1 SMART NANO- | NTEGRATED SYSTEM ASSEMBLY Fi el d of the Invention

[ 0001] The present invention generally relates to mcrofluidic
devices, and nore particularly to a nanp-integrated system assenbly
that has a nodul ar architecture conpri sfng a mcrofluidic chip, an
intermedi ate control nodule, and a master control nodul e. The
nano-i nt egrat ed systSMARISNANO-INTELRATED SYSREMh ASPEMBLEYr ocessi ng
fluidic sanples, especially biological sanples. Background of the

| nvention [0002] M crofluidic technol ogy has been applied broadly to
chem cal and bi onedi cal appl i catFig@sof thé Bv@hkighdi ¢ devi ces of fer

di stinctive advantages of |ow manufacturing cost, high throughput,
m ni mal reagent consunption, and high degree of automatability.
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of fi el dssagiplds, apechilnibicbgidalagmpksi cs, forensic nedi ci ne, research,
mlitary applications, food and water testing, honeland security and
drug devel opnent. Wth traditional DNA-anal ysis apparatuses, the

identification of a target aSIGEHIGRE B IHRAMVERGor SO! ation of DNA
sanples with a DNA isolation kit, anplification of the target DNA

sequence by PCR with a tabletop PCR nachi ne, and

hybri di zat i on/ sequ ing to confirmthe identity.of ,the.target
sequence BP4%h a tam"ch _ul'fij)ﬁrtfegl?%’i’gyo&'/%e%ﬁ?é‘nﬁ?g}be‘{aﬁﬁ%aﬁg 3%&?“% and
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dermand i ncreases for nore genetic information to be found and m ned
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anal yzi ngauttggq%tsablalllrtg. b%nto rerdgcpv%n?angesf-st %a%ﬁﬂl%ple operations can be performed
simultaneously on a single microfluidic module.
[0003] Microfluidic devices are extensively explored for their applications in
biomedical operations, especially in these circumstances where multiple operations are
required for performing analysis/processing either sequentially or in parallel. For instance,
identifying a target DNA sequence within a biological sample is very crucial in a large
number of fields such as clinical diagnostics, forensic medicine, research, military
applications, food and water testing, homeland security and drug development. With
traditional DNA-analysis apparatuses, the identification of a target DNA sequence requires
isolation of DNA samples with a DNA isolation kit, amplification of the target DNA
sequence by PCR with a tabletop PCR machine, and hybridization/sequencing to confirm
the identity of the target DNA sequence with a tabletop hybridization/sequencing
apparatus. It is apparent that these traditional apparatuses are not satisfactory as demand
increases for more genetic information to be found and mined in shorter time and at lower
costs,
[0004] Furthermore, most of analyzing tests are better done on site where

laboratory access is not possible. Currently, separate instruments are used at each stage,



| aboratory access is not possible. Currently, separate instrunments

are used at each stage, 2 and manual steps are needed. Sone of these
I nstrunents are bul ky and require preprfcessing st ages based on

manual | aboratory nonotonous and repetitive work perforned by staff
with sufficiently good technical expertise. Even though automation

has pl ayemhdamaayalrstens| arei necdedr Beme g thére mBremghis are Y At eequiKs pre-
the reliability of th LOCcess instrunents are,still) desi,gne

oniy. for 3Bt Sagtt Gul ARGl BEpiaRE PHIRHrDud Rl bttt W R med
[ 0005] Curtyeahtryvigyaiftisieh®y gbsd flhaicali cpeiginé.Cc Bselhtivagh eedn@desh aaeglayed a
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this design offers cost-saving, but 1S not convenient. Summary of the
| nvent i orseh90€) Tedtherozfvoltage wuecesfinit lvec chipewiti \eis appartiighgrthis davice is very

i nvention is to provide ano-inteqrat system assenbly that offers
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optimally enbraced effectively and effrciently in a systematic

nmodul ar i Zedlt watende microfluidic devices, and the microfluidic devices completely depend on
externally and commercially available components and equipments to perform the desired

operation. It is apparent that this design offers cost-saving, but is not convenient.

Summary of the Invention

[0007] Therefore, one of the objectives of the present invention is to provide a
nano-integrated system assembly that offers both convenience and cost-efficiency, where
multiple fluidic, electronic and mechanical components or chemical processes are
optimally embraced effectively and efficiently in a systematic modularized manner.

[0008] Another objective is to provide a nano-integrated system assembly that has
a generic configuration so as to enable and accommodate a wide spectrum of differently
combined sequences of analyzing/processing operations to be performed inside
microftuidic wells with enhanced efficiency using magnetic nanoparticles on the identical
nano-integrated system assembly.

