1 LAB-ON-CD SYSTEMS W TH MAGNETI CALLY ACTUATED M CRO CHECK VALVES AND/ OR
MAGNETI C | MMOBI LI ZATION Field of the Invention [0001] The present
invention generally relates to technol ogies for mniaturization devices
for carrying out biological or chem calq1anal yses, and nore particularly to
| ab- on- Conpact Disc (CD) systens with magnetically actuated m cro check

val ves ang/x. omswmmmm @%ﬁé&m@xﬂ@m&ﬁﬁ%@ﬁ@iﬁgr@%?ggfl

The advances of mniaturizing syste evices for carryrng out
or chem cal anal ysesVARVES AND/OR MAGNEARCAMMOBHIZATFION pl atfornms. I n
both platforns, sanple reservoirs and reaction chanbers are connected by a
network of mcrofluidic channels. However, the control and transport of
reaction sanples and buffers havygela&gihe B\2htighoes for the design and
fabrication of the |ab-on-chip and | ab-on-CD systens. For conventi onal
| ab- on-chi p systems m' cropunps have been used to control and transport the
fluidic gtf(ﬂ port. cont ast use.t he inherent

a
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m cr of | uiddvizes fandaglysngodutividlogidill GGhemdal ALl QdSandoinBledgirG@arlyeRClabQRS. 1N
addition, the CD for rragféhenablgls t he | ab-on- systens to be a}gapt able in

various (Empast daisci(&aDushisims sihumeenetintllgDqinated meicromchecky vatwes andjsr

6, 030, 58 on-CD system that enables a user to carry out
bi ol ogi ca &Qaﬁﬁ{; ﬂr;hgl? ﬁlgéﬁ% conmputer. [0003] The flow control on a rotating

| ab- on- CD pl atfor mis designed by enploying passive valves on selective
radial locations on the CD. Depending on this radial |ocation and the
geonetrical shape and size ofBPﬂ@rBQ%QPf/@“’VI&IV?’E“O“{ he rotation frequency
(RPM) at which the valve allows flow (burst frequency) will be determ ned.
The performance of passive valves is heavily dependant on both the design
and procdeen2] par anefher axivaﬂ'ctae of esingrturja 'ngmmydémodswdmam}hng odi biefwgiicahs and
radi al posi |on t he ar rrete i nc urface characteristics
and pr OE oge etg}qag?r?a(%sgs 8?1 &&Pabpon -chip angl ?ab -on- Cb I?lat%orms (i bo’Hl platforms,
sample reservoirs and reaction chambers are connected by a network of microfluidic
channels. However, the control and transport of reaction samples and buffers have been
challenges for the design and fabrication of the lab-on-chip and lab-on-CD systems. For
conventional lab-on-chip systems, micropumps have been used to control and transport the
fluidic transport. In contrast, the lab-on-CD systems use the inherent centrifugal forces of
the rotating CD to drive the fluids through microfluidic channels on its surface for various
biological reactions. In addition, the CD format enables the lab-on-CD systems 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 nake the val ve performance unpredictable and
not effectively reproducible. The valve | eakage and back flow al so play a
part in decreasing its efficiency. [0004] In order to effectively use of
this centrifugal force mechanism efficpent valves are needed to control
fluid flow and programthe on/off positions according to the application
needs. T v e t r.design rotatio .
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However, all are con*?l icated and conplex. [000 em faci ng
t he | ab- drera s9mmeans lgeatiphe Thaseofiowi zentials pose abpwbhah eghdnesot op¢rating

reaction r’ngr For les there is a lack of inmmobilization. nethods
to probe e%ﬁ%leel ctoal%li)'an%éﬁggfﬂoggldlmrske DNA on specific reaction sites on the
| ab- on- GBbosThe i MHerd hieahh@ndeRidiamhdupatgidibnder @BValves uvdd st RBSnt he
hi gh rotation speed and the_centrifugal force caused by it in order to
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heck | ye, .sai d ' fluidic CD having at |east one sanple reservoir, a
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connect i n@niphRal ah@aihplee sanple reservoir and the at |east

[0006] Another problem facing the lab-on-CD systems is the immobilization of

bio-molecules to the reaction chamber. For example, there is a lack of immobilization
methods to probe nucleic acid molecules like DNA on specific reaction sites on the lab-on-
CD. The immobilization method used must be able to withstand the high rotation speed

and the centrifugal force caused by it in order to avoid being washed away by the flowing
fluid.

