1 LAB-ON-CD SYSTEMS W TH MAGNETI CALLY ACTUATED M CRO

CHECK VALVES AND/ OR MAGNETI C | MMVOBI LI ZATION Fi el d of

the Invention [0001] The present invention generally

relates to technol ogi es for i ni aturization devices

for carrying out biological or chem cal anal yses, and
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[0002] The advances of m niaturizing systens/devices
for carrying out biological or chem cal analyses have
l ed to | ab-on-chip anBicldpf helamensioat forns. In both
platforns, sanple reservoirs and reaction chanbers
are connected by a network of mcrofluidic channels.
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magnegindpordbilizatiocont r ast, the Iab on-CD systens use the
i nherent centrifugal forces of the rotating CDto
drive the fluids through mcrofluidic channels on its

surface for variougae ,Q,Iuggloqglleng@ﬁg,b,gns I'n
addition, the CD fornmat enabl es the | ab-on-CD systens

to be adaptable in various CD devices including
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The flow control on a rotating |ab-on latformis
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alloms flow (burst frequency) will be
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meBg‘,Cfigeqag [{/gﬁg(sgsurtfhgc(ﬁ) Ci‘gl%galatcetngues the ?ab ndc%r (s)fs?esnﬁs to be
adaptable in various CD devices including computer and CD players. For example, US
6,030,581 discloses a lab-on-CD system that enables a user to carry out biological analyses
on a computer,

[0003] The flow control on a rotating lab-on-CD platform is designed by
employing passive valves on selective radial locations on the CD. Depending on this radial
location and the geometrical shape and size of the passive valve, the rotation frequency
(RPM) at which the valve allows flow (burst frequency) will be determined. The
performance of passive valves is heavily dependant on both the design and process
parameters. The design parameters include valve dimensions and radial position and the

process parameters include surface characteristics and process variations on valve



2 dinensions. These factors nmake the val ve
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Summary of the Invention

[0007] One embodiment of the present invention provides a lab-on-CD (LoCD)
system for conducting chemical and biological reactions. The LoCD system comprises a
microfluidic CD with at least one magnetically actuated micro check valve, said
microfluidic CD having at least one sample reservoir, at least one reaction chamber, and at
least one microfluidic channel connecting the at least one sample reservoir and the at least
one reaction chamber; wherein the at least one magnetically actuated micro check valve is
positioned to control the microfluidic flow in the at least one microfluidic channel; and a

supporting CD with at least one magnetic element for providing a magnetic force; thereby



one reaction chanber; wherein the at |east one
magnetically actuated mcro check valve is positioned
to control the microfluidic flowin the at | east one
m crofluidic channel; and a 3supporti ng CD with at
| east one mmgnetic elenment for providing a nmagnetic
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bottom surface of the at least one reaction chamber, thus when the magnetic beads are
coated with a molecule specific for one entity in a sample mix, the one entity can be
isolated from the sample mix with the immobilized magnetic beads.

[0014] In another embodiment of the LoCD system, the supporting CD further
comprises at least another magnetic element; thereby the at least another magnetic element
can be reversibly positioned under the reaction chamber so that magnetic beads from a
sample mix can be immobilized or released from the bottom surface of the reaction
chamber.

[0015] In another embodiment of the LoCD system, the at least one magnetic

element can be reversibly positioned under the reaction chamber so that magnetic beads



[0014] In another enbodi ment of the LoCD system the

supporting CD further conprises at |east another
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lab-on-CD (LoCD) system, the bottom surface of the reaction chamber can be roughed.

[0018) The present invention has many advantages over the existing LoCD
systems. For example, metallic micro objects as a check valve can be used inline the
microchannel, at the outlet of a micro reservoir or at the inlet of a reaction chamber. [n
addition, the metallic micro objects can be actuated by magnetic forces that can be
generated by permanent magnets or electro magnets. Furthermore, multiple microfluidic
CDs can be simultaneously controlled by one magnetic force. Finally, the magnetic

element can be used to immobilize magnetic beads.



