npri'ses a first aper
a second aperaepposing latersliwalls andpaelnaamr\ealbel ng arranged on a first

| ateral wall of the iller ecqnd aperture being,.
arranged on a seco%ﬂ'?ra{P%'F‘BFrﬁ\ é’Bfa thoﬁ" of ﬁ@rﬁ%é%egv?ert'ﬁé’mﬁnﬁgq in the
| ateral wal | retesdhef thelbes substies, 4mei ng arranged in opposing
relationship with 1C§§Ith _cod teral wall of the filler nenber
wherein the channef &8N the rqriierot ta dilen mesmher caraprsed innthe
Crogs-secti onegfsd he ci rcumc erentl al wall in at least a portion of

the channel has an at |east substanti ally circular or an at |east
subst anti al | w@mlmhec@langnhmpm@fa Ifigst aperere: B¢ @ngegondt apdriuigl the first

having a po”édé{?tu?@*ﬁe‘u @%d e ffu%?"l R WA g tlfx%'é‘ﬂerz%e[?'%ér', Yd the

bei ng coni cal ong |t Phat the size

circunferent |$comalabertlure l:te&mgrarrarhged an ai stchnd Ederahwal of theafilidr nteenber, the
first aperture Th ] fluidi Lce of Claim in.at .
| enst o por t 108t Berehedt ot 8 Watimisniber Betinaanaes b Ounghing ToletoRa o wit
fillser nmenbertharseceid laetstwalérhafliérahbybegr pendi cul ar to the
opposing lateral walls defining the recess. 25 44. The mcrofluidic

devi ce of O ains Mhegeingthe ghangl s tdalingd [y a) gr@mfiersial wal, tvy{@rem the
filler nmenberqdef toqnadr R Lirddeif %ié?lﬂam/aﬂ H%t@@a%@a H &itBe ¢ ﬁgnne-'l_ B&s an

m crofluidic device of any one of (ains ereint
portion of taﬁéeaﬁ@elbsﬁabgalfya@@utaéfarrmrdaibgeashwuséarélaﬁy ellipficaleshap e proﬂle

filler menberthé u%Bﬁﬁ%Heﬁﬁﬂ \’Vé\l having a portion contiguous to the first aperture, said
20 portion being conical along its length in that the size of the circumferential wall in

terms of its width decreases toward the first aperture.

43.  The microfiuidic device of Claim 42, wherein at least a portion of the first and the
second lateral walls of the filler member are at least substantially perpendicular to

the opposing lateral walls defining the recess.

25 44, The microfluidic device of Claims 42 or 43, wherein the first lateral wall of the

filler member defines a wall portion of the base substrate.

45.  The microfluidic device of any one of Claims 42 to 44, wherein the wall portion of
the base substrate defined by the lateral wall of the filler member is comprised in

a lateral wall of the base substrate.



a lateral wall of the base substrate. 64 46. The m crofluidic device
of any one of Clains 42 to 45, wherein the wall portion of the base
substrate defined by the lateral wall of the filler nenber is
conprised in a lateral recess of the bagye substrate. 47. The

m crofluidic device of any one of Clains 42 to 46, wherein the wall
portion 48. SThemitraliddicudsyiceafanyainend Claiyns 42td 45.evtadreinathk vedll gdron of

filler nmemnmber ri teral . recess, 48. . The.m crofl ui.dic . .
devi ce of G AhRre SRarae o hEl Pl AT EERLwET o MO Eldhodtel pmgpsed in
aperture of salaferahssress of the.bakbaubsieatef | ui di ¢ devi ce of any one of

Clainms 45 to 48, wherein the lateral recess 10 has a depth sel ected
in the range fromO to about 500 mcrons. 50. The m crofluidic device

of O ai 49, Thrpusraflyigie deiserpfiasy soecd@aimsr? ined§. avtpseinithe wallqmtion of
0.5 4 crons tRa3hQut 1CHO g T i f e uy di VAN¢TN

one of C ains S;15 t% %@,%tr%eg?el n tﬁ%tqea{ég?rg] %gcdéggg ﬁﬁ%lcrir@rl sesfcggnﬂmées a
ci rcunf erentilaterglabtgssan i nl et and a base, thereby defining a fluid

15 chanber. 52. The m crofluidic device of any one of Clainms 45 to

51, whergjn the filler nmepber fin the entire surface of the base
Subst r a4 53t Merimierpf s Brieyicaof Gt 40 Teraiyhe e resess sampgSea Tarst
wherei n the fiddrefe BEEE ChagsEIPri ses a dielectric material. 20 54. A
m crofluidic device conprising: a first fluid chanber for containing

a particle to be tested, a second fluid chanber that is fluidly

separ at e49.f r ohhe mécrpilyidic devisedf emyrdner offylaimen 48 (@8 awherain thei leteralgecess

avithg & 1 oc ek Rk TR g b L BN 2 hor 1 on

t her eof occupying the recess, and a channel defined in the portion of

the fillsg. meThemigrefuiRk dwiddef CRABSD, whdiehahs dehth Bhadleeted in the range
conprises a first aperture and a second aperture, the first aperture

bei ng ar r angetPBAPUEQ-PHpiCIOREdP aPoWR] MiroRshe filler menber, and the
second aperture being arranged on a second |ateral wall of the filler

menber, id f] ‘o I | _of the fj . bgi
arr angedéalis' n igﬁpég?i'dﬁéﬂ%lkgﬁe?@%sqfn%b Ovr\}i%t(fluc Cpﬁlgf ésléécg%gaﬁgﬁgﬂéegfﬁf\%gﬁer%frecess
the filler mewerriseard ciaturhteaertiah wadly hoinlebfanslaa dbasier siiereby defining a fluid

15 chamber.

52. The microfluidic device of any one of Claims 45 to 51, wherein the filler member

defines the entire surface of the base substrate.