[0008] In one aspect of the present invention, there is provided a smart nano-

integrated system assembly for automated analysis in a fluidic format of a sample. In one



[ 0008] Anot her objective is to provide a nano-integrated system
assenbly that has a generic configuration so as to enable and
accommodate a w de spectrumof differently conbi ned sequences of

anal yzi ng/ processi ng operations to be pegrfornmed inside mcrofluidic
wells with enhanced efficiency using nagnetic nanoparticles on the
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[0011] In another aspect of the present invention, there is provided a miniature
automated system for biomedical analysis. In one embodiment, the miniature automated
system comprises a microprocessor; a smart nano-integrated system assembly comprising:

a microfluidic analysis chip having microfluidic wells for receiving reagent selutions and



4 allowng different reactions within the wells, and mcrofluidic
channel s for connecting the wells so as to allow a series of

reactions to be perfornmed in a chain-reaction manner; an internedi ate
control nodul e being di sposed under neath of the nicrofl uidic anal ysi s
chip; wherein the internediate control nodul e has an enbedded
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the miniature automated system, each of the functional control units comprises one or more

of the following components including microheater, magnetic field sensor, at least one set
of magnetic nanoparticle manipulation circuits, micropump actuation interface, thermal
boundary, temperature sensor, and electrical interconnect for specific applications.

[0013] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings



[0015]FIG 1 is a functional block diagramof the architecture of the
nano- integrated system assenbly in accordance with one enbodi nent of
the present invention. [0016] FIG 2 sho a schematic view of a

generic internmediate control nodul e (Ig/) conprising of a plurality

of Functional Control Units (FCU in accordance with one enbodi nent

of the prieeht i nvdirefaored ¢robadiinenis Bcotibng tanhs pragsntr mventedny will now be

schenmnati c, vi ew of .an ECU for perf.orm n ni |l ations_in .
enor aanddssiated b elitnsente RE AL ", Hhieh TR BB R b iagsnors fike
shows a sghgemtic view of an application-specific ICMin accordance

w th one enbodi ment_of the present invention. [0019] FIG 5 shows a
pl an vi evio¥¥8] schemdtlit lvisew lonctional dledkotliagram cofche parofitgetygref] the| nano-

e N M e
of one rgagtsi on chafTtoe? shbih a schematic view of a generic intermediate control module
(ICM) comprising of a plurality of Functional Control Units (FCU) in accordance with one
embodiment of the present invention.
[0017] FIG 3 shows an illustratively schematic view of an FCU for performing
DNA manipulations in accordance with one embodiment of the present invention.
[0018] FIG 4 shows a schematic view of an application-specific ICM in accordance
with one embodiment of the present invention.
[0019] FIG 5 shows a plan view of schematic view of the microfluidic chip with
parallel processes of two samples in accordance with one embodiment of the present
invention.
[0020] FIG 6 shows an illustratively schematic view of one reaction chamber with
its surroundings in accordance with one embodiment of the present invention.
[0021] FIG 7 shows another illustratively schematic view of the microfluidic chip
with parallel processes of four samples in accordance with one embodiment of the present
invention.
[0022] FIG 8 shows a schematic view of an integrated application-specific

microfluidic chip in accordance with one embodiment of present invention.
Detailed Description of the Invention

[0023} The present invention may be understood more readily with reference to the
following detailed description of certain embodiments of the invention.

[0024] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention

pertains.



its surroundings in accordance with one enbodi nent of the present

i nvention. [0021] FIG 7 shows another illustratively schematic view of
the mcrofluidic chip wth parallel progesses of four sanples in
accordance with one enbodi mrent of the present invention. [0022]FI G 8
shows a schematic view of an integrated application-specific
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I nvent | orfogesf t al NS. The nano-integrated system assembly of the present invention modularizes

microfluidic and functional control components so that it offers both convenience and cost-
efficiency. The modularized nano-integrated system assembly automatically analyzes
fluidic samples by performing a sequence of reactions.

[0027] Now referring to FIG 1, there is provided a functional block diagram of the
architecture of the nano-integrated system assembly in accordance with one embodiment of
the present invention. As shown in FIG 1, the smart nano-integrated system assembly 1
comprises a microfluidic chip 10, an intermediate control module (ICM) 20, and a master
control module 30. Each layer is functionally specific and physically differentiated from
the other layers. This functional stack when activated performs a particular biological
procedure as per programmed where each layer works interdependently with the others

through the corresponding respective electrical and fluidic interconnections controlled

electronically.
[0028] Intermediate Control Module (1ICM) 20
[0029] The ICM 20 as denoted by its name designation is the middle layer of the

smart nano-integrated system assembly serving as the interface between the microfluidic
chip 10 and the master control module 30. Preferably, the ICM 20 houses all the active
electronic/magnetic components that are required to perform the desired operational
processes in the microfluidic chip 10 under programmed control. In some circumstances,
some of the active electronic/magnetic components may be embedded within the substrate
of the microfluidic chip 10. [t may be particularly desirable when some specific
applications are performed. For the present invention, the ICM can be configured and
customized to accommodate many different variants requirements. The following specific
configurations of the ICM are provided for the sole purpose of illustrating the principles of
the present invention.

