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TRANSPARENT M CROFLUI DI C DEVI CE [ 001] The present
invention relates generally to the field of

wore@vaddsui di cs, and nore particularly to m cr oPCTI8G2006/000137
and nanofluidic systens that are substantially

optical ly tr FRANSPARENTWMICROPOUMINPDEVICE!
applications that involve visual inspection of

processes occurring within the system Methods of

[Otfgbr "Fh%t Ff&eﬁy ﬁ'{?/?ﬁ tion ?él%f@saagn or%l}/"’la "’lbé‘ eltP ob hﬁ&%ﬂpﬁ?&s and

n a se ont ai ned form are oa
mqresmarzbselarly BoaRGRIlNTIcGrd HE!HONV@CTISQNep{mﬂ]at are substantially

e r cal ., and
onbhPiHHbA R Beh ABRRIALE 17 SpENEToRE. v lovaie visa
inspliction of pmaegb%)scmgmmg withinele wyé@&’nrmlétﬂ\odmﬁ}ﬁé@’gbmmg such

as a standard to or_.carf out apal yti an
a BBy eh do cualingn DiGRBIcE) Srreybigs Ia selicpniged pbiochip
plaifePrael 16 HR_EREEH] ve | aboratory tasks and their

ability to provide highly sensitive |evels of

detection at a fraction of the cost as conpared to

traditional %H@ﬂmkww@ @'IIQVENﬂ?ﬂ ified

per sonnel and eqU|pnen as resulted in their
mﬁdespread use i n many types of applications. For

h t
BT o BB Foc B8, bt e
othreriviseu lkaf\)/]Wdl ag nﬂiﬂ'd)ﬁlﬁdlbncﬁlpseﬁf QibsHips, eha‘JtMi i tﬁﬁﬂv}n‘d@spread
croarra s are used to conduc
2CRRIRNGS 237 SAHRLLST Fos PO AT RGN G SRBRuppoSes.
Tha&ficiend) ¥sthese H@Q@bs e gatsthagsy Ripétiﬂ@e RIrbfAy tfks and their

the core of these devices is tJOl cal a structure

abiliyato peovids highly sensitive levals of %Qﬂﬁmh%{(sa @stion of the cost as
coffBd  pRbshel 812 IhaBKIE2L MEIPLSEAILHbUsbangl no buy
equipmesfti hasgesdltedoin theit wslespread use im esamyr bmesed»fyamﬂnbatlons

bl y. , Lyi hot d.et
Fof SRR sl Gabs P BBRSCAID UHiFdH 8% PviRgior gonducting
capﬂarrlgjl kdl@cttdprfoaén‘ié Cam@dmdté@flérlﬁlcda@nc.s&msg&ﬁlé hr?ip_rodlIJCIble and
combi ne ui di c chani cal and electrical =
e A Mcioarizys GLAIPCTIpo P NBY lfCamiict Tybridization
asSiR ﬂoeabq@ém dgvﬁhal@ﬂ@érqqmmla%m Snhly¥sth these
mcrofluidic devices typically reqU| re visual

i nspection of processes occurring within the device.
[Odig ?2%{5;%@83 S)rﬁggécébp‘?ﬂcéﬂ@nmd@ Qb1 b e LeYL GEL 58 Hpically a
structure that is formed from silicon. Silicon has been a material of choice for
fabricating microfluidic devices because silicon process technology is capable of
defining micro- and nano- structures precisely and predictably. By applying
photo-masking and etching processes known from silicon chip manufacturing, it
is possible to fabricate microfluidic devices that combine optical, fluidic,

mechanical and electrical elements on a silicon wafer.

[004] Most of the applications, which are carried out with these microfluidic
devices typically require visual inspection of processes occurring within the
device. For example, a patch clamp microfluidic device needs to be placed under

a microscope in order to observe the proper patching of a micropipette tip
1



a mcroscope in order to observe the proper patching

of a mcropipette tipagainst the surface of a cell. To
wo awrhis4sat e vi sual i nspection, the device shoubdr/SG2006/000137

preferably be transparent so that it can be placed

agapit M5é surficeabtt a gk QToofdwhtét% Gisully lﬁsbbé’mrﬂ ahk"geVi&® should
m crofluidic chip from beneath using | uorescent

Prefarbly b&ﬁsaﬂﬁpwnt serthakit rgnalpe mﬂeaaamét papright background
(e g' bk ?IRJ?m%ﬁﬁg tine Eﬁ olﬂHlo?d Ehl@h’l’(ﬂﬁo Ql‘ﬁgvdt RUEEsLht lamp).

mnne ser
Dus tmatm:qmbeuugean tolpequbmleaal csrhqog mmedgnnmoﬂmldnt chips cannot

5 bl el b, b EP bR e T Ecfge when e

obbewatien isppmgarried optincd brightplitdawioamarted for
trapping living cells to record electrical activity of

the cell nmenbrane for purposes of drug di scovery or

[o@3IherTHehi&Ed & t'réﬂﬂiarér'itt@é@%ﬁa‘l@ﬁﬁmnéf@ﬂun@l@d% VIRESa8b becomes

m crofluidic patch clanp devices that have been
appatest ip eataroelam @e\pg@sbug%d fqrrira:@mng liviagecallatte geeardcelectrical

10 acﬁ\‘ﬁgﬁ fr}ﬂecderlﬁHéHbY néltdr ot %e proc rH?&l, e@g ﬁﬁw@?fnter cellular

ctures for au onat i n SS° 0
intetamtipnegVafioos types oé mlcrfoélbrdm peidn cleeuhuehiogy that hese been

cefPagbitous bbERE WMy RAES ISR SE0ER BRykfepironuidc
chasners zindwtadr sthooteres forbutdmatiigite ;e cesd 6f patch clamping.
typically a silicon wafer, is an opaque materi al

t hrough which light is unabl e to pass and thus
15 [o0®B]eS @lﬁrﬁeﬂlt' fﬁbhéét'ld?f‘fed%olé‘b? refles cﬁigﬂyc?ln Fﬁ]%ﬁ vaa?erk EFbcessing

is to be carried out wt he devi ce Vari ou
techineiagyster@aate lataral @nametﬁeérrhm@,r@blermns eheoyrierede asingentioned

abB(/e MhSE e é%lﬁ%%&bﬁa Iﬂaﬂe a SMURWASE, s 8?3{@% material

t’h ot her co serv0|rs m Xer's,
thmugh rvdmslpélgbhts gsndlsle rtatpess ahdwtfmst pmspatst lanrhahng\socbf use when

onfirdehotfiaiigh st B R BC R B 86k act or proximity
20 I|thography has been used. However, this technique
Sl oh !S5 hie el 1o 42 o of mir
sz@@Wluﬂhé%ﬁ&%@sqﬁhkﬁ ‘é?ériﬁr‘\t@g&tébbl\ﬁ&hoatﬁgr %ﬁg}%nents like

For exanp e, gOSSI le to cl eave m nute
reSaryQjfe riHKeEs, fx}tsrs sutaasparest sdlpstrates.n@incetibe @@tteemﬂg of glass

f_ qt I
ARG Sl BB o RS 37 /ot e 238t or
25 praximity ditmogrgphythersabeerh asad! !slomﬂveh this tedhinjque generally allows

o el e AR s

[008] Femtosecond ultrafast lasers have also been used to carry out ablation
of glass. For example, it is possible to cleave minute glass fragments at various

30 angles, drill small holes, and shape forms on the end or on the side of other
glass pieces. However, with this approach it is not possible for forming lateral
channels monolithically within a block of material.

[009] McCreedy (Analytica Chimica Acta 427 (2001) 39-43) discloses a

35 method for producing channels with a minimum width of 50 pm in glass wafers.
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met hod for produci ng channels with a m ni mrum w dth of
50 M in glass wafers.d ass that is precoated with a

wWao boo/184suom um | ayer and phot oresi st i s exposeRCT/8G06/000137
radi ati on using a standard UV exposure unit. The gl ass

Glasstﬂlmriswmm:ﬁed with denil aipemiiallafdraihd ﬂi@t@résﬂ@t i9lexpdsed to
they are hard baked and then -

atterned
UQt ﬂ@g SIS ﬁﬁt%d%ﬁalrhy{eﬁxpowﬁ)ymﬂ/aﬂw otass4p.then immersed in
SR SollAidhn ) Inc ¥
e P el ol 2B pBidIn, WP RSN baked and
thgﬂ&ﬁ(‘é\aﬁdpefﬂ@“ tiee ghanaelchannel s were patterned on Pyrex
after UV exposure on spin-coated SU 8 photoresi st and
adhesi on pronoter. After hard baking, wet etching was

[oda} ri Mdnouet mu (BE& §ehsd)|rsoﬂbtmﬁlal-|33'\‘6)ﬂ , 2083, p@d%‘l?\)@lscloses a
hanne

el SR g BDFISED S558 AP g, P

chidaivBls' Gre 1Rforned 203 FYredeshdi DRE dxbBsiiey Fat SB?FI &ated SU-8
*ﬁg@l lic crochannel s usi ng the non-conf or nal

Sist BHA FNASIONR PAMPIRY. Aftek bard bakings yreit etabingrivas carried
Ll@rﬂléfn%f §%bﬁ&|oﬁtﬂfq-lg Fes), leseéHd Pl?\qmthi‘ltljhféogg%?umﬁééf\ggfw&l channels

cross sectional area
WGPr@rQ’f@'dﬂd insachiewe 60pmedegmahannalsral conductor, the
metallic mcrochannel structure is used for the
cool ing of mcroelectronic devices. [012] US Patent
[ONd] 5la2Bdt BD4Pdics dVBMS 'S5, M 9950 362r367) dedcribesahe &yrmation of

AT LB S o S

electropiatingoR EapRotdrgsist Afld.r Setf-sBilidd! fictgllit hﬁlchtSPlannels with a

Iasses ructures at close to nelting point
cr aiea 9 A0 XD 1Y awerR formed. iAs prdal l§‘»| @ 90@d "therma

coﬁ@tlbt%\/etl% %t&f@nﬁ‘lﬁir cHarel SQF?l]JétuégAg EQ%&P@'? ﬂ% (gooling of

nanonetre scale. [013] Seo et
migeeleciepnigdevices. page 1973- 1975) descrl bes an
integrated nultiple patch clanp array chip which
utilises lateral cell trapping junctions conprising
p[amam channgBsPatenaigmd5 264594 dipelases $i hiiceahaahé! filter array

arates a ervoir froma suction
formdt B TS B Bcid plereBREGeR o bilb andnedinoxPgeralaiass tube
withninpiet ram@u@rbh@rthéhaah%rccomfvo@e\téttherglé% ¢6&d. By fusmg the two
i mobi |lises cells onto the entrance

glagseRndfuclureseat Kigsenies meling qairidand 3hepnwswmg them into fine
fildFhé&Rta; Pf%'ﬁﬂéé%lé"t‘é REREVE GPLRNENa iR VilH SHAN diameters in the

apertures.
nanometre scale

[013] Seo et al. (Applied Phy. Lett. Vol. 84 No. 11, page 1973- 1975)
describes an integrated multiple patch clamp array chip which utilises lateral cell
trapping junctions comprising patch channels arranged within opaque silicon wall
that separates a cell reservoir from a suction chamber. Sample fluid is drawn
from the cell reservoir into the suction chamber, and suction force immobilises
cells onto the enirance of the patch channels. The chip was fabricated from
PDMS micro-moulding and produced only semi-circular apertures. One
shortcoming of a non-circular patch aperture is that high seal resistances that are

in the range of giga-ohms cannot be attained, resulting in measurements in
3
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shortcom ng of a non-circular patch aperture is that
hi gh seal resistances that are in the range of

w@er@aAastsms cannot be attained, resulting in  PCT/SG2006/000137
measur enents i nwhi ch background noi se signals

whicit badkgireurid moise gsighakatoniibiie ofd &f didhficant portlon of the
measur errentkﬁslgt Furthernore, the fabrication nethod

meRRUrgREsis T Wthesmaras the satination: methast isanet 2uantale towards
traﬁﬂsﬁéﬁentB‘r@étéhalé%u@ﬁla%%la% the present invention is to

provide a m crofl ui devi ce which deals with some of
the drawbacks of the prior art devices, for exanple by

d| ng r [ t are, f in_. -
Pl o A fHiodt, 61, et BRGNSttt BfVide ‘o microfluiaic
dew@nwhiah deals w&larskqmelmfctHeadrawl@ad(sSef:th@mrgBdart I%((avi&i_es, for
nS|onS| sub-m ns to mcrons, range.
eX‘f‘ﬁE’ NVENPFPARINSD 18 f&[&%fsdpwqeﬁ Nt (&l fupied Ty trapgparent
maeaRMnd MeetdsoRhich dabléd thdithls Wﬁﬁ'lfe%r!ysclwu%' 885 section
Thcﬁ m crofl uidic device conprises a substantially

mepgiosstn 55@@@[955&110411@%&/@@% recess defined
therein by at | east two opposing lateral walls and a
base wall. A substantially transparent filler menber
has at | east a pBUMMARMOFeDHE INMENTIO@N upi es t he
recess. A substantially transparent separation |ayer
i s di sposed between the base substrate and the filler

ni@ti5gr and Acccdrdmgeltodeiiﬂreti agpautn of i tHeerprlg&éhermvérhﬁJn a
channel conprises et .an utlet, the inl
i AESRE i PERvasq i Tag migiodnife HavieS ciomiatisas 3 supstantially
tramephrint Bé bhbsteatel ﬁéwh@' agre%Ezé@Wﬁ\e@lnth%réﬁF%?dat least two
lateral wall of the fill menb The first er al

OPRaFiNgJataralavally ped %mwa"sAaw%ﬁ@m"vrtrads@paseniglller member
haéebﬁtléé’ﬁsa' Bor‘ﬂohhtﬁé}%oﬁe%% | REGHR F }’@ r?&gs% hg - §ubstantially

nmenber . ['east’ a portion o
tra@ébamtlwerﬁlom\myles iofdispasdd bebvearetisebass subsjtladaestand the

|
R A N T,
ant inketiamdean butkfaialtls@ ||}:ﬂle’otz)gnl'fng;ts]arframg@l?c Bhcs ﬂfs{t Uatdirsl ey of ehe filler
chanber for contajnin
mesaPBH. e The outbE Deing airndadogt oh GerpaR datoiainiel ehthe filer
merﬁbéﬂ UTIfilé Yir§o el afall wft ﬂfé filles mdrhbed i€ rb?!’ﬂ?@’eob}’n opposing

a channel el ement in_accordance with
re'ﬁtl?lgﬁhlra%@ctheoﬁewﬁé laiw;@lrwalbﬁf theofiller mmbehuAtdeagtp@@prtlon of
thé’ﬁrét Bfdl tAY %‘étcbﬁa ét%r&\' \Klﬁffst Sﬁtﬁeoﬁlfér'mérﬂﬁgr %}at least substantially

bricating eV|ce 0 e 1 nventron et ho
mﬁnﬂiq:ld@rstopihe\ﬂp@pﬁ@gdateral walls defining the recess.

[016] In another aspect, the invention also provides for a microfiuidic
device comprising a first fluid chamber for containing a particle to be tested, and
a second fluid chamber that is fluidly connected to the first fluid chamber by
means of a channel element in accordance with the first aspect of the invention.

[017] The third aspect of the invention is directed to a method of
fabricating the device of the invention. This method comprises providing a
substantiaily transparent base substrate, forming a recess in a surface of the
base substrate, forming a Substantially transparent separation layer on said
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substantially transparent base substrate, formng a
recess in a surface of the base substrate, formng a

waiwstzgsti al | y transparent separation | ayer onPCT/SG2006/000137
sai dsurface of the base substrate, filling said recess

surfatd of thellpsisardubetrhie, Fillmgseaa eatedd Wlthrtgsﬂl@étﬁhtlélly traﬁebarent
subjecting the filling material to a condition t

filingraaterial. and gubiseiing e fillingt materishim @l conglitian H‘iﬂi Gawses it to
defdtth Sidh #Hw Bk Ris: fohﬁé@ AR H‘Eété fqi@ fourth

aspect of the 1 nvention, ere I'S provi ed a met hod of
anal yzi ng the status of a bi ol ogi cal entity. The
ni®18pd c Anoordieg to ret fmdﬂciaaged:thef thieoinwghtied, thete tig/ provided a

Sy I O .

intedceing thed bisiogiieall ehh@tmtosth@smt:ﬂma eambler o af hickdfluidic device
. Statu of th kholo\gelca entltglsflrst obt ai ned. The
I |HG50 e, iInentioen AXpss éfersngel sleptiicalnsignal that is

asé8éibtad l’&ﬁﬁh N sti Stabls Rﬁcfﬁaéjct%(flogr%a B} §s Cl‘frsP RbR&hBE. The

its status. A second electri tha
biglegisal entify isihen exposedaous conditing (bﬂmub@i) ﬂmt lersuspgcted to be

ca@%%l%{ef&é’%% it %teﬁbg R%@bﬁ{i %ﬁeé célaéfgrgel tgl‘%{e%f ?s?s@t%%ed with

can be ana agal
theelstattis icrfathesblglngical uh’euyeaﬁhacemwe to dhdejoendiﬂdnﬁistﬂaken. This

BB e S 28 L 7o S e Bt e Sar whor

nebesdarg) tzauewnmurte/the‘ stat@x afRboaditibA1s thehsioPigREe Rintity so as to
nve ntion rovi means to fabricate transparent

delgTETiRs M § %Ct&ﬁéhﬁ]epn%'ﬂ%@DJP@@IQ@pgﬁahmw ar AEARIPENS
that are beyond the reach of conventional
m cromachi ni ng techni ques. The inventors have found
t[048] t he Jbeneessnt unuertiarhaawidest meenar tos faricabe transparent

ml?%@'ﬁﬁﬁ? %Ka ﬁélr‘&r&tlﬂgﬂ ﬂ?gh%glﬁneg@ﬁﬁ%' thbﬂghe ﬁg%%d the reach

I ow,
of oonmn’ticmgxl thicronmgchining tedhorioues. Jemavemtors havelfmohd that these

or._ void structur and, t hereafter
mifGREIfs ot idles” BaNs Rap eyt Aoy i frebination of
deposition émﬁmlﬁ@:’maiqeﬂbﬂl g Wisich ﬁ%@lﬂﬁéhﬁ@%\‘ﬁéﬁo\(ﬂelﬁ&?%cumng
Advant ageous form ng the channel structure in a

dufipg g Her t%ﬁn%ﬁt'%@uqﬁqda@ege'aﬁf@t%amrgﬁﬂrwu\@ld structure,
an@- tEIeréin*bér dl?kéhﬁﬁl VO @q,Fs'in ¥9sihdle ;He? &8 'stﬁkfd%@tleoea channel

can placed over a lig sour ce Vi ew ng
acmr@lmgve@deﬁmd gan@epwace within the device. An

addi tional advantage of the present invention is that

rounded channel inlets can be forned. In the context

d0204t ch Advantageppslyc doiroing, tHeo rchanamp structare dal artransparent
matenar F cill g’te%rgptlca?%aﬁyoslsbee %a%ant})/ Sewce incorporating the channel
structure can be placed over a light source for viewing of processes that take
place within the device. An additional advantage of the present invention is that
rounded channel inlets can be formed. In the context of patch clamp
applications, for example, circular geometries are known to be capable of
providing seal resistances that are in the order of giga-ohms, thereby reducing
background noise signals and thus enabling more accurate patch clamp
measurements to be taken. Furthermore, the present invention provides

channels with dimensions ranging from a few micrometers to sub-micrometer
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provi ding seal resistances that are in the order of

gi ga- ohns, thereby reduci ng background noise signals - -
w@pa7i1Bess1 enabl i ng nore accurate patch clanp PCT/SG2006/000137

nmeasurenents to be taken. Furthernore, the present

levey emid afe RRGY isdRed WRANSEd Foth AdE VERTRSY Q)‘F%dpﬂ@ﬁid?ﬁ involving
from a few mcroneters to sub-m croneterl evels, an

biglpgicah panaples e sam@ing s Eant 0<F9"§ mh)%&tev@mw oprotein, and DNA
mél@@ulb§ aFidi% !féB’r@a‘t’leg)é?é QeCBy é@ﬁ@kﬁﬁ%ﬁé‘%'eﬁg tf)rc%{ﬂy out

I's, bacteria, viru roterh,
anF¢t§mn§ stap rtln@tas|qmmvge’c1@1a4brtqamed oyt & the fabricatipn bEmicrofluidic

ondFFs, o e oSl B9 4B B e ler avarages

inclide dfié wa@ecofcbadr&&jlﬁg the wesvicst bp&né&ﬂl@s fc#%bé@ﬂanayer which
n? gu % annel O her, advant a clude the eas

CoBFaIA RIS H‘é‘g'Fh'QpHE\ﬂn@eoHEPUge%W@ 2nga BpHtHg and, agalability to

achaiveha Cffi’gﬁ-ﬁbﬁ&t)ma@fa‘?f SWiablE foMRige ddleP Hbl%ﬂlbl ?é@m@e lsthee the

and ports, and scalability to ac |eve a hi gh-densrt
mlﬁEOra?mBgn% %W@l%ﬂﬂq lateyal @%tah é:hpanaH ae foemed 6l neiutak@ much

Sphﬁgnne ?}%frjlbt bp?ﬁ%'cﬂaﬂ’ﬂé@h o BE fonBldln B @B{tﬁlons can be

take nmuch space an
defined iltf@glﬁlphlhally; laitike diaphoadres Usedtinl exnstmg @laraartpatérociamps.