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 mcrofluidic flowin the at | east
one mcrofluidic channel; and a supporting CD with at | east one magnetic
el ement for providing a magnetic force;3thereby 3 when the mcrofluidic CD
and the supporting CD are assenbled into the LoCD system the at |east one
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at | east orl‘ne magnet i cal.l actuated. mcro check valve is a netallic mcro
obj ect. 'Y oineent IrEofiuidic in the aeas) nemicrofhadigebamel.c ni cro
obj ect hagogay spher i galnoaRpbiByaatd | ' t
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magneti c S. 0010] . I.n anot her. enbodi nent of the LoCD,system the
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control | efasimul.t aneously by the supporting CD. [0011] In another

enbodi nent of the LoCD s%/qsitem the supporting CD further conprises a
pluralityi0®] cent rain nptledy embrsliment pf tha BPED systensrthe rt dedso onagsaguetic ng

the .LoCD 0 In_anat her. enbodi nent of, the CD syste it

further el 0k Pt ol 34 PREuSRRERE R B et RbRIRERS ikt (o e
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enbodi meni1 of the LoCD system the mcrofluidic CD further corrE)rl ses at
e

| east ondhfhgretsocthet dhssneans b stekad dngrther prd sentrellesh sigwdtapeeusty % the
beads o THE hE T om curface of the ar |ecast one reaction chamber, thus
when the [p@ghet i c Hesd®tlaremtmdanedt of the loo@D| systehe tispegipoirttng QD @ieheent i ty
in a sanple mx, the one entity can be _isolated fromthe sanple mx with
t he i mmoHompsisgs ﬁ&g‘ﬁ@ﬁ‘iyco fegiat latcﬁ arms for providing convenience for assembling the
LoCD system.
[0012] In another embodiment of the LoCD system, it further comprises a central
shaft attach support that is configured to be complementary with the center part of the
supporting CD.
[0013] In another embodiment of the LoCD system, the microfluidic CD further
comprises at least one magnetic element embedded under the at least one reaction
chamber; thereby the at least one magnetic element can immobilize magnetic beads to the
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 magnetic elenent; thereby the at |east another
magneti c el ement can be reversibly positioned under the reaction chanber
so that magnetic beads froma sanple M x can be i movbilized or rel eased
fromthe bottom surface of the reaction chanber. [0015] In another
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reversi bly positione e reaction ¢ at ‘magne eads 4
from a sahpibenri x can be i Mmobilized or released fromthe bottom surface of
t he reactjon chanber. 6].. Anot Eﬁ{e enbodi nent of the present invention
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magneti c el enent can be Teversibly positioned under
one microfluidic channel connecting the at least one sample reservoir and the at least one
reaction chamber, and at least one magnetic element embedded under the at least one
reaction chamber; and a supporting CD with at least one magnetic element for providing a
magnetic force; thereby when the microfluidic CD and the supporting CD are assembled
into the LoCD system, the at least one 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. In another embodiment of the
lab-on-CD (LoCD) system, the at least magnetic element is permanent magnet, an
electromagnet, or any other suitable magnetic means. In yet another embodiment of the
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. In
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.




t he reaction chanber so that nagnetic beads froma sanple m x can be

i mobi lized or released fromthe bottom surface of the reaction chanber.

I n anot her enbodi nent of the [|ab-on-CD (LoCD) system the at |east
magnetic el ement is permanent nmagnet, ap el ectromagnet, or any other

sui tabl e magnetic nmeans. In yet another enbodi nent of the |ab-on-CD (LoCD)

system the bottom surface gf. eact | chanber can be roughed. [0018]
The present invention has n%&lf’}g %%%Ratéodle(gﬂgsz)?mwﬁgsexi sting LoCD systens.