[0030] In one embodiment, the ICM 20 may be a generic platform for it enables

the microfluidic chip 10 to perform multiple reactions simultaneously. FIG 2 shows a plan



6 [0025]1n the follow ng detail ed description, specific details are
set forth in order to provide a thorough understanding of the’

i nvention. However, it will be understood by those skilled in the

rel evant art that the present inventi on’ may be practiced w thout

t hese specific details. In other instances, well-known nethods,

pr ocedur edewcolirpenBrils 20 actanpristieg iaaplsratiqy ef rroFubetdomadl €neutiobdéhit GFCU) in

detail so as .not to obscure,.the sent invention. 026].T

nano- i nt dparcaieesy e Bt bEbient B BF REEsapERPn AP SR 402 e EGUs
i cr of | ui ghi GanATartHREd 1129 AN 26ANTHRNat CANBRBERE Fov Of iHeafenkiic Bfidrensidkodtip
conveni ence and cost-efficiency. The nodul ari zed nano-i nt egr at ed

syst em assenbisys eftcbimrte-calitirgtiamsley 2nd positivelhepatizerpomie! isifesp eFlicowa FgUs

a sequence af, reactions. 0 Now referring to FIG 1, there j

ot ovi ded O UE ERdERBPRtt odRh o e Bt s Bekitniech ey B9 fSottom owo

nano- i nt egiat 8dr&¥aseHes 28ahy rhiddRC GREE IS VbirBspone ©nihe tiald nélfAahto-

the present invention. As shown in FIG 1, the smart nano-integrated
A

syst em aseslihsiign siteso Fpisite be apprasiated thattha RCYnran boarranged i anyratgrspiable

trol module (1CM 20 ] |
O S TR A S BO0Y BRSH B Bale ic
ot her | ay®y farthdihdomngrisves pirdity 8 theknalh@d ehetricubiseldiopebdthinglade and normal

particul ar biol ogi cal procedure _as per_programed where each | ayer
wor ks i nttertaeplangehtheplan viev aethsumsrefluidie stign2d ﬁ@t B PCERSRd Lween two

respective. el t.cal W TR i .

el oot r on 9§ FboBRJRY ale datyRa ChnRaR okl AP D8R8 ssurapse of
| CM 20 ascrostudi phkroynends. name designation is the mddle |ayer of the
smart nano-i ntegrated system ass ly serving as the .interface .
between (RS cr of I dMURE & HEPer® 1okl GRB Hrldtiery CORPFiST SPRURE g gimilar
Pref er abl Mn%LLeh(ﬁ i&%cgpelm?mﬁéﬂeﬁk REnBBhiE sEIHEELV PN FEURAMBIthSICM has
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PCR extension and hybridization. FIG 3 shows an illustratively schematic view of a FCU
for performing such DNA manipulations in accordance with one embodiment of the
present invention. The FCU as shown in FIG 3 comprises at least one microheater 21a, at
least one magnetic field sensor 21b, at least one micropump actuation interface 21¢, a
thermal boundary 21d, at least one temperature sensor 21e, and at least one electrical
interconnect (microvia) 21f. The configuration of all the components and the number of
each component within each FCU are determined by the specific requirements for actual
applications.
[0032] Referring still to FIG 3, the FCU is a discrete unit comprising sensing and
control components within a thermally confined zone. The thermally confined zone forms

the boundary of the FCU and aligns with the respective relevant reaction site on the

microfluidic chip when assembled. In one embodiment, the thermal boundary 21d is a



the mcrofluidic chip 10 to performmnultiple reactions

si mul taneously. FIG 2 shows a plan 7 view of the ICM 20 conprising a
plurality of a Functional Control Unit (FCU) in accordance with one
enbodi ment of the present invention. A$ shown in FIG 2, the FCUs 21
can be arranged into an array format. The center row of the generic
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| sol at or $ourtempeIBiusS seansels 2dp ara Maged Qg therfonr fiagonaligetinnisdm cloge proximity to

occur r engs, Of i GhRsed a1l aPe Dric [FRRA LS 20b Ray@BRE £&il o PMppRAfite
fiy idficeic i }

