M CROFLUI DI C SEPARATI ON SYSTEM CROSS- REFERENCE TO RELATED

APPLI CATI ON The present application clains the benefit under 35

U S C 119(e) of United States Provisional Patent Application Serial
No. 60/935,443 to Ying et al., filed August 13, 2007, hereby

i ncorporated by reference herein. FIELD OF THE | NVENTI ON The present
invention relates generally to mcrofluidics and, nore particul arly,
toa mcrofluidic sep %@#§§§§§§$§¥ a magnetic
separator and a nlcrof?gF%Fgﬁmgﬁﬁg B ﬁ%ﬂarofIU|dlc devi ces
can be used to conduct bionedical research and create clinically
usef ul technology Particular types of mcrofluidic devices rely on
the use of a netic field to separate small vol unes of magnetic
particles Qﬁﬂﬁ BERENCEJR RELARFDLAPRRICABIONSt | y non- magnetic. In
the separation process, tiny magnetic particles coated with
targeting nononers or polynmers (e.g., proteins) are used to.
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on the particle size, the field strength of the magnetic field, and
the field gradient of the magnetic field. An increase in particle
size, field strength or field gradient would result in an increase

in the moRELE OFMEEINGENYIGNS i Se to an increased nmagneti c,
separation efficiency. | Larger nmagnetic particles (1-10 Amin
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BACKGROUND

Microfluidic devices can be used to conduct biomedical research and create clinically
usefill tecknology. Particular types of microfluidic devices rely on the use of a
magnetic field to separate small volumes of magnetic particles from a larger test
sample that is mostly non-magnetic. In the separation process, tiny magnetic particles
coated with targeting monomers or polymers (e.g., proteins) are used to. specifically
bind with targeted material such as cells, nucleic acids and proteins. This allows a
wide range of targeted material to be separated from biologically complex test

samples.

It is noted that the magnetic force on a magnetic particle is directly dependent on the
particle size, the field strength of the magnetic field, and the field gradient of the
magnetic field. An increase in particle size, field strength or field gradient would
result in an increase in the magnetic forcs, giving rise to an increased magneﬁc.

separation efficiency.



surface-to-volunme ratio is low for larger magnetic particles conpared
to smaller ones. This tends to reduce the nunber of effective
binding sites to targets, especially when the targets are present in
| ow density. These various factors |lead to | ow separation efficiency
for larger magnetic particles. On the other hand, snaller nmagnetic
particles (of tens to hundreds of nanoneters in dianeter) do |end
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ahi gh-gradient nmagnetic field. Al though this approach has advant ages
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test sample. One approach is described in US Patents 3567026, 3676337, 3902994
and 6471860. In this approach, a plastic column for admitting a flow of the test
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sample contains a matrix filled with steel wool or ferromagnetic balls of different
sizes. This mefhod has disadvantages, such as the non-specific entrapment of
biological entities other than the té,r_geted substance. The matrix is also harmiil to

certain sensitive cell types, and the targeted substance may become contaminated.

A second approach is described in US Patents 5200084, 4663029, 5466574 and
7056657. This approach comprises sets of 4 to 64 permanent magnets, These
magnets are arranged to define a cavity that accommodates a container used for
admitting a flow of the test sample. The polarity and positioning of the magnets
located on opposite sides of the cavity produce flux-lines that generate a high-gradient
magnetic field. Although this approach has advantages over the first one using a
matyix, it has a complicated structure and a very weak magnetic field at the center of
the cavity.

Thus, there is a need in the industry for an improved microfluidic separation system.
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In accordance with another aspect, the present invention seeks to
provide a mcrofluidic separation system which conprises: - a
magneti c separator, conprising: a. a nmagnetic energy source; b.
first and second nagnetically conductive nenbers | eading fromthe
magnet i ¢ eSEMMARN ORTHRINMEENIJONspect i ve term nal ends; and c.
the termnal ends of the first and second nenbers being separated by
a gap over which a magnetic field is applied due to the magnetic

energy SO GeeorfidiRe MRURChAGhE! Gisbcdegkedrisag fvemishactier % nabvieds
towards an area of mninmumfield between the termnal ends; ‘and - a
m cr of | ui dingcrefuigicisgparatigresysieon whichoconimwisgsip, conprising: a. a body
defining a pluralit tOf chatﬁnel s..on. respective faces of the body;
and b. an exteriB¥ ?]ﬁisﬁ%arfi LtCOtRNPERt he plurality of channels to

al l ow separate testafmapdtR enetdyBerckO Circulate in at |east two of
t he channels; - wherein upon insertion of the mcrofluidic chip into
the gap, the areabeoffirshiapd seeant] mpgnetisalho sondugher) msathgee lpadingdfromithet

from a first channe ; i . ?éggj 0
channel on a second %%{e}: t%fe L%lrﬁgtsg%%g,&?%ﬁ%ng%ﬁ%ﬁ ¥eone1rga11 ar?(ﬁsé dest
sanpl e vol unes i nct e fidrisiial ehdndfthe ifisst aod kédoad niemters Beih@kdpagated by a
closer to the termnal end of the first_ nember and a second one of

the test sanple vol &Wed W}‘ﬂcfli’ea wageRi fighd mnanplied dug fy theapagogtic energy
circul ating closer tgf ,ethetﬁﬁg{éﬁt@Lﬁe‘?@Qe&gaﬁﬁﬁﬁﬁpﬁgqe1%ﬁg%nds Ict)@wards

accordance wth a second aspect, e present 1 nvention seeks t
provi de a system coaparesofipirammagingdd betwsep dredtoninglomds;i adng a fir st

pol e end and an opposi. econd ole e separated by a gap, for
Dopl v ng & magrbPTEoRHar TR o uefine Tafihe BRE SORUGNER o (el o
decreasing fromthe PRdE &IFEnd PYREASDY B cIRNAAs Of rBipRbiefatds@Ifthe body;
between the pole ends; and a mcrofluidic chip having a first face

and an opposite secadd f ace, defining a first fluid channel adjacent
the first face an%l aansgx(fgrglcgr lgnlirli'g' %at seals the plurality of channels to allow separate

test sample volumes to circulate in at least two of the channels;

- wherein upon insertion of the microfluidic chip into the gap, the area of
minimum field is positioned between, and offset from, a first channel on a first
face of the body and a second channel on a second face of the body, and a first
one of the test sample volumes in the first channel is confined to circulating
closer to the terminal end of the first member and a second one of the test
sample volumes in the second channel is confined to circulating closer to the
terminal end of the second member.