el 3es BB itiey WS R SR 1Bl orRaRFRIEd s such as
micrngige st armhmicropunigseforrexangdié.ui di ¢ unit operations

nmodul es such as m crom xers and m cropunps, for
exanpl e. [021] The present invention is applicable to

021} Y Pe Tk ;ﬁﬂelébﬁﬁmv'eﬁﬁbh'% RPpRcHife th (HHgdtfy chf' ﬁﬂiéjé’ﬁﬁcluding

m xtures, as. wel ds contalnlng
pugg liguidse selUioss. HUMU&PSdaaS @@ﬂt%ﬁ“rﬂu'd@owmiiamg particles such as

su§€%ﬁ?rﬁ%‘%all€fda‘?%‘y§@r@sal bﬁi%?%ﬁhfmﬁs Epﬁoﬁc%@ I dispersjons. The

_ I ncld es having
temheépartinlgs’ dnclyde esmadl! malrﬂlolassthaermg a Basswt thm range of several

AR5 S RS, n b, b e ncuces
both tmargapice pastichad (ghcasasbﬁmmml@ﬁﬂs hg@Ri andadglass lbRads) and

an art cles woul d incluyde biological entjties,
%R'aﬁi?")% 15251 63 'Cteé}vzé?lggﬂ%clﬁ%lbgﬁwsa | epiitiesi which in this

coﬁté&h référ@@@tblglégcdprrﬁétéhaﬁsu@ﬁ\'%s MEFRERAS prblehse DNA, viruses,

?ﬂEntS SN e cel organlsns such as protozoans
tlsm rRgMents| $I§g&q@ewprm@nsalonea$ psetogpans. - kagteria cells and

VIr%e%arb\ss%il & ﬁﬂ{lﬁ 6 ldr arﬁgﬂssgg@% 8“? §t§ te'ﬂﬁl%rc‘ sfryctures

elnv ntion’ ¢ neral
Ceéiadomdasls ébe am\yertt@pecacﬁ be eduplledlgenewlkyoém@gnpasses any type of

oo 3 ' tach, pEHT b A e o 5H 08 SR 38Ge m 1
elevhidat potentiabkanolading ®etH seukaryotic cells and prokaryotic celis.
Examples of eukaryotic cells include both plant and animal cells. Examples of
some animal cells include 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, lactotropes, thyrotropes, gonadotropes
and corticotropes from the anterior pituitary glands, thyroid gland cells and

adrenal gland cells; endocrine secretory epithelial cells such as mammary gland
6
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Exanpl es of eukaryotic cells include both plant and

animal cells. Exanples of sone aninmal cells include
w@edo7a34sm t he nervous system such as astrocyt eBCT/SG2006/000137

ol i godendrocytes, Schwann cells; autonom c neuron

cells| |a@rifiat @l@’fd cbi,i é@ﬁ@hﬁo@@@laﬂd gelld, ec%‘ﬁlh@n%%lcglands cells,
neural cell ,. and peptl ic neural cell; sensor

and gekagrose glandscellse h"“’ﬁjs Qra@@llﬁ V‘CB&WQ; osieehla ﬁ)éy fibroblasts,
blééibhéreéﬂ'@gé? i YheuroRar HQ §t okl ha ho%“%op ity cell,

somat ot ro totropes yrot opes gona

blegr cells ﬁU@bBB(ﬁW@WQ’,}dG&t Iummmcynesmr rponocytasyrrgjgelajsells such

R o K e T A
belirar usedhin tl;ieasmteelelhgeof drags ntDﬂmmxghfpwb oﬁbhﬁaw@ﬂ@ bbn@mclude
e B PSS SRRSO SR SR Pt col,

palbbBcHyPiER CeRs, étﬂlléﬁbﬁijmbeéellsnﬁhkﬂ %@reﬁcﬁwnéfa c‘éﬂ§.y P?&(aryotlc cells
Chi nese hanst er ovary cell, Dblood cell's such

P@JK}@ ?&W%@VGDS}%H&W%JOBEX%ﬁ&W@weam@JIﬂ @nct batteria cells.

it

gﬁi)ricgy Eéﬂ @ﬁtl gﬁﬂmgﬁg@p%@ﬁ%@%ééi Sdé(ﬁ@f“@/é%nof biological

m@’@rlebﬁunb a$ sim@élulan (ietracelutar) estrunfuresk aught as thel hscleus,
I LOLPZQ8. s, of
eI eI T e Be PR 8EREhe pEREREASIRD. BPEL apparatus
mlix[dHoaduhry,lriyscﬂagilme p’é!d)h«sohw Gvacbcyl@}ic@le1n|embr8hék@yt&5§éll eell wall,
t nventlon | nc
Ch&(ﬁﬂ%ﬁép?’Qlfﬁq%é‘éejntégﬂ?g‘?a&hﬁsb%ﬁq BHXIYress H!‘F3§e°fThe term
bi ol ogi cal entity additionally enconpasses other types

of biolo ical .material such as subcellul ar _ .
(10221 acellhgl Brigrodipidie davice egeprding dactheuivention comprises a

ba%HCélﬁﬁltt‘éﬁa ggvﬁ’@o%%%es I it ‘éH'ﬂ‘ng]' |ﬁe%5§'§‘ég§s is present in the

cyt oskel et appara ochon
sur%;g@sxﬁm bpee 6mbs‘ma1@ deﬂne@lbg atdmstt twendpposing tated walls and

a G450 Wi, Den@MiaRRL AR corBRiirded Ol tiF i estautiRY be defined

(Iamratby)dadn@sst thet é\ﬁgepaﬁgthy\?gtmﬁmhbl R subdhefe ﬁt@ﬁ‘ﬁdrﬂfoﬁe edge
rein recess 1s res

to AROlRE eBaphatal et el Beaine.page QLo base puRstate. Also

pob@@#‘é lst W%tqplsoééﬂ@edl HeBF he ViRiddfe PBHIOR BRAR Wabktrate so as to
endi ng he configuration desired, the recess nay

aC%mamaﬁ%d 9|fé\b€paﬁlq>ry)o a@thes Jluith strsisturee arengdhitvanitthe base
suBEtréS@ P\asc%r(%‘djpség%glelf\ént% forrogkgﬁlgleed\%eiﬁo ?E ljéﬁéla -recess

or It ma ned near on
spsobivgribe entiv Sldrfmﬁser length .9 Hfeomiand t® @hﬂ)lofetﬂe hase substrate

s SRS (BBRLS 708 5 DEFE, STheing Btprt vl fomed
alarrgoiedengthaf théehbanel and a base wall, while the ends of the recess are
lateral openings not bounded by any lateral wall. Where the recess is formed to
have one end defined at one edge of the base substrate and the other end
terminating away from the edge of the base substrate (e.g. at the middle portion),
then the recess is bounded by 1 pair of opposing lateral walls, 1 base wall, and 1
lateral wall connecting the two opposing lateral walls and opposing a lateral
opening. Where the recess is defined entirely within the base substrate, the
recess is then defined by 2 pairs of opposing lateral walls and a base wall.
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substrate. In certain enbodi nents, for exanple where a
t hr ough-recess spanning the entire surface or length

W@ eogi13fsibm end to end) of the base substrate PEI/SG2006/000137
required, the recess is bounded by 1 pair of opposing

| pp2s]al  ViEHd Fede8s nﬁls*{ th@Qariy*‘@nia‘bl@*sﬁa;Sé dueh #1amibid shape

and a base wal | e the ends of the recess are
(e1GaeFINTBIGE AT SgYaTRcthanssh.dadvitgh gase ithe rcassugin the shape of a

treffe®r AlfrRatiRHe t he§ m%eﬁgfag% aﬂmﬁﬁkﬁ% ?ﬂ ﬁ”%gﬂ@ﬁéé&e& &hy other

one edge O su te an
suitaple; mraagu;‘ﬂj shape. Reagardiees e dbe chapketheadepthudistheatezess may

b R 0EorL A 68850, 8N A R 3 ies, o ore

typiablly Iwb\deénlaﬂcmtaﬂi toaBl pronRecisorte tdnﬂ:ddh‘heﬂtlio@éqmgng large

cheRbEl<EdEE pRiefBe: Rt FeToHB P SiASHISHE NELTRRAIM Gpes of fling

mgt@hstsr al cetd Ge?lﬁccﬁﬁﬁol’é tHMEN0 ged hﬁfiﬂbé’st@d E@bbéorﬁfnodate the
wal | s and a base wal | .[023] The

| at
12128 GBanHaly ARAVToMhe\HarIDI theowise of i Feerssmeystsal be sized
ac%BFH?ﬁ(T; (S tre dl%ﬁ‘?étéf‘&l“llh@r nn%ﬂlﬁ'é gx?qih%eefg)ang%ﬁ?@aét% and may

case The recess is in e sha atr
rapge donaabeel G2 nnlcrqmokabmm{ﬁ mmybmmdr i cal or
hem - spherical, or any other suitable irregular shape.
Regar dl ess of t he shape, the depth of the recess may
r[{mﬁ; f r dvhakeow Iﬁ)erﬁlsnihiehOalabowtser @thﬁcélméhlaped recess is

ch anne s are des r bet ween about
Toghed Tt e s USRSt B A RLRe et R Bat piTRGS SieBen defined by a

cobfianGes sva Iﬁofhlsa%BBQV'aﬁ*\ 178 t(ﬁ‘r*e%tlfl ecfddb‘é!mg end portions of the
characteristics wth cerfain types” of ng

hempiseherigal walls of the seergn ﬁ‘adfb%ﬁk%s'ﬂﬁfﬁﬁi tpoberﬁnmp@@mg lateral
wédlgﬁﬂ e @%@%Tg@q?éf eﬁhﬁy ke g)?énégfiﬂﬂi%%en‘ﬁﬂaét fé@%w 5'fhe two

t he he” recess na
en&bdﬂ @t@gh@hﬂmeh |Teh@$ame<a‘ppilbstcn:bammulardy slkaped recess.
required to acconmodate, and nay range from about 0.2
mcrons to about 5 mcrons. [024] Were a

h[a&iia pherfiheadecess prssent ﬂythensllbsmllte sorpedo FresHeS fillihg material

rned in,the bagse syhstrate, S to be noted that
fOftﬁémF&@rs@ef mepiher v 'Pﬂée %96%% EJJ gt filler sapmbey is arranged such
théthfutﬂeﬁﬁseepomah cﬁ“‘bd@u?%‘st he r@@@%"ﬂﬁs ﬁﬂa%n%%éf PRSAIRF member

hem Sp eri cal wal the recess

M Re iendrely Presant WalNn th@pweﬁg Praa épﬁlomﬂy t mayrexterd outside of
thé ‘?é@%s;s 5 cH6d/ Q?%rpl‘)f %he Bb aé?ﬁfa]%fa 5@{?190%2&[ %gﬁsﬁéteeﬁ%lcally,

two ends a strarght ¢
depppitinpoft filing) materdajunto the séxm;ssdtor focmsthe 1[|[b2511efﬁber results in

oo B g PG ol e BERS BEISA ol o FECHaR prter

this hexirareess. fillinge ratetial nmayriber rdriowdd 800@@t IHE Milling material is
present only within the recess.

[026] The filler member has defined therein one or more microfluidic
channels through which a fluid may flow and which are formed along the recess.
The channel(s) terminates in an inlet at one end and an outlet at the other end,
each of which are arranged on the opposing lateral walls of the filler member.
These lateral walls of the filler member may be arranged flush with the exterior

lateral surfaces of the base substrate, and together they define the lateral sides
8
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that at least a portion of it occupies the recess.

This means that the filler menber nay be entirely
w@e@sassiv t hin the recess, or a portion of itPOEHFG2006/000137

extend outside of the recess to cover a part of the

of tthdé\Héé ags Wil $+‘%é§@ﬁﬁe§lﬂéﬁwabﬁch Taterslasitiy, may face a fluid

eposition o material into the rec

chantierf bem onemfetherwgliﬁ thati sureasngl affluigheham qrnfgﬂe Gpposing
latefs fjvr@ ca‘b ﬁi%g@g Shb&F &Htéﬂlgﬂa@d kb end %Qeléést lstibstantially

raneousfl ng materi al may be
perp@rﬁﬂl&‘&l@r féalsbhmder!;teodlby ihegtenmt erthagonal )ﬁpetbérﬂpmﬁ?!%g lateral

Walvlghtgg n‘ﬁgo rgé:C%S%r (LJL %g]r'gﬂéﬁﬁ?dl%l e{% nne cﬁaét %%E{ & inlet
apeMiré hoéttd éa'ut‘l’et'ﬁ?)érfdr@\dsanéﬂ \ibinaéd anethese Mérailwrﬂ@ afitbe filler
recess. The channel ( term nates in e
mewer &% auah (ot eLPIARS OhEack REETUFRLS BhrobFURREBIAY, yortical
the?ébra@';@ﬁg %Bsféﬁ%aﬁ@ﬂgﬁgﬁtgaie@éleépﬁértd@é lti%t@‘reﬁméd bh e lateral

ater s of the filler
waltseo’ameuhgerdrrfammf Byt thet tﬁ:émeﬁubsﬁaatlallhpsfpcﬁndﬁkﬁ@fagas meant

rf o 8 G 8 g A8°L 08 i o o e

megﬂi_ei’\mhaymfaﬂrﬂ@chhosexm:ﬂm g3doe thefdlane otﬂmréposmg lateral
ei ng one

oo e e Bgche ARy By SRR par o

the?ﬁaq&ﬁﬁ@bffﬂwé Spdreurdtis bessdsilsie etiaohiadly) y per pendi cul ar

so understood by the term'orthogonal') to the
opposing lateral walls defining the recess. In this

gﬁfﬂsur eFBP cﬂ%hﬁ@ltsa\k‘tﬁ%nﬁll larh&1aH, thé? rhﬁilﬂa‘e situated entirely

or the outl et aerture as we f orne n
w.tmmemd ahmgme eSS meaning hat th@rerwé%@SSr%eC%lee r?fg'P.%Pha“”e'

is l9‘é?tte%d Qﬁe Etfoz’bgf @B%EP t?earﬁ{) Q\ﬁﬁwﬁ‘ﬂﬁsﬂeﬁﬁ’éé q'LIJ)\Mever for

€i ng su upright lateral
chamls U/Vlﬁhs dtdmétees targer theoh the witﬁhlca‘ttbedhelgbﬂ pisthef racess, they

fill

e T oo hged Sifin PHEPSCUE. 3613 poptn o g ghanne

maﬁ)eaeggeﬁtaéyh 2&%???nmggbﬁibf?‘r§| ré@sbsh?fyget koghdri emdlments for
Xa

examplenin tspeasengf f phaels Wia Vs i@'ﬂ)rérﬁ? ﬂ'&‘e??fé rpg@@gﬁo & gize of

th%qg&&m}‘l?d Aritefs frﬁ%’:bgoarréﬁgéd)%tl?él yoWsige 6f abdieabove the

eéning o e aperture is accessible horizontally.
re¢¢§§ﬂ For channels with small dianeters, they may be
situated entirely within and al ong the recess, neaning
that the entire cross-section of the channel is
| pesyed iln driee epyodimentofthe foeoss-beatiomefrbk feassungortion of the

oL AEn S SER S BBl bR SPEIT at floget sttty
cifcB®Sas 4pIflied to the cross-sectional shape of the channel includes any
geometrical form that covers a 360° angle at the opening and thus means that it
may be perfectly circular, or it may be, for example, elliptical or oval in shape
(See Fig. 1B, 1C and 1D). As it is desirable to achieve substantially circular
apertures, fluid chambers, as described below, can be formed to coincide with
this circular cross-sectional portion of the channel so that a circular aperture
opening up into the fluid chamber is achieved. At least the first (inlet) aperture is
preferably at least substantially circular in shape; in other embodiments, both the

first (inlet) aperture and the second (outlet) aperture may be at least substantially
9
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may not be fully accommodated within the recess, so a
portion of the channel may be | ocated partially
worosissinf the recess. In yet other enbodi mreneGT/SEL06/000137
exanple in the case of channels with very large
cirduRimiri stigpd.el ative to the size of the recess, the
channel s may be arranged entirely outside of and above
the recess. [028] In one enbodlnent the cross-section

| eqsd dgﬁ bhc’(ﬂeoj r?tl Eﬁt lchsthé‘tdé fc%sfs infended, the

sub anti aII cul ar 1
dl@@lglpaﬁwfatheyﬂts’tramm dhe wle&@phawbet (Vatlaé to control the flow of

S S5 SHAHPBRL cFARRS. Shp b GDARRpACHEE R bous ypes o

subp’amceg isndithimu sherdamosviedgd oft themygkilked pesrkeat |F%0r example for
ptical or

cof b bl ol TR0 BFALGHAER 590 bactora

vafigas 6aphmitibA rAENIaC R aldnsdtanbi alch¥nkdr By eHe l%@%étc}Hrc%%form to
fluid chanbers, as described bel ow, can forne

the sizec Pfidhesa subsiances: 8. dn theosd- @rwpnoﬁmorpohn patchf clamp
TSR SEPAJS! oy ol aioniy b SIEEM B s oo o
acmemear) effpetiveuseali w_l meefserfam of atsdrepietpatldstcanblowglqal entity
thn‘fb'ub %r#&c%lﬂggggf nseuc 'Rﬁ fpﬁnbolgégegée(srmgﬂt@p oglcal entity is a
huayse gy eegrgﬁvim@ aﬁédrﬂa@r ostaﬁsmam? aht, ¥the rab]lcé'rl@?e kit | |s used for
n the | cation for
pefRRiia, fHebrich: Hagimban e Gidinsies i bewagn APA0.1 um to
aba0e20 hen, Qi#%@ﬁespt@é/rabﬁ/ \éBbU?ﬂ hPtoCé’l%lEt(é W@Jﬁ&ﬂoﬂfﬂmgly, for

substances within the channel. The sel ecti on

eVeD fRrg8l samplas, ftlae %ﬂﬁ’%@ﬂ&&b@bewn% QﬂsﬂanEeésm@IIer cells such
asVWeHrBI?ocﬁ '?:gllé‘ nwmcﬁd@ﬁlc%il}jﬂé% %ep%'i %BBU % ihe, gperture

exanmpl e, for carryi rop 8 QL POkt pePti
caprhavei m§mabmdlametﬁ$erf bemwelem)abbat Dd tonabawt dysn, if necessary.

f h
THRSABRRRACR, FEYR s So S TBE e S R aBe P n et
clanmp :abph(mihrnm {trigmot eglcteﬁsarlf(fdjr Egthcdi%éﬂl.?@g t? bebcwcular in shape
re adapted to he
buf i Caiﬁ{?ﬁ’nﬁf t@?itai ¢’lnietis' supsianially Srghlast ipeaehioue gmpffective
pafth éém Aler ftihé Q:eﬂfsa@nélé”Whé dediet la?éﬁuﬂi nﬁyotlh%?éfﬁ?é assyme any
entity through the application of a suctron force

Othq{egf@&ﬁpﬁ@cﬁl Ibisogeicugeckiorinajch slasmpingraYhege ool one aperture is
o b SOl Gl RS MRS e

facgi theefleid Ghabf@tewdbat aﬁ)cbmtbe()memfot @oatmnmgzmemarmule particle,

na@rl rPé ?if'sg fﬁgﬁll fha?rg?er In em o men@, in Wthh both the first and the

spon
corresponding outlets are at least substantially circular in shape, either aperture

can then serve as the inlet for patch clamping the sample biological entity.