53.  The microfluidic device of any one of Claims 45 to 52, wherein the filler member

comprises a dielectric material.

20 54. A microfluidic device comprising:
a first fluid chamber for containing a particle to be tested, a second fluid
chamber that is fluidly separated from the first fluid chamber by means of a
partitioning element, said partitioning element comprising:
a base substrate having a recess defined therein,
25 a filler member having a portion thereof occupying the recess, and
a channel defined in the portion of the filler member occupying the recess,
wherein the channel comprises a first aperture and a second aperture, the
first aperture being arranged on a first lateral wall of the filler member, and the

second aperture being arranged on a second lateral wall of the filler member,



| ateral wall and said second lateral wall of the filler nenber being

at | east substantially perpendicular to the opposing lateral walls
defining the recess, and 5 wherein the channel is defined by a
circunferential wall, wherein the crossgsection of the

circunferential wall in at |east a portion of the channel has an at

| east subst anﬁ@idlfir§/t laiera) wvall ofdhe dileramembes beingtastanged dh lopposing relationship

elliptical- ﬁﬂﬁgtﬁggéd Ha e?eﬁ we]Thoe? th(]-f* ﬁlrequh%r'ggélp aﬂﬁag ?egasg% rptgl'tgo'ﬁ]r%f%%id first

wherein the cir eren nnel
conti guous t olatéral fwailsancamrd wseeond datdrapovdll oh theifillgr cosrmibad beih at least

oL W e A e
m crofluidic devi C%h@?elptﬁé ﬁﬁelofs aehi %M“Bgeé Rira@in rfehtrétwélﬁt\ﬁﬁé]eln the

wal |l of the filler menber |nesawa rtion o theb
substrate, sacr@smecthmnftthe nargenfegent@bwpﬂ |Insafdea$t a paytién pfsthefdhaandel has an

6. wher ei n ot PAacYBsfn ol bRy ST kb AF st S B T bl ol

area of at |east substantially circular or at |east substantially

el i pticgs, shape.mkfofluidi€ deviveobt GIsliC sdevitepeiaf thankirqunsrerintial AalBoPthe
to 57, wherein the filler nenber defines the entire surface of the

partitioni ng EMEhNas Agpaston epriiguous 49 the tist apeireesaif Ranforoheingiconical
d ajgrs 54 to §|§ "Méel(aﬁ Iﬁﬁa{ Hg' She R TRE" wc&ﬂfg?él‘)t aﬂ‘l ﬂ't%lérﬁgtorf I% width

material . 60. T m cr evi ce of any one o a| ns
wherein the pémreas;empwgrd Wlediretrapeiture.ner conprises an auxiliary
channel having a first and a second aperture, wherein the first

2o e (Pt “ERERECACHIC PRuRE GRS et PE GBeRRLeoR PEHBRrElFET B the

of the fill erﬁlr&rﬂmﬁb@mms ROwAINBorti6R ©F the Bdse Jittrate; 1safd Whillb6rtion being
device of Claim60, wherein the first aperture of the auxiliary

channel is ar?%@"é’%ﬁdi iR the f'reﬁﬁlﬂ‘QIChﬁﬁ'le" portion of the partitioning
el ement, wherein said lateral wall portion of the partitioning

el epgent WnprTﬁgﬁl{:r%ﬂu&:ﬂcr ét%\ﬂtgeoﬁf %Hg%ngfof%lamﬁgg4qgwwméé&ﬂﬁaetgggsst_ one of

defined 1n the portion of menber occupying
62. The mi cr ofdidiapeducks\vifdbe chathalidefin€® anraréd pof ahleaet sulidtantfally sircular or
aperture of t s arranged in a recess of the

| ateral wall %ﬁ??‘% l’%‘?“[%@ emg)q'ﬁahhlatpﬁom ng el enent, wherein said

recess conprises the first aperture of the channel that is defined in

the ports®n ofhd hffcrbiihilRddVRERS arRCsHEPY ORirhH 8416 39S Sherein the filler member

defines the entire surface of the partitioning element.

20 59. The microfluidic device of any one of Claims 54 to 58, wherein the filler member

comprises a dielectric material.

60. The microfluidic device of any one of Claims 54 to 59, wherein the partitioning
element further comprises an auxiliary channel having a first and a second
aperture, wherein the first aperiure is arranged on the same side of the

25 partitioning element as the first aperture of the channel that is defined in the

portion of the filler member occupying the recess.

61. The microfluidic device of Claim 60, wherein the first aperture of the auxiliary
channel is arranged in a lateral wall portion of the partitioning element, wherein

said lateral wall portion of the partitioning element comprises the first aperture of



63. The m crofluidic device ofr any one of Clainms 60 to 63, wherein

the first aperture of the auxiliary channel is juxtaposed to the
first aperture of the channel that is defined in the portion of the
filler menber occupying the recess. 10 @§ The mcrofluidic device of
any one of Clainms 54 to 63, further conprising a plurality of

channel s ar r ahgechannet tetfis | dafinedeniibe . p@ton Dhaheifitleoemberc odayying the
of any one of gen%[’ns 54 to 63, further conprising a plurality of

first fluid cRanbers and/or a plurality of second fluid chanbers,

each first fluid chanmber being fluidly connected to a corresponding
second fé2ii d THS neibRMORNC Yedcd dfhalmed 60f orsendmrrrekéralthémerf mﬁ@ﬁuﬁ@ebﬁthe
66. The mcrofluidic device of any one of d al ns erein an
el ectrical rRadiaemignnelels eganged dhnedeeesy of tthe lﬁterelt WBI'uP‘éftlon of the
chargper and t - d f I