In accordance with a second aspect, the present invention seeks to provide a system
comprising a magnetic separator comprising a first pole end and an opposing second
pole end separated by a gap, for applying a magnetic field across the gap, the
magnetic field decreasing from the pole ends towards an area of minimum field
between the pole ends; and a microfluidic chip having a first face and an opposite
second face, defining a first fluid channel adjacent the first face and a second fluid
channel adjacent the second face, the chip inserted into the gap with the area of
minimum field being positioned between, and offset from, the first and second

channels.



channel adjacent the second face, the chip inserted into the gap with
the area of mninumfield being positioned between, and offset from
the first and second channels. 3 There is also disclosed a

m crofluidic separation system which conprises: - a magnetic
separator, conprising: a. a first magnetically conductive nenber
having a first.term.ngl end,. b..a.second. magnetically conductive
merber hav g i et ndesel Drimienm R SErAReh oG, BB eo FRESHY o1

t erm nal end-ex@hﬁ@ﬁ&mgqgﬁmbﬂg@hggﬁﬁg;d. the first and second
conductive nenbers being arranged to | eave a gap between said

term nal ends; and- e2 figt pragneticeBy eprsduglivemamber kayinget fiest tarminahend, i r st
and second nenber i ng.: .6 fi ppl.ie £QS$SS
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magnetic field betweed, ti ps of the corrugations on the first

termnal end and a surface of the second termnal end; and - a

mi crof | ui di ¢ chi p f ot Surfase pf therfirptripmnippleeng sphibEBygROTRBHEPTS: body
defining a channgl i i :

wthin 3 plane of of | BatTHande SR AN DA b AIREA 1 RiEEs eop
magnetic field, certiztwearsas @hminhkertdspoels being aligned with

respective ones of the lines of strong magnetic field a rqj ect ed
onto said plane. BRI EFBRIEREITROPUER W%ﬁﬁiw ﬁ_t%ﬁrsr ang ﬁ%‘%ﬂg members
acconpanyi ng draw ngg.q Ehéfing 4 haniPEEARSEE hﬁiﬁieﬂ'a%s@fhe%{aﬁ} wh&bihyhdi c
separation systemthat incllUdes™a nmagnetic Separator w

magneti cal | y conductive nenbers whose term nal ends form a gap, and
a mcrofluidic chip for insertion into the gap;
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Fi gs. 2A-2F show possible surface profiles for one or both of the
termnal ends in Fig. 1, in accordance with a non-limting

enbodi nent of the present invention; Fig. 3 shows a variation of
magnetic field strength laterally across the gap in the orientation
of Fig. 1; Fig. 4 shows a variation of magnetic field strength
vertically across the gap in the orientation of Fig. 1; Figs. 5A-5C
are, respectively, yqe) r -sectional vi bott om.vi ew
and an expl oded pgrﬁ 53218![%{3 @(eje%\;ilbleﬁ/vﬁ%g 0? ﬁ%onﬁi%?‘%?tfcuﬁfjﬁl 13:6 ?‘lelnﬁfps X
accordance w th a fercetrugaionsny thefitsotimipalt endfand hewfce stihe stcouént i on;
Fig. 6 is a cr OSS'?e%ﬁaE:%loeﬁﬁ“l gi ew of the mcrofluidic chip upon
insertion into the gap, 1 Ust rat | ng the presence of channels on

ei ther of two Faeduglc ¢ farigenbh ditdite: gl pymptisig @.bodAdefnimg a

per spective vi f. ] | ui g hip.upon.knsertion.int.o, the
gap, Wwhere thcgﬁr%&cl?%?ﬁntﬁ% %:r%c?f# aﬁaqllef\d%fﬁag tﬁg‘%’t“{lcu aal%ﬁ“ﬁ"gf&?“é |a§

desi gned to i rgbatithgomel ththndiegds offsoomedagletie Fadgeten tonescefshd hades ar e

aligned with I .0f L0 net.l ek t . t p; Fig.
7Bis a cr oss-bgggtsalhgﬁnegls&l\% e e?ﬁ‘r% o%é%gf#ge]fn%? %?%?ngg]ﬁa é;'{mt%gd ggp and
the microfl uirdiietadioinfy saifi ping. 7A, showi ng the presence of channels
on either of two faces of the mcrofluidic chip; Fig. 8Ais a
perspective view of the mcrofluidic chip upon insertion into the
gap, where the mcrofluidic chip in this particular figure is

desi gned } ﬁlﬂ;l?ﬁﬁﬁ I of elongate traces that are
ort hogona R%w?#ﬁgs 0 strg%mnggﬁwc ield exerted by the gap;
Fig. 8B is a cross-sectional view through the term nal ends, the gap
and the misdRfdaGigs &BhR0f Fig. SA showi ng the presence of
channel s on either of two Faces of the mcrofluidic chip; Fig. 9A
shows an optical inmge of a test sanple before separation by a

m crof | uighC1 i BiRrsbBbtidé GRfWIBNG SniklobiaRNsepRRd! §BRh Bt hbeaRr£sent

i nvention; ) .
maguetic separator with magnetically conductive members whose terminal ends form

a gap, and a microfluidic chip for insertion into the gap;

Figs. 2A-2F show possible surface profiles for one or both of the terminal ends in Fig.

1, in accordance with a non-limiting embodiment of the present invention;

Fig. 3 shows a variation of magpetic field strength laterally across the gap in the

orientation of Fig. 1;

Fig. 4 shows a variation of magnetic field strength vertically across the gap in the
orientation of Fig. 1;

Figs. 5A-5C are, respectively, an exploded cross-sectional view, a bottom view and an
exploded perspective view of the microfluidic chip, in accordance with a non-limiting

embodiment of the present invention;

Fig. 6 is a cross-sectional view of the microflnidic chip upon insertion into the gap,

illustrating the presence of channels on either of two faces of the microfluidic chip;



Figs. 9B-9C show optical inmages of the test sanple of Fig. 9A after
separation by the mcrofluidic chip at various flowrates; Fig. 10
is a perspective view of a mcrofluidic chip illustrating an
alternative design wth four angularly distributed channels; Fig. 11
is a perspective view of a nagnetic separator designed to acconmopdate
the mcrofluidic chip of Fig. 10; Figs. 12A-12C show vari ous
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ref erence ¥ . 1, there is shown a mcrofluidic separation system
10, which includes a nagnetic separator 12 and a microfluidic chip
14. The magnetic separator 12 includes a'first nmagneticall

conduct i végretfhét 2180%mertiand etiet dhusugh e teamingl crdsn disceapy & er 18.

Al'so pr 0V|rﬂ&dﬂ1h1&1c%h1ﬂ%ﬂﬁ%t 1£, sﬁ@ﬁhgﬂl@%n%@oﬁ&agmoﬂ e%merfo@m?beﬁae“sd to
d nember’s 16, 187 In sone non-limting

the first Iﬁg
enbodi ment’st eF”r’l‘é"“ Gheipic ener gy source 20 may be a per manent magnet
or an arrangerrent (e.g., a stack) of permanent magnets. Non-limting

exanpl es g_ § itabl e %?Elernanent magnet s _are those nade froma rare
earth mat &5 &P 1 8k V‘F\Iéilelfe"féh“’ WFI"ﬂé‘Edﬁ“eP P FRO} {NFIEPhEted 88 nent s,

t he rragnemereemem»bmwaﬂp i@%é’z ed TR ERYe sUbihpgt ed to
direct curren 91165?(% alternati_tgg c%ljrrent % The strength of the
magnet i c gﬁ@?‘% ?tf?g&%ﬂ?aéarﬁ(? esanal tq.lines of irome magesiic fgigrexgteanpl e,

a- sui t abl &y theiggp;rum val ue for the maxi num nmagnetic energy is 40

M3Ce. (nega giga oersteds), although other values for the nmagnetic

energy are within the scope of the present invention. In a specific
non- | i m t Figg 88nizodi cieprsectibld idw Shromhdihseeidainenbens &, smi8thean be

microfluidic chip of Fig. 8A, showing the presence of channels on either of two faces

of the microfluidic chip;