the reaction chanber so that magnetic beads froma
sanple mx can be imobilized or released fromthe
bottom surface of the reaction chanber. In another
enbodi nent of the Iab-on-CD5(LoCI» system the at
| east magnetic el enent is pernmanent magnet, an
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In yet anot her enbodi nent of the |ab-on-CD (LoCD)
system the bottom surface of the reaction chanber can
[ookbg roughpgbferrddOhBbd il tP hESRIngl 1BVIBRIIrORNDN &S ABBY will now be
advant ages over the exjsting LoCD systens. For
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Figures, in which'like reference nunerals denote
cleetre@megrgic flog2dicclkrivalve insaczostahesrmtithcordi agbadimehnt af the present
invérﬁ_@hon'CD (LoCD) systemin accordance wth one

enpvodi nrent of the present invention. [0021] FIG2 is a
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[0022] FI GS 3(a)-(d) show four exenplary ‘
electmmpiitist flowschsek Valvedserogordance wiidt ons/ eraberditricnt pf g present
inv%ﬁﬁ)ﬁk val ve. [0023] FIGS 4(a)-(b) show schematic
I'agrans showi ng the operation of electro/nagnetic
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immobilization of bio-molecules in a LoCD system in accordance with one embodiment of
the present invention.

[0027] FIGS 8(a)-(d) are schematic diagrams showing the reaction chamber with
embedded magnetic element and its immobilization of biomolecules in accordance with
one embodiment of the present invention.

[0028] FIG 9 is a superimposed view of a magnetic disc/strip aligned with the
reaction chamber in accordance with one embodiment of the present invention.

[0029] FIG 10 shows the bottom surface of the reaction chamber that can be

roughed in order to facilitate the formation of magnetic bead matrix.

Detailed Description of the Invention



[0025] FIG 6 is an exploded view of a LoCD systemw th
i mobi lization in accordance with one enbodi nent of
the present invention. [0026], FIGS 7(a)-(e) are
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the ﬁ:}né/r?ﬂ e}gpm; 31 r? Cpicro ene er flow is not required and being

displaced away when flow is needed. The micro object is actuated by magnetic force, The
magnetic force is provided by permanent magnets or electromagnets or any other suitable
magnetic means that are embedded in the actuating CD that rotates relative to the
microfluidic CD to trigger the micro object movement. In certain embodiments, the
actuating CD is able to simultaneously control multiple stacked microfluidic CDs.

[0035] Now referring to FIG 1, there is provided a schematic diagram of a lab-on-
CD (LoCD) system in accordance with one embodiment of the present invention. The
LoCD system I comprises a microfluidic CD 10 shown in FIG 1(a), and a supporting CD
30 shown in FIG 1(c). The microfluidic CD 10 with a circular configuration comprises at
least one sample inlet/reservoir chamber 11, at least one reaction chamber 13, and at least

one channel via a micro check valve 12 connecting the at least one sample inlet/reservoir



bi o- nol ecul es in reaction sanples can be easily and
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[0037pNpr i SeRefatring @ABIG QNehes@iPp@videtiel suREaIp6etd viehasbek LoCD

11, at lea f one reaction chanber 13, and at | east )
sy ot 1@l 1 ibiocronead ety pBbadded gissing mepenpie32 is not
; y ' Ir 1 .
ov g EFHUS0E SEPLELVER L25PLN' o SUATHGT Fries o

mictabtheck abiverwibbe tdhgeribad berefdaftedi ¢ CD is well known in
be provided herein.

; il il ,
e Lé&éfg?ﬁ@g od@"?ﬁaégfﬁkﬁ@sw@eﬁ@ ub&l PEYVided cEntrr gremplary
contigir@hosy dF8n-3dseARGk ééctﬂo%gf%negﬂ?lovﬁmb?&lgﬁe@k?;‘ée 3kl ng

magnet 32. The central |atch arnms 31 prov
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electro/magnetic flow micro check valve 12 is in ON state when the micro check valve 12
is positioned out line of the communicating channel by the bigger actuating magnet 32
embedded in the supporting CD when the actuating magnet 32 is moved closer to the micro
check valve 12 as shown in FIG 4(b). It is to be noted that the actual controlling the
position of the micro check valve by the actuating magnet is not limited to the one shown
in FIG 4.