char@;ct eri st |%ﬁ% aﬁ)%%rl%rb%llﬁe V\f‘r[;epéﬂrt)géld Irgée%e%ﬁqﬁ[ﬁ%@%@mr& ?E‘%@rﬁ%f the
chanmber. 20 6shanaehthet isfdefingd i dee\pomnmmfrtbe filermgember ocmipyinguhe recess.
chanber for containi ng a particle to be tested, a second fluid

chanber at s fluidly ar at.ed fronr e first fluid cha

rmans ofh ol bkt BRSO LGRITS Bliip . wiermRe frst Aperture
conpri sing: aofpsauxiBRL 6}ﬁ’drﬁleh%Vjuﬂ&pésé@@@%$e ﬂh%i bpemrbr@rtﬂerbhaaﬁerathat is
filler menber having a portion thereof occup he recess, and a

channel defi rié&fined it He prstien shtheffillenaeniber eracupyrr’@ethe@e%eﬁsyu ng the
recess wherein the channel conprises a first aperture and a second

e][qﬁ]ur 4.1 heThJ 'rr#)érloﬂﬁrﬂﬁcr Eﬂ?{qge %zle n§r[| ape?@glrﬁg 51 | B3t furﬂ%e?d@clm% rjlg a

e f| | er and are berng arrange
second | at er ghlunadityl of chahieds tarrbhged methbditler iémbgai d first |ateral wal
of the filler menmber being arranged in opposing relationship wth
the second lateral wall of the filler nmenber, wherein the channel  is
defi ned 8 a 119 MisCEvIgiA AaYiceaf | anv\ARe &fnClakes doks 635 Bethesncaspprigieg a

ci rcunterent il df #rt Mlid lchavbeds AL Qg’ésft""tghﬁ s%B@r'iH“ﬁ{.udk@%n%er@t each

5 least substantially circular or an at ubstanti a
el li pti cal - stigleduigr shameer thieinge fiidhhiceneented| tonal torreaponding pesaridofiuid

coqtr guous taq I}taﬂ'ﬂ}efr VLZé FRGH pf%}d%ﬁjrﬁht nferendsbel ng coni cal al ong

|tsIength|n Size 0 e’'ciftc iral wall in ternms of
its wdth decreases toward the first aperture. 68. The mcrofluidic

devi ce 6.0 artis ficrofiligicetiévied of eagtorie PPICIbIA 68 tbhes,f Whateirn@ Eld6trical

10 second lateral walls of the filler menber of the partr tioning

el ement are dpegsugement device is connected to the first fluid chamber and the second fluid
chamber for determining an electrical characteristic of a particle that is placed in

the first fluid chamber.

20 67. A microfluidic device comprising:
a first fluid chamber for containing a particle to be tested, a second fluid
chamber that is fluidly separated from the first fluid chamber by means of a
partitioning element, said partitioning element comprising:
a base substrate having a recess defined therein,
25 a filler member having a portion thereof occupying the recess, and
a channel defined in the portion of the filler member occupying the recess,
wherein the channel comprises a first aperture and a second aperture, the
first aperture being arranged on a first lateral wall of the filler member, and the

second aperture being arranged on a second lateral wall of the filler member,



substantially perpendicular to the opposing lateral walls defining

the recess. 69. The microfluidic device of Clainms 67 or 68, wherein
the first lateral wall of the filler nmenber defines a wall portion

of the base substrate of the partitionimgy elenent. 15 70. The

m crofluidic device of any one of Clainms 67 to 69, wherein the filler
menber def i ngaidifingt lateral veallsafithe dileronemiber paingiariaogied gn ebposing relatlonship

The i cr of | ui g6 levd 650LeAMYAAF il ifS) AldiR,&7 L0 70, wherein the

filler menber "conprises a ect 20 72. A nethod of
form ng a m cwhétein dhe olenneleis definadi BY rzg circurpfepsntidil vgall ilasein the cross-
substrate, formng recess_on a surface of the base _substrate,
FITTing said FEUEBNdne RrcomIarpnies Wal Bratdeast snborGasf doe g g ras an at
fill3ng materjeakt aYeRiritial cirduldG drese8astRibatan@aN &ligital-SRbpedprofile, the
causes it to deform t.herebx form ng a channel in’the portion of the
filling mater¢iggumfgeentiphwalhhavieg ecpastion cogiguphe tertetingt epertyrgi paid portion

wherein form - i i f

Subst 1 at e. 740 SSnicEEBEAG FATRAQI T yFh e SR eHE eREpreRbnddl G ¥ forms
open- ended i noftitsawidilt dec38astsrtewaltbthedipsitapeatird.east one si de of the
base substrate. 68 75. The nethod of any one of Clains 72 to 74,

wherein filli the recess (s achi ev by covering the base supstrate
Wit h the&f-i | |ﬂ%%"ﬁ%[9 H“ﬁ'& .eV*F@.‘%@@'Wrgglh‘ﬁ%efo” atigaghferetion Fhﬁsﬁr‘ﬁéa@ the

75,10ver ei n fddonB9aefaltviifist SORESileF eniddrldfife paRItRRING clbmerPirfd 8dicast
out via a deposition process. 5 77. The nmethod of Claim 76, wherein

t he deposi ti otHhstantieliy perpepdisulss ipthenprosiagtietat walh dafining thefeoess.
deposition, |ow pressure chem cal vapour deposition, physical vapour

ol d cosding TaS BitolBicr PRLEHr Glimecl ohge. Forcramh & fiditest! G of the
one of C ai nsfillé2 hemB8r; defiedsianwhitedridr iohghaHiaeei eubstratif 386 pationing
doped sili Catégﬁ‘%g?s' 80. The nethod of any one of Clainms 72 to 79,

further conpr formng a void wthin the portion of filling
material that is occupying the recess, such that the void is

arrgngedzg.0 beEXHiSBAGHicARNR iy GRESSCIalns 67 to 69, wherein the filler member

defines the entire surface of the partitioning element.