For exanple, netallic mcro objects as a check valve can be used inline the
m crochannel , at the outlet of a mcro reservoir or at the inlet of a
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magnets. Furthernore, multiple m |'ui di can be simultaneous
control | etengntone magnetic force. Finally, the magnetic el ement can be

used to i ilize netic beads.. 5 Brief Descripti of the Draw ngs
[0019] prl@gf ed ot frérichemplicdigeng ¥ {ah@np@ééﬁ#?ﬁ?w&mwcm PChHow be
descri bedyiy it dbRNBREOFHR drB&nFiSuiES,. 1N Which |ike reference nunerals
denote like elenments. [0020] FIG 1 is a schematic diagramof a |ab-on-CD

(LoCD) sye2dln i n addorianceperinpdsed neveobibd Lo€ht systemt shewprieFE@LL. i nvent i on.
[ 0021] FI is a ri,nposed .vi ew. of the LoCD system.sho ih FIG 1.
[0022] 1932 3(a) - (56 AOU K Lshasy, clesr a‘?’iﬁ“&ﬁhﬁ“ryi SO EeSTEHENY O -TeeRalh ¢
el ect r o/ hgaemapnbliofowhaedk wave/e. [0023] FIGS 4(a)-(b) show schematic

di agrans showi ng the operation of electro/magnetic flow check valve in

accor dand®Zi] t h ondTEb GeRInENt sheorw tssbeptie edingraisy shawios. thoopatationgst
S(2): () M RAORRC SRR 0L SO B0 URA M F AOBHEOL Bt e
present invenéinhi on.
[0024] FIGS 5(a)-(c) show cross-sectional diagrams showing the operation of
electro/magnetic flow check valve in accordance with one embodiment of the present
invention.
[0025] FIG 6 is an exploded view of a LoCD system with immobilization in
accordance with one embodiment of the present invention.
[0026] FIGS 7(a)-(¢) are schematic diagrams showing the reversible
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 mobilization in
accordance with one enbodi nent of the present invention. [0026] FIGS
7(a)-(e) are schematic diagrans showi ng the reversible immobilization of
bi o-nol ecul es in a LoCD systemin accorgance with one enbodi nent of the
present invention. [0027] FIGS 8(a)-(d) are schematic diagrans show ng the

reaction er w . td C d it.s i i.lization of
bi onol ec uﬁgégﬁ?n ac c%l?edg%gée}ﬁ gmgf%tlg}gglg%eléﬁ)%ﬁer?%ﬁ I(I)lg R3t Wéa%’r i%gg%%e#%e\z/@nt%‘ ?on.
[ 0028] FI fallowirg detdledelicsdariptioadf véreain embedifrraneif e idvatioat ri p al i gned with
the reaction chanbf% in accor,danc? w.t h one enbodi nent of ttg%’agrese
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matri x. Detalled Description of the ventl o e prese

i nvent i onthiagpidisationd ér stdeodo muore fnBudicboritioythe afate efias tb ovtible thif ghventibmg
detail ed description of certain enbodi nents of the invention. [0031]
Throughou?er%fﬂss appl i cation, where publications are referenced, the

di scl osurpgsnf thesk By Blidwihs a8GiI& &‘esbﬁﬁtﬁm{(sjéé&ﬁﬁ!d%@e[iﬁta%jséworﬁﬁﬁﬁfr&é}%1 in
their entirety, into this application in order to nore fully describe the

state of provides thereught dndsritandemg pbHthe ipwentiinnsHoweos2]t will bdhandesstpedhbyg

detail ed Cl: Rt | specific details are set.forth, in order t rovi de a
hor ough Tdorfdd, Bne SRS o AL A it ipliSiion iy ot Profiel whfr B oy
those ski $geeifici detdibe Tnebeahistantés, tlilkidva ReGRAB! probdRRs, @BmPBends and
practiced wthout these specific details. In other instances, well-known
met hods, PetHRbaEENothsam dessribed ingetpil Speasarof o1 absere dheFesepbiBNCRiio®er i bed i n
detail so not t 1N | Bf, d

I nventi on[og%gvi des Ofg‘%?’gér?% &f@ggﬁé@?ﬁg‘% %g\r};él ?%p?)%vegggh}%glt%a?é@ﬁgé\}%g

exi sti ng fegstrensver Bristhg pystane Bewrflyr end featuhais thhetheatahes foocontilingofhki ng
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bio-molecules in reaction samples can be easily and selectively immobilized or released
onto or from the bottom surface of the reaction chamber.