[0040] Referring to FIGS 5(a)-(c), there are provided cross-sectional diagrams

showing the operation of electro/magnetic flow check valve in accordance with one



supporting CD latch onto the central shaft attach
providing a spring-like nmechanism This spring-Ilike
mechani sm al |l ows the supporting CD to rotate even when
the central shaft is statloﬁary However, when the
central shaft rotates, the latching arns faC|I|tate
embpp@mept eft the presoft lm\r@eusmﬁlﬁ@rdiq:qu@hﬁgmenc flywanieid theehealve 12 is in
ng to. F

OFg b UL it BN Ur A BrPRionE o lny S B Shsnpicating

chanfcRbyGhk. snldl] ifibdddedenapaters i@k ohibR MIMEddess shown in FIG 5(a).
actuating magnet 32 is not overlapped with the mcro

Th%ﬂé%trzo/m@gwoﬁow miqp chack vRhes b‘qoe rllaﬁ)il‘bﬁete otheo dlmt medrd ichepk valve

l, esc d her ei nafte
12 foi sl Puf Redr 8 ilinigauiF cBFRSY REPE ol o0 ipacnet 32
embalded erxmqﬁ@pymngm ivgichahd @cﬂﬁatﬂfg:, th ﬂe@SE ¥iek closer to the micro

[ magneti ¢ flow mcro check valve 12. [0039]
cheg fvgtv:elolggas?s owp @Fh((‘: éfb)( GG Q(ﬁgﬁ}@\@ra@o&ebw tgyration of the micro

che%E herBh.LE a&h%ﬂ{garﬂ?%n%tﬂ QG he b ﬁatﬁrﬂg\e/&lﬁ%/ﬂe? @% ?sfa %bggrg Lhe micro check

el ectro/ magnetic ffow mcro c
valvi th one “enbodi rrent of the present invention. The
k valve 12 is in OFF

| / t
00fhen { eARfEroeEhed R e per IBestipn dss Ipba- P system
thatt ndiLo ﬁ’ﬂﬂéﬂét‘?@fdr&g t6 RARRPBI iR Yeadilds r%hﬂs 1§mﬁﬂg%§jom%le§uies such

net in the mcrofluidic CD as shown in
as I?N angl pretoies. n"ﬂg?fmtﬁg@trblfgmemw&eqhemlded/ hy vepetiBanant on movable

h h osjtion
merg e P W it SR KRR gy BHBTSH B8 cemen
enahm; @ irhmgbivag Iﬂ@ign&?c b&idbe tdeedxdnmplt Nae %Hé}ﬁé’\‘lﬂiﬂ%a@@ micro beads
when t he actuating magnet 32 is noved closer to th

are pitgacded Bpapienibedged @gagtws Hisgrihalcomps detentirg ﬂleﬂSthtbe reaction

d t i on of
chafeh o A N aREL UL ALV RSLSS URERL (lne
insitl¢ thet redcttom dHambondl }eh@m‘netlb Horct & Hirge 0400 tRBIANRERDeads with

t here re provi ded cross-secti onal

the taﬁ?%{g‘}ﬂ &ﬁ’éig %QMW@W RYETOW BEmiP 6 roisfise el hRENE spceds.
[0042¥ oW chegkeNal t&,VtS FIG AGLQEGa Fo%i(?@ect r&/ﬁ}?od%d ViD gfk'ﬁ)@D system

of the present invention. magneti c
Wltlmmb?dﬂhécmagmmeelbmam unnthe(ﬁﬁp;sirang @bein tbeordhedeo with one

e G A PN A S

a mldﬂoﬁhli‘lﬂlcfﬂlprlthéwmgoa Q@ra@ﬁay %h%@f@tzérﬂcﬁn@béﬁ( f‘i} an-c'l-t&es O%portmg CD
el ectro/ma%;netlc | ow m cro check val ve i's In

120 haying awplarnlicn ef magpraliccieanty 421 embedded therem As will be described

more in detail hereinafter, the embedded magnetic elements 121 in the supporting CD can
be aligned with the reaction chambers to provide magnetic forces so as to immobilize
magnetic beads.

[0043] Referring to FIGS 7(a)-(¢), there are provided schematic diagrams showing
the reversible immobilization of bio-molecules in a LoCD system in accordance with one
embodiment of the present invention. As shown in FIG 7(a), the reaction chamber 111
does not have any embedded magnetic material; instead a magnetic element 121 is
embedded in the supporting CD that can be reversibly positioned underneath of the

reaction chamber. After the LoCD system is assembled, the magnetic element 121



12 is positioned out line of the comunicating channe
by the bigger actuating nmagnet 32 enbedded in the
supporting CD when the actuating magnet 32 noves
closer to the micro check vdl ve 12 as shown in FI G
5(b). FIG 5(c) shows another configuration of the
emfpdded in divetipeiting £ ischligotd andanepattayitk thantvectéont dhamber 111; then