71. The microfluidic device of any one of Claims 67 to 70, wherein the filler member

comprises a dielectric material.

20 72. A method of forming a microfluidic device, comprising:

e providing a base substrate,

» forming a recess on a surface of the base substrate,

o filling said recess with a filling material, and

« subjecting the filling material comprised in the recess to a condition that
25 causes it to deform, thereby forming a channel in the portion of the filling material

occupying the recess.

73.  The method of Claim 72, wherein forming the recess comprises etching a surface

of the base substrate.

74. The method of Claims 72 or 73, wherein the recess is open-ended in that it

30 stretches up to at least one side of the base substrate.



81. The nethod of any one of Clains 72 to 79, wherein filling the
recess with a filling material conprises depositing the filling
material into the recess in a manner that causes the filling

material to pinch together at the openi g end of the recess, thereby
formng a void within the portion of the filling material occupying
the 20 f®ceskhe Bf_e.thdihef ant drogloblahai7@do 3@, whes) filihg theg receks is ecised
i s open-ended,.| str at |e st one side of the
base substrat%’fg%&lfgﬂ ﬂPI%Pa% lgbgirg?%wﬁlgg efHﬁln% ea{@f acent to the
open-ended side of the recess, wherein subjecting the filling

mat eri al 78.0 aTKOABRIPSF driyaineCarigmd 12 17518418 A gCTRE F&®Ss with filling
allowing a channe] to be formed fromthe voi d, wherein the channel

has a ci r cunf'@ptafial gl capigd O%WmaQeB@‘ﬁUqﬂbﬁ"O&QF%cent to the open-ended
side of the recess, said portlon belng conical along its Iength in

et eg! Zenl hfog S GHIEHEM Rl AABcb RO BLeAL B LY plasme
met hod of anyertmmceﬂ cﬁbmimviﬂaur@eﬁasmmelbwlmeéél&e@hémidai Qapde ddpoeition,
the substrat ?ub ect.ed qorﬁ) ggs heat i n under reduced pressure.

69 84. The §G GRPE SERPHE0 AR 8\‘?"’3 Heating is carried out
at a terrperature of from about 800 C to about 1200 C. 5 85. The

met hod ofg O ajys darof%‘ﬂgm‘(“??r\ﬁ'\é}eﬁ\ha% d@@@%inggsis m%%ﬁh?% thécdcaﬁﬁg?‘

period of time of from about 30 sécon bou hou
met hod of formng a mcrofluidic device, conprising: providing a
base sub®.r at'léhe mfethrod ofcary drier sft Claiee 22 to A8 awbkenefrathe filifngt rheatdviat eomprises
sutg]ﬁrate fornll n%a second recess on a surface of the base

rate V\h%orp&drﬁ”cé A8%Urface differs fromthe surface on which
the first recess is fornmed, filling the first recess with the

filling gmtertid méﬂ'ftﬂ:l Oﬁﬁh%/ el XOCIRs f2l td 79, ftﬁ?th@lr 'c@tlnﬁﬁgi rfbﬁﬁﬂg'é‘vmd

the recess to a condition causes it to eorm there ormn
a channel i n wildn gl tiogipnoef fllhrw TnateiiliﬂgthﬂiatSeW@IpymgB‘-h@d’egpS& raychrtbat the

first recess. Voti%%,s él;%gggttggg o) engegla?’g 8%%!89%[ nthe first r ecess IS

foryped before the sec recess i1s The nethod of C ains
86 ‘or 87, wherein the first recess is filled with the filling
mat er i algfaf t eThd metireicsinthyr@eesfClaind P2 W9, wherein filling the recess with a filling

material comprises depositing the filling material info the recess in a manner that

causes the filling material to pinch together at the opening end of the recess,
thereby forming a void within the portion of the filling material occupying the
20 recess.

82. The method of Claims 80 or 81, wherein the recess is open-ended in that it
stretches up to at least one side of the base substrate, such that said void has an
end adjacent to the open-ended side of the recess,
wherein subjecting the filling material to a condition that causes it to deform

25 comprises allowing a channel to be formed from the void, wherein the channel
has a circumferential wall with a portion adjacent to the open-ended side of the
recess, said portion being conical along its length in that the size of the
circumferential wall in terms of its width decreases toward the open-ended side of

the recess.

30 83. The method of any one of Claims 72 to 82, wherein the condition to which the

substrate is subjected comprises heating under reduced pressure.



20 89. The nmethod of any one of Clains 86 to 88, wherein form ng the
first recess conprises etching a surface of the base substrate. 90.

The nmet hod of any one of Clains 86 to 89, wherein filling the first
recess with the filling material is cargg ed out by covering the base
substrate with a filling material, thereby (i) filling the first
recess with the filling material and (ii) covering at least a 25

portion 84&. th&hsumdthod obCidilneB3: edmneinrsateheatinigtib dalred oltl atngtemperature of
material. 91. The nme f ai g-or 87, wherein the second

recess is for B WLW?@W I%Ol‘tﬁ?@%f Crst recess with the filling

mat eri al _. 92. The_ et hod of c! ai m 91, V\,he_rei nfilling the_ first

fecess Webh 1 Re hiathdd'er ERARL 3loriea, whafein Bk RtdintMs SAMRI Sl (b2 pBASE of
substrate with a filling material, an ereint second recess
is formed in time of from akputrdPeecands PGboaB3 hohes. met hod of d ains 90 or
92, wherein covering the base substrate with a filling material is
carried gut by a deposition process.. 94.. The nethod of C aim 93,

wher ei n gﬁe déﬁ%@tﬂf’gf?ﬁ#oﬁm&gegg“?rgﬁ%ﬂ'& d5vich| CURRISRGhanced cheni cal
vapour deposition, « b@Widdices pUES sGhstrdteal vapour deposition, 5

physi cal vapour depogsition, epitaxy and coating. 95. The nethod of

Cl ai m 94, wherei n $#BRDALH gesassHh sswige ddhe pask puksiaie.ng. 96.
Thejgret hod of any pre Qg al , % j enfdd Li :
materi al conprises arrgfiilgel ectc{@g%rrg%ée)sr ?gla : c?hé‘f {n%t R%% (%?6%'}18&6'0%%9"8'”
of dains 86 sadserfaghdiffetsiirem thesigface gawhichfthe first saoebaixformedon .