[0034] One embodiment of present invention provides a lab-on-CD system that
comprises a microfluidic CD with at least one magnetically actuated micro check valve,
and a supporting CD. The magnetically actuated micro check valve may be a metallic
micro object that may be spherical or otherwise with a diameter less than Imm, blocking
the microfluidic channels in the microfluidic CD whenever 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 1 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 sel ectively immbilized
or released onto or fromthe bottom surface of the reaction chanber

[ 0034] One enbodi ment of present invention provides a | ab-on-CD systemthat
conprises a mcrofluidic COwth at |eagt one magnetically actuated mcro
check valve, and a supporting CD. The magnetically actuated mcro check
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m cr of | ui miccofiddisth€Dely evellf ki & thetart; abiul i€ choad dethits Rl bdispvidedteraitay
when flow s needed. The mcro, object is actuated by magnetic fqrce. The
magnet i c P 8&@Roging G Sgéowrlﬁ@% Aeiesstithak sl ftclh pany A b g rittleasy ongny
ot her sui ' th | Rqt act ' hat
otat eo. raror e RARGRE mRRNS2, | The Nefigal B AL 31 1EWAE ctBlbiithce Tk
movenent . assemiglerg the ho€Pbaydienme rifle, enhed dedadtueing mgpgGEl 32scombbls thepositions of
si nul t anegusl é‘ c%ntrol n’titi Bl e.stacked mcrofluidic CDs. [0035] Now
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The LoCD system 1 conprises a mcrofluidic CD 10 showmm in FIG 1(a), and a
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val ve 12 q@poriipiCl 14the oo the aitral Bigafb aaeh HroVidial 2l PHAEViRE meChaibamPes 11
and the at |east one reaction chanber 13. The design and fabrication of the
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provi ded i | rj I L cent.ral
| at ch ar n%ﬁgo%a@nél O&%%Fég\gg Rglr}lée%gggsehgglég&gét %%? ﬁﬁ%}gngrgglﬁ\ﬁmg%@%}ﬁeﬁggﬂ ral
| at ch ar nef tBd syppoxtimdeCo din warei veiticthefcentralaisfenbl i ng the LoCD system The
enbedded actuating ro check
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arms of tr?necro check valve will be described hereinafter.
[0038] Referring to FIGS 3(a)-(d), there are provided four exemplary
configurations of in-reservoir electro/magnetic flow micro check valve 12.
[0039] Referring to FIGS 4(a)-(b), there are provided schematic diagrams showing
the operation of the electro/magnetic flow micro check valve in accordance with one
embodiment of the present invention. The electro/magnetic flow check valve 12 is in OFF
state when the micro check valve 12 is positioned in line of the communicating channel by
the small embedded magnet 15 in the microfluidic CD as shown in FIG 4(a). The
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-Ilike
mechani sm This spring-like nmechanismallows the supporting CDto rotate
even when the central shaft is stationary. However, when the central shaft
rotates, the latching arnms facilitate tge rotation of the supporting CD in
sync with the central shaft. [0037] Referring to FIG 2 there is provided a

super i m%ﬁ%dﬁ%&g oﬂ el’lp Went?&ﬁ[s tl"gg]el%pt? i agnqet w mlcr chesctk%_lv%%\i_?eu Q4 ed
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4(a)-(b), there are provi mati1c diagrans s ovmng eoperatlon of
t he el ectli2ok rpagtlemchodtllmw orﬁtlmer cominenicatirgd chmniel bycthe b%ax:a:twting noagaet 32

enmbodi nent ,of, .t resent t The el ectro/ netic flow check val ve
1205 inatedded' eﬁﬂ%ﬂ?f&l%@“@%ﬁ Eﬁeaeﬁla@agwgmr?ﬁmﬁ&%%w%& themiciqre of

the commuynk@atdlng 12 BasR&in BYFIG b(‘fbe SR |5 (& e afothBONR i ghratibh of BR micro

mcrofluidic CD as shown in FIG 4 The electro/mgnetic flow mcro
check val OhéCk_L\ZaIV%arldrﬁmtmgamgmhwhem tlee aniteating ekt 32xs\abodthe insicppodieck oned
out line V%i r}e comuni cating channel by the bigger actuating nmagnet 32
enbedded Th t]hé supporting CD when the actuating magnet 32 is noved cl oser

to the nijpgm] checkAnahstenibddasesvdan }?ﬂésdﬂt (avéhtion plobvide§ alish-Be OMPéyREEN hat
t he act uaI cont roll |l|ra1fg the position the mcro check val ve by the