. i . 3y 1 ve.the ro check .valve .
e R SR i U R T B T B borsgaiedigigrormano
mapneiid stads shdvabmoCCH bSyideden tH%%ickﬁ/héﬂo?ﬁ%ﬁ'é%ﬁ RhdCare attracted

forces to immobilize reaction reagents including

chinick Sfio WYy BEGPIEY T Rch, Te BfiE O (JTRYABIE

n L
magnet i c el enént that I’'s a |gng Wﬁ@%hreac < Jjjicro/nano magnetic
beadh antldresimiiTotelizdd gre dheragineahiof ted faeién clemaith eSAltdnatively, bio-

' bi.l i ti.c., beads. For exanple, the )
moleg gD g, it PRt GBI @ e BlscoaBpe O R e Bietadroymagneti beads
12£0hedd e nRINALY Gdfbak | aﬂinﬁﬁgetﬁsthé 3)?0-@@&'{%5 %i@{]o?ﬁan%f magnetic

the reaction chanber.” The streptavidi n beads then
beadpagl shaven i BLB(dec Fiedlyt Hermmigneto Wisegatp ﬁg}?td{&tﬁip the supporting

i nsi t.h L h The magnetic force is )
ol 51 P ERTRE e I Ry e st e
12520t gdedzod Ndnt Be bhesh @Y &t rehednlchen b shawh @t Bid nE)at

hi gh RPM %peeds. d%0042 Referring to FIG 6, therée is -
[0048 ovi dedRefsrranggrdded J(pk(d) others is pEYidadst suhematit diagram showing

e SRS PR STk TS R 8, Robiion o

biomoleenles anaccbsdasnbe withi dheRIbRimt M B SHFtiPant0A. As shown in
icrofluidic CD 110 having a plurality of

FICE 88y imicenbioh e gmban 114 fomprisgp gor ambeglded magetisatipmgnt 121
i ' erein.
BT 6 g L OB, 0 e
perpaived degneragmeteiialse Véhanths rd:21ion ohdrhlserAUpROfitled gritﬁ_@dbuffer mix
T T T o o
madr@f4 Bladzatestthaied b tH;el r@%r?e:(i@)d%&%)ri lto%fxﬁ lagﬁfer&f 24HEG3 on the

schemati c diagrans showhng the revers _
bottpormebibe irgastion shahibyi shoml ie dliGed c). nThen, t€DTs{estlem12a attached to

L N N ST —

charhbdr. Aloesathely, bavmoriylce e ddad Y BEbInGinFBb Ad B coating of the
stead a magnetic elenment 121 1s enbedded in the

mici s PGS IeeR L s IDEobHired Shdiraptlposh bingiario the bio-coated
oIS Ol JRRERAD FRTDer; Ater he Lo

[0045) Referring to FIG 9, there is provided a superimposed view of magnetic
clements aligned with the reaction chamber in accordance with one embodiment of the
present invention,

[0046] In order to facilitate of forming a matrix on the bottom of the reaction
chamber by the micro/nano magnetic beads, the bottom surface of the reaction chamber
can be roughed as shown in FIG 10.

[0047] Another embodiment of the present invention provides a LoCD system that

utilizes the micro check valves to control the microfluidic flow and employs the magnetic



9 enbedded in the supporting CD is aligned underneath
with the reaction chanber 111; then the reaction
chanber 111 is filled with buffer m x 122 contai ni ng
bi o-coated m cro/nano magnetYc beads shown in FIG
7(b); and then the mcro/nano nmagnetic beads are
forgest todgmeabilidsythe heactio negints ek divewssed 2dovieo Thesartveo features can be

coxl&ﬁéﬁ%@? ar%ﬁ%%%}eﬁr%%%?,?%gie _n(kJ) %%éﬂ?n 0? };léc hef%ﬁ Ct@égnnwili be provided
heraiit ached to the m cro/nano magnetic beads will be

i nmobi | i zed onto the bottom of the reaction chanber.
[004§1t er nat Wialeythe prasentripyasgion dgs beent degerdbadapil kaefershice to particular

galel : [0 t h .cro/ nan net i
emBafi®, SenilRe SuERIRH A Bl RfrdEbR AT RuIFRRE S i
inveotidthgeopé ds s@abdimiid r AltamatveragbedientsFals pase@AWtion will
b in FIG é%d%b Finally, the na%netic di sc/strip enbedded

cqoRe; FRPALh Kb s §avien cedinaeskith i theatalp Whish thmercsent invention
td t 1 hC oo . .