whi ch the second rg i S, IS east substantially
per pendi cul ar to tﬁ@ﬁ@l}b gfésg'f'%rcﬁegmltgﬁtk?h '”?i”?aﬁ?”@e% is is fornmed.
98. The nethod of easybjectigotheGllimgrmatifial corfgrisedtiartes reddse thia &ndition that

recess is fornmed to, be . open-ended in that it stretches up to at .
| east one si dEAUSESHHR dﬁggg"ghtﬁfgw rging @gﬁaﬁﬂ?é“'h@lem‘% o&hgifﬁqrggpatenal
wher®i n the fhdobpbyihgeesfrsk fedegsmed to di sembogue into 15 the second
recess. 100. The nethod of claim99, wherein at |east a portion of

the surface of the second recess is covered with the filling

mat er i al 87.sai the orathesh ob Gilaigy 86,cwhereiruthesfitsb redesa,is fomesl tbfocd theneecond
first recess | di senmbogue. 101. The net hod of any one of
Clainms 86 to 'Ifgﬁ%&%g?héeog conprising formng a void 20 within the
portion of filling material that is occupying the first recess, such

that thegs,voi Thé maidRBYEhIME 8BoeBY cRAE@iratH st Reodskis fillé€ ¥thSthe filling

102. The nethod of any one of Clainms 86 to 101, wherein filling the
first recess Mpatexiahafter the second recess is formed.

20 89. The method of any one of Claims 86 to 88, wherein forming the first recess

comprises etching a surface of the base substrate.

90. The method of any one of Claims 86 to 89, wherein filling the first recess with the
filling material is carried out by covering the base substrate with a filling material,
thereby (i) filling the first recess with the filling material and (ii) covering at least a
25 portion of the surface of the second recess with the filling material.

91.  The method of Claims 86 or 87, wherein the second recess is formed after filling
the first recess with the filling material.

92. The method of claim 91, wherein filling the first recess with the filling material is
carried out by covering the base substrate with a filing material, and wherein the

30 second recess is formed in the filling material.



filling material conprises depositing the filling material into the
first recess in a 25 manner that causes the filling material to

pi nch together at the opening end of the first recess, thereby

formng a void within the portion of thegfilling material occupying
the first recess. 71 103. The nethod of Clainms 101 or 102, wherein

t he firs®3.r ecBe methaspeflaimisB0 on 92 hatheriein savesng Nesbage subsitaté witka filling

one side of t te, ch.that said void has an end
adj acent to tﬁgte(?%Z%-%ﬁlpe%é@ibgea @%pqs‘rq@nr%%%sss; wherei n subjecting the

filling material to a condition that causes it to deform 5 conprises
al  owi ngog chawehethed bsr Criineds f wpBidihanhy ddpostibe sraasstelis bnei 80 pRisma
circunferential wall, and wherein the channel ends in a portion

adj acent to t#haneen chamdl yaprursfepppiEion lewayessusgicheminal vapowedapgsition,
conigal al ongpﬁc?{csﬁ:ay ggtg{m dieBoéi{?@ﬁ, Iﬂg \féﬁ@c@gtin he circunferenti al
I t

wall in terns ts wdth decrea esx owar e open-ended si de of
10 the recess. 104. The nethod of any one of Clains 86 to 103,
wher ei n 9%1e chmsliettond ¢fcClaim 4, winereinsaadd toating is Spvidzating @€ dipecgatinges
heati ng under reduced pressure. 15 105. The nethod of C ai m 104,

wherein said heating is carried Qut at a tenperature of from about .
800 C t P®&bouthe D ENad ofiasy. onemef Haimw 86 & %81 whereim the ingmsterighepraprises
the heating igdeidicHadily for a period of time of from about 30
seconds to about 3 hours. 107. The nethod of any one of Clains 86 to
106, further conprising renoving at |least 20 essentially the filling
mat er i al 9% ovefFhamethe aftaryeast ofpClaim® 86 dd IBhehereif acleast a phad of the strface

recess. 108. The thod of claim107 whereip repovi said fillj.n

mat B il is MR B sd6ond asrs Brfompedis gt ISt RupREnFallyRaasRdigar to
pol i shing. 10Re shfaceeh htchothediretiratddads foMiridei n said etching is

wet -etching. 25 110. A nethod of formng a mcrofluidic device,

conpri si ng: rovi di(gg a base substrate, forming a recess on a
surface ¥+ t hEmethasgfsamaers of (gtims 8t tosHi, avhereln dbe first reerssdid fermnaskto

open-ended i n,d Qg%n-ieﬁdé‘\t} iﬁﬁhﬁﬂfﬁt&é@hé&ﬁ&t(ﬁé&[%ﬁ??‘h %ﬂﬁa %Ij tﬂ:élb‘l?:llgﬁ Shgﬁrate.

base substrate, cover ase 'su \?\A’t
material, and 72
99. The method of claim 98, wherein the first recess is formed to disembogue into .

15 the second recess.

100. The method of claim 99, wherein at least a portion of the surface of the second
recess is covered with the filling material, said portion being a continuous portion,

into which the first recess is formed to disembogue.

101. The method of any one of Claims 86 to 100, further comprising forming a void
20 within the portion of filling material that is occupying the first recess, such that the

void is arranged to be extended along the first recess.