act uat i ngh#agivees magndic foraes teimmebilize repstion Fragants iinelwding hionfadeatgs such
Referrin tISNK'aSﬁ p%t% ris( Cﬁeq ec?g{ ﬁc %r%e y fbﬁg)\?vmggé’cfﬁy Vg)ﬁﬁna%ﬁl o ln305a0®

showi ng the operation of magne n accor ance
W th one rBagnetibettinresn thadfis am@enr\aﬂefﬁacmmmms The akgredtmagneeg rRiment f | ow
m cro check, valve 12 |ls in %ﬂvvhen the, mcro check valve 12 is

posi t i onedipls fq ramghilize, @aga?ﬁm‘maéa-t pexampipribe ssgpiavidingeated niskcbrads
magnet 15y¢ 'ﬁttﬁé&?ed%}g 'éﬂfelrﬂﬁeqm?d ‘%ﬁéucs BRWAL AN oL (RE Bhtire JIIQQ of the reaction

el ectro/ magnetic fl'ow mcro check valve 12 is 1n ON state when the mcro
check valohember. The streptavidin beads then hold the bio-molecules thereby conjugating them

inside the reaction chamber. The magnetic force is large enough to hold these beads with
the nucleic acids bound to them even when the CD is rotating at high RPM speeds.

[0042] Referring to FIG 6, there is provided an exploded view of a LoCD system
with embedded magnetic element in the supporting CD in accordance with one
embodiment of the present invention. As shown in FIG 6, the LoCD system 100 comprises
a microfluidic CD 110 having a plurality of reaction chambers 111, and a supporting CD
120 having a plurality of magnetic elements 121 embedded therein. 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)-(e), 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 conmunicating channel by the bigger
actuati ng magnet 32 enbedded in the supporting CD when the actuating
magnet 32 noves closer to the mcro check valve 12 as shown in FIG 5(b).
FI G 5(c) shows another configuration ofgthe mcro check valve and
actuating nagnet where the actuating nagnet 32 is above the mcro check

val ve 12..,[{04 m’%ﬂﬁgl.pa%'b{t : B e QluniBGe Rh St the %&X&@{ {:l?aghb%; M. qﬁesn
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are attracted by an enbedde magnetlc at covers the entire area of
t he reactchember$shwmyein FITh&(t erpnaﬂlednnlebelasjattadheah tmdiajnmdre/nbh@maghetwl es

t hereby gon h L s rea on cha .force
is large é?ﬁ%%%ﬂ %’%%ﬁgﬂ m@ﬁ‘é?@ tt"FH‘éa‘iII'GEI F‘E‘b%\rclggelﬁgﬂ Y18°t hem
even whenndlbeuléRhhsaré Qhpubld 6F lﬁhdlh!g@@tl@%-%@ﬁﬁ%sof tﬁ@%b/n%% ﬁfal’gha& Beddd! G 6,
there is prow ded_an expl oded view of a LoCD system w th enbedded magnetic

el ement 124t ¢ra baippoebilized Oplitestlsicda hirding tniltchbiormatedniisdd/imene muignetie

-present the Lo 0, conpri ses

m cr of | U|H§¥§§%f%%%ﬁaw %ﬁ)a pllnﬁirl%’l tg? yla(gfletrlc ‘gD(f/ ?%IR e@ﬂ%?}(g%q LS tﬁfuppé)ﬁtdnga
support i r(g) Chh bd Roveduwagframptht kedctiby cRimbardahitche e Hato Indinairdaed
t her ei n. will be described nore in detail hereinafter, the enbedded

magnet i c Qﬁ@ﬁ%ﬂe@Sﬁpmﬁhﬁt britosuppibe reastorehassher shpsvinin KGeleni th t he _
reacti onég‘p@ ers tQ.ha |th§ %g% ('dS; tfx?l"’ecifﬁ oS Re8S stcﬁeﬁlﬁrcoﬁ}laé ﬁﬁsho etic

beads. 043] Referri ng ere are provide emat’i
di agr ans tbhowdctign dhambee waths aib Iemhemmblrﬂagnatﬁd elenht land)-ltﬁoinaﬁubmsamdn af LoCD
system i accorlgance wi th one. enbodi mfsint of the present inventi

shown in %01?% §s 1 gegordance Wih ogR smhediment of hspressgt MysHonnHs & ‘@aaéd
magnet i C PTGt gfd ?a{he RS RPEhAPBINEL IconBHBEE ehfbedlisd ngagagqg%@eméhttm