FCU may conprise substantia uni que or i‘dentica
el ect r onicehdmgmethac capnfp@oenisuts chhhgds iavibeymagidtini fidld duchie inGivhdtam of

the capacity of performi ng alJl possifple functiong that are. requir
for porf GTAMFRE BRTCisacuthfheal uBRs o Geq LTFF e T BRGP Rt . g hese
For exagg}a%neﬂ@ﬁadt 1}es They/ %1% 8 Qx'tiﬁza&f‘inlpa HErel&s iconBgnh@6n Per%ﬁ&kﬁﬁﬁlﬁi}?or%f

bi ol ogi reactions incl'uding DNA isolation, PCR anplification o
t he i sol atagdetiiNdgnopadichesbwittdn et momefhfidicheelkrfor inixiag oP@RIpriogl putpesesi {n

requires mxing.of sanples in s, transferring.sanplgs. fr on
well 1o aRbEmB e a s Bt e b RUENR bR SRl g adetl ke e
mai nt ai nippgy appropri ate tenperatures during PCR extension and

hybridi zation. FIG 3 shows an illustratively schematic view of a FCU
for perf 08ihg sucHTeDiptratencs parisatsi nverobenters aod therbeengiic lfensap are connected
enbodi ment of the present inventi,on. The ECU as_.sho i .

conpri sefo P {t?%EZ%lFP e&‘ﬁ EThPUNAHE St 85 p g_ﬁﬁgtb%ﬁggs Plﬁ% r?\gq%’éag%gt ??:I%g ithgoyeh-
sensor 2%hsuate BASENNOAS/iME. TheRWIRdAG&Ingatiofolidtesdeaee]dttcal gighkie terahd
boundary 21d, at |east one tenperature sensor 2le, and at | east one

el ect ri cdtom Hieanasserrmentrol mpdyley (Thls configurphien epiwnizg fhstteaesite uiage eRdhe
conponen nd.the n it il I

oo WIS SRR R SEE DR DER a1 SRR RO e oy
[ 0032] Refspmbl Bssest i1l to FIG 3, the FCUis a discrete unit conprising

sensing and control conponents within a thermally confined zone. The
t her mal | JoO38hf i ned 12 dnethen erbodinienh dha daM/may beria %BCW‘%HCP@W&I%??W

L PP o SN G B L ST AT O o e
application. The application-specific ICM has its Functional Control Elements (FCEs) 21’
disposed over its surface according to predetermined locations and is not arrayed as in the
generic ICM. For the terminology, it is to be noted that an FCU comprises Functional
Control Elements (FCEs) such as but not limited to microheaters, temperature sensors and
magnetic field sensors. In the application-specific ICM, these FCEs are specifically and
uniquely positioned to perform their individual user-defined task operations and may not
necessarily be grouped into FCUs as in the case of a generic ICM. In this case, the layout
of the microfluidic reactors within the microfluidic chip dictates the layout of the FCUs of

the ICM whereas the generic ICM layout supports the layouts of different microfluidic
chips. As shown in FIG 4A, an application-specific ICM 21’ is provided for PCR



8 netallic frane that sits in a groove etched on the substrate. The

t hermal boundary encl oses the functional conponents of each FCU.

[ 0033] Tenperature control is critical for many reactions. Each FCU
controls the tenperature within the t heét mal boundary 21d using at one

| east one microheater 2la and at |east one tenperature sensor 2k _
cont r ol | ecpbificateedtBN Asard/y Hriddgatioh dashiof sl KCEx2Hhacipabbmnisperfasming

Il k t. killed.in th | nbodi nent .
' FI G 3 cengl detBRg igns Sohssperl: 16,4 ARG SRR 4 AR MPer
di agonal p§echtARS vith &t REE2 PBOMkdighfiics 21T, TMR QB €2 B D? dideuitlfde nano

magnetic field sensor 21b nay be a coil of appropriate conductor that
can det ectagnetiwbedohampwatian i Beandelyrbsidizatipn alierobepters svifhrpoamparssebair ists

magneti c ti.cles w.th. |l ocal netic field Li i. NS . .
merof | P 1ExE0g i aEBR R CRGMELf e s RE Ty 5} Aol iy pocsife
in a difedeed maandrisgukad befordDherani rpattiahi dNcaftinoBgnakishown in FIG 4B, in

nanoparticles within the mcraofluidic wells for m xing or an?l yzi ng
pur poses thq appliratiemspeniie microslyidip Gip. isqclreactor if Kesighgrh & PRiQigh &i§own
is central l.oc lyNSI E ] -t ;

m or onearaiobe pEA RSBk aRol erkEhor HORCRLATRNE HL RO BRR IR E R e

pi n cont agit®heateR aad tanpdrhirdeht@mvdicelas dbr thbenitiGMraysieagior sites, they are all
t hrough- substrate i nterconnect vias. _These co,nd%%%tie%ggvi as

provi de/ Mege aeorameB heatzane &agaalieg phatme qireif plegach gepefassite has
rodul e THigS AN LML Bhin0br SRR AR B6s0i90t hRAkBladgpage on the |CM

and al so provi shortest connection pathwaysto elimnate and/or

m ni m ze [Go3g] Si gnalMicesthedic chip035] I n anot her enbodi nent, the | CM may
be an application-specific_platfar 0 for it abl es .an ..