102. The method of any one of Claims 86 to 101, wherein filling the first recess with a

filling material comprises depositing the filing material into the first recess in a

25 manner that causes the filling material to pinch together at the opening end of the
first recess, thereby forming a void within the portion of the filling material

occupying the first recess.



subjecting the filling material conprised in the recess to a

condition that causes it to deform thereby formng a channel in the
portion of the filling material occupying the recess. 111. The

nmet hod of Claim 110, wherein form ng theg{recess conprises etching the
5 surface of the base substrate. 112. The nethod of Cains 110 or

111, whet@®. n Beveethng ofielalias 0% obd D2 avkeraint hedirstfriecesnig oneneenided inghat

carried out Vi g a.H8PAStS LR 8585 e, P;weesmzhancegqa%'% 46 has

wherein the dep05| tTon proceSs I's ONne o asha
vapour deposidr em] alijavenirte sistiopercbadddcsitle mﬁth@uecekspoa tion,

physi cal vapo eposi.tion, epiLtaxy and coatin 114 he neth

any one of G"gh%'nli'dpj?g'nﬂ@e WBQ éF%ef’ﬂleof ¢ haf jcguseg Idg@gm
a diel ectric ¢onigtded!allohy a ER8nM&tH ¢ @Fmétﬂ')froﬁn%é)%@ fhie"EhahhB| F\@\nng a
114, further conprising formng a void wthin the portl on of filling

materi al thatciicsmberentslivall, eAe recess, such that the 15 void is
arranged to e ﬁ&ﬁ_ﬁ The | 0,

of C ains 113@%%1?&{1)%%{%?%”?@%] 2 ﬁnear Jlacggg{bv\}l{%BQQgFﬁ{i?c?%ge Sthe
mat erial co Cess oxirtiom doditge donldal nptitsr Ieat;th it dhehéhe esizs ofi th
a rrannert[\rgfc S ttlheIfIE:;I . rrag(:;ﬁ o & ch toget her at Ehd i
opentng. end QIopRLerEaH ALk terhich TRyl ack e s Jar B PR et Mae o

porttoi on of thReféddseng material occupying the recess. 117. The
met hod of Clainms 115 or 116, wherein the void is formed such that it
has an end adjacent to the open-ended side of the recess, 25 wherein

subj ect ifp@. t hghd mlekndagoff@ﬁsﬁéﬁ@bf Efirfs @8Nl 4030 mﬁeﬁ@h tﬁé%ﬁﬁéﬁtlbﬁ & thuch the

deform conprises allowing a channel to be formed fromthe void

channel havi rigbatrateiis subicetediomarisaaheatingnendeneediosdimresssiannel ends
in a portion adj acent to the open-ended si de of the recess, said

por;Li on in conl I |.enat h i at .the size of t

e rigun cftht P el Gamu b8 g ke nedlla S el Gy 4 Biheeture of
open- ended SIfdﬁnaf)outtam) Cerestmout 7200 938. The net hod of any one of
Clains 110 to 117, wherein the condition to which the substrate is
subj ected conprises heating under reduced pressure. 119. The net hod

of O ai 018 Thgnaetiod af &laimeetd4 ag10% whareindbie beeting isccardesh evbion aepesiod
5 from about B4 CordRih 2B 3014¥dnds to about 3 hours.

107. The method of any one of Claims 86 to 106, further comprising removing at least
20 essentially the filling material covering the at least portion of the surface of the

first recess.

108. The method of claim 107, wherein removing said filling material is carried out by

means of etching or chemical mechanical polishing.
109. The method of claim 108, wherein said etching is wet-etching.

25 110. A method of forming a microfluidic device, comprising:
¢ providing a base substrate,
e forming a recess on a surface of the base substrate, such that said
recess is formed to be open-ended in that it stretches up into at least one side of
the base substrate,

30 » covering the base substrate with a filling material, and



120. The nethod of Cainms 118 or 119, wherein the heating is carried
out fora period of time of fromabout 30 seconds to about 3 hours.
121. The nethod of any one of Clains 110 to 120, wherein said base
substrate further conprises a lateral rmcess. 10 122. The net hod of
any one of Clainms 110 to 121, further conprising: renoving at |east
essential ly the fit sibjgcting theifdlingovaterinhgoraprisesaiptthe hecesgde tai eandiion that

the side of t s%@?t‘?@%?&%?ﬁe%w fl{}rr%uﬁ‘% r%ﬁar‘irﬂe‘? fepac 51%%'}% r%ét%nal

The net hod of arm erel I'ng er| gLV ng
| east said poecupgingdlie tdoesbase substrate is conprised in a |at er al
recess thereof. 15 124. The nethod of Clains 122 or 123, wherein

r enovi ng said filling material is carried out by neans of etching
cheni cal 1HechEif E%Ffth%loif sq'iia'ﬁ'g 1o whengig fﬁ%’@'ﬁ@dh%f"e%% ﬁ@r]]gnsewqghmgnthe

sai ¢ et chi ng 4 grapetof HeEhidOeubstrdae, A method of anal yzing the status
of a biological entity, conprising: introducing the biological

entity into the first fluid chanber of a 20 mcrofluidic device as
def i ned 112. anthenetldd 6f Slams5U 0 or 661 wimeasucci)\mgmg the netse(subkraeneit) a
el ectrical s:ﬁnal t at i s as ‘fCI at ed irst status of the

bi ol ogi cal Ifr{%,ma i GaRTEG P Vi %PSB‘P%E‘[‘?” BWPF?‘QS/ to a condition

that is suspected to be capable of changing the state of the

bi ol ogi cpf3, entid yethH o?%laﬂﬁalsll?;r 'vﬂgeréﬁnst%oﬁ@pd%ﬁt%t En‘o%%és 34 %%' of PREsma

is associated with the status of the biological en
exposure to s%mn@@dm@hemml vappour dﬁpﬁetlmdowpramlrgz:hﬂrglqaheamwtcteeoemon