[030] The channel connecting the first (inlet) aperture to the second
(outlet) aperture may not have the same shape or size as the inlet/outlet. This
may be due to various factors, such as irregularities in the fabrication procedure,
non-uniform conditions across the length of the channel during fabrication and
uneven deposition of filling material into the recess when forming the filler

member. Any suitable cross-sectional shape, for example circular, elliptical or
10
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even | arger sanples, the diameter may be beyond 20 nm
For smaller cells such as red blood cells, which

wo yrasdshy have a di anmeter of about 5 mm the BEESGL06000137
can have a smaller dianeter of between about 0.1 to

rectangtilat siapek| w&ﬁ@%%abwssufﬂée 'H‘leaﬂﬁnﬁ*étepfoftthé Ehdrifel and the
and the outlets nmay he sanme or different. |In patch

digngfas of the inlak arafh@uﬂet tq thenghannet ase #eth serersdlysimilar, though
slu?ﬁtgaﬁﬂéf'&%ésomb&zé'éré%l% éd&eﬁfb@)‘i’% f'r]nH(Bnl Sty Ef\gﬁﬁa%as the

the inlet 1s substanti a oac
sapie ewsswecianalshapeal avooe qrrtmth alplertse&mlene divennaliid pteferably

o R BNTR Y, P8 PG M or e
baspaubstrate Seatiohsaf thescHmirmolimat sigpe iupdtdras of dodmdRRds within
i BB g 0 S Rl Bk en

forp@ing itaé SilleN MERhert h'ﬁeflbhﬁftudlhé'l' & §>H§l”l@ﬁ@th bﬁthe channel maybe
enbodi ments in which first and

orightates genke rip Jianmeent with the leagth omusittramﬂ thiel yecess. In one
e ldd?Mlef\fe tth? cﬁQﬁH@ch C%W@ﬁgtﬂﬁﬁ[h{#\ﬁ/@eﬁ%{Bobg‘?gbrrﬁ%\fﬁ?r%sthan 100

ein
urrenhhet q/nar[r@Bmayrabodhm«mel cmmédiamgter lof b‘etweén (@bwluéts) um to
ab@ﬁ?éb h,g to the second (outlet) aperture may not have
3 shape or size as the inlet/outlet. This may
be due to various factors, such as irregularities in

t abricati rocedure, nagn-uni form conditions
&%ais t e P tﬁo ofCRIRNE c Ba AW WRASAGeRtasigviea, i GAmponents

coipisedene thel eRasdd | 'a‘i’é‘ Qlfeféﬂabiy %Gb%hﬁéﬂf"trddﬁb%rérg i.e. allows
recess when formng t Any s le

visihlg sighi det pasalthenighe, Inf@me @(ahgghmemt,r the dase substrate of the
pa%;dginﬂ{d eRmoR ?&m}ﬂg& FHilicd a@lﬁ de‘“ﬁ}ugﬂls?eﬂ lﬁ&%ﬂdﬁ% r-amorphous

anmet er anne the | arre
forims. Crystallineuforets ©b sillmencdnamdel havee S10; Imgleceles! iyanged in a

L | ight differences jn size are als
T S TR T —
orcbe:]rosAH lsmﬁdsﬁedl aﬁhg’lﬂmrﬁfallsmgrdgw? h?lidbnlartﬁcbil@? e s'éhﬂconductor

atera Wi
PrOGRISHI0 Al 10 D8 HrRp et EXeaRp gg,ququ.tapm.-y@;amforms
md%’tlﬁﬁg @uaﬁkrm’aymuté%id @ﬁ'@to@éhtbhéxé?rﬁﬁfé@%f dﬁ?% g@‘forms include

rds or downwards w thin
fUSﬁ%\ﬁéwad@ﬁdsfttm% gtica.i Qther tramsparent mﬂteﬂalaetheéctea@ been

f e;
o e VS~ Pe i oeRg] Saetr ol M feise cpmrising
traaBD@lmmteatunvmahw'tth@hmngmmesvbemgwm afbsapoides. | n
one enbodi nent, the channel has a | ength of between
about 1 mmto nore than 100 mm the channel may al so

H8B2] a chvithoeit wishimgt ©r befb@idWee thedrgUthd in@ntérs have found
that non-conformal deposition of filling material into the recess followed by its
thermal reflow requires that the filling material preserve its ability to deform/reflow
throughout the period of heating. By having a separation layer interposed
between the filler member and the base substrate, it is found that interaction
between the filler member and the base substrate is minimised. This interaction
may include, for example, the diffusion of dopants, which could be present in the
filler member for reducing its glass transition temperature into the base substrate.

At the level of several microns, this interaction has been found to have a
11
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about 20 mm [031] In order to achieve a fully

transparent device, conponents conprised in the device
wae@pssier ably substantially transparent, i.ePCHBGTNG000137

visible light to pass through. In one enbodi nent, the

s@mﬁ@rﬁubﬁ)‘abﬁbﬂ b reflewneHdrattedslic of HRRINdY r%@mﬁérsﬁ? addition,
%{ con dioxide in crystalline and/or amorphous forns.
wi

seRaratoR dAYRr RIesant selfwealing cireulprwicry cipannels with large
crc5§§ S&MR %dlﬁr&eﬁbrmboafrgﬁﬁméc 'tt‘f;erﬂ{aqi%ﬂ&nrﬁ?ﬂgg@ﬁt is believed

wher eas anor phous forns do not have |ong-range
tha) Thlsdblwmm@ﬂoramjcamdnw relegsanivof sﬁresscbmltwpowﬁkim the 2 layers

re known to be anorphous.
duéﬁg]tﬁgwéﬁéisw Fg@ﬁim&%égm l'ine forms including
quartz, tridymte and cristobalite; exanples of .
" reletlon "G SR it Thatih Ter i
acﬁ@%@"ﬁ*adé?sbsfﬂ?fg H‘i@s@%al&dt%nb%%r%%é abp étﬂ?édéj%? the base

matertals conpri si ng transparent al um na, wt
subgiats: ésclwanaghe gxposattisudagas efthe[regess, wruﬁ@@tﬂlhng the recess

wqu ﬁlhﬁ@tgﬂé%r@? ﬁ@@gp%tlwggg P s%nj@‘és'e@’ﬁ rHlf?ﬁJs?loHao dtrier between

at non-conform ion of f
th@nila@el substrate arige thee fikers mephberwied ptaveint snrtrlemrdaihe diffusion of

cobEPOREA 183 AP bet B5r(d PhbS Byt St ToFpERRISod birusion
bakéert pm;perﬁiss hthe rifffusioretraét o graferablynbemesesl that exhibits
menber . and t he base substrate, |t

miRGHIEAGVIRA O IdoBLy ek BerERS < REEFSS MECHRlRsgjacent to i
Th@ngeéél@tlbﬁsléyéruhfatyr e d:é?the dlr?egomfgﬂilbﬂ? @Eﬁrﬁﬁfér%{‘ that is

i ncl ude, for éxanp fusion o
'mnﬂfmﬁafélsut% igyaic pQreé@rmlcl diffusiore |er5p@elalhérﬁiehlghotemperatures of

se{'/&%l\'i‘% réd § r@é%élﬁﬁgsbhbﬁ e EﬂB&ﬁ-ﬁhgéﬁ de'?ér?né Iﬂﬁ;tegals like

base substrat At the 1evel of séveral mcron
silican anitrists on SiiwgnbwbldeoLﬁﬁ@lytsdldoavandlsargnnpn'mouamnmorpace other

ool i P LB 85 57 Whoh Pkt RSByl imer

thes diller seerhbeg contprisear materfats Wﬂﬂmééré Fopidy Mﬁﬂhgtéttlce dlsruptlng
cro€s sections coul.d be. formed fromithe thermal ref

dopagl atams, putl aseslicRre dipfide doped WiB RaRRST Phosshareds, the
sebdreftn@hﬁb’tﬁrﬁér @fyeﬁiséﬁ/% t8 Lﬁré@eﬁtﬁhlé"dlﬁuéioﬁ '?9? d]gpbﬁiy &lotns from the

uring t hérnmal anneali ng process.
flGEa reaRn B4 dhe Sasanseaera speelakb)hgbé\lgihtemegw’cmasoniopants
A { f
ol R iy SRR CHROF L IS RIS LAY ot er
merheeand dasessubistrabs aos in Hireclecardact. Mrimr dd);marftsldre raglowed to
difffd& éﬁgfﬁgm the filling material and the filling material is allowed to become
depleted of dopant atoms, the filling material would lose its reflow property, with
the result that the filling material cannot reflow properly to transform the initial

triangular void into a circular channel or any other desired channel geometry.

[034] In order to bring about a reflow of the filler member within the
recess of the base substrate, the base substrate preferably has a higher glass
transition temperature than the filler member so that upon heating above the
glass transition temperature of the filler member and above that of the base

substrate, the base substrate still retains its form, while the filler member deforms
12



with filling material. The separation |ayer serves as

a diffusion barrier between the base substrate and the
wo poozasosmenber to prevent or retard the diffusPOrnS61006/000137

dopants fromthe filler nmenber to the base substrate.

and Qefb Wy i@t fedraticks ¥ 'fd?th @@Fe‘slrétﬂ gRbRRSRL 'lﬁ%oniehémbodlments
diffusion barrier is preferably a materi;al that

thes,fillepi membski samprises ta Wiglectrisr matedall ndc siaseepesferably, the
didl&&fit ﬂ?a?ténalt%éﬁ%s@'dﬁ&bé‘ g%s%dbg%fgpeb%méon di ggde Examples

separation | aye
of ideped glasees ancluuathalsgemrﬁepeéagiassttransmon metai{domed glass,

5 ol B SBS hab Bl o ETRBSE A0 X R e, oo

phnmm-smbatd glees $BPE@)Nomeddd litee glass. | | con car bi de.
Pol y-silicon and anorphous silicon are other possible

materials as they are transl ucent V\,hen deposited as a

tfoBB] | ayghe peseAt H\‘/@nf" (bﬂl ﬁseé 'nﬁ@r%ﬂundlc systems in
materials which are Iattlce I Srupting

gepeishnandt Hies a @r@mera@ngdl @f@bﬁdtﬂﬂ@%ﬁd@adob@dcwqoﬁvﬁwr called a
10 chgﬁnahaamzﬁgwm FEH.%&%B?& 3&%@%&% ligge IS EHEInd . The

prevent the usi on of dopan rom
termefdhannehetenént” isassed'rmh@ehan@sqdﬁy iveitH gthat dguglalent terms. For

exp B Ty o PR IRats R iRl B o ipat uATb “Bive £ i ghannel

elemerh:tema&nﬂeMmeGUbﬂ’eratﬂv Arakehnindthee ebetifiot @dﬁtextl bf a patch

t o d f th
CIayt | AR RERTBE MR e QPRGN Gl R tes T 48 ivepWieR may be
15 dlré@tea%%aﬂﬁ@h%@eﬁ\fenﬂ(’rﬁéhaﬁbpU§ed 'irﬁ@rcfHalnPbQElﬁ/ with the term

mat eri al  woul OSGItS r ef W propert

‘paridtianing tvyrlt) t:<h@pflsm|g| ihg Iﬁtﬁra.\r ciaanrceo{nwm lateral apertures (i.e. the
|nl&ré3{%ffﬂe?/o&t%tttéalﬁéflé’cémltcHth%]?]taha @5!’1 g %@To ¥$bﬂa'té]{v90 fluid

I rcul ar channel red c
chgmbets inya Igtedd patah tdanh@rdetwndorl ng about a reflow of
the filler nmenber within the recess of the base
substrate, the base substrate preferably has a higher

20 qnae; t raﬂameroemb@dmm"naé the devive ohehe invbationBidlecorPrise a
ﬂrs& ﬁ'-tﬂ geat ﬂ above the g@ass transition

dr Bbambep theh.Jst seRasated M98 % rReCansl BUith shagtberhy the

pahiﬂéﬂm‘@@l&?ﬁéﬁt ethetﬁ}gt haa Q:h%H*!ﬁrrb%‘ir?g f filig J&I?Iﬂt]ﬂﬁ:ahéﬁ with the

whi | e ,h | er menber defornsand
sewnch fliick ﬁléamb@éy@ the ehannel presentdn Geokiterrmember.sbakrication

Sy ROt bR RRTRE AR e ShEURSH bfombos
25 inte @npeparate fluidoglampensemizergdo ahipimdthe Ialtenah pdtohxmldmp device.
I f e i ncl.ude hal o - doped ass

BB e SR 355, BRUER, S P Py b

mqmiwﬂ'MIySdéﬁlm tn ghepase Rebstrato 2@ fdspeetialy JtrRSlet aperture

ang e out?cg aperture of the channel. In this manner, a lateral patch clamp

comprising two fluid chambers connected through the channel in the filler
30 member is realized.

[037] In some embodiments, both the first fluid chamber and the second fluid
chamber are similar (identical) in shape, dimension and/or geometry.
Alternatively, the first and the second fluid chambers may be different in shape,

35 dimension and/or gebmetry. The first fluid chamber that is used for containing the
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silicate glass (BPSG, or soda linme glass. [035] The
present invention is applicable for any mcrofluidic

weyarass1i n general, and the aforenmenti oned enbOOSGHEN6/800137
may be collectively called a channel el enent and can

sdhﬂaléslﬁ@logi@af émn?l tag Beg Hlodedisblbtid] chanBRe b? aanSﬁen chamber

enment” i s used interchangeab

h |
fll’dﬂﬁ{ﬁgon@&g{é&gt%ﬁthqreﬂw chaiineds g supply Plh@“bém kreau gresently
réfénké“éi HaRdi eﬁ‘t RAE isﬁ!ﬂ?{&é CHSr\Hb%P’lﬁ_ E 9r@d}?ﬁcted to a fluidic

| enent maé terne rentl
ch@pé@l that i duidiy comectep do aqswramsupphmgatrm eamme ofteal second

A 0 g A b TP B s

dram\’agetdhangelafohdlsaatmnglﬂeeBamme partitioning wall’
conprising the lateral channel with |ateral apert ures
(i.e. the inlet and the outlet to the |ateral channel)

A[OBSMFRRY | hatelBérst Thate R atopmicdo iff | wed Ué@@”’%ﬁb&rét'é #ay be
| ateral patch clanp device. [036] In other

traflefRiERcheRia 2 {iaespatant Ccappintsubalvale: ivg. glasseoipra yariety of

??ﬁé fnel dfﬁr%hﬁoglﬁaﬂ%%n b Bhé§v§ SBﬁ&ﬁgeq'hEr%%qsgﬁ&{{pate may

urd | tronrn
inglude ca cV@tlﬁiyérobdlumym atrmturas @mmhuascﬁtudmw chiaintberbe and fluid

RO, S SRR el B RRBURIRE I 55E BByt s vert

offmeams@udhewammo bond@gelTe\@emveﬁtrsérVé@mo w@aﬂye@ben fluidic

te f nmber t b
Sl Sk e ] b S L e s
mfrhbércbfqh@ﬂﬁ)&ﬁd éﬂtjpdthﬁ)r&eét%ﬁéd it e AP 6 iﬁ?ﬁbd%mg/removmg

nmonolithically defined in base substrate at,
fluidss Jk elqcliedes " amgenotybuilt léblam%déw&ﬁd thele noay Ib@t provided by an

ex?é’rﬁéﬁh‘l'é?s&fenlié}ﬁ éii}%?é}ﬂeél?d 'n‘i‘iy{ %n‘éﬁgﬁg% K iln%%? info the fluid

pat c anp conpri si ng ers connec
Chamhang\hataoe:eeaa:vmts ifi elettrigal mdasuremebtsr need rteabé zizhe in the
de[vﬁ: In sonme enbodi nents, both the first fluid
hber and the second fluid chanber are simlar
(identical) in shape, dinension and/or geonetry.

he first ndthe econd fluid chanbers
ﬁé’{}’%ﬂ)g “dPFCFE‘é'y fon °r$m alsr?; ef&. FPé‘FfQﬁH‘ﬁ“CaﬁM?‘&m debrerming out a
co?’i’f]ﬂet%l §Gite fdf%rﬁ’al?ﬁt?ﬁmﬂbcééﬁﬁs 'tﬁeuﬁlﬂg ér%m[%@fét ﬂ'leﬂ} 'B% operably

hesanpl e bi ol ogi cal ‘enti tﬁ/ be a cl osed/i sol
coeﬁaﬁisér t%rabn‘e@ﬁ‘erpﬂﬁ‘ndmfé@ uﬂdlcn anit @@ﬁfﬁat@tfednodubt hi'ihe term

“ h uy e H .
n%cﬁrrg?lgpf;cegﬂlf‘?,g% dél{o nfdb‘?ﬁé eﬁ%}%{%f gﬂgﬂ%@é n%gﬁgtl%éé’ which can
cafriyuoutl ynicoperationd af onigrdfluidids,cincluding mixing, separation, reaction,
pumping, dispensing and sensing, for example. Modules capable of carrying out
these unit operations include micro-dispensers, micromixers, micropumps,

injectors, sensors, reservoirs, and reaction chambers.

[040] For sensing applications, electrodes may be disposed in the first fluid
chamber and the second fluid chamber for the purpose of taking electrical
measurements between an upstream point and a downstream point of an
immobilised particle or biological entity. Electrical measurements that can be
taken include current flow (due to the flow of ions through the immobilised

particle e.g. cell wall of an oocyte) as well as voltage potential, for instance. In
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channel that is fluidly connected to a source
supplying the sanple. The second fluid receives fluid

wo e@msdsel first fluid chanber and may be fl ui dP@T/SG2006/000137
connected to a drainage channel for discarding the

the SE5MeSt &foﬁgﬂch%wn@buﬁaaa‘psr@tbhat the eeletrodd amahhed in the
base substrate may be transferred onto traP ar en
egg trode,

udempm sgiesqbﬁler lmreoblhsgd particle mayke feringd 8y
andcﬂ'g ﬂecﬂ%d df Hﬂr@“dﬁ\m@%&ﬁ é’lae%?rtﬂbriﬁlma_ﬂiiﬁsed particle

gsus I NC e a variet
maylbreutet'medsa senﬂmgele‘dtmdél dMare dhdve ose rg%%yem:ej ielpctrode and one

chann Is h . b
cor S0 S o B IED, VB MR e o o
mr@@&iﬂ%ﬁ p'éiﬁtﬁzlfoxﬁlncglahmgg ‘f‘enhergalforanyemmagl fpurpdses or for

re a as be [
a5 oS Pl SRR I Sorn
corﬁll‘f&fsglri HeontilecHPMSErs! it i HESIHLE td @bserevinegrdsponds .of the

ctrodes are not built into the device, t

sarbplepbmlogleal entityrioegliestrinal aﬁ@aggm@heafﬂdlga}@qleﬁl\egeﬁgewn be
arr%%%% c?rggcﬁg E)é%p’RSmhgfsreﬁﬁ tl TP it Uid &Ja@m@r tWé asample

ele heasurenents need
blodiy‘tﬁallemtity)ehe#ebymmm@mﬂg itletecirically. fol@mpmcwmpg @lectro-

phyﬁlgligafg:layltdlgépﬁ ng@r i hry'ﬁﬂgr ofr'mtt%gr ngegrrgl‘\ﬁ)ta eth%u'cfe?/lce or

proviRfsAyy aﬁoéﬂ@ﬁﬁaﬂdmbasatem@mﬂsystem minalyobé ucmrtecmen! tto these
operation nmodule. The term"mcrofluidic unit

eleg edam on nodule" refers to mcrofluidic structures,
whi ch can carry out unit operations of microfluidics,
i ncluding mxing, separation, reaction, punpin

dDdpprSthey apdl@élﬂﬁﬁng\/h"ﬂbrth@ché Qﬁﬂduheesui%ijpafﬁe'”c""des
elerﬁftr&pg {ﬁy%%%ﬁoﬁl\t e liERRg UoY %aﬂﬂﬁé?t F%ﬁn%p&é#d&rve a variety of

Sers, ers, i cropu ectors,
PURRIERE| cludisg rpvwcoecemmtmgaaaammecwmhd@r@SG[C{)QO]‘%'%FOKIHGUC

trapRi: (41 NG SR At oS8T 2R, ZL B34 PR bRamples of

flltélcep{\%\e tdggn%ﬂd@@.&?cmﬁet BNlNltgleelr@Cbn' Lhmlsolaimuoﬁeaemw sample, for
upstream poi n

e 1 b R oA Ry e

th d%%%%@ﬁfe%?{i o o ér’chQ%rﬁtaﬂﬁﬁﬂ dhﬁﬁibéﬂeBy‘lﬂp"leﬁg fl ugtion force

to't i ons through the i nmobi
in fze chamnel resentén thevilier memMber oRjiEles S&T&allﬁéltha%ﬂ"e diameter of

%O,'P%rﬁ ?gtg%%ﬁgér?l of o8 LSRN WS iaNiRXtciEnel and be

appl i'cations, ['ectrode arranged i
digdiarged into the second fluid chamber Parhcles larger than this dlameter are

trapped and remain within the first fluid chamber

[042] The device of the invention can be scaled up to process large
quantities of the same or different samples simultaneously. For this purpose, the
device may include a plurality of channels defined in the filler member, all of
which are arranged in the portion of the filler member occupying a single recess.
Alternatively, in a preferred embodiment, there may be a plurality of recesses
defined in the base substrate and the filler member has corresponding portions
thereof arranged in each recess. Each portion of the filler member occupying the

recess may have defined therein a channel. A partitioning element comprising a
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upstream side of the immobilised particle nmaybe terned
a reference el ectrode, and the el ectrode arranged in

wo b@7dsesmst ream si de of the i mmobilised parti cPEI/fa3006/800137
termed a sensing electrode. More than one reference

pl@bﬂztdfo@}%rﬁmis PRy aen@eagtoeéé;féréeda ;ﬂafanaewﬂﬁsttar@ﬂ@dsecond

in the channel g close to i rmobi | i sed
[

fluigh chagerss (@ach; @ﬁl‘ﬁ@'c fshassedlofo s%ﬂ?ﬂysrﬂg Pplgedibs ofr particles

sirh@tarsdd ating/ el ectrocuting or noving the _
'rﬁ%bl I@ed parti cI e or for altering conditions in the

fluid chanbers. is desired to observe the

SRR S DR, oAb s SRS e
chahfbepangl a |pwramg seicone fiujd Elaameseiilidly conrsotisd td thd frdt fluid
e .bi

chEFERE i ey DRy TP e an (G B tionBoeERment. In another

embodinehfdH pRirality @ iHIcERE fétrﬁédi‘ lirt 6 firseisiFf8Ee of the partitioning
integrated into the device or provided by an external

eleppant, ranek @ Phality rgf m@etﬁeareomweenttb\et peeand surface of the
1 t

suBLEAEL ORSE PAIor HRE BRIl S AR 1 R gL 1o

cofrespending aftlepaf tsaid pbtralitylo(f@utlegs mmas:hamehformeidew;thm the

ool Y63 ORI B o RS AR g st

chfamlbe.Arfef snfﬂjhﬂlmeoZ&Oﬁrocé%slean %)em&diﬁferﬁs(a{ﬁg 86card fluid
. t e .