rer 861500 RARELy ALt 09, OLLBTRRRELD i e v
and scapt iodrithe heasberinstroiom. | Acddr@nz(ye the F@PE4I (Refpeesehinigvention is

to, FI.GS,8(a)-(d t here, .is provide schematic, .
desiftolh Gl HBNHER elohe it Soie e B B oo e Ginsisnded
magnetic elenent and its immbilization of
bi onol ecul es in accordance with one enbodi nent of the
present invention. As shown in FIG 8(a), the reaction
chanber 111 conprises an enbedded magnetic el enment 121
underneath of the reaction chanber. The enbedded
magneti c el ement 121 can be nmade of pernmanent
magneti c materials. When the reaction chanber 111 is
filled wwth a buffer mx 122 containing bio-coated
m cr o/ nano magneti ¢ beads shown in FIG 8(b), the
m cro/ nano magnetic beads are attracted by the
magneti c disc/strip to forma layered matrix 123 on
the bottom of the reaction chanber shown in FIG 7(c).
Then, the nol ecules 124 attached to the m cro/nano
magneti ¢ beads will be imobilized onto the bottom of
the reaction chanber. Alternatively, bio-nolecules
that are capable of binding to the bio-coating of the
m cr o/ nano magneti ¢ beads can be i mmobili zed
indirectly via binding to the bio-coated nicro/nano
magneti c beads as shown in FIG 7(d). [0045] Referring
to FIG9, there is provided a superinposed vi ew of
magnetic elenents aligned with the reacti on chanber
i n accordance with one enbodi nent of the present
i nventi on.



[0046] In order to facilitate of formng a matri x on

the bottom of the reaction chanber by the m cro/nano

magneti ¢ beads, the bottom surface of the reaction

chanber can be roughed as shown in FIG 10. [0047]

Anot her enbodi nent of the preserf invention provides a

LoCD systemthat utilizes the mcro check valves to

control the mcrofluidic flowCaradvenpl oys the nagnetic

10 forces to imobilize the reaction reagents as

di scussed above. These two features can be conbined

i n WAt alaimpd & manner; thus no details of such a
conmbination will be provided herein. [0048] Wile the
present i nvention has been described with reference to

par i cul ArlabentdYied)ssysiem fuir|dondetingclensdap@s biddgical reactions,
the.gphogigrents are illustrative and that the

i nventlon scope is not so linmted. Alternative

enbodi methicrafuigin £Thyisk ehleast nuemagmcamylabtuatbceﬁz@ﬁ@ check valve, said
appgﬁ@m ski n the art

A} ERhidiE Gy R B e onO L Ot elerBit ! lesf edraelim ghsgnber,and a
errb]('J?ﬁFi1 REhderaflydie shrpnelsonrtcting the aeleasD Faemeld rideivdiriind the at least

th i b
Lh g%ﬁr&g:lbicé;b% cﬁ%ﬁ%g%?%%%ep% tahﬁ ?‘g gxg% ¢ 1caY1§ gﬁ{xeq%%micgo check valve is

desPiiER )Fofﬂﬁfé tl?frﬂé‘iﬁ’ﬁé@’“cﬂlia’f Wﬁhcaartdbastsme mmoﬂmcﬁd cloyinel; and
t he f or Mb[ﬂﬁﬂﬂ@@ﬁ Rt At ohé‘-mg%f\lzo Q@neny\gou gfovxdéng a magn%ltlc foroe;

i S: (LoCD). syst rcon
chem calhIFRY Wi Bg i”E‘?iPﬂ‘P@acQIP ek the supnepitigstMgre @sembled into the

m drcmzfn sy, ED it afe hi
act,y mcr K val Ve@z%ﬁg?él&nﬁ%}fg& d?ievat (5t magnetically
8 e G D e i

havi n@m Ea PP O reaiEp !y micrafluifiisaliew gmehe at least one
r eaitiednidchebained;, and at |east one mcrofluidic

channel eonnectin g.at_ | east one sanple reservoir
and the a?r 1% %’set %6%‘{;“4’%&& TGHIE (ammpases aviastepre thgnegit element

| egwbedsiad umzigﬂélttlasaéalstyoxﬁﬁfeuatoﬁidcﬁﬂ]n%éro t&%‘[}é\}/lvé/ ?{n Yt ocng magnetic

fl f
pggls(:%n' 18{2(%51 rh&gxo%?xlz m&gra:e ig ??S?fﬁgg Eh%aqegtgrglsgﬁ%@f therfyj leagy one reaction
wi Elpmder, [thesswhenribe magrtt bede I&u@[mﬁbd fan a}?xfdl’éé%@sﬁ&:ﬂ?c fo(rj one entity
naﬁf‘e?gmr%lé T Fr‘hedgte Qgig %%ghenl&ﬂrg ?Wfrbt%% ?Pénpuelz mllxcmth the immobilized

the supportini
magnetic beads.