Undi vi dudR9T uni quali RSP %‘“Bﬁ%“?%alﬁérsﬁﬁlrpﬁﬁr)&agﬁﬁc‘?aﬂdgﬂg and control
appl i cati 66 MibRRPIPGThEME b Rent drdly7iigproeeingCopdratdns.
El enent s “?%8&%82‘%8% spolsednover_ Its surface acco)’r:di n% to )

pr edet er rBriedly, lthe aticodkidinghips 1hds agroluyedbassdionetthat epamises a) ivalitsy of

the termnology, .it .is.to be noted,that an FCU conprd E I I
Contro | ERgHEREIQTGEEPe RS TG Portts BT R A IFE nEtRb 90l the
t enper at Wig28§NhRr@RAcHRIARIM IR, | Bheim$RG3&dcHion bRarhh@s are configured on the
application-specific I1CM these FCEs are specifical I%(Eand uni q

( uel
posi t i onevictaflypdicfebiprsa aretor aligndioy thpuniqus eanligargtioad o FEIs ﬁhatl%@gseach

and may not necessarily be gro d..i . i . 1 .
generic IBFFOTHELH %hagﬁ)se el ﬁ% Vgﬂﬁ)gy%ﬁm (fc);(fJ Eﬁggelﬁisdéér g?wgﬁ@ﬁ%efg%%lgf léup are
Wi thin t hgsdmhsle@ihtyitHé fasdimedhet ayeent ieemalyouThe fluldie nESdsk abniphises a

| CM whereas the generic | CM layout supports the | ayoultﬂs. f different

m cr of | uipdialighi afs seadabls hBuid iHcFParsAloraintegductient ¢loAluidis csammples dpy be
21' is provjded far PCE ikl cation. . Licli i

Zacn ot "REbERLel S bP o L) BB Rl SORA AN plasy oSt

f unct i ongluidentl@par® ke, ouluflinkofhoumlyetipressed fhidic janplad fram tRCRurality
m croheaters with air jets 21'B, through fl %lél?c;_cs 21' ,fGr\]ﬁ{ .ﬁensors!t
21' D, ci rbunicre-spacHanchamgeist 7 PIBEHY RRATHIATLIGIE Fhagnes Tofy{juid transport, a

hybri di z ﬁﬁ%ﬂﬁfé%g@%g@ﬁv%&$dﬁﬁﬁﬁ &% aRAnfk tind Shidet 2F ehich rdattidrSchamber

evi dent t'ha S are not arrayed; Instead, they are arranged
in a spedbf flowandankdndapheality®fasertiorape adtoated phh-flows meaas thap ars dctivated

continuity. As shown in FIG 4B, |in the, .application-specific_ .. .
microf | uitth aPRIAPHAte SSRGS §E¢H RS bt H‘é‘s%’ﬁg@i R @eﬁg?@ﬁaﬁrﬂri%m&’\%c denoids

progr am%gtlﬁ%{:igg Qund RO GRLAT THAGECE: ItRAGIPS-réukti6n cliddbers is made into a
correspondi ng s are mcroheaters and tenperature sensors whereas

for the nhinrmambeaner it membiranesertel dyo puepaskd. Rinstistue 4o dssmoat] thiskness, it
zone (consi st.i ng. af ra of. . m croheat ers) . hut. each i
00 o Aot Pimme DN i PR ad R S ERR, Atk fodifn

is completed, it can be actuated by the solenoid to displace fluids out of the chamber into

the outlet channels for collection or further downstream analysis.



[ 0036] M crofluidic chip [0037] The microfluidic chip 10 contains

sanpl e/ reagent handling and control neans and provides

m croenvironnents for different anal yzi ng/ processi ng operations.
Briefly, the microfluidic chip 10 is a1;90I yner - based one that
conprises a plurality of mcro-reaction chanbers for housing

di f f er ent[oggsgr at i onSoanefeaidg taiRIGS, tletraviz feowded/amexentpdany micedfluidic obip in

m cro-reaction chanbers. The m cro-reaction chanbers are confi e

on” e mACPBIRPUT PECHICBOUEI O FEpHEn: et A GO S gon the
of FCUs %ic&éﬁuihi@“@hiﬁ?ﬁ 2o ﬁéé&_‘t(;v%aﬁﬁiﬁ%ie?iﬂ&{@ﬂ fdrbehfy M96 té)){nzﬁj?ﬁ/ﬁ@éss
wherein the 1CM and mcroffuidic chip are assenbled into the