supporting CD that can be reversibly positioned undern of the reaction
chanber . usflemeathiof theoemtiopshembers Hesantddded mapectivadera¢ntd 2¢ lcembemad df
permanent magnetic materials. When the reaction chamber 111 is filled with a buffer mix
122 containing bio-coated micro/nano magnetic beads shown in FIG 8(b), the micro/nano
magnetic beads are attracted by the magnetic disc/strip to form a layered matrix 123 on the
bottom of the reaction chamber shown in FIG 7(c). Then, the molecules 124 attached to
the micro/nano magnetic beads will be immobilized onto the bottom of the reaction
chamber. Alternatively, bio-molecules that are capable of binding to the bio-coating of the
micro/nano magnetic beads can be immobilized indirectly via binding to the bio-coated
micro/nano magnetic beads as shown in FIG 7(d).
[0045] Referring to FIG 9, there is provided a superimposed view of magnetic
elements 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 mx 122
cont ai ni ng bi o-coated m cro/nano nagnetic beads shown in FIG 7(b); and
then the mcro/nano magneti c beads areqgttracted by the nmagnetic el enent
121 to forma | ayered matrix 123 on the bottom of the reaction chanber
shown in ] t I : t 1 etic
beads w1156 amplite (o 1o R B e AL b e el (5 RERRC cAIPRE

Al t er nat iopeibjmedbinginy rsoitald e nesnet) dtusarcedataifsadll sichfa doinbitiatign twdll theeprovided
bio-coating.of the m cro/ nano magnetic beads 124 can be inmobilized
indirectﬂ?‘v?a bi nding to the bio-coated m cro/ nano nagnetic beads as
shown' i n 1hd4ey 7(d) . Whidkile/predcAinRENGE his Bled Geshibe® vRRRSHIGH . 18 %xlﬁ@ul
supporting CD can be noved away fromthe reaction chanber, so P at ?ﬂe

m cr o/ narfnbedimentscitbeibldse unddstapé thatl thasebddiroents aee Hbtstrativofind et rteact i on

hamb . in FIG 7(e). [ 0044],Referring to FIGS -(d), th i
o ovi ded 7Sk he0necs doL 3 HCovh G R aadOnPesh OF Ak RIS hInvEGHT Bifbedded
nmagnet i ¢ Rkeme Iﬁb?@ceﬁit fol thoseWeigd biidddrP Rk in th QRDLBSMEIS the %res%@l@ adange W th

one enbodi nent of the present invention. As shown in FIG38(a), the
react i on REHamseSuch alterpaisramhodiaents atsecpsidered go deicocasheasssst within thespitit neat h

.of ther tJ dd ti,c el eme 121 can_be.mde of
per mnentGgsops LA Beseal 1veRERET 0%t oPRARE, b SoRE BRI BpsR IRt 1

a buf f er desoribedldy thoaipehdéddaibisand tasupPortd bplhednRgsmg dedcriptieads shown in

FIG 8(b), the mcro/nano nmagnetic beads are attracted by the magnetic

disc/strip to forma layered matrix 123 on the bottom of the reaction

chanber shown in FIG 7(c). Then, the nolecules 124 attached to the

m cro/ nano magnetic beads will be immbilized onto the bottom of the

reaction chanber. Alternatively, bio-nolecules that are capabl e of binding

to the bio-coating of the mcro/nano magnetic beads can be i mmbilized

indirectly via binding to the bio-coated mcro/nano nagnetic beads as

shown in FIG 7(d): [0045] Referring to FIG 9, there is provided a

superi nposed view of magnetic elenents aligned with the reaction chanber

i n accordance with one enbodi nent of the present invention.