2. The LoCD system of claim 1, wherein the at least one magnetically actuated micro
check valve is a metallic micro object.

3. The LoCD system of claim 2, wherein the metallic micro object has a spherical
configuration with a diameter less than 1mm.

4 The LoCD system of claim 1, wherein the at least one magnetic element is a

permanent magnet, an electromagnet, or any other suitable magnetic means.
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LoCD system the at |east one nmagnetic el enent can
nove the at | east nmagnetically actuated mcro check
valve so as to control the mcrofluidic flowin the at
| east one rnicrofluidic channel; wherein the
mcrofluidic CD further conpriseg at | east one
magnetic el ement enmbedded under the at |east one

react i On Tahasbe %ystérrt‘@ff @hM 1t BBein dﬂ@@%l’ofﬁﬂi? @ﬁgsnxﬁ{)re?hml one so that

C e magnet | C to t
S e T cat Bl D et St S eEm Hameo e At Barsuotchi CD.

when the magnetic beads are coated with a nol ecul e

specflc e entit in a sanple m x, the one

enti g& g88ﬁs%’fst5r_pégy Haigimlt Waerein supppingi GIn fertfes: comprises a
[ m’rplmlrdlitﬂefd:enﬁmmta!nﬁs ﬂ)@?ﬂﬁidm?g cohliBich QD) S¥ aeﬂib%% e LoCD system.

claim1, wherein the at [east one nagnetic
actuated mcro check valve is a netallic mcro

obj @ct . Bhe JdD k;@ﬁﬁi AR Qrthed @nfhridng %ﬁﬁx@l %aﬁgﬁach support that
lcloxlifc ‘_ﬁg g’ IJérgct has a spherl cal “contiguratio
Wi t‘n GTRTHEP BF Cqrauengnipay, with thy, cenfer PRI (he GEPRSYEEIR. of
cI aim1, wherein the at | east one magnetic elenent is
er mapent n el ectromagnet, or any ot her
sw fabl zall(r;ir‘f’fg\bgng? &ﬁggﬁﬁy %Wd%n%gﬁ@étmempwmm@gwé reactions,
Theconp@Bingyst em of claim 1, wherein the mcrofluidic

CDis myr that the cnbe st acked

t oget her Igln%) S @glvflg’aa@?%?‘}edﬁ & PRpfqdgnicro check valve, said

suppisrafivittc €D.haéing ?Measi_m@[aampmtrmﬁ ﬁlle%lstmnl e @bMber, and a
t

t NQcRURROL It Qi Igomle&m aﬁge@ﬁt\%aﬁ lszlé%ég lre}s%ym?gnd the at least

central latch arns for provi di ng
as SBRBIACHY: Q}ﬁ@bﬁo@@@yﬂxmle&sﬁone'ﬁr@m&mﬂ@ systedmhiofo check valve is

cl f nt shaft atfa

o\ et A8 o€ ORS00 B Bl S bl g o
t he cenfé&fprgaing CoF withe lewppe midgngicCBmeBt foﬁpdoaxlan@ rmﬁl@nenc force;
( LoCD) &ﬁé;‘-‘e‘b? mh%ﬁ) Ehe%ﬁ%gdlfp &DCJ}lﬁI he %Jpg %DtOl o%fsembled into the

2 [L: { nmprising: a mcro
St-ofe eﬁ?agh%@‘i Wfl%ea@@mtl@dlememr cucheok theadtViegst magnetically

Saaduatéﬂ @ﬁ&ﬁ'dﬂb@d Gal¥e DAY kN Qorilor iRASE &ﬂz?d;g' %g% T the at least one
reserv g Ieast one reaction chanb t
micro dic channel
wherein the supporting CD further comprises at least another magnetic clement;
thereby the at least another magnetic element can be reversibly positioned under the
reaction chamber so that magnetic beads from a sample mix can be munobxhzed or

released from the bottom surface of the reaction chamber.