Fig. 9A shows an optical image of a test sample before separation by a microfluidic

chip in accordance with an embodiment of the present invention;

Figs. 9B-9C show optical images of the test sample of Fig. 9A after separation by the

microfluidic chip at various flow rates;

Fig. 10 is a perspective view of a microfluidic chip illustrating an alternative design
with four angularly distributed channels;

Fig. 11 is a perspective view of a magnetic separator designed to accommodate the

microfiuidic chip of Fig. 10;

Figs. 12A-12C show various possibilities for a microfluidic chip in accordance with
alternative embodiments of the present invention, wherein a container is provided for

supplying a test sample to the chip; and



made from | ow carbon steel with high magnetic conductivity and high
magnetic saturation. Qther possibilities are of course within the
scope of the present invention. The first nmenber 16 and the second
menber 18 are coupled to the magnetic energy source 20. \Were the
magneti c energy source 20 exhibits a pair of poles, each of the
menbers 16, 18 can be coupled to a corresponding one of the poles.

Speci fi calfiys Ba- ﬁrtlmsea@%@ccf e T sarfille GRGRARE 1m$ﬁ s 16,

18 is in contact with the nmagnetic energ source 20 ers 16,
18 fornralﬁﬁﬁﬁﬂﬁb'@ﬁw&ﬂﬁﬁﬁﬁﬁcﬂ@gﬁéﬁtrve ternminal ends 22, 24 do not
meet but rather are separated by a gap 26. By virtue of the nmagnetic
conductivity of the nenbers 16, 18 and their contact with the
magneti c energy source 20, a magnetic field will be applied across

the gap 26pgHentm beScri@ER | ¢ energy source 20. 6 In sone
enbodi nents, such as the one shown in Fig. 1, either or each of the

first and second nenbers 16, 18 may be constructed from an integral
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their respective.termnal ends from novin rds each other
- and thegﬁﬁﬁﬁf@”?ﬁgg%gF%EFﬁﬁmg&%ﬁdﬁﬁh?ﬁﬁmﬁowcﬁmggpkfﬁ% % he
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glthough other values for the magnetic energy are within the scope of the present

invention,

In a specific nop-limiting embodiment, the first.and second members 16, 18 can be
made from low carbon steel with high magnetic conductvity and high magnetic
saturation. Other possibilities are of course within the scope of the present invention.
The first member 16 and the second member 18 are coupled to the magnetic energy
source 20. Where the magnetic energy source 20 exhibits a pair of poles, each of the
members 16, 18 can be coupled to a corresponding one of the poles. Specifically, a
certain surface area Al of each of the members 16, 18 is in contact with the magnetic
energy source 20. The members 16, 18 form a pair of arms whose respective terminal
ends 22, 24 do pot meet but rather are separated by a gap 26. By virtue of the
magnetic conductivity of the members 16, 18 and their contact with the magnetic
energy source 20, a magnetic field will be applied across the gap 26 due to the

magnetic energy souzce 20.



i nproved particle separation of a test sanple (e.g., in liquid,
gaseous or gel form circulating within the mcrofluidic chip 14
when the latter is placed wwthin the gap 26, the termnal end of at
| east one of the menmbers 16, 18 can be machi ned or worked so that
its surface profile exhibits a pattern of relief elenments 31
Specifically, Figs. 2A- 2F show exanple surface profiles for the

term nal  en@n@fenBbdileRs tsu&lrhg R onb BRWIBITRES §, cithéh or L& oPHe fﬁglaﬁ%exanpl €

surface profl | es i nclude undul ating, square-wave or saw

corrugat i HFRhEERbEs 8. dS graveber oawested ifoay tminfert! me@mofen@ngwéy
val l eys, gmaWeivk ndtrial WOmRLITERS 1@ %@J’hoﬁg 5%9%%@589311(19}?%%5

val l eys. Qther surface profiles ex hibiting patterns o ief

el ement s B campedrin Fak Bods Wil e deignwiie leeparossigctiongnmreand? scope
of the pr em A?\ﬁ@rﬂ&ly% aréatofﬁl@% Qld%c&emeeﬁob@ﬁ@%ftﬁms n%t b@ el m nal

ends 22, 24 of nbers 16, may have surface pro
exhi bi t i ngith @?p‘@%&ﬂie%e%?éﬂ @t‘”ﬁg 28+ Iﬁelﬂileéfembéﬂléﬁetﬁtfbe @.{Sf tanétsecan@ mrror

i mages of maHBerAY Bela @Mdh%e'cons‘&h&e@ﬁ&lﬂﬁiuﬁ%ébn&{t o rﬁ@:?e%'t@g.?thrOUQh
the gap 2 It will ge noted that the cross- sectlonal area of the

t er m nal é)ﬁhf‘ss ")f maggeticgly eopdycgve mpteral et avegrrrled togathert Fethisweteace ar ea

of the membRregdis ddryhn ?aae fefinihd) HQMAGH Wil thR dEQ%edzo aRanethg. ener gy
source 20, is even snmal at the tips of the relief elements 31. As

a  resul t3eRe dpleseltangrst of the st apds seopnd webery 16 18 thpds g el d

across t h@n@afvilthé HagleiOBBRY sodrék doghe area of the peaks and weaker in
the area of the valleys. Fig. 3 shows a cross- sectional view (along

the x-z plane) of a sinmulation of magnetic field strength across the

gap 26, fmﬂmmm bin blign@adt sBR=0DSEY hadotifldto bﬁgeﬂﬁaﬁﬁﬁw ﬁ:mefﬁrsﬁ |a1§t1 I's
mar kedl y strgstg V\,Egz ﬁrthe@%%%ls nar,r oner % 51
opposi ng FERRSTGHPFHL%s Gt L TR o g d%ndﬁgz 2 )ﬁ%an
wher e t hengéy B@aids esdhdelier Glanﬁthe Hhp LRl APROS GgleY dlel 86 arigi t he
surface of t{g}e taerertrll %glld @J‘-‘g 22 2449 é\g particular, |lines 310 of
strong magnetrc otierd ar PAES BReteen opposite peaks of the
relief elements 31 on t he sur f aces of the termnal ends 22, 24.
Thus, ther Sy neti |l d va % raIIy(ln
the x- h?%l r ec‘?mg gfi‘% %’(L% tﬁ%éapeé
pattern OIHPIOEM pefrtiglé mn!tlsa Bﬂ_a (bast m@leo(’e g., in liquid, gaseous or gel form)
circulating within the microfluidic chip 14 when the latter is placed within the gap 26,
the terminal end of at least one of the members 16, 18 can be machined or worked so
that its surface profile exhibits a pattern of relief elements 31. Specifically, Figs. 2A~
2F show example surface profiles for the terminal end of at least one of the members
16, 18. Suitable example surface profiles include undulating, square-wave or saw-
tooth corrugations having elongate tidges alternating with elongate valleys, as well as
two-dimensional arrangements of peaks and valleys. Other surface profiles exhibiting
patterns of relief elements 31 are of course possible without departing from the scope
of the present invention. It should be appreciated that the terminal ends 22, 24 of both
members 16, 18 may have surface profiles exhibiting respective patterns of relief
elements 31 that are mirror images of one another (vis-2-vis a horizontal plane
passing through the gap 26).