chatnbess Pl soTated fiom ac Aifies 10 Upw, indeaedsht sledtusal sgeordings

to QR tAiterRCTONREHiERE AhRY aRbAGEMENE ﬂﬂ’é‘%‘aﬁnt%ﬁﬂga'e'ﬂérﬂgnt may be

particles that are to be sieved out into
bOfw'%qi doc,tharmektl-wgi/aérﬁpslsyphgthat saeh maiﬁt ﬂfameapluﬁahth@f inlets is in

a“@@ ?{Nltﬂre%%%”lhdlvgjl Jt'c'h%ﬁ{ i narr itil%lf‘ﬁfst Shampbers. In

er than t er 0 secC
a funibet reambediment, tmndewce rufdhehevenntmmma)andrripase a plurahty of

oofBFIHE el 49, S b BRI G arBRhS? st
chambler gohstitufing sie Muitl-weltBamiper [ 042] The device of the

i nvention can be scaled up to process |large quantities
of the same or different sanples simltaneously. For

rﬁua] plwmemtsdzﬁm@ﬁwtﬁe d&icd BaHeERaRky Ebep%eEBé Qubstantlally
annel s defined in the filler menber,” all

trappeargnt £3geing ﬁuw@teoThe SAPBING aebstrate ds lrn@n@ed in the device
asgge rrg% ﬁﬁ?tla%he uﬁﬁcﬁ% gﬂstsefzg@er‘ VtS: %ersal: ﬂ? ?/an(}/f open fluidic
chambes i the base substrate. It may be in the form of a flat structure and/or a
thick multi-layered structured having defined therein fluidic structures such as
fluidic chambers, fluidic channels, fluidic input and/or output ports, etc. The
capping substrate may be derived from any suitable substantially transparent
materials such as glass or transparent polymers. The capping substrate may be
attached to device by means of bonding, typically after the formation of fluidic
chambers on two sides of the channel element and after opaque components of
the handling substrate are removed. In the context of the specification, the term
“capping substrate” may be used interchangeably with or is to be understood as
being analogous to the terms “final handle substrate” and “final handle wafer”.
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defined in the base substrate and the filler nenber
has correspondi ng portions thereof arranged in each

w0 e@aas9siEach portion of the filler menber occR@YBGL06/000137
the recess may have defined therein a channel. A

@é}i trh@NhshtRIreaB8 thréRa®s hshemoarbe farhiiny adbterbigrateh slamp
y ‘be used to separate a pl urallt%ﬁof fi

d/ or.
aper&wemwngjpatc@h@m&rg,s tk@@th:feoqat |@ﬁ§. utpgtaué%lty Sg;ulé)rrm shape,
ancfﬁﬁtbﬁcjﬁgﬁq{g%ﬁ%@-lsbﬁﬂ?ﬁfdia?ﬁét%? & % PG bRRRGYREYo AdbAletres.

ment, the device conprises one common
Thé i fabticatiar fc leratrpatol charinetsalwitly ciistitardgepelyies presents

o R R EEREAS BT, S 8 it

witg! £ eRallar SRapsdh e tragsbaintemdterial. pA wiralllar yinlet is impogant for
are fornmed in the fi

t f f th titiopi
achipunGR 1ok SR AN Pt SHTACRo PoFamRlR. i el RSN the
apar&% Yrdaeengbrdehe substrate. Each inlet of the

P

urality of inlets is fluidly connected to a
corresponding outlet of said plurality of outlets via

39%?@?@%{“&@&%\%%5%@@6@”{’%i&# hfltBod SR dd¥d herein provides

e placéd w thin each individual
latérial Shafihels thittaabe forfreed isi transpanedusatarisdeend vgth supstantially

. bot h, enbodi nent he second f.| ui d

cieder 94 fhrmedian SomBroes it e AeRiy ity transparent

ba&é 8abstr&a! e%rfoeﬁ?hcfbﬂﬁ?\_g:@ré&sbatklersurfﬁtmeanfhhe\basemwgtrate. The
arrangenent, e partitioning. el enent may he bonded,to

regese ﬁ@ptbe Vt@rrpegr Y%y2rYuERNY .torgicrﬂepms e%p;gpagf?e?or e base

suBétgét@! r(lgtai/?rf?%l,_ LS \ﬁ%t ERhRlg. aTHEEAIm&Ndibne @t fthe recess can be
I ndi vi dua irst chanper of said plurality of first ,

varibdseosing to dhe sizenet thenpastipieciat be eralysed b ope eodiment,
I nvent i 0 ' |4 Lt Db I, @01

tn, B 13 dBka OB ERR, Aot 8.1 L, & 26012 LT AT the length

is betwaterf about chantbeabondnB0iut i ng the mul ti-wel | array.

[044] In one enbodi nent, the device additionally
conprises a substantially transparent cappi ng
SHRTY " at 4F bABe SERPiaNg cowilniseat silicen idiokideed varigtheof etching
devi Ce as a capping structure, suc a gl ass cover, a:
soluiogstaruie aispdogerending d%fbth@h*é(ﬁﬁé?r} ﬁ?ipqrh&%@eepresem- Silicon
di&ﬂ&’?%‘i&ﬁﬁg ;}é hﬁﬁ%@@ Arfisdthspié auENETthe fadtahabtheustiatigechemical
or a I ck mu d

and nmul'tr-Tayered structured having deféned
barkle betwedn hei silisen (andicxygen dieasises | ighdPemasidpent © break.

£l uidi . | uidisc i 1L v g
o I o W e sscone
towardsatiiflerentolypes tf altehing sahdipasemypicaterhighly dmm?/ axides etch
fa%tlg?séagoc{xiéersa\?v?tﬁaﬁig N RAYIRLSht iR JfARP! Tt SHBRdaRtéaction for

this etching process is given below:
SiO; (s) + CF4 (g) + plasma -----—--- > SiF4 (g) + CO (9)

[048] After forming the recess, a substantially transparent separation
layer is formed on the surface of the base substrate. This surface preferably
includes the surface of the recess the defining the recess. For example, the
separation layer may comprise 100 nm polysilicon or silicon nitride.
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attached to device by neans of bonding, typically

after the formation of fluidic chanbers on two sides
woetowha9sehannel el ement and after opaque conpoPENs862006/000137

the handling substrate are renoved. In the context of

fdud Spe%mhgff‘r‘ié’c IE@%b%E&HéntWé’é eﬁq tthétr@c%&géft\rgﬁﬁlling

USG Interc or I's t erstoo
matggiah gapakie o omomghl@ sujtabie Tari this phamlee I winet embetiment,

ad " . . " 5L i i . al .
e g 8 A G o ad L THE, DOUE" AL, motera
prefgpably tas hdeiwnglapatteamsitioaT mateﬁialt batmalreepmfel‘a&ﬂgstmth a glass
verEL e S5 580het e B o b e Bt he
fillinge mede thee Tarrid d‘u‘rllbfdrCéli'(élrﬂfjleOfbyI Aleaing! oP & ‘"diarﬁ)'%ﬁf?n'ﬂleb?ocess

W th ci rcuI ar geonetries presents several prob
Exagmples of pap 'cath'ﬁeﬂ@pawaoa.prrwetaﬂeﬁ.na@uqie] pbaﬂm%enhgn@ed chemical

vapB@F ‘?féprhSE S oW, téi??é‘stﬁbr fﬁ’érﬁ(ca? %ngSuﬂ He?o%lﬁaﬂs Qﬁf) %[i.]rtnosphenc

matertal. A CIr I'sS | or ac
chemlcalg\mpos:edleposmonx oepBysi¢alompour depasitibe, The gjl]llmg materlal is

f t f.
coupis Y SHOoEE, FRELLGEE 9By O4s S S0 Ffp winn: i
pambuiaﬂ ﬂfeevlohelsehonb@rtfappb‘dsalo@beﬂh@l recess N &n%rﬁboéﬁﬁant the
nﬁ% h]@?ga rent terials and with substantlally
feC%err'é gf WiK] Blieg meferiaLYiaideresilion BEoGasss Whishogsylts ¢n non-
conﬂ)rmél’%hﬁﬁéé WpoyrapRy 6Pﬂ’feem|n§’ ﬁ%eﬁél%ttﬁé‘tréc@%g It Gﬁ{ér words,

rn1ng a recess In a surface base trat
the ﬂhl@,nq et dbe resaspwitho anfiling ymateyiat eemprisesndepositing the filling

mat%@tgi gﬁ@ﬁl}lﬁgf&%ﬁé he. J’Qﬁ&ﬁéibﬁ% %Laﬁsgg‘ttﬁé'ﬂ'm ?H%tgngf’ to pinch

di mensi ons € receéss
together atithe: opedinggend of ttise semsofthen‘ebynmnpm @ vaidba the filling

me 81 5o B BRI b 8 Al bRt PSS o

recéss toethempposimguend ofithet xcabs! UThéO@idfﬁBntélﬁﬁH\? bfas?@%mnch the
a variety o

rate C rises silicon dio
depBBAN 15 CSTRA S oS Py BETNEIOr Gsdoh Aol the t ype
of silicon dioxide present. Silicon dioxide etching is
|ntr|nS|caIIy ani sotropic due to the fact that the
é'hé?ﬁecgmlwfmeb ttmeﬁllmgemgterlaécﬁorwms@(ﬁgead silicon

oA ASCIIGTSSEEREs P SRS o e i
flowr ide ttheinecess 196\/\arldw1di| ﬁfeeebgmmmymzmgosumm iteigsion and thus
cunilyt 1S ae T B i, BB ol Bk S gl R e 1
smadhlemmaherreaghledgef@bf unideriging leatures OBewWeVes, 86 ffite silicon
d|0X|dee requires high temperatures of about 1300°C to about 1400°C to flow
readily, introducing dopants into the silicon dioxide can reduce the softening
point (re-flow temperature) of the silicon dioxide. In some embodiments,
phosphorus may be added to obtain phosphosilicate glass (PSG) that flows
readily at 1000 °C for 6 to 8 weight% P in the alloy. Alternatively, boron may be
added to obtain borosilicate glass (BSG) or boro-phosphosilicate glass (BPSG).
Alternatively, borophosphosilicate glass (BPSG) can also achieve a lower flow
temperature: typically around 900°C for 4-5 wt.% of each dopant. Arsenic may
also be employed as an additional dopant in each case. Apart from these

materials, a further alternative is methylsiloxene, a Si-O polymer with attached
18



SS2 (s) + CF4 (g) + plasma > SiF4 (g) + CO (g) [048]

After formng the recess, a substantially transparent
wae@anagsion | ayer is formed on the surface of POESGE®&000137

substrate. This surface preferably includes the

methyll grfups, doRtmoRlgaafovim asdspintbmelass (S@@QS%OG—'% a material
exanpl e, the separation |ayer nmay conprise

copun9aly| yseghindabtsatingosilionn ntearaterh gircuity anqhge ﬁﬁn@nailwused as
a PIENAHARG WRAY YroloSirotth SHEcddBribiSfhodia¥ny || 1 N9

mat eri al capabl orm ng 1s suit
pur pose. I n one enbodi nent, the f||||ng mat eri al

s B, ooy ot SR bk TSR sy

fonmerdaopraff etchistyp Wyeh [a gdrrsal, thabtdH stop lhpsmaapberselected on
Est rate

that. is. thap that, of the base su
i B30 e g n ST S Syt st
Iayéy nBABE uebddFoBRPSiIfp0b8E. Péloé)@—:ﬁﬁpleEéﬁ'B%ﬁ&o? layer comprising a
ﬁpllcable dep03|t|on processes | nclud

aerdnandia vsed.\epens whigh slomprises| 50«5) medkennal oxide and
10 159Hﬁ1"b?@ ch\ﬁﬂpﬁlﬂfdedweﬁé ghéi’@ralﬁ bfh%t g&%ogﬁ)rgo y%l:‘ l&%;[gd on a

vapour depositi on, ysical’ vapour
conventiongl neitieon avaies/chigp adhitaiedblentfromhsilicen eﬁmndlnlesu dhcluding

CRRIICR VaRf b8 corRSirngheres, elifel Sritatgh SE) waers
and rdilimtinnEninsuldier (S safers. f| Il ed with filling materi al
via a deposition process, which results in

nonconf ormal surface topography of the filling
15 TIEBQII al Affértd‘ﬁﬁ)dsﬂ%‘hsﬁs cbﬁlp‘lﬁtﬁéraﬁ@r&d%ld Retrfabbla!jrﬁﬂ e filler
e recess wth l'ing material conpri

mefebesi thenfloped ﬁlllptpn n@XIﬁﬁt gaterial; ia @ublsgqu@aiéwubjecéed to a
coﬁ@t'ﬂBﬁrthéﬂ"@éus%%‘%?%sdéﬂaﬁnféﬁd P&?}V{Tﬁﬁgféb?es@%gm&%bshape of the

toget her at the opening end
VOldrf@pwerrguallw‘imrm 4 shanmelfin Ithé g peetsiidoal ox@'dnmaatendl In general,

h. h fill b f
the SRRt Plctetra B el ad woiEiny T Peteeq BEREE on the
20 w1dfth€10&ctep1h calid af the rebesy aﬁoﬂllé thﬁh@ Fedé%f% d@m&ildr’r presisbire of the
AT SBi0° To Siaiid RS POSERE fior FOTFy (hat upRaby Simultaneously
depOSBAG L UNFHORE dayer bﬁﬂfé @b?édﬂ dcﬁhcgﬁy Bkiae! tln)éterfdl 'dva Qhé Sateral

achi eved by softening t mat eri al ting
Wa|"§ of thevrecess, ane sub&%ser&b/ heatinguthe, dqméir%mﬂn oxnde material in

LG 41 AgwS Wdvat Sntolited pﬂ Vﬁ"Wal | MPiSe HYpEAL ﬁ[ngnn lohides > material

esirable to use such rocesses Wt el ec
25 arthis’im opering of the)cetcelshealmme;shalaidgmlcaﬂy doddo Isyriesg relaxatlon

the 8% SriRioa Y ora, BouBly et soufi Fork BB The doed
siliﬁd)m)\MXIde material to deform the doped silicon oxide material sufficiently to
achieve an at least substantially circular aperture or channel depends on the
initial void dimension, deposition conditions, heating temperature, heating

30 pressure and final dimension of the aperture. It can vary from few minutes to few
hours.

[053] In one embodiment, the doped silicon oxide material is heated
above its glass transition temperature, but below the melting point in order to

35 bring about the deformation of the doped silicon oxide material without melting it.
19



10

15

20

25

30

35

readi ly, introducing dopants into the silicon dioxide

can reduce the softening point (re-flow tenperature)
wotoorhsossi | i con di oxide. I n sone enbodi nents, PCT/SG2006/000137

phosphorus nay be added to obtain phosphosilicate

Tegi;ﬁe&atdré’%gé b@t/vhﬁdrph‘éat r%aeﬁldaw.@d owﬁfbyO&e betweer Qb&lt 800°C

ght% P in the al ternatively, "boron may
to 2095k 129086+ fer i rR%'PF’ﬁ ftketyegnsah@ej0 geconds to “about 240

mlﬁﬁfe% WH%S@%%§P1LE! Ef"mlcﬁ'}a %@%&@ke%b@é%ﬁk‘#@ i the range of

bor ophos I cate can al so athieve
abput/\ér TfOIrrb\hmmmﬁré@ u'FQa"r, M’lpjecm‘ﬂbyv aressute 980abbulr aﬁnﬁsphenc
é@su/&of each dopant. Arsenic may al so be enpl oyed as
an addi tional dopant in each case. Apart fromthese
materials, a further alternative is nethylsiloxene, a

S PO yogg(glﬁvr\gb t ?écéggcgg%g Rt b g 88 Charel, including

ﬂui@iokfﬁﬁﬁib\érélsﬁﬂc#dﬂufo‘?@rdh‘éﬁhé!%g (drtd, CeRd | SbEGIcat %‘F’rcrltry may be
circuits and is generally used as a planari zing

integratedwitle theo gericeurFhe darmatiop it sUch netgicipiep. is wnthm the
kn&@%ﬁb e Bf %&'%rklllte?egarg}ﬁ@,n nBVI‘ﬁ%yeﬁérHa?ﬁ?d f. B z?S$x r%ple via a

rate is pre ormed’ on an etch sto
combpinptiosrefigtching, depdsitiaroand hyedingsgyrobedsrekdott e;damplet he
basis of its differential etch rate in Si etching
solutions. Any variety etch stop |layer may be used for

t[055] pur p‘heech&m'feleedamhti‘(oranaﬁttmlr? %rh@m?fcan bﬁ fabricated
or one whic

ris all o use
'“C@&%Plﬁe A ?ﬁ%@fﬁ’a edowfﬁa OthelicampeBeRs ter fosm 2 complete
delick! be& miprss RirRieRr ﬁ\%h?éhthkféﬂy%%ﬁttﬁ@ He%ﬂefo hssemble it with

| ocated on a conventional silicon wafer/
othsst spmpeNents: ok $inei epbodgnaEk i the qhﬂanaljua’v@nent is fabricated

mo%%ﬁaéﬁﬂ?iﬂn %\Cﬁépéﬂ?@%ﬁbstﬁtg%u@%@ %F hedR e r.gny, other

I"I'con ‘epl t axi and i'con on 1 nsu
su@ﬁﬂh)ﬂﬁ@ﬁe? kaviag ancsteh skt Ialyedapdhamgwa lsaffmmnbllyearm size for

d d t h | | o« h
s B AR R BB, T U SRR vt
mayolml used ﬂnﬂei‘ﬂtarmlabﬁj?witﬂ?] oif s ttﬁb@ YUﬁMQ?bélfa}som%mg féﬁfaﬁf@b us to
e 0 e v event ua or m
theg fEtTRe il PraBOlEb Suteteate’ b "Bl chanie Maiet. et forming the
ch&eisr alemére lﬂ%ofrﬁﬁéﬂe%dp%ﬁee%ﬁhéeaO(thgﬁ{gﬁ %9&1‘1? fusion or

void in the recess depends on the
adpesive kanding eledeliisa prebminary oghamber dskas msfqrm@d in a

suBSERRIP Aol bl Eso b BARTTLE o ks supery or o
traasmfeﬁbpﬂtth@rubetrateh,ethdrmnw|3||ding:’dne pnelmimaratohanﬁder into two
Sl S g bBeBled, v PGB, ARG S shotner
embodiment, monolithic fabrication is carried out in which the channel element is
first fabricated in a base substrate of sufficiently large size, and subsequently,
the first and second fluid chambers is formed monolithically in the base
substrate, with the channel of the channel element connecting the two fluid
chambers. In either fabrication methods, a substantially transparent capping
substrate (e.g. glass or transparent polymer substrate as well) may be bonded
over the channel element to cover the top of the fluid chambers. The capping
substrate may have pre-drilled holes (for fluidic inputs and outputs) so that fluidic

chambers may be accessed by electrodes for the measurements. Any opaque
20



10

15

20

25

30

35

order that it flows down into the base wall. The doped
silicon oxide material 25 around the opening of the

WO e@ea395pi nches automatically due to stress rePErRaGR0O600137
t hereby envel oping a void beneath. The tine required

mAtahpRisentin fhe mag%db‘sﬁ% Sholg 19 15 'ré%ob@d A&t Brior to

t he doped silicon oxide material sufficiently t
bogeineifea prelpinpaashambes et inet end of rrmoathlgfahrtqanenan order

I ?gg voi d di nensi on,
to?%gcraé;"i%ﬁ gﬁﬁ on p? Eﬁet {5{"% t enperature, heatl ng 30

pressure and final dinmension of the aperture. It can

isBl; o ol BigBiot el R Phtne ietantinyarip e at the

chaboekcioss gctien dmwm%Idnsotls%r’(S @gm@@tdﬂ%@ ,a}rﬂ?éoﬁﬁil@d fhfsugh the
SelRHiG i PRIANe R B IS0 e cioed AbCRRaHide material used 1o
foMh &m@ﬂnerrmbmuw Abdifi snaw Aha'k pRodcAads @Mg@b&m Bﬁ@b'ém hence

Is carried out may bet vvee about 800

caip deC intggratedewithr |0<tiw silicpet irahmolagies 130 realizndsthen device
T
et LB e ST T B 5035 4 o
sp&bialjzeds(wdfe/r prooeksst® Ilkefdlexw"qn beanr kEthograhyyitwafer bonding and
o B B el 5 et i
a singlebdevice by o/apyihyi dimensioagnstlthe reeédsos RAheal FtHd §@Face of
circuitr E@gmterate&wththe devi ce. The
the s MEMEEY 5i6BRCs & oo 4evice G b tseNclot vl different
sizls bheeh blb%l&ﬁrrﬁgﬂacu@%‘j e o?é” fHeeq:haHﬁ?lsf &in 1 be easily

exanpl e, via a comnbi nati on et chi ng, deposi

fo%'éﬂhi%ﬁ‘%?@é‘é@ﬂ“‘@selemef@ﬂaﬁﬁpéhe[ah}lﬁ}/ of Hbe channels to self-align
dulﬁhg'ﬁﬂﬁc tfoh. @?ﬁ&éth @ﬁd@%uﬁggﬁ$F3Ja®%?h o I{gg?srlcﬁec i roughness

ependent [ assenb
is taﬂqwdamswaf@rﬂoonmr@ camipé etsilydearried,outy it may be
formed nonolithically without the need to assenble it
W th other conponents. In one enbodi nent, the channel

eJOsTRNt rr$1efralmmﬂ<tj|edjsvméem@inglw a%tr@ermwélct 8Bthe invention
substrat as, a silicon wafer or any other
CoRTRgH S Trek BHFaEh VbR Jon AOBAINNG b Arper toake tesiacheand a

sedord i€ @Hﬁrhfdetl IhEe |§'%afré&bdeﬁ6)h r{ﬁadfd’s'i‘gﬂ lbncﬁé}ﬁber by a

context of the specification han
pagifipoincelementyacserdiee to the Birsé Hang@a@‘l tyevmventmn Tsheta:hannel in

I u it
th%?agﬁl‘éﬁgﬁfogﬁh IQedr ?t%?ts%:lﬂ l‘gs ﬁ{ﬂ?tt %%et?\e flrg ﬁ $amber
anfidtsnduttet tfages the second fluid chamber, thereby fluidly connecting the first
fluid chamber to the second fluid chamber.