9. A lab-on-CD (LoCD) system for conducting chemical and biclogical reactions,
comprising:

a microfluidic CD with at least one magoetically actuated micro check valve, said
microfluidic CD having at least one sample reservoir, at Jeast one reaction chamber, and at

least one microfluidic channel connecting the at least one sample reservoir and the at least
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IPEA/AU



| east one mcrofluidic channel connecting the at | east
one sanple reservoir and the at |east one reaction
chanber; wherein the at | east one magnetically
actuated mcro check valve is positioned to control
the mcrofluidie flowin the atid east one mcrofluidic
channel ; and a supporting CD with at |east one

rrag mect icect@h e]‘TcBﬁﬂex fvﬂfe] cﬂf @M laOlcRtg o 1“&91@1%!1)%511%&%1&0 check valve is
idic CD and the supporting

ar eposu oén\é\g‘o SRy ﬁt JPWé) ]uEi \S\évéleeemeasitﬁée igtmqﬂélﬁqu ch@npfgl and
magnet i ca ebgiert Coamhnmiees bh@n@éneh@@@ﬁenmP@Mdﬁ@a' Magnetic force;
act uat eq] mg:ro ch ck vah g sqq_éas to control the e
m crof | Ul'dFe PIeW"F itheuide Gl aet theieppofing (3t pigiagiegbled into the
chahn@D ;sywier Gicnaltihﬁl SHP PO RHIAG GRNT Whi RRke Gl&nﬁr !c§s€5naonemal]y
at L?%?t anot le netic elenent; the

| eaSLtu ad 1%1H:zo Crﬁgk nvéi % S0 S llg;srecﬁpn tl’qa, bl@uf)@v ]f”SIOdT yn thc at least one
posmtqmdhleﬂccimdeﬁ the reaction chanmber so that

magnet i )

rel easegwl?reglm ‘6&‘%“8 rlﬁngj 07 aeé%neélf C?i“bt%—ff ‘l“éeé%@? (?ﬂsmoneg under the
chalitmelpn Hamiper| sa>bﬂ1@ln+n@£he(1tda@ﬁabs s tae panfpdr nboraUbE iimgnobilized or
chepgj, inl ﬂqh%%mogﬁﬁgé %C%MPOH hdmggnprl sing: a

m cro T east ‘one naghetical ly

act uat ed m cro check valve, said mcrofluidic CD

haVi'Ong %t ] b%s(EDQPSCE?g)PS & qoqs H{uc mgm(, i'!]l*ﬁ?ai.%é b;oqgg,:ca] reactions,

reaction chanber, and
chaspglisignnect i ng the at Ieast one sanpl e reservoir

and the, QEECI(ﬁﬁiﬁ}lC cAmended a§ Qtonl PET@{JQUIC@VOHOQJ? least one reaction

reacti on chambe wher el n
magh#bhea! |l§ﬁsla<éttuwe>8um0c%m@he@w okﬂéﬂy\pemieslmgplbs Atliegsheer sample

t 0 &QAbLIOdndt e 41 l@éS@fOlnb“lgngﬂlt lQhieR hfiea@lead: %%tmﬁ’gﬁ@nc element
m cr of | ui di ¢ channel and a sup OI‘tII’]gCDWIt at
H

| e&EPedsind updsgrrati @ e «érlr%lﬁtonfﬂefrd%fwma gherchagaicre beads from a

f osg@eple ntiheseby invhenii-hen® arokidd dbs (tDvaREh LRce of the reaction

sup orgl ng CD are assenbled into the LoCD system the
“'¥%5t one magnetic el ement can nove the at |east

rragnetl caIIy act uat ed mcro check valve so as to

l. .di c flow.
o 0 of | DiaE R Ar et e B el BseeSaed o eas one

magretdic céinene istpeoameemgmve is elotyonpgsdtl drome dihenek@rable magnetic
the
1cans.,

i2. The lab-on-CD (LoCD) sysiem eof claim 11, wherein the bottom surface of the

reaction chamber can be roughed.