It will be noted that the cross-sectional area of the terminal ends 22, 24, which is

already smaller than the surface area of the members 16, 18 that is in contact with the



both of the term nal ends 22, 24, which | eads to sharper variations
of the magnetic field within the gap 26 (i.e., a stronger magnetic
field gradient) than in the case of flat termnal ends 22, 24. In
addition, the strength of the applied nmagnetic field also varies
according to where in the gap 26 the mcrofluidic chip 14 is placed
in the z- direction, i.e., as a function of distance fromthe

term nal et?e%nex%ﬂfsou@%e‘@' & oG shdnter a¥\{h¥3tﬁ3§ ggtﬁ%fe? 1&!1193115'39 Adn the

magnetic field along the z-direction u p0|nt in the

gap 26 i s reulhe riepemstc febisfemsedhemttedlelfasasetie g@m%ﬁ ig wnaaxd

bott om of i A& areéd Wil R € gap
26. Therefore artﬁ)gﬂ%%gal{sga@ rrag%]etl cﬁ?%gﬁ %‘1 weﬁ%\%% g’étg {Otgﬁfards

the ni ddl eesbipngl Fewalono e craplekoba dmpletan ryagnetiecficht ssngie swrossowar ds
ei ther of tﬁer@ptz@rﬁammc@ﬁ% %2bsebfed ﬂﬁ?{h@&ﬂ fgﬁ@cﬁgﬁu@m odTy azon%ahl and

with additional reference to Figs C, mcrofluidic p 14
i s now dede¥iengy sarrhe 1Sc1Pﬁff}9WEm(1ien@P%§% omﬁgayeag@ oacthe mirfage af the

pl uralItyt&hﬁh@damtmpmaﬁ%ae%%gz%wﬁep{. tt@wb&% Iml’ﬁ( bgdy 30

maybe made of a material havin magneti ¢ cond
| ow car bi 78 tssaice ok ibp fepmin 24) an pavelys lings 10jof sy mpgnetic

requi r ementldake bBRdbRRRAbphdRME Pk OBE hé téil@ieelélﬁéh@{ﬂn&{ B k@kSes(d?- O
pol ymeric rraterl aI such as pol ycarbonate or polynethyl net hacryl at e

plastic, Hetmialends?y?4ss or silicon) can also be used with success.
In a fspeciflc non-limting enbodinent, the body 30 may have two

opposite ﬁ{l Zhr f ac&g 22 3411 W th respective, channels 36, 38 being
defined o % Shes$th O dogzwpliegy magnefic Sigld: yasigy lterallyhim 8 x-384i% on

face 32 aﬁiﬂecﬁb@omgﬁlgw) a t@ﬂlefeﬁl@tano%f aiﬂﬁnpmmbﬁméﬁs 3 B6n HRYr be
construct vari s. Techni ques such as injection

mol di ng, améa@ ‘fn?é % . FRRE onds o shrapswvarelivas if e AYEREEI d. be
used L 0 E ﬁhtdmmwtp@g@ 26 K0, a&)ﬁﬁimkd agicieficld Igﬁ]fﬁ%ﬁd) &afs& tﬁégasgaﬂﬂd@go f
carved (e et ine to._a ace of the y rom
ei ther f acegﬂ%‘?l ?”ﬁ%?/g’n%/bg‘a%‘ﬁ?qo? ﬁlﬁ ?’ Ofsg’ﬁ?'bw‘egr %@5@5&%& ®onto

t he surf agsries afcotdine torehyre3A. thesgapIZG thé hﬁrroﬂlﬁdidﬂ B]iug uess plaedvih tiz t he
scope of e ventl eriar 40A

provi ded é%’%%gl{’t?% g‘éea s Dch O%éh fﬁ’émmélefi q* 8% %%5{3’6 t est
sanpl e vowihesdereme eFiget, &am@nmdﬂdmﬂmﬁgah@hammbﬁ a3 @1 pafﬁBulmoﬁit t her
face in the gap 26 is seen to decrease from maximum values near the top and bottom of the
gap 26, to a minimum value at the center of the gap 26. Therefore, the applied
magnetic field will be weakest towards the middle of the gap 26 (in the z-direction)
and strongest towards either of the terminal ends 22, 24.

Referring again to Fig. 1, and with additional reference to Figs. 5A-5C, the
microfluidic chip 14 is now described. The chip 14 includes a body 30 defining a
plirality of channels on respective faces of the body 30. The body 30 may be made of
a material having high magnetic conductivity (e.g., low carbine steel, silicon steel),
although this is not a requirement of the present invention, since other materials (e.g.,
polymeric material such as polycarbonate or polymethyl methacrylate plastic, as well
as glass or silicon) can also be used with success. In a specific non-limiting
embodiment, the body 30 may have two opposite planar faces 32, 34, with respective
channels 36, 38 being defined on the two faces 32, 34. Tn particular, channel 36 is on

face 32 and channe] 38 is on face 34. The channels 36, 38 may be constructed in a



of the chip 14. The exterior lining 40A, 40B can be made of one or
nore thin layers of polyethylene (PET) or other suitable material.
The exterior lining 40A, 40B could be rigid (e.g., inthe formof a
plate) or flexible (e.g., in the formof a nmenbrane). In various
non-limting enbodi ments, the exterior lining 40A, 40B nay be
conposed of a single piece that is wapped wholly around the body 30
or it may YrPeskd r.at.e g N Sye:.6a - Whi eals a
respectivgg%ﬁg,of %ﬁé g%gﬁﬁgﬁgs%%;wggggﬁgﬁ %@g%%1%ﬂ?ﬁ%%%ﬂg§§n or the
exteri or [MaRvEgs aphmioromachining qeuld treussdiferathlsqruinos®). BE wemplelthe nm

but this iganqt 3@,@s%ycderb§}v@@geegq Renbd H%%gtgh%%ﬁ')eiﬁfo_lah 28y RO

invention, as other thicknesses are. e exterlorinning
40A, 40B Afjor esberfceionthenimay by hnilbtp ¢-2. tsaqye or Bepsisites) onth Sieshrizsnel s 36,

38 has ther@8pasishy shf ofh@ tbdhniRuds SR wiRRIRE Sco E%@p&&ﬁﬂﬁf&ﬁ&? one_of

a plurality of inlet ports 41, 42 to a respective one of a plurality
of outlet ports 46, 48. It should be appreciated that the two

channel s 36, exRB00Mifd 402€T2053E FroPlted R€as B %gﬁg nOchEhGs 38U 8, %%ﬂ%og be,

mrror inmages of one another. A test sanp can be supplied t
parti cul afPEie it saopple ¥HERMCP be Btrined grithinthel elappels 36 8B ef either favor

exanpl e, 3t {BHBRp (8- The exPerdoP TR 804, 4OH tcﬁr?‘;é BeheH O GERY 1R 1588 be
used to sugg%g a test sanple into 'channel 36 via Inlet port 41 and

draw t he PeRATedyleps ET pppthessuitable prieral. 4 Bhe qxiprigriinieg ¥y 48Bredd sanpl e

can be pusPLgdidd.CnehaeRebr BRatd) & felibRie.gPB the hmIPE nldbAWRe) FPM
outlet port,46. 1n another exanple, the_?est sanpl es can bé. l.oaded
into the CHEHRRIHEEDS %b@yneﬂ&fgleﬁ%fyl?oréa@@i%c@?wyw srrpeief ence to
Fi gs. 12Aa 438 plcbethar is Svrifped ivlet) Bodr@SREGIdy\S8 or HAPyH e\ @upd28 24,