[058] The device according to this aspect represents the general form of
a complete microfluidic chip which can be deployed at the end-user level to
collect samples for analysis. This device 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 chamber
member, for example by bonding, or by forming a first and second fluid
chambers monolithically into the base substrate with the recess with the filler

member arranged between the two fluid chambers.
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channel elenment, it is transferred and bonded (through

anodi ¢, fusion or adhesive bonding, etc.) in a
w@e@iisesmar y chanber that has been fornmed in aPCT/SG2006/000137

substantially transparent secondary base substrate

(e.g. a glass substrate or a transparent polyner

substrate), thereby dividing the prelimnary chamber

i 10891t wo Vfarigug rondifisations kan be mplepwentedto mﬁhm’é\e chip more
BT Yty PR Vo iy

previdedwith a dapping Sabstratatsath as a dlass lididoser & €ovér the top of

e e eBte Hril e Brlnstinehle. A5 HEHAE B lon o Bt phambers
fort h@alb@spumbas rAt the Bhine tile, ehgropiquef cérhgoﬁ&atnﬁ@sem in the

ment connecting the two fluid chanbers. In eit

haPQ 9 shbstraterrnt WhiED the chayurel @lementistfpameg drisially, 'Such as the
siliedRRhSr iﬁ@%ﬁlb@ﬁ ‘%ve(f@r %gQ'b%St%n%véd Wﬁfg EC gQI%’dTﬂcorporate

substrate as wel e bonded over t
ong| afaare mrt%@amble o0& reqq;wng a delivieryneedipdabistroduting a sample

BFRBPR BB TY, RALESBEE Bhild SR G4 Shappers may

alseabe tmenaectedsmi alplueligeof casrmdloto thablevaassiesiyhasallel testing
resent in the ha dl.in

to BRYGAMHBAPEETEE <Erabibns S fe porsrut B lARR Y fp determin

th@@le!cmdﬁaﬁanyﬂsaﬁbﬁnc@é GO E@rtﬁﬂ@' tde BNt IH &ne commercial
tion, in order to achieve a transparent

USE 8 nfatierndh S[apyie mRy BeivaRd dgcopfunctien métthadneasuring
sybteen R/l'/f%l‘?%kéff“f@ﬁéhh Q fr mt EH%I éfek}%ecgﬁ&r\ﬁhlcﬁrgéﬁl fignal provides

section di nensi ons ted and contr

elqqtieal grnsing cireliso Btm‘uqﬂ fqmae anotrel; dateocoldetion ffongxamele.
doped silicon oxide material used to formthe filler
menber. Additionally, the process is CMOS conpati bl e
a[MOhencdan one enthadimegt, areclevtrichl micaeurephéntadsvice is connected

naql real e other devjce c nents || ke
to iﬁeggfﬁq ?‘Psg’ fre é?eonﬁﬁa%@ham 6F FradeigAminiag one or
more dzlemtn@al Glﬁbréafé{?isﬂ& Z#da té&!'ﬁdrtlélé%e?fﬁéselébﬂﬁ%al measurement

el ectron beam |ithogr g waf er bond|@? and | aser
dexiGeafmayncomprige 4 pad, © ﬁiﬁﬁ&@dﬁo(ﬁorcht dpta @ufient iarneoltage

méa'ﬁ&r@rﬁeﬁp'éahlfbﬂﬁj% M SR wiich! @3& V'b%e n%&rﬁéarl}‘nwgt‘h? first fluid

di nensi ons 0 e recesses h& SUrf ac
chambepapd thegeeond ﬂwdmando@nfrcgh@cdess pertsan be used
for analysing different sizes of cells/ biologica
nol ecul es. Furthernore, the channels can be easily
f[06dkd i A futbepaspedtiafrthejnantioans diteetedaotihe wakidfithy device

of e Ve BRORF e 1 P S BB A o gl e
biosengbness the inventon may be used 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 transistor or a conventional
micropipette patch clamp or the sensing electrodes placed within the first and the
second fluid chambers. Common applications for the biosensor include the
screening of drugs (e.g. electrophysiological determination of compound activity
on ion channels in cell membranes is studied) and studies into the characteristics

of cells (studies on the mechanisms of microelectrode electroporation).
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is reduced and wafer bonding can be easily carried

out. [057] The mcrofluidic device according to
wa@p@rhagsiaspect of the invention conprises a fPE€EEG2006/000137

fluid chanber for containing a sanple to be tested,

and a second fluid chanber that is separated fromthe

fiééé fluid chanber by a partitioning el enment
£00%Li ngln therfisat step thesmethodithe fiolpgivalentiinis intreduced into

Lt
RS\ R A S T i ) b Bent o
thedoeentions nareelydinf actatdameaiaith, thehtbird baspelct oﬂthe mventlon or in
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arlcb]zvhﬁzlrﬂnt:er;Idnaete%ﬂl&iddii:lhaf’rﬂfeﬁ%.mc a conplete mcrofluidic
chip which can be depl oyed at the end-user level to

col l ect sanples for analysis. This device nay be

opaedjned Aeﬁ’rgf @ef%ﬁéeﬁélé%dl%?ﬁaleﬁ{ét |§rerssf38irated with a first
exanpl e, by fabricating the partTtioning e

StPWeﬁfeMHﬂlqglcairﬁawtﬁm@qr%m Miehgensing electradesnthag are either

R 3! B2y BRTRTE BYTUR' ooy RAR bvipmont

ormng a
Tharaatier, sthﬁohlologlctal oaritity is rﬁxposbd foasecenditidn @l‘restmmlhs that is

T e
toi suﬂreaecnimutlcbm mt&k@é barretihdin 6@?&@] érﬁfty I%ﬂﬁ' aCéhemical
exanpl e devi ce

hand| d t t at
N Y08 JeBaPB o aeas: fas STGAcY we'e Baabiokgicel entity, in
pa@h@ﬂér 4 cUh@a,weél b@m?)@ldﬁﬁ \tvhﬁ;ht %SOTS %Gg?éétéb el Be"BEhable of

and the base substrate, as wel f the
m@‘i"dj‘?ﬁ”%Hﬁﬁb'@ﬂsch%ﬂ”%é&h%@%u@@dﬁ@sblOMIQaieerﬁawethe berm also

in@0Ye Rﬂ.ﬂ@? handl i ng substrate
non vﬁi cht 9§ﬁanne’ gﬁ@%}glc%l Fﬂ%d initially, such
as the silicon layer in a silicon wafer, may be

o o 5 S8 B DMt B PlodEdl aitnbphanges, and a

secohd odlectrivgl asigmarptiaat i gt aséétﬂaﬂ‘edr siithf e dcfﬁh@@’@eé’eatth:@rof the
bIar@ scaletetln arrays of fluid chanbers may al so
iI)Jeashn 801y gmqwg?. {9 dheciramddion tis hripde measured.

Mo FeHRInts F@ﬂﬁﬂb'ﬁ%’fst bﬁatfh@zgsé&)ﬂ%P ﬁéeﬂds@ﬁél é)ﬁorgto and after

screenlngs can be carried out sinultaneou
expadienin dhe rengitioacmayt b@fmwﬂ%dlbmta@mémuousla, paadriing d¢hat the

elédﬁ@aloél RSls! hay! ?«ﬁo&%tlﬁﬁgﬂakah%lmtgiseﬁ gem{e SB5) B¥RASUsR to the

t ation, devi ce use
cowd ttn@naun’elﬁtmnhg binjegieah ettity bxhlbicts she @abextgnt ofthmdffeet of the

cofl@MiofiSApd Whi ch addi tional provides

[065] In cell membrane studies, e.g. studies characterising membrane
polarisation, or studies determining trans-membrane threshold potential for pore
formation can be made by making a first measurement of the electrical signal of
the environment upstream and downstream of the biological entity in order to
determine the ion current flow through the biological entity. Subsequently, after
having exposed the biological entity to a condition suspected of being capable of
altering the status of the cell, a second measurement of the ion current is made

and is compared to the first measurement. The differences between the first and
23



el ectrical sensing circuitry, suction force control,

data col l ection, for exanple. [060] In one enbodi nent,
wa@rooghaaestr i cal nmeasurenent device i s connect edPCDSGH®6/000137

first fluid chanber and the second fluid chanber for
théledeRbAH hBEsGRenEHt Ea ‘beeb&ﬁg)éfé?ﬁlto %ﬂ!&cfr?%k%ttlggslit&fature to

a test particle(s). The electrical neasurenent
defernine ietber thereiis amtalue ehepgesn dbeneiotogiral endity before and

oGS AR S BEE, R Sy ey b

cosyrved ddainst @ Honobar efactinahcigrsad that is knp@éilio éorrespond to a

s chgHbbd StaiBP aibRtv R e bt le st BridifeRige himeeh the first
anglt &teissezbnd Bl C@\bn@lmméw bd ra:omsm{eal to tthe pre-determined
sensor of the invent on may be used

fhr&ﬁﬁpkdc%éﬁptswar sigiet valyes, aetth@tpwpgn 6h@gnagmtucye of the difference
befRasy (IRt anafthi lc8al ‘é?éctﬁégl's‘idrf‘a‘? i$¥Hr eﬁﬁqﬁ\eﬂhlesmagmtude of

Such ai)ﬁpl i cations typi cal require contact
the mee-gietarounedithieshp el@@trmgl signial yabug, 4he condition to which the

: t ns.o0 &r 0
10 bOSGEET IR DSBS e To o A0SR, B, b o
chahgingritscsatusl aced within the first and t he second
fluid chanbers. Common applications for the biosensor
i nclude the screening of drugs (e.g.

enoeelrophw@asnjremeﬁeé dfether fiistaahd@Br OdecoPP@lEtical signal may
actjvit i on cha nels in cell menbranes is studied)

CconyRiIsst aéé'r*Pfﬁ?a glestrigat sureant ceassing ethrauglytamy dype of

15 traPBpbHStiRaliénbSaBd %tH"Fh %F %Iﬁ%&irﬁ% the reglop of the cell on which
el ectroporation).[O In the Tirst ste

thersguelian fatee blsoagghe,cm Ireraccokdansei mthoconwtlmnab pateh clamp
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e enbodi nent ~ of i nven
whae: oelilan cell wittabhet @pploacth, as pecd frafynidnt of rvesit using dhe inside-

ouf Bl SGEER rireiTh, o 8 eshAC TP IOHE St Gluies 1 a cell
20 indlhdé (hr@lh@lﬁlebeol[oQ\ﬁ@ @rddtirel (dcated anca) cel %éfﬁb@é\*\e anion

i s assomated wth a first status of the

Chﬁﬁ'fg@rlégucéﬁpn eRBARREIS s ANk 1ERNSPOIErss efation) teansporietesreceptor
prétBils 8RE tﬁh&ﬂﬁ?r pldbiRE! M&uldthent be taﬁ"ﬁr%{3 e‘Péctf?éa?Vélgﬁgl may

by an external measuring equi prent. ereafter
CORiPHiIse gMEASUBAY i ayrefgre@zpoe@@trml aatentlt obriher sample solution

o i ol OGSyl SR Bin PRORLA, om o

25 refarermedélectoode rmésmiﬁsetsthertoprsﬂjria@etctfethbl lbibegnhsar! arenivhich is in
em ca ound whi ch is being evaluated for
colfebf W § Rafiibe BOURGET cal entity, in

[067] In one embodiment, immobilization of the biological entity onto the

biosensor is performed by means of suction force that is generated at the inlet as
30 well as any other suitable types of forces such as dielectrophoresis. When a
sample fluid is placed in the first fluid chamber, any suction force applied through
the channel results in fluid being drawn through the channel, and then entering
the inlet and subsequently draining through the aperture downstream of the
channel, namely the outlet. By applying a sufficiently strong suction force, the

35 particle is drawn towards the inlet and eventually becomes patched over the
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particul ar a chem cal conpound which has is suspected

to be capable of nodul ating the ion channel behavi our
woroorha9shi ol ogi cal entity; the term al so i ncl UBEBESG2006/000137

electrically stinmulating the biological entity. [064]

mlé’%ffo%ugq‘g gr Svérothehed g6l thieperfuie dpdaheaisalestrivts the free

a second el ectri caI signal that is
flowsd dichand ions trokgh dharsfeanst dihis agangamepi sklishgs a high

eleﬁﬁtg'gweesigtérﬁée gégloé\%reth[e%ﬁe!?ﬁlré OfistdiRfloh Sf%lk?)%l &h be generated

Ur enrent s first and the second
by etittairawing| fluid draah thei second fiuid chiandrerdxpomans efoa tsiyenge, for

exé:rﬁggzI g@tlgﬁ%{%egéﬁréllﬁgﬂéeoﬁte[?éfer%%é%%%ﬂ% g %W'srﬂl%tlon of the
[ $Stsh B&talng fiie BioRscdl @ntity.t he condi tion, until

ter the biological entity exhibits the full extent
of the effect of the condition on it. [065] In cell

gﬁﬁ&i ane éﬁd'd%% 8hd: dSViekli 18S cEMT Gt @6h@émm>neerﬁat@ma:|amp
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ki
onfRbeB ol bblnet B ST i Suof Gt @b orclotace
potﬁrmbogﬁtoﬁfa?e erdmp)ini EEB(Ibfﬂiﬂd chanﬂber andita eneaeredhe ionic currents
curren ow, t
congiycled @srrgs,the IPE)% B/ 'Slgl‘équtﬁgﬁ%tpé‘t%@faé gcross the cell
méfibidngé dfahé biegichl emtity Wﬂ@@@ﬂ@%ﬁts betmgfntsapwdtmabélgnal may

altering the status of the cell, a sec asur.enen
cogtprisRemiegs UG r at eIpstrical Cusieat |%39&mﬁ)35@d{€5?‘ 3 rlgast one ion

chEhré?lt isORASY ViREAL theTI'r‘ﬁ%lghféfsﬁ?é‘%ﬁ ostweieR tHee shiticit force is
an e

dt’he 'second measur nt can be conpared to values in
appkédting literature to deternine whether there is a
status change in the biological entity before and
after exposure to the condition. For exanple, the

kpmmd lellfedtasiretlai,l optlgaiabnalyylsbeanom)araerdedgalumm augment the
nown el ectri ca hat Kk

5L ShESL R SRS Rt R Y6011 SRR G bo
adi'j'ertS A8 §iestIRfidvRRANTDRS td iassist antlnmae operatodtcelisatily defermine

gnal may be conpared to the det ernj.ned t hreshol
thel sletusi &4l the: gRal ToEMesbY d5t RIIOGIFRINCOHY RUGR Fgqgiet. The

vﬁ{alﬁgﬁo ﬁfufbgfaerﬁ%ecgﬁt pgre%eéd]&ﬁf el steH hdecthrE@Adbromide or

si gnal an the magni tude of the
digodiume fleonesoeid, tthr @xaoiplecllfethe ipigmesi gaqaﬂee{zatra\éelllrﬂgménto the

SO PBA TpSDiF I 3 08 i, Pt stom

meéteidimade to immobilise the biological entlty over the aperture

[070] Apart from patch clamp applications, the device of the invention
can also be formed in a manner required for carrying out various other
applications such as capillary electrophoresis or DNA sieving. The device can
also be used to immobilize or filtering any type of small particle over the laterally
arranged aperture located on the filler member. For example, the device can be
used for filtering and for trapping certain types of biological entities such as
viruses and pathogens. For filtering applications, the diameter of the inlet
aperture can be in the sub-micron range. Application of suction force results in

biological entities which are smaller than the aperture diameter to enter the
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[066] Measurenents of the first and/or second

el ectrical signal may conprise neasurenents of
webk@ctsisenl current passing through any type oPCT/SG2006/000137

transport structure located within or isolated from

apdreire Qﬁhd) thef tiabel efbligR! “th\éhbﬁéhﬁé] SniH %é %'ecf)l% GfﬁJldi 5ch:amber

plie In accordance wi th conventional patch cl
W'?‘%c‘ﬁfﬁﬁqﬂ@@'deﬁﬂém?é%yapéﬁéMlthﬂmih%ﬂarst:ﬁwdlQh@mhﬂl' on an
intact cell using the whole cell or cell attached
a proach, or on a fragnent of a cell using the
MdeoutThese aspestsief: tbetinegniiovagii.bd motd fudly nesieesibod in view

in a cell include an f the
Of o‘ﬁb@ rll’é;g §\5§‘5§}t"§be§rﬁ"888§8&".%%"'19@‘!"9 %\#H??%?re ani on
channel s, cation channels, anion transporters, cation
transporters, 0 -|ns and b|nd|n orotelns
Measur ement & 1ON OF -HHE DRAWING
conprise measuring a reference el ectr| cal potent| al of
the sanple solution containing the biological entity,
sH7@] el ednrarder tpsnderstand dbe nyesentsinvedtion @mdato demonstrate
t f the
ok, SRS EnC e e e 5 E8lrickl ol IR ghfick braEigf srhBiSments
wil abwt h_)e;)desq‘,rll@‘d] by wayrod rmnbludlrt]lmgb@qamp‘m@bhl_yi, adthi ?mreﬁge to the
entity.onto the biosensor is perforne
acégﬁ\?%ﬁ@%é@ms th¥' ce that is generated at the
inlet as vveII as any other suitable types of forces
S.ngg; as g:l E%r phoresis. Wen a sanple fluidis
ol{3dq i Fignh OWSt By CEOSSheRalional Mg sefcei BHcdkisic device
ac@@ﬁhmgfﬁb hh %Qéﬂiblér?%rﬁ@&ﬁlﬁ% nt! B MBSstdivd ELHrgssbﬁé&%nlal view of

drawn t hr ough the” channe and-t hen enterin
a %ﬁgjn@rmto%fetaaaﬂwqe shewingray chammjgmth Hiemsgier obaleout 1 pm formed

WBYEE Rl BRI 5t b sl vow o

segeent of the d;ewlmeaahongaa dbantel with adismeteeVargbritidnythe width of

h
the GEEEEE pBeE Rt PRctalf Bbfe 4h" Pelss: TEle 1R cSiqus & cross
setfimval dfatjk wfc ?ﬁgbm@f tHy audibe tdwimpaneiannEninith diameter of

ran nt es lishes a high electrical resistance
m@@éﬁa'gggﬁ"'@@@' mgdeabopgithedaeesson force can be

gener ated by V\Athdravm ng fluid fromthe second fluid
chanber by nmeans of a syringe, for exanple. Suction
978t caffig 2o owerrr Haasvarsa puss- dectiemalsvisw oof afnother

mi{:@;@gme\ﬁcé%ﬂﬁé A0eREAL i ning the biol ogical entity.

en using the device to carry out conventi onal
patch cl arrp nmeasurenents on a bi ol ogical entity, the

S[%%i ng % Cé ér?éjﬁss a S|mp|i]F eé ld%l'ggam of a lateral patch clamp setup.

[076] Fig. 4A shows a perspective view of a partitioning element having
a plurality of channel; Fig. 4B shows a scanning electron microscope photograph
of a cross section of the plurality of channels.

[077] Fig. 5 shows a top view of a device of the invention in which a
plurality of first fluid chambers and a plurality of second fluid chambers are each
arranged in an array along the partitioning element. Each first fluid chamber is

individually isolated from each other and connected to a respective second
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chanbers may be used both to control the current
(current clanp) or voltage potential (voltage clanp)
w0 poogasdsif | ui d chanber and to neasure the ioniBCT/SG2006/000137
currents conducted across the biological entity or the
isdTRIEer NG cRakRRY VRl 2 8RAASS. the cel | nembrane of the
bi ol ogi cal entity. Measurenents of the first
el ectrical signal may conprise neasuring an electrical

t t
T, 5L 180 B R b A B vt i
whicte tinbhafsimgle flrst fhyiIchathbedr 06 9Lidly cdrseécted to @ppiutality of second

ﬂuﬁg@iﬁﬁé can be carried out to augnent the electrica
t anal ysis. For exanple, a visualization

subst ance can be added to the first fluid chanber to

193 uman, operator to visually determne th
s s off 19hd Sedl 9¢nsrAkHoWydiageami of tig mth@@htcpftﬁabrlcatmg the

deer ofttRe imlrftion. The vi sual i zati on substance can be a
col our dye, such as ethidium brom de or disodium

fluorescein, for exanple. If the pigment is seen

e 1 e 1 e OB Lh Y BRIARS o Ko chamets
Wl‘tlnrl]nstheaeeamSa)fta)bammbbdst'raftef bhﬂdlhb?t xrn]ﬂnh QhsEalbstate \e@id removal
t rt r rom patc
of shBsMRE MG L BTGS2 SRR Sdion pE arpcics gbisined from
thé pragediuré. a manner required for carrying out various

ot her applications such as capillary el ectrophoresis
or DNA sieving. The device can also be used to

i1 7ggorgA itht y L :
2 he S e%éﬁ%’{""?r P it B Befcif Broceefie 6] flgming large
chanpelsranfgngasg partislly MI@G &f tha dgedess oé acbasaoeubsteaief bonding it

wit) bleRs, Q6o i MBI SERLPHE, BT Elor b &HiGE o cross
sealigr ptHne prodyct dletaihied fedm itheprddeelurel et aperture can

be in the sub-mcron range. Application of suction
force results in biological entities which are smaller

t[082] t he RAGEND Wepidls aeebRIpster Rithfikg fahﬂﬂn‘?@ﬂdlﬂ’b%% W|th metal
then tr veI thr&uah the channel into the second fluid

eleairorssrs: OWWPé: ge particles remain trapped within
the fi rst fluid chanber. [071] These aspects of the
invention will be nore fully understood in view of the

fI98Bbwi nF1GeddAi totFign 118 ahdwoarignd D imbges of pgrspectwe views
S |
of ?fggm o ung{er%gt @Edgﬁﬁggpr ik ﬁﬁ%ﬁ%ﬁ% %%tcﬁl)n microscope

phdtograghs, sshewing in particular the circular aperture that is formed in the filler
member. FIG. 11G shows a top view of the device depicted in FIG. 11D.