nano- i nt éyoatastplesyamemreastiye nl farthdheorhprisediacplnelityo pk nionopreastam ¢hambers,
plurality of.sealable fluid inlet rts,for introductjon.of flui.dic
Sampi s (5ot ARy sosaPh chathdt i Phutign shupPe ot Mgt sopbites be
chanber s, infloR! ffidic idu¥esof3 soghiah ke Béih?ﬂﬁiéﬁdlﬁbmﬂﬁbfeﬁ vt eRUURI id1&Dort;
of the anal yzed/ processed fluidic sa es fromthe plurality of

m cr o- r edovt enflewdhndic uses 16l afrveltich gachrbergcilydichi einvegpdmitdlone fflwid outlet

fluid trans t. ,anplurality.of ssi.ve m eroval ves di.spased at the..
inlet andOButd-epddy PR oL uRaREBut FluRiy SRR 8 o atRion
pl ural i t }ehambserdivanetheipfloaiREPy Slidi¢ BieBAR Shdvitein FIGES, 26¢H wadreéded’ion
appropriate actuators such as but not limted to nechanical or

pneunat i chambenbl gsoneacinghtedhe inflawtipidisdus 13 visst passive THze pdsad dre quhiow
m cro- reafﬁﬁﬁi?%u?'i@%e@liﬁasgi% g%ggl'hnt o a thin nmenbrane. This nenbrane
serves two purposes. r'st, dué to its small thickness, it provides

m ni mal tibeseyal r esAstarillestandnragnaticiofluidie chgr sngleowibec ®iid, 5 phdddes a
the reaction_is _cqonpleted, it can be actuated by the solenoid to )
di spl ace gengrigPleiprmy oy highe thappshpul NSAL mecroytPe analisia ms| well gys for high

col | ect! SRS HLASmERRS TLL AT AARYEHE DN A hibBIRE) Na IGLREF gt .

FIG S5, there”is provided an I'p 1'n accordance
wi t h one remitinai chantbeof istire-spotesiewithi apgopiiat .cIASA sidigdnuclebEl S prabes it

m crofluidic chip,10, conpris t fluid inlet ports 11 for bein
able to afHHP§/Eé?1§%E’éC§§arf% %ft&p@@w# SHETayreagtiory g}wﬁéﬁrs are Blocked,

conpr i sesadiR! dhdldstodn Ye iMl6EREH ARG dRNCAETIRI fuRRS bhb V8! HRIEE i¥Sluid
control chanbers; and calibration chanbers. It further conprises two

i nfl ow f livletiportbudden,1tBe diuidihisemplawtll beiimtgpdubed tite kycle ohthecmdowkaction

B o e B b lite B4 b B b A o oYt B wing
pl urali t YhOhppRopfift! rbadng aql!aatﬂ@i%tasnihg H%éjfe%ﬂui»fed: .wméthfwccﬁ%h in each of the

m cro-reaction chamber” 15 with the inflow outflow fluidic buses. As
shown i n rE4aBGo8, chembbrsihycho FCékc tAlber hyteidizetion 3hq miwornerstipa ¢hamberngan be

inflow fluidi¢ bus 13.vig a sive valve .14 and.the outfd ow f.l ui di
bus 56 vishshed 10 SRl hl e EBR RS AEHinTing e ) Sl Binblt! €' G
m cr of | uigdbtse BhleRcatd (BRAYA opficd) Iﬁa%'ldﬁf:(bv RS approgiae hivapd. alfa@hdticf Rhsing
hi gh throu i analysis as well as for high

%ggu.t. DNA m croarra%/ > o
t hr oughpuf by beifizetieneis perormmst b fegjpctian fiagasd imapmetigianopaiticlsy vagyn double

each of t i r i IS - t i j

coua or CHpIEDRA RGE b FRBTARI feliiehlars iR Rl Sitrdiidate ARERBR/ LRHE the
pr e- spot tREJ incthe-1CEA dldr QierfohtApehighahoughpatkeal-tithk (HRCR Cegmplces-reation
be introduced intgo one of the inflow f]luidic bus via one of_ the fluj

i nl et porhambenpgrforeorne RirRireactivmihat igicontraled by its saretponding Eakbridhe
the mcr i : i di i d .4 Qi
bncn i cAGMFASH AR GORTES. AT bAA AN eRACRORNE LE QM il
mai nt ai nicygict indepadunt eflthecermaraljaseat coitl ral-tine each odfPERecsat@mes ivathin
chanbers the FCUs. Afte bridization, .the m.cro-yeaction

chanber s GlrreBamigEREToDb I STeba s s b Elfion (BFEE FRbmBIhe 7
and t hen R EidssRikslinged élij&%ﬁhclﬁh{-ﬁé?s, 'tl%réiﬁzt@&ﬁ&@ Bﬁélﬁﬁﬂlﬁtiﬂg)hll 96$sible

CIrOrsS.