1202B, 1202C t hat suggllgé, y.gravity, a test sanple_to a channel
formed i n*PHE®ETHYPIGHS:£2 %@%S@B&S PicERe Yo rra PEDhE Hiapnelnitg 28. Am 148,

1214C. ThexatmpRithickhessatiheeitiotiang40.4 48R thy ma§ Bo/duttible 0QFKR0.10
Thi s enbaodi nent. coul d

respective outlet .port, 1246A,.. 12468,  1246C.

work wit hm%ﬁ‘“nﬁ‘dﬁgflf’tc“’ 8&8?%438‘1‘% o i heyprpiens TR S o0R od a
quart er - t thichndsees arel jerdible. NEhgexeridflitiog HaOMB! thyy dattean thd¥efin of a
verticall% In an enbodi ment, two test sanples fromthe sane source
are circul&fed t hrough t he

Each of the channels 36, 38 has the capacity to carry a test sample from a respective
one of a plurality of inlet ports 41, 42 to a respective one of a plurality of outlet ports
46, 48. It should be appreciated that the two channels 36, 38 on either face of the

body 30 may, but need not be, mirror images of one another.

A test sample can be supplied to a parficular one of the channels 36, 38 and drawn
therefrom. For example, a pump (e.g., 2 computer-controlled syringe pump) can be
used to supply a test sample into channel 36 via inlet port 41 and draw the test sample
from outlet port 44. In addition, a test sample can be pumped into channel 38 via inlet
port 42 and drawn from outlet port 46.

In -another example, the test samples can be loaded into the channels 36, 38 by
gravity. Specifically, with reference to Figs. 12A-12C, there is provided a respective
container 12024, 1202B, 1202C that supplies, by gravity, a test sample to a channel
formed in the body of a respective microfluidic chip 1214A, 1214B, 1214C. The test



two channels 36, 38. In another enbodinment, the two test sanples are
fromdifferent sources. In yet another enbodinment, outlet port 44 is
connected to inlet port 42 (e.g., wusing a via through the body 30)
such that the sane test sanple will circulate through channel 36 and
t hen through channel 38. In some cases, the channels 36, 38 exhibit
parall el elongate traces in a "plane of flow', wth the ends of ones

of the tragesleiedngn, b B GakisBRELd Mkdivk QuildiSok eDIcANI 1GB, 1:8kc 0t her s
of the tr es b respectl?ve %20 deg rgt benlés %OHe f he gj ven test
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el ongate traces in a "plane of | ow', with such traces neeting at
the respective inlet port 41, 42 and al so at the respective outl et
port 44, 46 af3ti66iAGNE toltéhe s AN GHORPIE sidfe douthe allboulatble tBoug 11 Ven
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pre-deter rﬁvﬂégﬁm?lig%%/lxﬁéathhaﬂ“g@r erphpdiment, isitpg fhest sapwles ediopt @iffeispt ¢ he

gi ven testsoﬁxaéﬁpllﬁyétanétﬁ@\éﬁlbo&ﬁeﬁﬂ duliler oﬂ%ﬁ@@&nhé/&edlt@hﬁ‘étp&%ﬁ (e4g1 42 to
t he respective ou ‘ﬁ {;t 44, 46, The channel s 38  can
desi gned tBTBASV SR e Podyoit) ?ﬁﬁ@éﬁ%?ﬁ%‘lwﬁﬁwl??’éb\?‘%%ﬁ ﬂ%P‘E% n the

pl ane of cﬂamwwah@maﬁth@l@@abmmﬂassromthe scope of the present
invention. In operation, the chip 14 is inserted into the gap 26. O
course, the gap 26 has to be sufficiently wide to accommodate the

chip 14. |in seneeasesyibd bimnds 36, I3ecxgnA p’&mamaonga&embd £ éL4p1afeeof

R e R A ER N

of the nemfethsrsbbfhe ti:Bgs Wf fegettiveaky-degershangs. t HereCie RivittebiOsalle
r et ai ned 26.by the relief . el epents, 31 at the term nal
ends 22, %E’ ﬁgm"&% rngd’f%?n#@.s ﬂ?’ﬁ%‘ﬁ?%ﬁ?@ﬂﬁ&f’ “snbodi nent, at

its narrowest point the gap 26 can be wider than the chip 14, and a
hol der exter, e e separ.at o rovi.ded. The
chip 14 |sﬁ?sFﬁg%lcﬁ&%\)s‘L’tct)ﬁl]e h@ﬂ" i %é XB’?ItIpaI 818% {5]5 espme%(séal Fel he
hol der; whHeR”t With sivh grages m@hngla‘easeetpcdﬁvmﬂlét poloied h &R dndvialshiah tHehe gap
26 by ther deHEL ouﬂ%p%ow&%hzl& %&% &Mk ﬁle%&w?&%e@ #F1g6 ’ISZA)t Ilférél g?%n

observed that once the chi I's inser
test sample in a given one of the channels 36, 38 does not follow a pre-determined

flow path, as several options are possible for the given test sample to travel from the
respective inlet port 41, 42 to the respective outlet port 44, 46. The channels 36, 38
can be designed to provide other configurations of the flow path within the plane of
flow without departing from the scope of the present invention.

In operation, the chip 14 is inserted into the gap 26. Of course, the gap 26 has to be
sufficiently wide to accommodate the chip 14. In some embodiments, the gap 26 and
the chip 14 are dimensioned so that when the chip 14 is placed into the gap 26, the
exterior lining 40 of the chip 14 contacts the terminal ends 22, 24 of the members 16,
18, effectively causing the chip 14 to be retained within the gap 26 by the relief
elements 31 at the terminal ends 22, 24 of the members 16, 18. In an alternate
embodiment, at its narrowest point the gap 26 can be wider than the-chip 14, and a
holder external to the magnetic separator 12 can be provided. The chip 14 is slid into
the gap 26 until it reaches and engages the holder; when the chip 14 is released it will
be held within the gap 26 by the holder.
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the gap 26, channel 36 will be offset fromthe center of the gap 26
(in the z-direction) such that it is closer to termnal end 22,
whil e channel 38 will also be offset fromthe center of gap 26, but
will be closer to termnal end 24. Thus, the test sanple in channel
36 will be confined to circulating closer to termnal end 22, while
the test sanple in channel 38 will be confined to circulating closer
totermnal end 24. It is noted that since there is little or no
test sanplg volune circulating at the center of the gap 26 (in the
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sui tabl e digTeaginons Aldciean thiunshi @as liefe &8 el Bandfle vbIBkk &fi
el enents 31 nd a I|e mag,etlc fiel I't. shoul d be_ appreciated