| ! he bi ol |
P ndl o3 | ch vl RRRELGRIf, ephiaty AtHEdtal NS 01 OLOTL R LY

any one of Clainms 67 to 71, 74 measuring a first (reference)

el ectri chld. siTalméthed dfsampsmei af &lainid h1e tof 13 whiepditisthef fillilg material
bi ol ogical entit exposi ng the biological entity to a condition

that is susp ises a’o‘ﬁeeE%'th@”@f changing the state of the

bi ol ogical entity, and 5 nmneasuring a second electrical signal that

| s assoc{gf edryd h@tﬁd&ﬁo§£rﬂ£ quzgf CJFLPE Ploo0f £ 3115l dd Hl'pi% rjgffoirgpg a void

exposure to sald con e nethod of clains
furt her conprwitiimghe portipar ohfjlind endteraltthainig odmepyiegothd rebess, rauchl that the

to a pres;determned, threshqld electrical signal value for
detBoti ng ¢ nevolk BTt T8 peieXeig e FRcesd
116. The method of any one of Claims 110 to 115, wherein filling the recess with a
filling material comprises depositing the filing material into the recess in a
manner that causes the filling material to pinch together at the opening end of the

20 recess, thereby forming a void within the portion of the filling material occupying
the recess.

117. The method of Claims 115 or 116, wherein the void is formed such that it has an
end adjacent to the open-ended side of the recess,

25 wherein subjecting the filling material to a condition that causes it to deform
comprises allowing a channel to be formed from the void, the channel having a
circumferential wall, and
wherein the channel ends in a portion adjacent to the open-ended side of the
recess, said portion being conical along its length in that the size of the

30 circumferential wall in terms of its width decreases toward the open-ended side of

the recess.



10 status of the biological entity. 129. The nethod of claim 128,
wherein nmeasuring a first electrical signal is a continuous

measur enment of a continuous first electrical signal and neasuring a
second el ectrical signal is a continuousygmeasurenent of a conti nuous
second electrical signal. 15 130. The nethod of claim 128 or 129,

wher ei n 1He mhlagimeaibed of amheneipf Clainadd0 todiRewhersirette eaditmdotwhich the

second el ectr} i o t Q. - ined threshold
el ectrical si %na ra@éa%&g]kjéf%&%m@{s%gﬂ%gﬁgﬁ n%@?ﬂ?ﬁ%‘?@ﬁ%ﬁ?ei n when
t he magni tude of the difference between the first and the second

el ectri ctd9.si Ph@netitod &f Qefm tihanwhéeimeda ihedtiey Rf cdriiéd Biittat 2@&mperature of
determ ned threshold electrical signal value, the condition to which

t he di ol ogi calBrfboH}89& e rpe a8aut KA H-uat ed to be capabl e of
changing the status of the biological entity. 132. The nethod of any
one of cj .nETﬂgﬁettf‘?odléfjﬂlafrH%H?gﬁnrqqu\ﬁlhéﬂﬁmhgq‘%aﬁihg@é @Q‘r'&g%ut for a period
bi ol ogi cal entity at an aperture of tThe Channel TCO 7 €24

portion of theftimé bEfrom2bootdieecarfdstthabpatrd hoireni ng el enent of the

m crof l ui dic device. 133. The nethod of C aim 132, wherein the

bi ol ogi c entity i s positioned by neans of _suction force generated
Chrough Tk et ar e Sl o] 20, iherein Gaie hasers. ool ther
conprised in ¢diphRse pbatreats of the partitioning element. 30 134.
The met hod of claim 133, wherein the suction force operates via an

aperture of the additional auxiliary channel, wherein said aperture
of the atikf.ti Bmamethod dfiamyyoresf @asrsntel0 tost Z1yufurdieosemptisinghe fir st

aperture of the channel .that is .conprjsed, in, portion of the filler
nenber of the part? {5BAYRY aél'%ﬁ'ﬂn?"?seﬂ@ﬁ’ th‘?ef’lﬁ'éq FoRfers! %Q?S?”BHeatofleaSt the

clainms 132 t opgkidn oMiresd S8 of fHe thise! BkFale, AE Whithi the ré@¥RISkeRghekN t he
first fluid chanber and positioned over the first aperture of the 5

channel that is conprised in a portion of the filler menber of the

partitictdg The emined of BlainTHE 2revheseinotheafiling meatefialc bavearing18L east said
134, wherein | i.cal i i : .S i hanpel
conprised in %J}g%’f?ﬁ'&%%c?%gésgﬁg}%tﬁ{? g@“%@sﬁ)ﬁ)ﬁgb aalﬁ%rélggé?% tgﬁetﬁnm'bef ore
t he second aperture of the same channel. 10 137. The nethod of any

onelsof 2. meTHE2 tndtiod 3, Claltid @R 60MRB] Whetein i rgrdvidg ghiddfillifg material is

bi ol ogi cal entitg on the fi rs} aperture of the channel
carried out by means of etching or chemical mechanical polishing.

125. The method of claim 124, wherein said etching is wet-etching.

126. A method of analyzing the status of a biological entity, comprising:
e introducing the biological entity into the first fluid chamber of a
20 microfiuidic device as defined in any one of Claims 54 to 66,
» measuring a first (reference) electrical signal that is associated with a
first status of the biological entity,
» exposing the biological entity to a condition that is suspected to be
capable of changing the state of the biological entity, and
25 e measuring a second electrical signal that is associated with the status of

the biological entity after exposure to said condition.