[ 0040] Now referring to FIG 7, there is provided anot her exenpl ary
mcrofluidic chip in accordance with one enbodi nent of the present
invention. The mcrofluidic chip as sho in FIG 7 has the sane array
of mcro-reaction chanmbers as shown in1\Ig,InG 5, but the addition of two
inflow fluidic buses and two fluid inlet ports enables it to

anal yze/ qomoess f ouNowaefelrisg tonFia7athesd is provided auother exspipbuy atierpflvidic

that the m crofluidic chip can be.confi.gured accord.n oNne' S ..q:. 4
appl i cat i G} W’lﬂ"@rcg’él%‘@” Wé‘cseg}Pé’%th Ofglfﬁrf%qvgﬁlgfgt ER? chrp@w'dui fp
m cr of | ui disGoGhiiR Fi6 Pha3qhé thé SiRbl Ridr6-rORAibR EMAb&S b SRR MERICER TRt
of operations. For exanple, as shown in FIG 8, the mcrofluidic chi Pt
0

can be cubtomdigon tad tvowinHewufinplic buseegmdt b dlid cimlathporés sappee i

preparation a i ficatjon usi RCR, detecti.o i j :
bl ot r optigRbEERTRT BT ES R PpRd a1 bap ERETELARARE: BBy ehip
singl e reagtRicoffliied dttofdifg & & Hlahlicatedh Whikassing the s&ae1CMIN chanbers
aligned to individual corresponding respective FCUs in the ICM The

only diffledddhce is Shmilarbhioythe HeMsthgsmisspilnidiy chiisrabsocqandiguishisrs degorm
i1l be activated and control.led. -Th i1 ] b
and not | Teaeaed Bl S Rap AL Pt BLIS T AL b BRGREERLChip

roughput” and anal ysi's

type can e weusis@mizabiou shwthrobghmaniesieddd sTitem whablsasplehgesarsticanDiNA
be highly cost effective and adaptable to varjous appl.i ca%btmg bei ng
cat ered tanpificstiapuyingdiiRcdatertionsisyia sapddary spcienkqretis ap i gniggoarray
generic m [.d ' Ll hi pg: j S :
and woul dBUMLEGHE 1 HePormld oA b O E G PRI D RoOhSIENT e i
[ 0043] Theres@iinethagheis dgnad chuindividiz chaegonding hedpoetiveGWC Usin the ICM. The

o SonaRReiseds Bvbn ke o LB EbRrstbah AP D e Ped and
mi cr of | ul difiofibd PThEY@ULs willtembfd4adivalcdt B hOThl B&L I6QRSIvYS both adalysis

grid of electrica punp actuation pins/interfaces throu

i nt er connsdughibatr md amlysEhiype gan e icestamizdgsihg the aamniICM-ngiSrtm}bheg the
provi de a generic signal relay to e ter control. dule. This

conf i gur atyFEM W) kre&ugl%y SPStﬁﬁ%@g‘ffrﬁf@gﬂ%@H&’gﬁfto Hﬁn‘ﬂhsrappjdfﬁq’l;’fﬂs hemg caefed to by
pi ns/integ i hdd BEatfRDdpedifici oY gédereemassnnidicnchip® In
t he appl i%@gﬁgﬁe@%@gﬁh%@ﬂfhe Ig%}] [%044 prIs/l xlicng %% bi nary ori ib

mul ti - conguditeont thédewhipsste diapasablgmnt avoyid be dasigned fordpwcosthiangel s where

the flow is |am nar der no |. conditions. Therefore, mxing relies
mai nl'y onf%%4&  usi onMérﬁ}S coéltrf’;%élgfe m crof | uidic device, the length

scale is Hb@@:.]! arge TRy nfasRt doflkdlf MeH@B inREFatROWRRBhE ICHI foratdmdmitting and
mechani cal agitation. The m xing may be achieved in tw ways. On

utilize ticecimagmdtelastrivahaphbiosignals felboving prgifom steadard meptag ﬁ@%spgﬁéfn%yof