[0046] In order to facilitate of formng a matrix on the bottom of the
reaction chanber by the m cro/nano nagneti c beads, the bottom surface of
the reaction chanber can be roughed as shown in FIG 10. [0047] Anot her
enbodi ment of the present invention prgyides a LoCD systemthat utilizes
the mcro check valves to control the mcrofluidic flow and enpl oys the
magnetic 10 forces to inmobilize théL%ﬁﬂﬁ§ion reagents as di scussed above.
These two features can be conbined Irn any suitable nmanner; thus no details
of such a conbination will be provided herein. [0048] Wile the present
inventio as been described with reference to particular enbodinents, it
will be ulH&SE3BEEdKat the embodi ments are illustrative and that the

i nvention scope is not so limted. Alternative enbodi nents of the present
invention will becone apparent to those having ordinary skill in the art
to which I.he pkdatenn-GIhybo€Dyrsystpar foaicosdud@ingchaiienl matl dielopdl reectiensar e
considered to. be enconpassed within the spirit and scope of the present
inventioﬁpngﬁgggdingly, the scope of the present invention is described by
the appended o RidSAAIR CD WidPROEARGnbYn B@tiéaﬁ%%ggﬂa&ﬁ HRAC bRk valve, dald
CLAIMS What is clainmed is: 1. A |ab-on- (LoTD) system for conducting
cheni cal misePiBidE 647 baving atleast one sample wesei i gt least whe reafction chiasbeh andtah  at

| east on i callv. agtuat.ed m cro check val ve aid mcraqfluidic, CD
navi ng_ aterLdn MGBhHHBUEEp R ORit Poe G Eier B DR MCAT S0 o
| east oneongireactibh dhathberg iRl theain st driddnidietiadilyl Rastedmiré sRaRkealveser voi r
and the at ] eas one reaction chanber; wherein the at_ | east one

magnet i cad1o51i08gq (oot ohthe mycrofiaidic Jamie thesat legsigneinpigeadluidic gkamnelypnd ne
mcrofluidic f i | i CF Ldi ael .
supporting CD éwﬁpgbllgtn ‘L’r Irtg%tg{xthc? 'I’?l ?%%%2?%@%‘?@%%@ f?%‘?‘%g% adfn%glgeéi%é%rﬁﬁ’et iC
force; therebherabewhehehernicroflhidicdCD &Gid theduppatiag @iidatd myerabledrigto the

assenbl ed into the . .
dLoéB 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.

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 Imm.

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.

5. The LoCD system of claim 1, wherein the microfluidic CD is more than one so that

they can be stacked together and controlled simultaneously by the supporting CD.

6. The LoCD system of claim 1, wherein the supporting CD further comprises a

plurality of central latch arms for providing convenience for assembling the LoCD system.




LoCD system the at |east one magnetic el enent can nove the at | east
magnetically actuated mcro check valve so as to control the mcrofluidic
flowin the at |l east one mcrofluidic channel. 2. The LoCD systemof claim
1, wherein the at | east one magnetical lqp actuated mcro check valve is a
metallic mcro object. 3. The LoCD systemof claim2, wherein the netallic

m cro object I canf i ti BV I 1 mm
% The LoeD synrem ey SHraiar gl sl ibrihk 4 pCl SR S Br i B, T
a per manepenfrgugettto, beanmplendntapwgtiethe caiterapyt aftthesuppoitinglfil® nagneti c
means. 5. The LoCD systemof claim11l, wherein the mcrofluidic CDis nore
than one so that they can be stacked together and controlled

si mul t anepus! yriRyL6de FRRPot 1880 witfereif e helEhaR! e RIEP% gr% f rlses Wher €i n

the supporting CD further conprises a plurality of centra arns for
provi di ndeasd anemagngs dement sebetdddgnden thel o GRssyetremtion ZhamberT Herdby Ghe
systemof_¢elajml1, further c rising.,a central shaft attach s ort . that
is confi t%éaa{ oy %@%8%&@%% W?’illlz? H@gﬁgfﬁl%?fgi)&rqle _&?Pft?rﬁé“&g%p‘glrt{“? ng
CD. 8. The I¢BCEhsatesA Hanted] thud whoh @h& gh&iR BHaas 8ifc! dbatbidCw dPafis1IEORE
conprises at _ | east one nmagnetic el enent enbedded under the at |east one

react i on SPRGAB AL onerratibhin 4 waplamix.ahe pnoertitynggnbe isolatddefnem thesammplermidi | i ze
magneti c ‘W‘ﬂﬂl% iﬁ&otblglglegg&t ggﬁcsygahgce of the at |east one reaction chanber,
n 1t 1C Deg

t hus whe e nagne S are Coated with a nolecule specific for one
entity in a sanple mx, the one entity can be isolated fromthe sanple m x

wth the | n’m)bi',li eﬂpma netic, beads. 9. The LoCD systemof claim1, wherein
t he supporting }Gf(f ﬁ@?meéﬁbimsleyhsﬁem thesupposting é@rfuﬁ‘h@‘rf‘é’_c‘ﬁlmlsﬁétﬁé‘?ﬂ_;
thereby thedgt niagaaic aﬁg&mfhe@gnﬁé hCle&l SHBR r GAMAE I g%@érevegm i oned

under the reaction chanber” so at magneti c om m X can be
i mobi | i zeditioned ehdarsbel rdacton thenbtsodhatsmagretie beddst fhem reeaiplo mix kamber .