[084] FIG. 12A and FIG. 12B show a close up portion of a channel under
two different optical imaging modes.

DETAILED DESCRIPTION

[085] A cross-sectional side view through a microfluidic device 10
according to a first embodiment of the present invention is depicted in FIG.1A.

The device comprises a base substrate 11 having a recess (not labelled) that is
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how the present invention may be carried out in

practice, preferred embodi ments will now be described
wogooragosof non-1inmiting exanples only, wth reP€Er/sGR96/000137

to the acconpanying draw ngs, in which: [073] Fig. 1A
occﬂgﬁdﬁs 8? rf]lﬁirngsrﬁa%erf"a‘i W?\"lfﬂ forin@%% ﬁlieranéinﬂb@@ﬁ hUAObSbaﬁmmEyer 12

o an exenplary enbodi nent; Fig. 1B sh
is dlspese¢@@twea|a|the|tmeosu@st@égnﬂén@nsfatfﬂi@r qaimber 14. The filler

mqm eH'I ’E@Q%f, e{g@’éﬁ %|V1¢1Eeﬂase ¢ wP%nﬁPfﬁ“éa%cU@rfa?FdF%@d in the

strate; OMB a
pofiodsst thedilieo mémberivcatedhirsthgnecessf The @aae\m@@trate is formed

on RS RT3 4 D WA PR Bopon tover

174 %?\%lsésmEbﬁ IayléP FIPVR trAnspaeht Yeassi caIﬁQZIHw/y@ afchamber 24 is
segnment of the device show ng a channel wth

bobdefiln@rvér th@ﬁllqrorrmwm d9 f Wrﬂlﬁl""é?oﬁv*é’at“ﬁg‘gr 8@8@9” microscope
(Sé@lﬁ%}h&%@mpﬁn éfgﬁﬁ S [ SAITBAT §Ca CeHthe? @ém@ﬁﬁbc&mﬁm% to an

I c device of the invention
enflioglimanisticive iaveritign. i ¢cranngl withamensignsaf Utﬁat"%l'ﬁ ormed

t 76
i TPRE Ry ECP i AR PP, e TeRB L s ok can
beFe‘F]ﬁno'ﬁngS Iﬂwblflg&r@,camapagatidnekaye?nohmprmsg:oplysmcon is disposed
a, Clros {
B oo 33355851 L L 8 bl ros
seEﬁt?néler ; a:n gngl %%ﬁgﬁt:ﬂ?ﬁtr@ déabetshofwm@ Iarrsblhbtlmldchannel with
of secon
diasmeter ol Ebaged 6 Wk S0 W DG PHRStBRAIN SQRRLr & 3 X 3 um
regé% If%ﬁgvjs'é thét Slods SRafeel |hr%gbrt51"é/9éb)rﬁbhﬁ/of the device

ron1eac ot her an connectéd to a respectlve
sheesiran dn sllipticadl chaonel hamgadrmen%\oras ehdBdbrm py7Ag9 pmy formed

6 sho f |
aBByG ot ¥ AT EFEe o SGTEE T Bt Bhadidat Ao formed
witHinl tisH peceesnected to a plurality of second fluid

chanbers. [079] Fig. 7 is a general flow diagram of

the nmethod of fabricating the device of the invention.

[ (58 F! Ghi§AmiGofiligic ddvidepiot canpbecewwued @s a partitioning
formng small channels within th ecess of a Pl
elemiest whes usegrigiseparate s Huidig chamn B@@r%\f’é‘"bw& ?3&'&)"3(‘9 FIG.
2 Q&hlgﬂm &n He'r%&ss—gécf@lon%l LiRePictt of hekaA 86wt Aken at

roduc obtal ned from
90° from the view in FIG. 1, with the silicon layer 21 removed. It can be seen that

partitioning element 10 is arranged between a first fluidic chamber 291 and a
second fluid chamber 292. Channel 16 extends laterally within the partitioning
element 10 to fluidly connect the first fluidic chamber 291 and a second fluid
chamber 292. Electrodes 26 are provided in the vicinity of each fluid chamber
291, 292 to enable electrical measurements to be taken from each fluid
chamber. If the top of the glass cap 22 is etched open to provide access into the
fluid chambers 291, 292, sample solution can be added in the direction indicated
by the arrow 28 into the first fluidic chamber 291, for example.

[087] FIG. 3 shows a simplified diagram of a setup using a microfluidic
device 30 according to an embodiment of the invention for viewing under a

microscope. The device 30 comprises a central first fluid chamber 421 that is
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the procedure. [081] FIG 9A to FIG 9J depict a

specific procedure for formng |arge channels arranged
W(p;a(mw_lmshy outside of the recess of a base sSubRCT/&8GE06/000137

bondi ng it vvith gl ass substrate and renoval of

Braeh " A0fluid eHamBersdg25,C423 BycC Aritionin télementts 101,
Ser #Q uct 0 tgtlr\#ed frrgmrtshe procedur% o X

102;lenespe<silvehe Atfisgt cebrd6 orsrimgabilisedr eyerut %%%9} &@”]"0“'"9
eleringnE1 h ¢! escetcro?\geéellsﬁ@%% m{}ngl!)f%efovépﬁ@ infdt®f phHitioning

85w var ous es of perspective
eleicand 0of The glabsdiaER isf pltdve:iezdiemtbeptuts 48dn Worﬁ83 through

wh%ﬁ?‘q”l?'@?ngda%' B5L 202 CHAPRRRRERG' 9 PR, AL dovice

arel f insbREd @i_’&osécedébﬁ ﬂmaCcmtrﬁw@rsm’omm e42Dfin tthe dtemla: eo for
depicted in FIG [084] FIG 12

makingl elestrigal gbewﬁﬁmﬁnt% thawre@sumepum@d%rpgpﬁ pr Yoltage
potgﬂgélcéadroé{?%n&[ql %e EntirPEN 30 %%Bh%ﬂré}#s;ﬁé}%ﬁi platform 54,

Ss-Sec view through a m crofl uidi
withl etércstof Gayerch faqrfyg the faamnagenfemﬁﬁ@mme(ﬁbswat% is carried out

us@g %%fl%tggrl‘sf n(i%ﬁ'géogs%gb% #Bs g)ltﬁt%ﬁ |IIHH1 \}lffént%r#&urw% A ?M’bﬁﬁed above

a recess

thd dd\add 80) Thidaticrosospel fDds amanged Ionregwb‘eat@rn igplalipndable 52.
forms a filler menber 14. A separation layer 12 is
di sposed between the base substrate 11 and a filler

g‘ﬁp’@ﬁgdlﬂ erT‘tanéﬁdamGI r;rm‘@{owlaha@maoaimneq;f ftfe invention in
artic

whighy partfioning tekement A corsee 4 pluielty of AhERHe{sor Bmed in the

fill rhﬁeh‘g%‘? AP ?Il‘frayﬁ/ BPEHEHnQQ BN cfbBlsSineke ltAyeM biblogical

i con wa onprises the etch-stop
entigyter bdm:rrwbmllsedsom|a:ermglléapertltlwmg alemaiis [ dasiedg/Assgan be

n b
sefi o dnc! it 'Sah SHATBEL L b B rbephet Feodsl 0o rurver
en{tfditheit ahio bapttioning heterment 3s ssennieotedoto arc I@dil’&YeDP first fluid

chambrob5 haset RlGeakanie GRanbiR Arenhl pefor S RPabds 552
waagﬁmﬂ?‘aéﬂdiﬁge@ WitHinhp sritiéhiag telémemsagel Ihethightordiguration, a

can be seen fromthe fi

largesmeatitycrf drege:rfor 6XPRIPLS. FGNARA %EFP%%?P %eff'%%%%&taneously
Al@@%%iﬁ@%@% Ig!]é k gﬁi@qrrstaﬁ&dta%n%’é’%@ﬂ sy @bepregbgt in the

ano ecti ona a seg of
delvive Meveccmvmgca/vsampdm(we Fi®i Q)aIThehEgu'ﬁhﬂuldv\ﬁ:hamber 587 is fluidly

connected to an array of second fluid chambers 582 via channels 57 arranged
within partitioning elements 56. In this configuration, there only one common
ground 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.

[089] The general process for fabricating a channel element as shown in
FIG. 7 starts with a handling substrate 702, such as a conventional silicon wafer
comprising a silicon layer 703 having arranged thereon an silicon-etch stop layer
701 (FIG. 7a). Typically, the etch stop layer comprises thermal oxide of about
100 nm thickness with 150 nm silicon nitride. Thick, optically transparent layer of

about 4 pm of silicon oxide 705 (FIG. 7b) is deposited on the etch stop layer 701.
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di anmeter of about 5.6 mmto 6.0 nm forned

substantially outside of a 3 x 3 mmrecess- Fig. 1D - =« -
WG h@ra3snot her cross-sectional inmage of a segnear/S6£006/000137

t he device showing an elliptical channel having

Thénewsnches 707 18reD elERY i Oth@ @m‘béﬁr&a@e am@‘e 'Pc)l fé\lé’Wed by

mnm recess. An el ongated section of channel
depgsitien fia reparatien davassk09 foe@}(arnmes 1rﬂ00mr@f IDQIV-GHII&:OH or silicon

nitf é' BRG 190 FPeltthds a@ef:dpél’ga@l ﬁﬁé& n‘L IR Q%Iﬁ"o%%ed silicon

eh used fo separate ers 'a
oxidee layelr | Thd (spchl @& BSGin cuckhawsaameat ﬂnat a void 714 is Iaterally

88 3y, SRR Pl H, R 2B el g e vor
squeepse(FIG. t7framd finalbeievet stadpaedintd hichalurg cﬁlaﬁﬁélnﬂé@:IG 79).

d beg first fluidic chanber 291 and
ThecaGrd o Oxiramgule” SotierPIARAESSS by GREISSoF Atcaig (/G 7g

andi EIl®. 'YH) hEluRpERdhbeRY é}‘é ﬁ!lt%'&%nﬂyodbﬁnéd HQQL@?&J?‘%‘I?P% silicon

the first fluidic chanb and a secon
oxideaBear, 2with tEee@hamﬁésel@mqﬂequmw dedluich edrnection between

ol A bRl DTSSRy om o
glaﬂsaomaf_ i &rrahged o_peothe plargirised drq:;edZﬂllmm ekmjlaeel@yep&n cover
o4 SpBRE oA el M b i e 8 e Bver 710 i

bonddddetthd pisindriszdasuaes?8f it q bé g‘llobﬁtoi.dieluéiyé‘r This can be

I FI G h
acEDREIshed Y Anegin fH PN prAdAs N bARY O RaNeLG dow examples.

Thf@egla%g BEVEIC 298 %69 fptre ReRed aeaé J% subhe %@Vﬂ%i'@”shaped

of _view ng under m Cr oscope.

aCERHg trthe0Raning é@ the flyid qhamerdhahbes been ef¢had in the silicon
d

oxldEOE. T SRR e GericR BREFESES chithe 164 etgh away

the elpaqué Isiicon layebiblensath theetdthstdmlayer of opdet td iobtainga fully

| 10.1 iJ.e a second cell 462 is imobilised
trag'\slégpﬁgewﬁ%{:w%fhgart itioning elenent 102. The gl ass
cap 22 |s provided with ports 481 , 482, 483 through
es 1 492, 493 connected to an
éﬁ@?@? nal ﬁréaggr@néﬁ 81 \Hepict & particylar fabricaiionaeiossdete which
wals! ééﬁlegh@@ﬁﬁééor&%}; to e gehéhall ﬂoEQ@s ‘E'J%\ébﬁ@ec?%bfo% for FIG.7.

mak I ng el ectri cal "neasur enent s such as ion currents
Firgty.o glmma) to J@uatiucksiliean maqldeaéﬁs&i or wadoped silltizeglass (USG)
0
welLEBSYEY oFE, LA el BB SRR, B SN Meer trouan
plq@nm-fanhamc&dasrwmml vEPO dmmsnmm (RECVB). My tranch mes ¢reéted in

thé;t%\rpg:%ﬁg@ ®si 2 o Urb@ndurmglgm}e%%h\'/g nloﬁogtc Ing (F\]’l r;r)r%% ss after
patterning with standard lithography steps. Subsequently, a thin transparent
silicon nitride dielectric layer was deposited into the trench. Phosphorus silica
glass (PSG) was used as filling material and was deposited by PECVD onto the
trenches, giving rise to non-conformal deposition and forming (triangular) voids
within the trenches. The structure was subjected to thermal annealing at the
reflow temperature of the filling material; circular micro/nano channels are formed
within the trenches. The uneven surface topography was subsequently
planarized using chemical mechanical polishing tool (CMP). Cleaning on the

planarised surface was done with Piranha solution. A capping substrate
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the device 30. The microscope 50 is arranged on a

vibration isolation table 52. [088] Fig. 4A and FIG
wadmoghaessl an enbodi nent of the invention i n whP€hSG2006/000137

partitioning elenment 40 conprises a plurality of

coffprisie) @ @%\séoélﬂ%irdté‘ Wae Hdng@rthﬁ@%laﬂeﬂ'rse?ih&rface (e.g. by

plurality of channels 72 enables nore
anplig) 6@$l@ﬁ|oreﬁfihe§;ve @%@lﬂg}nﬁﬁm@@éd}foﬁ?ﬂl@mMf?éﬂireSUbStrate by a

co PGP A HERTEN ok SR o) S9BH0E, TORH (owametry
amrecrisis hydroacid‘a) rar D Hametoztchiegton the siligar okite dayergvas carried

ouf FRES £t SRPRCE BF s Rl R - dujsbn e sbellpep aue to the
pressteadfitheietcirStapligyesr. 552 via channel s 57 arranged

Wthin partitioning elenents 56. In this
configuration, a large quantity of drugs for exanpl e,

%091]38 SFIGe B SHOWs ﬁf 0% e ctibAUbE L:b(tre forrﬂgd from the
ternatively, a single (common) | rst UI d ch

fabyizatinay Tiveo Hapssaie fluidt ﬁbamber&@mo.andeaézvmg etched into the

I h
s BRSPL ot ., EPag®) i Bk (05 UbeBh TP Bhafgrs bon
arre8gedita henfimidbf sorfiected bydieel smallhmmrpﬁnlmct crearingd) 82. The USG
s i B0t G R BB 4558 o Ui rever
(sefpalratliori Ilay@k)cmrrtme, ghise platfi’mlﬁy gendetcrdent basdSoR%he fluid
he nunber of the second fluid chanbers

chEBets B5eBI0: I rolst he Motachingl SpeBdd chambesh sAndediabricated
aﬂépﬁrﬁﬂ stEPYAPRABH M FIE e ﬁof@rthte%’do?ﬁbf&ees channel

el ement as shown I n 7 starts w a handl i ng
substrate 702, such as a conventional silicon wafer

SO | =, BIo2pR A of Ut BBy LSS U LA e o
accordireg tﬁntm gendray proaesﬁme'ssﬂbed e Fh@L7 . Idihrlfi ggmfe%b@ wgsulted in

Ch%'gr?‘?l‘?f althy qkrﬁ% gvi%rfg[er E@@ qwgf"l‘"]&ihg??? tﬁe MCEPS:s¥Q |ﬂ3% (ghannels
wew n@baté'@Epahﬁl@ outbidel of #HenesesSFirilyl beq J%th mmﬁ thick silicon

01 . Then, trenches 707 are etche

OX@'ﬁ 4’1%9@ Bk aeopeq @llicaglass (YBGIawas fegepited pntch aogiligpn wafer
thre8§R" PECYD! 3y efer/ @ v@éé’rcr@éﬁﬂp'o%ﬂnéoqillﬂme&‘mﬂ%sbﬂob&gé‘ after

or silicon nitride, . Trenches are
pafieming with standesd (ithagraplay sﬁenSh A thisptranspareot rhighlydetressed

i 24881 3. SR S0 B e B B o no
trenaly.eA Prisphbtier Sikcat Glassat(l?s@). frllimg vrmtdnalqmaszdeposned by
o.a circu

. d
PECI P thedRinencBMng ise e R SRRRE M sGrBes 14RO GraRfay in which
elongatdte voRisanatiich esbuly by ieNigtiogl oF t9amdulag id tréss-dékction, were

formed within the trenches. The base substrate is subjected to thermal annealing
at the reflow temperature of the filling material; circular microchannels bloated
above the surface of the filling material. PECVD or HDP (High Density Plasma)
deposition systems can be used to deposit another layer of PSG/USG (un-doped
silicate glass) on the uneven topography to even up the protruding portion and to
strengthen the side walls of the microchannels. The uneven surface topography
is planarized using chemical mechanical planarization tool (CMP). Device wafer

is then cleaned in Piranha solution before being anodically bonded to a glass
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and FIG 7h). Fluid chanbers are subsequently defined

and etched in the silicon oxide |layer, with the
web@nnadsiel ement formng a fluid connection beP@EBG2006/000137

chanbers. A capping substrate, such as a transparent

subebate. Reémovalt desifiesrinsQbstfat8! i3 Tarf&y Ot Idysbéél(s?délgﬁndmg and
over the planarised doped silicon oxide lNayer to

Seﬂﬁf?éw@pEM% (tranmetyb rarp@eniunyi hykeddlretch rowairds the silicon

0§ pbe, a gl ass cover 718 is bonded to the planarised
surtace of the doped silicon oxide |layer. This can be
acconpl i shed by anodic, fu3|on or adhesive bonding, to

n af The ass covV r 71 further
ARG TG ERbSNs 4 2008, 330 oR dnd ultRet My from the
fabm@topem’m $apdrie fluid ¢hahwebs rgl\jtgh@mdh@slzbaﬁeﬁ At dnto the
con chani cal and

i h i (FIG 7
SR S M SadShed SUiRG pAssdLIEG S ETane. Balh fuiRehasars being
arfdrige@an B@ﬂ@idl;bﬁaﬁﬁ’ééieéi g #Bkabrged ﬁﬁbrbﬁuﬁic bHa%eg%z The USG

obtain a fully transparent device (F
layarcd3 gia sepanated girpme e tiller p‘aembem%ﬁ b)akﬂlsﬂmnomtrlde Iayer

t
(SSEASRY" 82090, % A, Pl ORI LRI gy e i
chambers 91(]);7911 2 hiték i bei mbed Mtdme(nS’nlt@Z)cMmtm‘rd @z@cbe fabricated
SG handl

s B PR TEF I Soa T Sa R aP e R et

pl asma- enhanced chemi cal vapour dep05|t| on (PECVD) A

R ¥ B e ey CROCkASonml S e Sapergebod for
fothihg 5EanNea'stholwnt ﬁ‘\olglbth)'\ftéF ﬁ@for%@ﬁct?@bhﬁnné d18innt 101,

transparent silicon nitride dielectric

fluigk sbambess i 1923 end 102 are @ﬁb@fbh@muﬂwesutJaseas@&tsa&e 103 in a
m%ﬁr@&g%sthﬁf%gcﬁser{dr é*‘& cszﬁ%rfe\@ i@éﬁﬂgtggta%a%%?%' idrfiént opens
upnmlto @ofdid reteimlerp 82t ionr 0622d A siliconqitfidei seygarbtion layer 104 is

h he t . T t bj ect.ed
depfted ¥ beind HBGobeS HatiBha e, MANTEL ISHERE DHORRG 1BS base
subsﬂrdaﬂengomHEtﬁdtMal drt&et 105Taed BHriastd obhHEN8LIFadé ®f the base

hin the trenches., The uneven surface

subl06: aprgUORdns RRRaTR qnfyemﬂwa.oz@anw 102 HR2c(Fig. 10b).
Aﬂ@“ahﬁﬁhﬁiﬁreﬁpb!%hﬂ% G'P@.uchq\é:é diy léJF]oﬁa‘@d on the other

anari sed surface was done Wlt an a’ sol ution.
SlC&a

sbﬂ?r@ syystitreathe sitisen Javey a0@|twmaﬂmtbe rse m@trate 103 is
etcHRRC SN ag? 'ltaﬂﬁ é%n\%ggf)o aﬁ?\‘rnfl g ebc‘ OF‘??P?P@%%G ‘Substrate via
angdigsshoruting by saabtb’rebﬂmleltohamtrdrs l(rﬁlgh aoc): Niaba@8swere etched into
the ’ulangpgt%nil qat%erln’? (fct) e&%o-sr%Hpt(th’t%tnro e Xovered electrical contacts
105, so that sensing electrodes can be inserted therein to contact the electrical
contacts 105 for making measurements (Fig. 10d). Subsequently, pads 109 were
formed over the vias 108. Entrances into the fluid chambers 1021, 1022 were
fabricated by etching away the portion of the glass platform over the fluid
chamber 1021, 1022 to form a finished product.