that in tfe eeﬁ’laa fugdinectan gyhgehe ARplied magatti) el 1strekest hannel s

36, 38 exmmad,sﬂ@eae&altbsy s&ﬁﬁl&hé ﬁirceelt@@aaﬂ@e&ﬁ PEAS &M@%@Eoﬁt@ﬁ not
the traces

they are 0- | ane of f| ow,

can be sp Er]:'caéiiﬂ’ d&&%’% ehcti% V&“f"%?“@??“&ﬁéﬁ?p Thgse AAHHdn | i nes
310 of st theng wiigpgbiitte fiablvhere Eﬁwﬁh@ﬁ@&@l&vﬂh&éﬁu&@h@ﬁ%ﬁﬁ at RBasti §. 7A,
there is own |{p$ r.ti.o |n netic .separator of .the chip
714 that ¢ eﬁ}gﬂr%‘rea 7 %ﬁg’e‘ﬁ’?\lﬂnﬁ lg? g”@ﬁ’é?%ff"ﬁ? HegRye %%‘ﬁ?féﬁo 58 the
gap 26 (i frat Netimesaitsi mnimubhealed)ifiy phttftuhasalbeast Xlasd Ynedn wichiqrel ongat e
traces 70 .ane -f rtain ones of  these traces 706 are
al i gned vmgltiﬁr%she |%gsm§iffbn%fsmm%%8na§ JRBETEY | Cﬁg’ e (P’Sifé%t ed
onto the #ﬁttamelecsmtibﬂa)dimeﬁﬁcgls aﬂchmdﬂgumtcrnatoésheachq:r b el eleinadis 8hr ough

the term P@%ﬁﬁigggﬂ g the gap’ 26 and the body 30, show ng the
two channel's on elfher face of the body 30. It is noted that

the test sanple volumes in both channels 36 and 38 are subjected to a
Magnet | C 1t should be appreciated that in the special case where a given one (or both) of the

channels 36, 38 exhibits generally parallel elongate fraces (whether or not-they are
joined by 180-degree bends) in a plane of flow, the traces can be specifically designed
to have a relationship with the lines 310 of strong magnetic field.

For example, with reference to Fig. 7A, there is shown insertion info the magnetic
separator 12 of the chip 714 that is generally planar and is generally in the center of
the gap 26 (in the z-axis). The chip 714 has been designed with elongate traces 706 in
a p}ane of flow. Certain ones of these traces 706 are aligned with the lines 310 of
strong magnetic field as projected onto the plane of flow.

Fig. 7B i_llustrates a cross-section through the terminal ends 22, 24, the gap 26 and the

bddy 30, showing the two channels 36, 38 on either face of the body 30. It is noted

that the test sample volumes in both channels 36 and 38 are subjected to a magnetic
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11 field that is stronger than it would have been if the test sanple
had been allowed to travel along a single channel passing through
the center of the body 30. A simlar effect nay be achi eved using the
m crofluidic chips 1214A, 1214B of Figs. 12A and 12B, which has been
designed with respective elongate traces 1236A, 1236B in a
respective plane of flow, certain ones of which can be aligned with
L nes SlDmalh SLEANAIRABE 1Grd 8L % 85 LY QSEHEH b 0N AL
respective plane o an alternate & erence
to Fig. 8AWVﬂWéméaﬁ@g@hbmndmN@@gﬂmmmmmﬁmmmmﬁémﬂmgﬂﬁl|c separator 12
of a chip 814 that is also generally planar. The chip 814 has been
designed with elongate traces 806 in a plane of flow Certain ones of
the tracetsigiier ¢feakmayhelachipted ugng e aficrp gdicichies 12310, Bf14Btof Bigy
magneti c fihal

1@l s 35 RIS fidn dﬁs?%@d \hﬂ?ﬁegﬂe%&k?e £ g{tk - 'f%s%A %6}3 the gap

illustrates a cross-section t term n:

26 and t hd? 2 BRsEsEtisoplangd o wgearthin mmfomimet e @&netsﬁitbthcémesfﬁﬂ face
of the boQys3Re rldendis FRRLEH ok ent orientation
of the tracgs ?na%?g. 8A 8ﬁt§§5mg§%g&%§mﬁﬁg. (&%E&Flg. 7A or Fig.
12A, the test sanple volunes in both channels 36 and 38 are stil

never t hel 65 s sHPLACLRGaln? FRGORILG birel Al Bale ib ki ARARK hfan it

woul d have been if the test sanmpl e eeh al al ong

a singl e AfdRrEPIGHREERAGLA M thiih S1hdat ie elve epnetsly phasarh Gthy cm 814,
sinlar efferden WBYglRE v@rﬁfao@lgﬁ&i ik 366 wgm 5 Hot Aerftin Gled o 426

whi ch has been designed wth elongate traces 1236C 1n a pl ane of
flow, cer &R BQ%SWNMF@HGS@M&MWM piitieng megnese felias prajretyd 310 of
strong nmagnethdplidedl dowds projected onto the plane of flow
Non-limting exanples of application of the mcrofluidic separation
system 12 include the separation and/or enrichment of target

mat erial  Fig08B Hivelfei acidss-b@Gbn Sph B 1GMEHI endS2DhAAH SAMBIESthe
rotein or anti body

bacteri al g{or cel | _suspensi ons-or extracts
sol uti onsb%\cﬁ’ %m%m"fpgﬁa%“egl% 28 epeither fage %&tgﬁﬁ‘l’dé’ ¥ hispriedat i on,
the cul t uthatddshirmtfe tiePprhi0RRIttidAdT thedti by 1A, 8A when compared to those

of Fig. 7A or Fig. 124, the test sample volumes in both channels 36 and 38 are still

nevertheless subjected to a maguetic field that is stronger than it would have been if
the test sample had been allowed to travel along a single channel passing through the
center of the body 30.

A: similar effect may be achieved using the chip 1214C of Fig. 12C, which has been
designed with elongate traces 1236C in a plane of flow, certain ones of which cross
multiple ones of the lines 310 of strong magnetic field as projected onto the plane of

flow.

Non-limiting examples of application of the microfluidic separation system 12 include
the separation and/or enrichment of target material from biolo gical test samples such
as blood samples, bacterial and/or cell suspensions-or extracts, protein or antibody

solutions and various buffers.

In a specific example of application, the cultured Human Hepatocellular Carcinoma

cell (Hep(G2) was used as the target cell for a cell separation experiment. The cell
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cell (Hep&) was used as the target cell for a cell separation
experinment. The cell 12 was |abeled with magnetic nanoparticles with
a dianeter of 10nm These nanoparticles fluoresce in nature. The

| abel ed Hep& was m xed with non-|abeled fresh human red bl ood
cells. The ratio of Hep& to red blood cells was 10% The cell

m xture was suspended in a separation buffer cont aining 2% fetal
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under the m croscope because of heir fluorescence, and sone
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Figs. 9B, 9C.and s the flow rate through.the chip, which was
9 eparag'on ga% Tlhe trapped cells were flushed out b}g using 1x PBS Et a flow rate of

Iml/min.