127. A method of analyzing the status of a biological entity, comprising:
» introducing the biological entity into the first fluid chamber of a

microfluidic device as defined in any one of Claims 67 to 71,



conprised in a portion of the filler menber of the partitioning

el ement by means of suction force generated through the sane

channel . 138. The nethod of C aim 137, wherein the biological entity
forms a seal over the first 15 aperturggq thereby restricting the

free nmovenent of ions between the first fluid chanber and the second
fluid chanber. 139 NEsgumng BdifsbfrefGretioey eledriant sigp@| thabris leesociated with a

conpri sing adg] ' N i .pignment to the first fluid chanber
dfﬁ’ﬁtiﬁa s b ﬁ""éallt)lbl?)ﬁ}cap&’lt‘tﬁ

to determ ne status o € seéal”'forned by 20 the biological
entity. 140. The nmetkussirf teenpicogcalf erfitaitors t3hdition 1R&, iswbadpeicteds & e
bi ol ogi cal entit nelle, wherein the cell

onprises a cell, or an orga
or the or gan(ﬁapégliesoq:é’gngﬁwg?’bef Sta?ﬁﬁéﬁ@@f%'“ﬁ@ﬂ Wg@"‘i’ nits electrical
potential. 25 141.. fARasiMid@de8dndbiabiitdiEynaMies & Asdodritédith itiSe Status of
eukaryotic or a prokaryotic cell. 142. The nmethod of C aim 141,

wherein the dbr&lojREiea eptiyafies expomuiena said ceatliionr a yeast cell. 30
143. The nmethod of Cl aim 142, wherein the mammalian cell is sel ected

| yophooy . e RBEGr bl 928 &P 2 0Rhe ool 0el | © 76 144, The
met hod of any one «oforfiparingsthéIostt andlhg, seobrd eicttritadsighbng 4 hee-Beteshined

and/ or second, el ectrical signal conprises nmeasuring an electrjcal |
current passﬂhﬁsﬁ?lﬂr%aéﬁcai Saiiah ¥ple: o5 Eetreting &q BESlireRncR AT fnghge in the
i sqlpat ed fr orgtdhs of @@ MBloglcat ditingel | 5 on which the suction force is
applied. 145. The method of C ai'm 144, wherein said transport

structure conprises anion channels, cation channels, anion
t r ansport28r s, Theatmethod reinslpion t B1& , whererptaeasupnot i firsi ebdatiidaigsignal is a

proteins and | pl rs, 10..146  JTh hod_.of Cl aim144.0or
a5, “turt ner oS EaSTERRNF PR UGl TaEeBRhEAEsBhal o) HepSlit =
entity, ther seygoad letauting:! tshhat i at cdntiabious razeuidneentadf 4 entin@nsps¥dond
structure on tl(%ﬁ,bi ol ogjcal entity to be accessed. 15 147. The net hod
of d ai m 146 58AFaALFI9 Reasur enent s of the electrical properties of

the transport structure is nmeasured fromthe sensing and reference

el qgtroqas. 9RAhfAhdd dfGaild 128 8NA2bNGuREGAMhe! MgHitGlATEEHR: difference
between the first and the second electrical signal is compared to the pre-

determined threshold electrical signal value.

131. The method of claim 130, wherein when the magnitude of the difference between

the first and the second electrical signal is larger than the magnitude of the pre-

20 determined threshold elecirical signal value, the condition to which the biological
entity is exposed is evaluated to be capable of changing the status of the

biological entity.

132. The method of any one of claims 126 to 131, further comprising positioning the
biological entity at an aperture of the channel comprised in a portion of the filler

25 member of the partitioning element of the microfluidic device.

133. The method of Claim 132, wherein the biological entity is positioned by means of
suction force generated through the same channel or through an additional

auxiliary channel comprised in the base substrate of the partitioning element.
30

134. The method of claim 133, wherein the suction force operates via an aperture of

the additional auxiliary channel, wherein said aperture of the additional auxiliary
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138.

139.

140.

141.
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143.
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channel is juxtaposed to the first aperture of the channel that is comprised in a

portion of the filler member of the partitioning element.

The method of any one of claims 132 to 134, wherein the biological entity is
comprised in the first fluid chamber and positioned over the first aperture of the
channel that is comprised in a portion of the filler member of the partitioning

element.

The method of any one of claims 132 to 134, wherein the biological entity is
comprised in the channel comprised in a portion of said filler member and

positioned before the second aperture of the same channel.

The method of any one of claims 126 to 136, further comprising
» immobilizing the biological entity on the first aperture of the channel
comprised in a portion of the filler member of the partitioning element by means

of suction force generated through the same channel.

The method of Claim 137, wherein the biological entity forms a seal over the first
aperture, thereby restricting the free movement of ions between the first fluid

chamber and the second fluid chamber.

The method of Claims 137 or 138, further comprising adding a visualisation
pigment to the first fluid chamber to determine the status of the seal formed by

the biological entity.

The method of any one of Claims 126 to 139, wherein said biological entity
comprises a cell or an organelle, wherein the cell or the organelle is capable of

undergoing a change in its electrical potential.
The method of Claim 140, wherein the cell is a eukaryotic or a prokaryotic cell.

The method of Claim 141, wherein the eukaryotic cell is a mammalian cell or a

yeast cell.

The method of Claim 142, wherein the mammalian cell is selected from the group
consisting of a neuronal cell, an oocyte, a lymphocyte, a monocyte, a muscle cell,

and a stem cell.
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The method of any one of Claims 126 to 143, wherein measuring the first and/or
second electrical signal comprises measuring an electrical current passing
through a transport structure located within or isolated from the region of the cell

on which the suction force is applied.

The method of Claim 144, wherein said transport structure comprises anion
channels, cation channels, anion transporters, cation transporters, receptor

proteins, binding proteins and ionotropic receptors.

The method of Claim 144 or 145, further comprising
e rupturing the surface of the biological entity, thereby allowing the electrical

properties of the transport structure on the biological entity to be accessed.

The method of Claim 146, wherein measurements of the electrical properties of
the transport structure is measured from the sensing and reference electrodes

located in the first and the second fluid chambers.