[095] Fig. 11A shows a perspective view of an actual completed device
110 having fluid chambers 112, 114 and partitioning element 116 with a channel

118 buried therein. Fig. 11B and Fig. 11C show close up views of the opening of
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amoni um hydr oxi de) or KOH wet etching on the silicon

oxi de layer was carried out. The Si etch stops at the
wadorasasidi oxi de - silicon wafer interface dueP€DSGH®6/000137

presence of the etch stop layer. [091] FIG 8l shows a

the ' et Chih @ ddam %fb@t%térﬁkﬂ?%xfdm tlfig 1D, shows a
fabrlcatlon Two separate fluid chanbers 8

PessRecive ndewi o anether stugturgr with rcéﬁﬂﬂﬁbd@msé@fsﬁbqlﬁ a300 nm
r%'r%sbohgﬁ@ oﬁﬁrél §& gPOQIt frokd i rﬂaﬁﬂnﬂ@?eééMb‘ﬁﬁ%& Reservoir inlet

arrange connect e
1225 a:md)fd%smrmlb ouﬂainm asez semamteﬁﬁyleaybam@ elemeapaeat Eiy. 11E

fill. | d
shplSB baSelle viEy IR Forfian Rlarfd b3 Bofid EaSin Bl atp. Fig.
11!Fatsb<()jwte[]atﬂ1§hwl m#algjntfigﬁnﬁﬁa Soflthe §gﬁa?¢% dethIeoghé?nel in the
not e open fluid chanbhers can be fabricated a
papilioning BRmsIftc As AT D% EEN G0 T fiout, CRANBBRANN substantially

CIrEHKé?Wét/Ol[lﬂ&g]caﬁ' e f&d*néé%e&'e@en%tlv&ﬁ?rﬁélﬁdma&ﬁs Fig. 11G

procedure which was carried out according to
Sh@éﬁem topr views of dlae cgmbediment Kepicted Thi Elgpﬂd&eoma@llary action

leécﬁ@?‘ BQﬁe rﬂo&é}ﬁaﬁﬁbﬁﬂw cghﬁ éfo tﬁé%& et oe*f‘3124 to the

recess nne Wer €
regevoir aiutiet di22swde afseried. r'ébesabseﬁce sif Ifluoresebmn dye under the

onRHEL Slkicar" el B8 et BhyRe: WREoRTaebt S nprsygt flud

ledMzg@eévitiin thedeliceas cr eat ed during RIE etching process
after patterning wth standard |ithography steps. A
thin transparent, highly stressed film such as

Sj0oeFon Mg, IR & §t|@1@1@ﬂff%dp% Yea h'h&@é‘ goglon of a 1.5

deposited Tnto the trenCh. A Phosphoru
mlemter iWIAE rehanmed in o qlmnalesmﬁretduwarpzcansmmont NMode of
n S 0 cq
10bg€rlgﬁ%e%;tlwlé Iglwﬁb qhé ré%%ﬂfogrg%v%p%lo Vﬁlﬁl&@ fluid Js \seen to be
tragisparemit oaltherlrrtagueanguleatha chamna] sappeeErs aark vaﬂde shadwdln the

i.5 hi e The base, substrate i.S, subjecte
acm?l @P}’f‘gl Fh%ge%’qretﬁ uP@Wo@PP%@Fﬁe Qbﬁ a&QGt h‘é"th the
mltrddhangelrm:trm"armb darkectaarthgiothsreampnges. Fi@qtzgjlsaé’%nlfled
E e surfacfe of the |II|n%%mater|al PECVD or

opicaldMmasen 2 popiols Rhiheieparneliin gwr@#@%raﬁnben@%reaeﬂectlon
Mdde Gﬁﬁ’Q@Xt Upber BfE rhader thef re%@ﬁo\ﬁ%r(téﬁ‘m@gﬂﬁﬂ Sppddrattiack in

gl ass) on the uneven topograp K/to even
Th%ﬂ’@@@%dﬂ*ﬁitﬁ e ehaymed mippeerss lighiygghasted: e the detushcbusimage,

a R
P e Y e
thamthe ()th)strthureselt\mfsaggested that the translucence of the device as
seen in the images depend on the thickness of the separation layer.

[097] In a fabrication example to demonstrate the formation of a circular
channel in transparent materials, a variety of process parameters of temperature
and pressure were chosen. Experiments were carried out at different process
conditions, 6 typical conditions are shown in the Table 1 using BPSG and PSG
as the filler member:
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Is then cleaned in Piranha solution before being
anodi cal |y bonded to a gl asssubstrate. Renoval of
waplorasasisubstrate is carried out by backside gtET/ldzuog'000137

et C[CRAMRY Hfatbhal @1 [RefiwOtbiBelRfdTIn® (R3] F! dﬁ 9J
n of truct

shoys a cross sectiq re fornmed fromthe
f ab{PeRasition PasusegdCat e fluid chafbers 9 11 and 912

are t he ucture from undoped si|ica
1'ql a @ﬁ%ggﬁface §'C§)CLth fluid cha ‘@rs bei ng

arrq connected by[tpe Targe
M C %&Sﬁ afégjﬁgnnel . The USG | ay 93 is sepalrated

2
fro )5 Dy a Sil1i¢ nitride layer
5. 10 %E}%Q Jisé)ﬁrorayerfd 4. The gl ass @natform 96 jcts
as the tl champers 9 912" TT 15| to
4. be 185@%%%% open f chanbers cfrfdbe fabri catled
e-t-pt—i-he—step—aepgt-ed—h—-c—0—pi-or—to—t-he—
5. bonfiPBE at ddess. [O0HMOCFI G 10 depi 5 from a

' i rm ng
6.a degPBGeatshidor i n Fijp15®. After the[doormation of la
—chafret—eterert—304+-—H-ui-d—eharber$—1021—and—1022 are
TABIEh&d into the base substrate 103 in a manner such

that each end of the channel 101 1 in the channel

el enent opens up into a fluid chanber 1021 or 1022. A

snolsns@on Besel dmentias atvere | audied1Oth | acsiiapted v@ﬁh Jnown

i ng di sposed between the channel elenent 101 and

m'ﬁf&s&?&éc%n@gbsiﬂcaﬂlawés tog| it i @al rWﬁac&S@elofprar@Xﬁmple J.
MiE el rdtfledeS RN, h Byb

surrou%dl ng t Zéjo gﬁ?nﬂgo% Ee]%@ﬁsl? ?ﬁ%asttngalghtlwﬂs and high
aspectratipitggnches pre aclmeveda throsigh maatstme iphaté¢hing RIE) techniques.

(such as a glass cover) is bonded on the other side of

the structure, the silicon |layer 106 beneath the base

S[i099] r at gréfch smesbélm tbm;@ 2 i]hetd 3|amap|aeeaﬁd lsattih@f 015 pm

o PR S SR SRt oS S o

ouetiehatbrichs Wlfrﬁsmmé}s@ﬁra?@ér cﬂlihférfsﬂfr@ t‘h@yeﬁ@ n%d for different
ortion of the covered electrical contacCts

taf@ﬁbﬂ'@@?ﬁ?%%ﬂ@c@hﬁﬂ@& FACHP was éluseddOtfﬂeiomd silicon dioxide
(PS@)liatdt tﬁéqﬁeﬁ%tié‘é b ‘Rﬁh pfr@% t%u 'ﬁflé@zfgliﬁ‘\ mh and 0.99 um

measur enent s
wide chaanehiarsilides dmuge MZJEh sillaon aitdde (ShlNg) asdhd Isepdratlon layer

w001 8%, VIER U150 B8 BBl eI< Bl tre e

merhlaerbes pid2ht overGhe top stiface af fherlbad@QUlﬁTQﬂQ.Ct :

[0100] Modelling of micro/nano-channel cross section dimension is carried
out as follows. Let the non-conformal silicon oxide be filled in the trenches at
temperature Ti and pressure Pi. The void in the trench has a cross sectional area
Al. Since the void created in the trench is at sub-atmospheric pressure, the void
has tendency to reduce if the silicon oxide is softened. Depending on the
softening conditions, the final dimension (Af) of the void can be predicted. If the
softening is done at temperature Tf and pressure Pf, then from ideal gas law the
following equation applies:
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[095] Fig. 11A shows a perspective view of an actual

conpl eted device 110 having fluid chanbers 112, 114
war@7n3asti ti oning el ement 116 with a channel 3BC1/882006/000137

buried therein. Fig. 11B and Fig. 11C show cl ose up

Vi ews of e channgl{) which is seen to

be substantlapﬁ @Fﬁ?}:’ﬁ{ﬂ Fig. i(ll shows a

per spective view of another structure wi th channel

s, 0 offt PharB T8 vl apP el gl oplRRITe, 1 %) & 752,

and reservoi r outlet 124 are separ ated by a channel

h I
- i, B6Esiobe oS BENB. B L ERRILBYAls Hfpngea. v
andl‘lr’F céﬁ %\éGrePIdHeHVBWAWAf idpectiegg iro{1)ttbeardve atince of
hannel in the partitioning elenent. As can be

seen fron1the figure, channels with substantially

C|rcular n n be fabrdycated even at very
%gné§£E§“Y#F¥§V?TG shows F?e top view of the

enbodlnent depicted in Fig. 11D. Capillary action

| eading to the novenent of fluorescent dye fromthe

‘reservoir inlet 124 to the reservoir outlet 122 was

observed. The absence of fluorescent dye under the

channel el enen o) .Lhat odi ¢ bondi ng was
suffici eff=t 'E)Pgs;éﬁf&'bu% @akage wi thin the device.
[096] Fig. 12A is a nagnified optical imge of a
portion of a 1.5 m croneter vvid channel i
doafght Im@etyriehcaaesBPSE MRk bs qurméedﬂd‘gqo%m?eg 50 Torr
15 prdRife. a‘%@&a'{ SRE eftidiiotd e osgah@unhaggfdgﬁuaﬁa %fwotgtea?nnppe % (6.0um
X uapm)acrossmduunanareahne @reatml inc e @ LMide andeabout 7.7 um
entire,s ucture
degp drsnch Bﬁggp[?engéfg)r%ég b ‘ﬂrca Rrodd %&tfo‘ﬁ% after exposure

he ot
to fiebtifg ufrﬁi%r p?é&uréZBaneua elxag-rplés eﬂ thp cheanels mijeined through
portion of the chann hdoa channel el enent under
thinsngthediis sumperrissd RJ@RIE Bnder this node, the

reservoir containing fluid appears black in the i mage,

|
while the channpe aRPe-atr-s—

Svua] legRbusrorsrd Jefiohe en; ff‘eﬁsf‘i"ﬁ‘ét #é‘—‘%‘ﬁ ear “;‘“I "
| i ght | ggcbiepal e teMECERLEFG L HeioBp] apppSHITGY gar|k@fiius o
t han {h&)dnhen® st|iifc} ur es. f‘“}‘%(&ﬂfg@’e:.ilédmﬁnat t4 ’m‘“"!%
translucence of tlhe device agmgEeen in |he i mages| {in pn)
dependl on the thijckness .of the separation |ayer | [007]

In a fahrication [exsnpl e to|d€®8nst r at pOhe f or net L

of a ¢ircular channel in transparent nhterials, la

10 or

U)

A4

vari efy, (pf procesjseqoar anet en §.4f7 t enpef atigfe - | 0.443
3 6.0 100y RS (487 0.505
20 TABLE 2

[0103] In summary, the present invention is capable of producing lateral
channels with circular cross-section in transparent materials, providing the
minimum - surface/ frictional resistance and better electrical sealing for optical

25 applications. These channels have cross-sectional diameter in the range of
several microns to tens of nanometres. The channel cross section dimensions
35



and pressure were chosen. Experinents were carried out

at different process conditions, 6 typical conditions
wae@®7abenn in the Table 1 using BPSG and PSG aBCT/R€2006/000137

filler menber: TABLE 1 [098] Base nenbers were etched
cannb@(faﬁfédlél@ﬂcéfrﬂ\ﬂcbhtrlSHéHNBréﬁlé”él)Q'BS?GJH lh@EIabﬁﬁgt‘Brﬂ HSﬁdl‘élQns The

forma recess (see or exa croel ectronech
falygjcatiopo precesgss @reDé%“ﬂg@MPS Teempatiblegndaedars tharefore be

SRR S SRS IRt ARy o o o

Sp@pwéged)ﬁool@éwocesseso sachmast elegtronvbeamalithobesshyt, Heser source,

p~wer.e fabricate cor di
5 pollod b SEPSSELTE il Gt e B Veahld febuleal gnuttiote.
selfidlignedahbanels; bbt gesrally ardsefiallyry be required for
different target dinensions of the channels. PECVD was
used to fill doped silicon dioxide (PSG into the
t [o0ales Ahougl Pis filéntioh a'\a'_%Tbeeﬁ d%s%ﬁb@b“ lﬁ' t@ﬁp@'ﬁ# preferred
0.99 nm wi de channel in silicon dioxide wth silico
empadimgats; Sl|t3l\h§‘s a{ot he sastersiopdn thaly enumesousbt waniatibns and

: i ' LS. part of ,
10 mtificqlEisinely (S e ind? dep Kl o Bt Bk Bl og of tis
invendiobaasesead v in theefollp@ir@Odlaimtxdel | i ng of
m cr o/ nano- channel cross section dinension is carried
out as follows. Let the non-conformal silicon oxide be
filled in the trenches at tenperature Ti and pressure
Pi. The void in the trench has a cross sectional area
Ai. Since the void created in the trench is at
sub- at nospheric pressure, the void has tendency to
reduce if the silicon oxide is softened. Depending on
the softening conditions, the final dinension (Af) of
the void can be predicted. If the softening is done at
tenperature Tf and pressure Pf, then fromideal gas
| aw the follow ng equation applies:(Pi. Vi)l Ti = (Pf.
Vi)l Tf (1) where, Vi and Vf are the initial and final
volunme of the void. [0101] But since the length of the
void (and trench) remains unchanged, Vi and Vf can be
repl aced by Al and Af respectively in (1) to arrive at
(Pi. Al) Ti = (Pf. Af)/ Tf (2) or, Af = (Pi [ Pf)
(TF /Ti ) . A (3)
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[0102] In a typical case, BPSG nmay be deposited at
4000C and 50 Torr pressure. Under such conditions, it
WO sooghssived that a void of about 6nm2 (d . OMPKT/AGDOHP00137
cross-sectional area is created in the 2 nmw de and
Wabold cldimedn@ deep trench. This void can be deforned to
circular cross sections after exposure to heating
under pressure. Various exanples of the channels

obt ai lp_ec}T ;Or%rg?ﬁlgictég\ﬁcg%m%ﬂ#n& sunmari sed in Table 2.

TABLE 2 n sunmmary, e“present invention is
capabl e of spbgidntalygtramsmarant bass sebsiratethaving aulkeaess defined

) . . ol i h
i i heied by PR b SPRERER e SR A RiBeal |
el ectricad sabstantlgllyf transparenelill@Priantisér Baing ERG88st a portion
chagF‘eI s .have cross-sectional dianeter in the range of

sev ﬁfe%o_EFWr_‘Q G &f$S8f nanonetres. The channel
cross seg bQBstdhf@ﬂﬁtrQﬁ%nP§eﬂé%bﬁtl§?ergﬁigposed between the

control |l ed ?remsely by varying fabricati
condiasesibstraifeandy s titerinempebansses are ful ly CMOS
conmpat i bl e ¢ : [ ted at

exi sting ag?l [ Cﬁ%gﬁ%‘g%@{ﬁ'&%ﬂ'ﬁﬁgﬁ’ﬁa 'Pi cation cost
is | ow aswheyegpeci al i zed t ool s/ processes such as

el ectron am.lithograph | aser, ,sour,ce mers, . )
etc. are tﬁge@.anﬂ% q%ﬁvgrﬁ%qsoﬁncgﬂetaﬁgg B2 ‘5‘3@ {gid inlet being
f abrareatgednon &i firselaterel waal dfthedillthansabsr, 21f Baid outlet being
laterally and vertically. M{@gl%ﬂ\ Al t hough this

i nv@]{fqu%df%"sa ﬁ@@ﬂn‘%@%él qfAhe Ellermemberef er r ed

enbodi ne firdtt . ,
vari at i_oggé_g{% I%ﬁ?&%&?ﬁ%@%iﬁ %ggﬁ%ggﬁqgw t ﬁoggt N oppasing
depdetatingship aviih the sasiondtlatenal walbpftheffillenmenmber andon

as set o i 0l | aw |ai ] i Si o

1 i ot syl of e Bt AR S8Bbot TaBl A ofthe fler
t r ans@abenbetngsat lsabbsulastantiellyi perpandieaks $o dréioppdsing lateral

thervg' |Cf)e¥i”§1t%{@%2r? two opposing lateral walls and a

base SRtT-al | y transparent filler nenber
having at |east a portion thereof occupying the

recess, supstantially transparent separation |ayer
di spoéea-?’ﬁém%@c 'é'ﬁeéedyé%%%%m 4t whargin the chanpel is arranged
menber, apig the¢B@eel defined within the filler
nmenber ,
3. The microfiuidic device of Claim 1 or 2, wherein the channe! is
arranged within the recess.

4. The microfluidic device of Claim 1 or 2, wherein a portion of the
channel is arranged outside the recess, said channel having a

diameter larger than the width of the recess.

5. The microfiuidic device of any of Claims 1 to 4, wherein the inlet of
the channel is at least substantially circular in shape.
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wherein the channel conprises an inlet and an outlet,
said inlet being arranged on a first lateral wall of

wo b@7fisdsher menber, and said outl et being arraPQgESGZNNG/A00137
second lateral wall of the filler nenber, the first

' at eéalTH(éachrQﬂUIHf&edé\héé ef dmmnsr wWhRIréig the fdiaaeteridf the inlet
osi ng rel ationshi the second | ateral wall ¢ 20
@%é)l”

the i Iarek the ntiglet en@ea/veereaebma Bet tmisropetarg etor
and the Sfoéﬁ %%ateral wal I's of the filler nmenber
bei ng ANCfYREP R ubst ant i al | y perpendicular to the
opposing lateral walls defi ning the recess. 2. The

m cr of | |d|ch|ce of ml wher,

ar r ahge"& YR 'f‘ﬁjéc rd&‘f@?s Snyqfe ﬁf%lgfrbge]dﬁ%]@de\@h%'ee?n the
of O aidRghnalist |d§9¢eab§tahng||¢bﬁmical i strapanged

within the recess. 4. The mcrofluidic device of Caim

1 or 2, wherein a portlon of the channel is arranged

OUtSBde{ﬁ@em{ ﬁtgfﬁj\?mtﬁg ﬁé\h?e ﬁ‘;@ﬂ@ilm hﬂVlf\hﬁréletr@”%hahnel has a

| ar gef than recess. b.

mi cr of | diadietert\Hetween ahayt 0 micapmeterste apoul R migrpmeters.
the inlet of the channel is at |east substantially
circular in shape.6. The mcrofluidic device of Claim

5, Wgerehe rﬁhﬂ)ﬂﬂﬂdiﬁ&ie&rceabftmrq oneemf Glaimsht toud.l wherein the

77" The SHasl s [Eri P ebrodih sBRRE 1 oficedtBlefE T Fpbut 100

6, wher gjictottegerghannel is at | east subst antially
cylindrical in shape. 8. The mcrofluidic device of
Caim?7, vvherei n the channel has a dianeter of between

about1T0|O @e\ﬁ&e FUHy SRedic LRI Sto 9. wheeein the
mcro eV|ceo any one of Clains 1 to 8

wher ei ndeptda ohthenkdceads abelt\&ﬂgm rabent K1 weisForaeiss ta about 10

m croneters tg about 100 m croneters. 10. The

mi cr of | 'YPEEEV: ce of any one of Clainms 1 to 9,

wherein the depth of the recess is between about 0.1

mer o1rqetrﬁresm%c?of?u18igtdelvcl)ce of any one of Claims 1 to 10, wherein the
base substrate is selected from the group consisting of silicon

dioxide and transparent alumina.

12. The microfluidic device of Claim 11, wherein the silicon dioxide is in a

crystalline form.

13.The microfluidic device of Claim 12, wherein the crystalline form is

selected from quartz, tridymite, and cristobalite.

14. The microfluidic device of Claim 11, wherein the silicon dioxide is in

an amorphous form.