Fig. 9A shows the optical image of cells before separation under fluorescence
microscope under 365 om UV light excitation. The target cells (i.e., those labeled
with magnetic nanoparticles) are easy to identify under the microscope because of
their fluorescence, and some are labeled as 900 in Fig. SA for convenience. It is
noted that the target cells are present among a greater number of non-target cells. In
contrast, Figs. 9B-8D show the optical image of cells after separation under the same
optical conditions, demonstrating a certain degree of purity of the target cells. The
difference between Figs. 9B, 9C and 9D is the flow rate through the cﬁip, which was
200pl/min, 300u)/min and 400ul/min, respectively.

The purity of the separated target cells was analyzed by flow cytometry and is
illustrated in Figs. 13A-13D. Specifically, the result for the original cell mixture
(refer to Fig. 9A) is shown in Fig, 134, recalling that the percentage of HepG2 cells
was 10% before separation. Figs. 13B, 13C and 13D show the separation results for
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2001/ mn, 3001/ mn and 400 j fmn, respectively. The purity of the
separated target cells was anal yzed by flow cytonetry and is
illustrated in Figs. 13A-13D. Specifically, the result for the
original cell mxture .(refer to Fig. 9A) is shown in Fig. 13A
recalling that the percentage of Hep& cells was 10% before
separation. Figs. 13B, 13C and 13D show the separation results for
13 the ab ,gfy,,m
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in the art@afirle Figpgk ﬁldé’mhat al t hough the chip 14 has been
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possi bl e to design other chip shapes w thout departing fromthe
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Those sldlled in the art will appreciate that sfrcmg magnetic forces may be obtainable
because of the céﬁpmaﬁvely higher field density and gradient of field density
provided by certain embodiments of the microfluidic separation system of the present
invention.. This allows improved separation and/or exiraction to be achieved with
finer magnetic particles such as magnetic nanoparticles and magnetic quantum dots.
Moreover, the microfluidic chip 14 has a simple structure, offering lower costs and
higher efficiency when compared to conventional technologies. Also, the planar
channels 36, 38 in the body 30 provide the microfluidic chip 14. with a small dead
volume, thus enabling the processing of smaller test sample volumes and making the
system suitable for the purification of rare or costly samples, such as stem cells for

example.

While specific embodiments of the present invention have been described and

illustrated; it will be apparent to those skilled in the art that numerous modifications
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Moreover, the mcrofluidic chip 14 has a sinple structure, offering

| ower costs and higher efficiency when conpared to conventi onal
technol ogies.. Also, the planar channels 36, 38 in the body 30
provide the mcrofluidic chip 14. with a snall dead volune, thus
enabling the processing of smaller test sanple volunes and naki ng the
system suitable for the purification of rare or costly sanples, such
as stem Cehl Safiffons EXHPMEde Wihdu€ gfﬁo(ﬁ:l %{Ebﬁg#) ngfenﬁ&e sPresent
i nventi on have been descri bed and ustrated be appar ent
to those <kfinqddytheapnepdedsiaims hat nunerous nDdlflcatlons 14 and

vari ations can be made w thout departing fromthe scope of the
invention as defined in the appended clains. 15 WHAT IS CLAI MED IS
1. A mcrofluidic separation system conprising: a nmagnetic
separator, conprising: a. a magnetic energy source; b. first and
second magnetically conductive nenbers |eading fromthe nagnetic
energy source and having respective termnal ends; and c. the
termnal ends of the first and second nenbers being separated by a
gap over which a magnetic field is applied due to the magnetic
energy source, the magnetic field decreasing fromthe term nal ends
towards an area of mninmumfield between the termnal ends; and - a
mcrofluidic chip for insertion into the gap, conprising: a. a body
defining a plurality of channels on respective faces of the body; and
b. an exterior lining that seals the plurality of channels to all ow
separate test sanple volunes to circulate in at |east two of the
channel s; - wherein upon insertion of the mcrofluidic chip into the
gap, the area of mninum field is positioned between, and offset
from a first channel on a first face of the
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body and a second channel on a second face of the body, and a first
one of the test sanple volumes in the first channel is confined to
circulating closer to the terminal end of the first nenber and a
second one of the test sanple volunes in the second channel is
confi ned WHAT I8 (JlaAIMEDJISoser to the terminal end of the second
menber. 2. The mcrofluidic separation systemdefined in claiml1,
wherein at least two of the channels are mrror inmages of one

anot her an peapesthive sépaefpnQystee chifplising. The mcrof luidic
separation systemdefined in claim1, wherein at |east two of the

channel s are’ ridhagficke s9paraiefgeempiisibgie anot her on respective faces of

the body. 4. The_m_c | 4L di tion systemdefined in claiml,
wherein the m cr of Iaurlﬁg gﬁlégé%gﬁgcﬁ%{;%des a respective inlet port and a

respective outl eb. gosit ahdrseaad @bgidiealthapndidived mehlieramieddiid ufrsthc the
separation systemdefined in claim1, wherein the mcrofluidic chip
conprises a cont ai ARAENERG CREEHIQR¢RAnSthay BELesPERE cIepinal andgtanganpl e

vol umes into the. RSREGHY Endlof tﬁ@%rrstggg s& Oélhhﬁerﬁilkg? %@1{1‘@ s%ar%@%&rtaﬁ%ap

6. The microfluidic separation system ined in c erein’t
termnal end of at ovkeabithameagpktit feldfis amgilied mide sethemdsgretibencrgxiuubdd, she

a pattern of relief elene 6 7.. The mgrofluidic separation

system defined in éﬁ‘a?ﬁ“ﬁﬁlcltg%e‘#ﬁ%s‘flﬁeg?%r %enéffmé‘??élse ‘i%“lisf @psfrea of
and second menber s \gxhibh tielESROELH HE [ RAILERAS; g rel ief el ements. 8.
The mcrofluidic separation systemdefined in claim7, wherein the

patterns of- r @misfofluedie geiptfor msetion imothei gapgesnpisingne another. 9. The

m crofl ui di ¢ separat,ign .systemdefined in claim7, wherein .
Tt orna o 1 of P& Ao a3EhE T ARREOER chlibl B TedseciChalidbritibodys and
separation syst ep dafdxrgidr il hatdils egleialtabf tieagtls 9016w deparate test
channel s includes generally parallel elongate traces within a plane

of flow 11. The mSerpl|velumes teepaplatitoat sy tuorbidricharnelsy clai m 10,
sher e ¢ he Toageopld S SIS, OGN0 BRIl
the first and fiekt ngbsitmbé betwaend and offsdt rfreeal 4 fipdtacheniodl dnl ©Wirdt face of the
orthogonal to btt) )Ef\ a1|1cli Q%gco?a]::‘l c %ﬂé%a?%ngas%ggr}cf 1%10(]; Io? lsh%'body, and a first one of the test
sample volumes in the first channel is confined to circulating closer to the terminal
end of the first member and a second one of the test sample volumes in the second
channel is confined to circulating closer to the terminal end of the second member.
2. The microfluidic separation system defined in claim 1, wherein at least two of the
channels are mirror images of one another on respective faces of the body.
3. The microfluidic separation system defined in claim 1, wherein at least two of the
channels are not mirror images of one another on respective faces of the body.
4. The microfluidic separation system defined in claim 1, wherein the microfluidic chip
includes a respective inlet port and a respective outlet port for each of the channels.
5. The microfluidic separation system defined in claim 1, wherein the microfluidic chip
comprises a container for supplying at least one of the test sample volumes into the
respective at least one of the channels by gravity.