10. The LoCD.system qgf claim], erein the at |east one nagnetic el ement
can be rlg%orbég rﬁggz?s?ﬁi grﬂg’d&lﬁ h\é\g?mtSH&a‘Fee%fé ‘?’&?ﬁ“&%‘?ﬂ%‘?’e’éo that magnetic
beads from a sanple

10.  The LoCD system of claim 1, wherein the at least one 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.

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

a microfluidic CD having at least one sample reservoir, at least one reaction
chamber, at least one microfluidic channel connecting the at least one sample reservoir and
the at least one reaction chamber, and at least one magnetic element embedded under the at
least one reaction chamber; thereby magnetic beads from a sample mix can be immobilized

or released from the bottom surface of the reaction chamber.

12. The lab-on-CD (LoCD) system of claim 11, wherein the at least magnetic element

is permanent magnet, an electromagnet, or any other suitable magnetic means.

13. The lab-on-CD (LoCD) system of claim 11, wherein the bottom surface of the

reaction chamber can be roughed.




m x can be inmmobilized or released fromthe bottom surface of the reaction
chanber. 11. A lab-on-CD (LoCD) system for conducting chem cal and

bi ol ogi cal reactions, conprising: a mcrofluidic CD having at |east one
sanpl e reservoir, at |east one reaction3 chanber, at |east one mcrofluidic
channel connecting the at |east one sanple reservoir and the at |east one
reaction chanber, and at |east one magnetic el enent enbedded under the at

| east one reaction chanber; thereby magnetic beads froma sanple m x can be
i mobi | i ZEd oA lalkadsd dLpEO sybtembfirt comdgetinfgadtenttaltdnd bielagicabreactiamser .
12. The lc%?ﬁ 9{1=CD (LoCD) system of claim 11, wherein the at |east magnetic
el enent |spp§f’n|$anent magnet, an el ectronagnet, or any other suitable
magnetic meansa miérofilitc | G -1RifeDal QD ns ¥ahpId REercbRi M khst WREE&IAA he
bottom surface of the reaction chanber can be roughed. 13 14. A | ab-on-CD
(LoCD) sy<ember, 8t leagnng ariripfluidie phanat! condedsing|thyatdedst praganipdnesservoir and

e . e O b | .
east onate 2Rt hekialioh ibep B0y oriRienBR, R R el Rkt  ng
t he at | dasst onneastiopdlantbegenyoi r and the at | east one reaction chanber,

and at | east one magnhetic el enent enbedded under the at |east one reaction
chanber; and & $Wp iGrlg weth ahilqast ope magnstic elamenteigheravidieg @ magneticdpree;
provi di ngharFRGARNI the hAEGHidi ~ M5T L LAl t
Cuppor 11 ROy b B sEREyidit 3 FR ATERobG CRIRY R THE D
magnet i ¢ sybtempite atdnadhene enagnatidtlympnisiani lenedersibtiepoditiehed amdés tha reackianber

so t hat netic heads froma.s |l e m x can be inmobiljzed or rel eased
from threrc‘%'% o Qﬁfffﬁggﬁ&fhe{aﬂﬁﬁgghéﬁ?% R 38 be imnobgized) ogpgelgasedirqm o cp)
syst em ofthg batdth SdsfadtFhgd Radih dhmbsast magnetic el ement is pernanent
magnet, an el ectromagnet, or any other suitable nmagnetic neans. 16. The

| ab-on-CD (LoCD) system of claim 14, wherein the bottom surface of the
reaction f‘sl)ar’rbﬁ{e ﬁg-%np@Dr(Egaﬁ?%ymem of claim 14, wherein the at least magnetic element

is permanent magnet, an electromagnet, or any other suitable magnetic means.

16.  The lab-on-CD (LoCD) system of claim 14, wherein the bottom surface of the

reaction chamber can be roughed.