15.The microfiuidic device of Claim 14, wherein the amorphous form is

selected from fused silica and fumed silica.
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m croneters. 11. The mcrofluidic device of any one of
Clainms 1 to 10, wherein the base substrate is sel ected
wo e@mi1s4se1 gr oup consi sting of silicon dioxi de BOTSG2006/000137

transpar ent aI um na. 12. The mcrofluidic device of

d ai ﬁhlﬁlé H@vr%é' bCOMifH aXi dghérsin fra@isparent alumina
crys alllne orm . The mcrofluidic device of Oaim

12, whepgiptisehauly 98@ sppphiEe.f ormis sel ected from

quartz, tridymte, and cristobalite. 14. The

m crofluidic device of Caim1ll, wherein the silicon

di ox{ e Hes microfinidimmdeyibe s drr onelsf. Cievas de ¢, whgrein the

device of O.aim 14, .where r

sel ect S§PRFAION; FYEY ‘sSiSP e&t\eda&f %megﬁiﬁégé&ldgrééhc material,
m cr of l4hiifcopeardcamefptdugisiticbh. wherei n transparent

al um na conpri ses ruby and sapphire. 17. The

m crof l uidic device of any one of Clains 1 to 16,

wher gp nn‘[)ase EnRPARIAL QBvibaYSf ClélrﬁeWCt\/ﬁﬁbrfarnOﬁh@ silicon-based

silicon ceram ¢ naterial, polysilicon and
anor phaesamid incaterialls selested Jram| thiedOEouR epgisting of silicon

d ai rr} éﬁv@\éhercgﬁrﬁ{pgarmdé con- based ceram c materi al
is se e

group consisting of silicon
nitride and silicon carbide. 19. The mcrofluidic

devi ce of d ai er ei e fildin Lakr :
conprlPsbie d‘ﬁﬁé@%&pl %hwc%x&dgqalgb Mr \gﬂﬁf@ﬁr gtil}eufll(ljp% material
devi ce QfmpligddRdid sificgiebgigeed from the group

consi sting of phospho-silicate glass (PSQ,

boro-silicate gl ass, borophospho- silicate glass

(BPSGh, 1 ol?@%ﬁ)%ﬁhl&’ie 8%%@ 6f3@¢élm 2|91 §h§eI€bt©60frbhH dhe group

devi Ce’ further
conpri scorgﬁlsttng @fa[slnosavhbrsikﬂate Igﬁé‘cﬁ @%%eboraﬁdlcgt% glassg boro-

fluid chanb f t dbeiydl y
connect%'&oﬁpgmtﬂ&gagsgﬂ)g% (ﬁfﬁé)daylc anber v@bgﬁg chz?mnel

that is defined in the portion of the filler nenber
OCCUpZYII.'rIlﬁet Irqntlacrofluidic device of any one of Claims 1 to 20, further

comprising
at least a first fluid chamber and a second fluid chamber, the first
fluid chamber being fluidly connected to the second fluid chamber via the
channel that is defined in the portion of the filler member occupying the

recess.

22 The microfluidic device of Claim 21, wherein the first fluid chamber
and the second fluid chamber are monolithically defined in the base

substrate.

23.The microfluidic device of any one of Claims 1 to 22, further
comprising a plurality of channels defined in the filler member.

24.The microfluidic device of Claim 23, further comprising
a plurality of recesses defined in the substrate,
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recess. 22. The microfluidic device of Claim?2 1,

wherein the first fluid chanber and the second fluid
web@mhassiare nonolithically defined in the baseCT/SG2006/000137

substrate. 23. The mcrofluidic device of any one of

d ai ms dnitsd MvirkP e Spardieg pbitionsithreof arranged in
channel gh%glf"fgﬁrend inth ém?q) A §prrenbrg%p 24. The

m ogashl necess ansl/i ce of A aim 23 further conprising a
pluralit substrate, the
! r%ﬁ'@énﬁ‘ﬂaw n?%dda%ﬁ @Qch Reddig.

filler correspondi ng portions thereof
arranged in each recess, and a channel arranged al ong

h f 1%
?é%ﬁif?ro@awmé“w%%%&%?QFW s b ©
Chahnbfers ta fIunaan @f&irakttﬂwgfclmm‘rd %mmuwpmmn?méﬁeCSEd fluid
eac irs ui hanber, pei ecte
a corr rﬁg eagh Jirat flpig; SH%W; éqen{g gﬁ@ylcggggv%lqewﬂh a
of sai Q:o?rléé:ﬁ)ﬁhlj‘fﬁg Scdraang lchamier vidat [gast ohblifdaid plurality

devi ce Cainms 2 1 to 25, wherein at | east

one of m‘aqh@nﬁelSst and second fluid chanbers operably
connected to at |east one mcrofluidic unit operation

nmodul e. 27. The mcrofluidic device of C aim 26,

wher @[T Hid eniotofluafic Wedice ofamy @;ﬁé}laitmmmntod%,ewherein at least

o CF opite Of SpRFRF S SRS Tl a5 ds¥iaf) Ypfbeted to at

mi cr of | |dhsi éndlmitrefiuidic aniyoperatioh mbdules 2 1 to 27,
further conprising a sensing el ectrode disposed in the
first fluid chanber and a reference el ectrode di sposed

ljn the ‘?i?&%ﬁﬁ:réﬂtﬂ%l@ ?é‘\ﬂé@edf Ciiim 3bewHetéiaf thd @icrofluidic unit
evi e’ o

urther npr i si ng
el ect r opipgration ognagiule n@@@ﬂfléﬁ%n@ dispeliser.y NHeraRyXer, reaction

comruni g ¢ The

i crof 1 g8 b Re i JBSITAGiech atesgno, [ T05

further conprising a capping substrate for covering

sal dz%t.TLgarSﬁEcryfllrji%}c fdlel\J/fc% of any one of Claims 21 to 27, further
comprising a sensing electrode disposed in the first fluid chamber

and a reference electrode disposed in the second fluid chamber.

20.The microfluidic device of Claim 28, further comprising
electrophysiological measurement circuitry being in communication

with the sensing electrodes.

30.The microfiuidic device of any one of Claims 21 to 29, further
comprising a capping substrate for covering said at least first fluid
chamber and second fluid chamber.

31.The microfluidic device of Claim 30, wherein the capping substrate
comprises a substantially transparent cover arranged on the base

substrate and/or the separation layer.

32.A microfiuidic device for analysing a particle comprising:
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chanber and second fluid chanber. 3 1. The mcrofluidic
device of C aim 30, wherein the cappi ng substrate

w@eompnsses a substantially transparent cover aPCEHRGHEEH6/000137
on the base substrate and/or the separation |ayer.

32. A m o fdHiadirSt Sy aCsucbRl fRIBEN&MBEr defdded Irch substantially
conprising:at least a first and a secaond

) | uid chanber, .
deftranspaient abssissubstratel yther saed eiid psaaM GBSE‘?'QGeT'U'd'Y
the second f1.ui d. e ' Lui . .
e, L Loy b e o
i N gdye ubstratyaid etannet @lemehtconeprisingnent

conprising: a recgss, defined in :
at | eastd ‘%ﬁ?sﬁpg et n 5@%&’@36@%%§ra§%2§’a§g%§§i\;\q‘}aVﬁl (:k’)lyPOSIng
Saugterr&mél% £%d arshgRowhR! yme fetdus éxtendingl hétdeehahbdirst fluid
and the second fluid chanber, a substantially

tramw@b@rrﬁnokthpw@mﬁém CRAVPRG at | east a portion
ther eof é)%pﬂ&léhﬂglé){ ?%R‘sﬁéfe?ﬁ filler stmbanhadhgyat least a portion

transparent separ ayer arranged between the base
subiperedf@canpying éhe rédess, nenber, and a channel defined

inthe filler ' HYRSw
et ar? HGRETORNL VP LT S IRV ofARERY HEveen the
nerib@gefslﬁjr?ﬂra%wla?dtthetfiggwmengm_ ,dal;nda selcond Ilaterlal f

wal | of the fi r. [, Sal irst lateral wall o

the fil I%Phﬁﬁ‘ﬁ%éq%f‘l@g‘ﬁdﬁ?%‘? F'E‘ﬂd’@an’\bﬁr’opposi ng

rel ati onghegein th the second lateral wall of the

filler nmenber, and at |east a portion of said, first
| at eral thel ¢hanng! samprisgs @ﬁdn\eg@g,agge%q a gfs‘%gﬂgrasl wall of the

o h@%’dﬂgﬁ%gg %fgd ?ﬁecﬁ}glét eRsingeHRs arecahdMateral wall of the filler

per pposing lateral walls defini n% .
t hemeroivars saBB firgthtaterat rwall Wi dine fiker meraperchging ggranged in

wher ei n .t he channel I rr d
TheoRpasing el i i A SRR IRHAGANT 6 EHAS morher, an

channel @B |gst anpedion bhiaidt first latessd syalBBnd T$aid second lateral
T wathptdefilgr membsr being At [asPsubstantibif Befbehdicular to the

opposing lateral walls defining the recess.

33. The microfluidic device of Claim 32, wherein the channel is arranged

along the recess.

34.The microfluidic device of Claim 32 or 33, wherein the channel is

arranged within the recess.

35.The microfluidic device of Claim 32 or 33, wherein a portion of the

channel is arranged outside the recess.

36. The microfluidic device of any of Claims 32 to 35, wherein both the
inlet and the outlet of the channel are is at least substantially circular

in shape.
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channel is arranged outside the recess. 36. The

m crofluidic device of any of Clains 32 to 35, wherein
whodo/1845¢1 i nl et and the outlet of the channel BPCESGH06D00137

| east substantially circular in shape.37. The

m cr ?"FH%jr‘rﬁcrgﬁlY Hﬁ:edé\flcéjoﬂ%lﬁﬁ% VWﬁél@lthdTQIaﬁtaéﬁb’Ethe inlet

of t einlet and the outlet is between about

m cron arg thequileP® b@twe@ﬁl alggit OTh@'@ﬁOBrt@ﬁbQPH% r@!@(ﬂ'be

of any one of Clains 32 to 37, wherein the channel is

at | east substantially cylindrical in shape. 39. The

m cr 68| Thel micrdéuidie deticel afi amB8newfeCleims t32etac Banwhierein the

20° m orSEneR6 e AL Ee P e o

Cains 32 to 39, further conprising a plurality of
channel s arranged in the filler, 4. 1. The

m cr 40 Thelminabide WlamyioPraihe Wil 38 rvRbhas o
conpri sy Ehe@erf dfrtfel?\%eﬁ I 3ot o PemRebNs kbbbt 40 Miictbis.

connecte to at ast one of said first and said
second fluid chanbers via a further channel el enent

42. T I CL. i @i i
2 TR FAEEHA: Bofey o ORI Spto d8r it o
a pl ur agiplyralitly debandetblarrahgddainﬁbesﬁillerememtferr st fl UI d

chanber being fluidly connected to a second fluid
chanber via a correspondi ng channel. 43. The

i cr IQ:f1| Théinki IcﬁdﬁMid?@ d@f/lc%rbfdéﬁy & Glaims 32 tt004@f2furthbecemprlsmg
an el ectrical neasurement device is ope ct ed

to the ifudherfuid ghambesdhat aﬁ@umécgrér@%%ﬂ%f astons of said
chanber i 'é\pg %taﬁf %&rﬂgﬂtﬂa cPhffddrs (Rl a flitHer@hahhélk élement

of a particle I's placed 1n either fluid chanber.
44 The m crofluidic device of any one of Clains 32'to

cover tgfn g{pfg%afﬁf@g' ic% 8@%1994?“%%?#:?@&&@ a plurality of

rst and secon
charber first4i5id dhembersr arfid/or di plukdity clsedond fiidnchambers, each

wherein_th fe b

(' anspaftEboEmaet BrGad aT el pebs ™ S eBPAngk chamber
and/ or tjea seRasEirding bnyﬁﬁel 46. A nmethod of forming a

m crofluidic device, conprising:providing a

substantially transparent base substrate,
43.The microfluidic device of any of Claims 32 to 42, wherein an

electrical measurement device is operably connected to the first fluid
chamber and the second fluid chamber for determining an electrical

characteristic of a particle that is placed in either fluid chamber.

44.The microfluidic device of any one of Claims 32 to 43, further
comprising a capping substrate for covering said at least first and

second fluid chambers.

45.The microfluidic device of Claim 44, wherein the capping wafer
comprises a substantially transparent cover arranged on the base
substrate and/or the separation layer.

46. A method of forming a microfluidic device, comprising:
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formng a recess in a surface of the base substrate,
formng a substantially transparent separation |ayer

worgasdisur f ace of the base substrate, filli npCEH8GZ06/000137
recess with a substantially transparent filling

mat eri aly ., aRthey eusgtbhﬂawth&wépdréhn@ammst@tet 0 a

condi ti <Pn that” causes It to deform such that a channel

i s for ndarminganeedesslin agurigceaf dne bagse syheirale: hod of
daim4 i 9!'6’{? f oh"id surface
et ch-st g™ e?sg?étgﬁts',? con Wa% §p4é§ l !;a?r%fe?hodlosu

Cd aifthébase stibstratecrei n the recess is forned by

?ntaf Eloggoﬁ |%§§%%f?%§g§isb2/ gaatssgb%%%?%@ﬁ%nﬁégken-{hfﬁhng material,

sepgigption layer is deposited on the surface of the
base substrate defining the recess

0. Th
any of @lqugtlrmthpcﬁlm mateialita & ﬁ%nc}r) ’g%gga?-cgugﬁs |dteta deform
W' 8, dH thiak BEHERRES Ibﬁérrﬂé@lrﬁth@%mﬁ Hi@srid)r ocess whi ch

ives rise to nonconfornmal surface topography of the
f||||ng material within the recess. 5 1. The nethod of

d ai Bl L I i

ooy e HRSEEH Br 35 45, MR oR e St comorios te
occupi egichistop Byessf asdicoiiveafeert hod of Claim5 1,

wherein the deposition process is selected from pl asma
enhanced chem cal vapour deposition, |ow pressure

cheniygathy dR6HoddeP CHitr @8, opaYs iveiedreira i reckssots forored by
or epitax 53. The nethod of an ?ne of Clainms 46 to

52, wheetehing dsuifeceakthedase $l8}§¥%

§h a filling
mat eri al by depositing the filling material into the
recess in a manner that causes the filling material to

pi ncHS Bbetm@hoeltoftemy ofelaimg 46nte 48, wh@r%&&&paratlon layer
t her eby, t n )
e SRR o5t B o Bod S cogpg he recess
wherein the condition to which the filling material is
subj ected co rlse hea t 1 1d0R
o S, e Soehe i B A 3 i 45 BB, PP e
d ai'm 5€sntthlﬁ’nghfétéﬁ9dl dideaddpisition pcesedvhich gbiesaise to non-
conformal surface topography of the filling material within the recess.

51.The method of Claim 50, wherein said filling results in the formation
of a void in the filling material that occupies the recess.

52.The method of Claim 51, wherein the deposition process is selected
from plasma enhanced chemical vapour deposition, low pressure
chemical vapour deposition, physical vapour deposition or epitaxy.

53.The method of any one of Claims 46 to 52, wherein the recess is
filled with a filling material by depositing the filling material into the
recess in a manner that causes the filling material to pinch together
at the opening end of the recess, thereby trapping a void within the

filling material.
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tenperature of between about 800 OC and about 1200 OC.
56. The nethod of Clains 54 or 55, wherein the heating

w0 g00casesied out for a period of time of betweePCEHBGRW6/000137
30 seconds to about 240 mnutes. 57. The nethod of

C' aigyBT TAE Ménsh: of‘:?‘r‘n tdmalﬁm k6 5BOwherei tige sdnditiars to which
irst ‘and a secon hamber in the base

subst rﬁteefllllmgemeteflal i aubreﬁed cOMPTisRs AN 2PPYR ah?/ glass
connec h [ [via the channe

58. Th %ﬁﬂg %ngﬁgP%QQFgfmrggﬂggﬁrther conpri sing
bonding a cappi ng substrate to the base substrate

and/or _the s | gyer,, ther i R

b Theometinn o5 R s e Sak, Fekfid )9 chftfed oyt at =
anal yZidigpbhufe St pwebnabduoBog PCaindeabbduty!,200 °C.
conpr|5|ng I ntroduci ng the biological entity into the

first fluid charrber of a mcrofluidic device as

def | fedtjd elnethe {RocPlr Sl eB4%7 4, vitfbrolianBLTdagas barddd out for
(reference ri c signal that is associate

a firsta ;sermdjsf ’mﬁetdﬁ@eblveﬂrbgb@léh 3Qpecands to,ahoys %681‘“'@”‘95
bi ol ogical entity to a condition that is suspected to

be capabl e of changing the state of the biol ogi cal

ent i 57, T ghetitss of Claima A‘@tmﬁ@, fartbet comprisinggeaminanai least a

IS associated with t of t

after dkpolnd & ?%C%}irﬁ 'a %'nm ‘E'% géﬁ% &%%}ﬁé’[g %le]"éin the
claim fmst fisat wmsmflaumcmmd g thé eseicbnd tfluith shamber
the second electrical signal to a pre detern ned

t hr esholial thg ebannelal si gnal val ue for detecting the
occurrence of a change in the status of the biological
entity.6 1. The nmethod of claimb55, wherein the

di f f 686Toe mmthoe efl Glaie #6 te &7afurthercoserrisiag £PBEING; & §RPPING

2: gg? lr |i%§;l ST an%ﬁ%l?he/%}%ﬁére%ggfrgfﬁ]%&/ﬁﬂ’t]@%Qg‘ﬁ)afﬁ??ﬁ%bger thereby
wher ei ncgvegingtthe adilddst fiestamdsstoned luichehambers.and t he

second el ectrical signal is larger than the
pre-determ ned threshold electrical signal value, the

condiggi Rgnémo%f@hawzﬁwdoml gxgtu@;edf eebibldgycal entikyp csmpnsmg

eval uated to be capabl e of chan t he t
introducing the biological enti mqo the fc' rs‘ffl ﬂJUId chamber of a

microfluidic device as defined in any of Claims 32 to 45,
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
measuring a second electrical signal that is associated with the

status of the biological entity after exposure to said condition.

60. The method of claim 54, further comprising
comparing the first and the second electrical signal to a pre-
determined threshold electrical signal value for detecting the occurrence

of a change in the status of the biological entity.
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the biological entity. 63. The nethod of any one of

clains 54 to 57, further conprising imobilizing the
wher@rosgsenl entity over the inlet in the partiPCDRGHY6/000137

el ement by nmeans of suction force generated through

the CN¥ABShetndd: %fTéfl‘&nm "WHer@ln etivoRéhosrbetiveion thadirst and

bi ol ogi cal entit orms a seal over the inl , S r¥1 d
restri the rapoond Elesyrioab\sigealt iofconaparedy int ﬁepfq gtermine

fl u! d ggagﬁglggé’lg%@?%h J]%ﬂfé 65. The net hod of

Caim conprising adding a
visualization pignent to the first fluid chanber to

det er m t of he, se
ot o1 mtead Rt s afat i B Blcrfice pptyeen the
54 10 Gt aMeptR ééo@ﬁd%léﬂtﬂéﬂ@lgndl ishirgénthaarthe ipsedetermined
living cell. 67. The method of

I
[ vi ng tomsholcslackipekpgoe valde: e emditar i g Hofbgical
Clai m Gay y\ﬂc dielifie efiliatatolol Ke éﬁbéblé&‘of%ﬁbﬁﬁhgdhé status of

a manmmua or a yeast cell. 69. The nethod of
claim ﬁBe bidlegieahentiy. manmal i an cell is selected from
a neuronal cell, an oocyte, a |ynphocyte, a nonocyte,
a muscle cell, and an enbryonic stemcell.70. The

met hegd, THe flethod Gﬁany\bae of blaias G4 To further OMPRSING s

a prokaryoti c cel | 1 The nethod Vi

cl ai s 5UMNY @E‘ngvﬂﬂ@r BPP%‘?AS tl‘%é"’%& tﬁ€||P%?q%nﬁ?dpartltlonlng
secopfh&i ByirhbsAs oPbaiih forEgéraratatesougmtheachannel.

el ectri cal current passing through a transport

structure located within or isolated fromthe region

of 'Bg Fid Im@RoircE gl 52 Uphdraih 198 pRIbGicaPONtydomi@ a sea

The wherein said transport
struct Lm‘&rdbﬁpnie&dbeeahydesﬁwanléhg freﬁam%ﬁ”@%ﬁ’m@ from the

anion tg a{]ﬂﬁﬁrt er S?ﬁrgﬁ&) tﬂg C%I’a éPOI‘t ers, receptor

protein ei ns an onotropic receptors.
73. The nmethod of Caim66 or 67, further conprising

65.The method of Claim 58 or 59, further comprising adding a
visualization pigment to the first fluid chamber to determine the

status of the seal formed by the biological entity.

66.The method of any one of claims 54 to 60, wherein said biological

entity comprises a living cell.
67.The method of claim 61, wherein said living cell is a eukaryotic cell.

68.The method of Claim 62, wherein the eukaryotic cell is selected from

a mammalian cell or a yeast cell.

69.The method of claim 63, wherein the mammalian cell is selected
from a neuronal cell, an oocyte, a lymphocyte, a monocyte, a muscle

cell, and an embryonic stem cell.
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rupturing the surface of the biological entity,
thereby allowing the electrical properties of the

WO e@ndpsnt structure on the biological entity POI/RE€2006/000137
accessed. 74. The nethod of C aim68, wherein

measyy RN Refodt M8 Blaftft B1CalvhBréiReshidebiotbgicak entity is a
transport structure is neasured fromthe sensing

el ect r guiekaryotiacell in the first and the second fluid
chanbers.

71.The method of any one of claims 54 to 65, 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.

72.The method of claim 66, wherein said transport structure comprises
anion channels, cation channels, anion transporters, cation
transporters, receptor proteins, binding proteins and ionotropic
receptors.

73.The method of Claim 66 or 67, further comprising
rupturing the surface of the biological entity, thereby allowing the
electrical properties of the transport structure on the biological entity to be
accessed.

74.The method of Claim 68, wherein measurements of the electrical

properties of the transport structure is measured from the sensing
electrodes located in the first and the second fluid chambers.
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