6. The microfluidic separation system defined in claim 1, wherein the terminal end of at

least one of the first and second member exhibits a pattern of relief elements.
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12. The mcrofluidic separation systemdefined in claim11l, wherein
certain ones of the traces are aligned with respective ones of the
lines of strong magnetic field as projected onto said plane of flow
13. The microfluidic separation systemdefined in claim12, wherein
certain dne‘gh@miqrhﬂuldtqm@rgﬂw @fsmnd@fmeédnt@ialmelndéqunhéwet@ynm@l ends of the

est abl i sh AsPAL (fj EFE:%? 1d s I%glel‘gv\}%ﬂiblt respec-;ljcpv% % é)%yeh,re% ?ﬁ%%g‘? ration

system defined i n erei n-cert faces cross

mul tipl e goneke aficrofigidid ma@iﬁn%ygtemgdmaeﬁlmﬂ Bl §hasinpthe) Reted Ithef
said plane of flow 15. The mcrofluidic separatlon system defi ned

in claim9, eWﬁ@ﬁéFﬁ”ﬁﬂ“ﬁé@é@*ﬁﬁ@n%ﬁmﬁﬂﬁ channel s include respective
sets of @e”?ﬁéHl&o Era%'of?’%gﬁla% &Jﬁ&)%ﬁﬁn c%aqlin}_ﬂ- k\?hépeftﬁrﬁfe LAlG of relief

separati on sys Incl sec
t erm nal endmnemkaﬁhmmmgammalr of magnetic poles on opposite S|des of

t he gap and acrqQss, which the magnetic field js appljied. 17.
mi cr of | uilli Eh% BRsPERIdh seRpeationm Betemhdafingd & it ©> "iarin 4 I@a%rpn&f of the

the first agdngdeaRNfelE éﬂe%gyond b@ggatt@ﬁsé‘e%%ﬁﬁhxgla% o flowoke

connected to a respective se e respective first yoke
havi ng aldrﬁbsnseoﬂummaquuﬁanandﬁheﬂﬂ@xﬁoﬂnd&h@dO;ambhmlﬂ&num@naufﬁdd

magneti c ener t he ective d yoke. ex b|t|n the respectiv
Forminal  oritfs s of SEfEchaeneus ey Sion oL bernea Ve Ermmapuonine
of the res pl%ﬁﬁin‘dﬁ efidseBEMe i@ \UndheBorkd BRtbRes th@N@herdhesid §3et BRAow is
the cross-sectional area of the respective first yoke. 17 18. The

m crof | ui di ethogpaglae thedingy of grandenaanedc fipldc| ai m 17, further
COPr 151 19 A0, AL ANTENLe SPAGR.,LOA! AR EY RS NS O O BOSAATr e

under magneti T gy s

m crof | ui di gacee praighehwity stperttef dneedf it 1eleaiofsttongvhes o ﬂeﬁtﬁa&b@dj&cted
is planar with two oppagsing faces. 20. The mcrofluidic separation

syst em def i 98¢ s3if PN PRTIEW. wherein said insertion of the
m crof | uigi gy {Hh&ohﬁhfb $pGra8aR L AUR! ¥fhel ThaARkilnS 1, "InG oAl %P EhACH N he

t he exterl or linin
traces are connected by bends, thereby to establish a meandrous flow path.

14. The microfluidic separation system defined in claim 12, wherein certain ones of the
traces cross multiple ones of the lines of strong magnetic field as projected onto said
plane of flow. '

15. The microfluidic separation system defined in claim 9, wherein at least two of the
channels include respective sets of generally parallel elongate traces.

16. The microfluidic separation system defined in claim 1, wherein the first and second
terminal ends establish a pair of magnetic poles on opposite sides of the gap and across
which the magnetic field is applied.

17. The microfluidic separation system defined in claim 1, wherein each of the first and
second members comprises a respective first yoke connected to a respective second
yoke, the respective first yoke having a cross-sectional area and being connected to the
source of magnetic energy, the respective second yoke exhibiting the respective terminal
end of the respective element, the respective terminal end of the respective element
having a cross-sectional area less than the cross-sectional area of the respective first

yoke.
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of the chip and the term nal ends of the first and second nenbers,
whereby the mcrofluidic chip is retained by the nagnetic separator
within the gap when inserted. 21. The microfluidic separation system
defined in claim1, further conprising a holder external to the
magnet i c 18eplg anisrofluwdic ceaphiation esystem rdsfiapth inhelaimct 6f Hurkler ccamgrpsing an

within the 22, A temc rising. a neti.c separat or

conpri si ng %{ i relslf s%%cre%%%’ai(? rgvﬁgpsgﬁleo%aﬁo%?lﬂgdggg%ﬁlﬁd%opggré%]& Rice from the
separ at ed byaghciapnerk9ko@pg! ying a magnetic field across said gap,
said magnetic field decreasing fromsaid pole ends towards an area
of mi ni mith Fieemirrpuidicessparation pistean defieps: inghimal , pyhergin the Bedy ismignar with
havi ng a figst : an opposite second face, defining a first
fluid chan@loﬂggjglg Zir%tgs'sai d first face and a second fluid channel

adj acent 28aTlet sgaofididicaeparationisgstetni Peflned dnteddm ht whe@indsgid pnssitidn of the

said area of mpinumfield being positioned . between, and offset, . .
from said PIFudgehybipimthegraingplyes establishias souipginiciwes the xtepior lining

wherei n at t f 1.sad f
SR PSR 12 et gl %n&@%%ltﬁélsﬁrgtzm sgtfo‘ggldpﬁreﬁ%fvé\h%hereby the

peaks and val | eys. e systemof clarm or m 23, ereln”at
| east one ohicsefluddipchp iendsinbdby the oagnetigsepachtauritiao che 2. whdnansytetiem

f clai wher ein. sai d ted surface has ti d at | east
one_of SaTaTY HREPIE SBetiancRaIRoAE i PRES ' BHRE farifioa hoder

align wth sadrfalttb Be maBaetitNEpAYRt Rl ednfFdudddModRiai R Bicho A chipP®ithin
and said traces are elongate and generally parallel to one another.
27. The systhegawf claim 26, wherein selected ones of said traces are

connect egsz a‘?&é‘&%m%&m&:“ abli sh a nmeandrous flow path. 18

a magnetic separator comprising a first pole end and an opposing second pole end
separated by a gap, for applying a magnetic field across said gap, said magnetic field
decreasing from said pole ends towards an area of minimum field between said pole
ends; and
a microfluidic chip having a first face and an opposite second face, defining a first fluid
channel adjacent said first face and a second fluid channel adjacent said second face,
said chip inserted into said gap with said area of minimum field being positioned
between, and offset from, said first and second channels.

23. The system of claim 22, wherein at least one of said pole ends has a surface pattern of
peaks and valleys.

24. The system of claim 22 or claim 23, wherein at least one of said pole ends has a
corrugated surface.

25. The system of claim 24, wherein said corrugated surface has tips and at least one of said
first and second channels comprises traces patterned to align with said tips.

26. The system of claim 25, wherein said tips and said traces are elongate and generally
parallel to one another.

27. The system of claim 26, wherein selected ones of said traces are connected by bends, to

establish a meandrous flow path.
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