i3. A lab-on-CD (LoCD) system for conducting chemical and biological reactions,
comprising:

a microftuidic CD having at least one sample reservoir, at least one reaction
chamber, at least one microfluidic channel controlably connecting the at least one sample

reservoly and the at least one reaction chamber; and
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reacti on chanber so that magnetic beads froma sanple
m x can be imobilized or released fromthe bottom
surface of'the reaction chanber. 10. A | ab-on-CD
(LoCD) system for conducting chem cal and bi ol ogi ca
reactions, conprising: a mcrofl uidic CD having at

| east one sanple reservoir, at |east one reaction
chanber, aﬂbmhea§¢D@m@mﬁmmeRMUbﬂh@m&haﬂﬂ&hmﬂthr0|ab|y

connect| | east. one reservoir and the
at | eastm%(ﬁ "r"léeé’cl T O %fpw%\ﬂﬁéﬁ) ggfln'g ¢ SPPPPias £ i assemnbled into the
naghe¢D®y®MEnmnmlaenh&dm&dd&mdﬁmpaai&aﬂ&uhh@e@&mbﬁaﬁkl)umbe

onez c(/g‘?i%fy' oors]mgmb Lur}%%br(fedh?%?%c blﬂug(ge_{?lrt?(}tgﬁ%ggtéglgq%gnsoﬁpm a sample
t he‘“bdl“dtl oerguotilace onb of feeasc@deti 0O boreRagrRle. of Lik.reath&) chamber.

| ab-on-CD (LoCD) system of claim 11, wherein the
enmbedded at |east one nmgnetic element is permanent

maghet , lan l&- @C@Bdh’a@ﬁbbxstwr ofnyinot hewhesdt tlabdi@cast one embedded

cl oy e o FRaRE: pchBpoel et B Rl b SHERe bl moneic
chahté# can be roughed. 13. A |l ab-on-CD (LoCD) system
for conducting chem cal and biol ogi cal reactions,
conprising: a mcrofluidic CD having at | east one

sanpl e F8&&varED (heCPrastenont chiemdt,i wereic enberom atrface of the
Iea&&ngn@mg%gngﬁbyhgygdchannel control ably connecting
the at | east one sanple reservoir and the at | east
one reaction chanber; and Anended Sheet |PEA/AU-14 a
supporting CD having at |east one enbedded magnetic
cl enent; thereby when the mcrofluidic CI) and the
supporting CD are assenbled into the LoCD system the
at | east one enbedded magnetic elenent in the
supporting CD can be reversibly positioned snider the
reacti on chanber so that magnetic beads froma sanple
m x can be inmmobilized onto or released fromthe
bottom surface of the reaction chanber.
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14. The | ab-on-CD (LoCD) system of claim 14, wherein
the at | east one enbedded nagnetic elenent is

per manent magnet, an el ectronagnet, or any ot her
suitabl e magnetic neans. 1515The | ab-on-CD (LoCD)

stemof claim 14, wherein the bottom surface of the
Ai*a@ﬁ -6 SHAREMS WIT Hh MA GMNHEE A ¥ A TUSAEED MICRO CHECK

T AR BRI,

ABSTRACT The present invention provides |ab-on-CD

(LoCD) systens for conducting chem cal and bi ol ogi cal
reactions. One of the Lo ﬁ%‘ﬁ conprises a

mcrofluidic CD with at |east one magnetically

actuated mcro check valve, said mcrofluidic CD

havilihg @esent dasentone psariﬁée lateseQIDi(LoCal) beaahs dBE conducting

fluidi
SRR 8. By oS LS W LS, it
withng Iéa@ﬁo@mh@ﬁ%&alﬂn&t&ﬁ&fﬁ*ﬂl&ﬂ B0 sahl E@a bcIelQ%D"‘Bavmg at

| east one magnetically actuated mcro c
leapfogia sappdel ressrodntat dtast phie ravcdemthambiire arﬁd ewicast drieemitrofluidic
f.Lui di c_channe ortin
chdg B opRT B & el B VPR Nt ARG op Frgcion chamber
whemgneici £ 1601 685 mbfiestiebYy wheiel Recid dicelt hiiveie podd@ado control
the supporting CD are assenbled into the LoCD system
thetrﬁ’éf%fwfié ey i5ribe elgad one migo8higin chaanelpvda sepporting CD with at

leakt t | r Y s to
eacgﬁ%rlgéﬁgﬁghefrn@ér%b %?&géﬁggl ey eﬂc ?‘ﬂ% &Pgr%{éyé%hgg fie microfluidic
CDmarglrtbé kuppditingc@Brime hssefbBdanto lhe LoCD system, the at least one magnetic
element can move the at least magnetically actuated micro check valve so as to control the

microfluidic flow in the at least one microfluidic channel.

FIG2