5(2) their the QEM?érm% o ﬁltc]%ni]crco uidtl %hfﬁplg{;'&}t.i ‘?th ?@1@/&9 fis bttt ARVRRLLRRS a
gtid of electrical and pump actuation pins/interfaces through interconnect microvias. This
grid is arranged in a uniform array to provide a generic signal relay to the master control
module. This configuration allows for programmed on/off of particular pins/interfaces to a
standard master control interface according to the application served by the ICM.
{0044} Mixing of binary or multi-component fluid streams can be difficult in
microchannels where the flow is laminar under normal conditions. Therefore, mixing
relies mainly on diffusion. For a typical microfluidic device, the length scale is too large
for rapid diffusion and too small to include mechanical agitation. The mixing may be

achieved in two ways. One may utilize the magnetic nanoparticles as mixing or assaying

agents due to their inherent bio-chemical and magnetic behavior. This invention



i ncor porates magnetic beads for effective m xing. Before the
reactions take place, the participating fluids are driven to a buffer
reservoir containing nano nmagnetic beaq2 Motion is then induced in
t he beads causing an artificial turbul efice thereby facili tati ng
effective m xi n% [ 0045] Anot her way for effective mxing. is

i nt r oductiNefPerales W@‘thﬁéﬁﬁﬁéﬁ‘f ﬁ%rn%féecaag Siyingn Refpre fhe lie§°t|523'l§§ﬁlEﬂ Blage, the
achi eve aga?ﬁdl atfr?éml.{*@s :{?%d%&{%té Lﬁ?elrlré/seﬁr%&r cb faﬂgn ngor Iﬁ é}lﬁiﬂb Bbeﬁg Motion
a

fluid sub-str 'S way, arge cont ac sur aces

di f f usi ons plairhindaced igehe beddsctaudihg as hajpfcidftucbupmes ithierelby feilitaing dfective
sinul ated and optim zed using a conputational fluid dynam c (CFD)

anal yzer 188y crof | ui di cs. [0046] Manuf act ure [0047] The

nano- i nt ed sys f

Fechn quass Lol oY ehRThasTs R LAt T ARC kioBfigih SEMEh performance
conput at imssive frhisid cﬂymamssxt(lm)achinm poiis mammg)bycwomeéldlcaﬂyt splidting and
determ ne t he, .opti gal onetries in the crof |l uidic.chi

m cr ocharTRETebinRas T RRUru: adhis o Srer SaBp b Lishpbd STAl gieriston
passi ve Malflare (&ldrdtBy, Pl 8286 of @ pﬁsﬁgﬁfn]kmn&)nf)é Hﬁﬁﬁaﬁe@ﬁn@tﬁﬁfﬁﬁ%&d &smg a
paraneters on passive mXxing characteristics.” Thernmal analysis by th

CFD can empugadiond fopd dymansic { GED) ewdydeo foramidroflssdiest ry of t he heaters

and achi enper a |formty over the reaction chanbers.
[ 0048] Thgxﬁlgho i nt e%@f‘%‘ﬁ Y5 st em assenbly woul d be a hybrid nix of

di ff er entpggest r uctTIRNnARS-Bitéghted HsRHE SR EalBh hasiufchited by known
techni ques. The suitable materials include but are not limted to

si | i cone tedhaiquspreF e, exemples dinite Rlsgreapmydelingi (REM)and Icr)mp@taélpnai fluid dynamic

SSFS! )r/nmdstra(C%sgl())I% }131893%|c\$ﬁ%r %gﬁr%ﬁdn naFga%%gj?n%/assbp%bgg%?ﬁé gpec é"ﬁ 1“%%% dic

pol ymer  BholyEidmely qﬁe&ﬁ&sodnﬁﬁﬁlelgowsdlvbanmmesa m@rmtlbmh@zﬁlba@r tind
| i t hography, stereolithography, mcro injection nolding

enbossi n@PaSYVE MHEH- sGFDaa@Yabﬁdum to FHhdy dirabihusnery of @P%@trw parameters on
O g GICTALLg APy BRESHOLSAN e i
assenbl y lofativhengzesieeatry of the heaters and achieve temperature umformlty over the reaction
chambers.
[0048] The nano-integrated system assembly would be a hybrid mix of different
construction materials, processes and manufacturing techniques. The suitable materials
include but are not limited to silicone clastomers, stereolithography resins, cyclic olefin
copolymer (COC), polycarbonate (PC), poly methyl methacrylate (PMMA), polyimide,
silicon, epoxy laminate and glass.
[0049] The specialized polymer BioMEMS processes used could be one or a
combination of soft lithography, stereolithography, micro injection molding, hot
embossing, silicon surface and bulk micromachining, glass micromachining, laser
micromachining and printed circuit board machining.
[0050] The advantages of the nano-integrated system assembly of the present
invention include: (i) reducing the sensor element to the scale of the target species and
hence providing a higher sensitivity; (ii) reduced reagent volumes and associated costs; (iii)
reduced time to result due to small volumes resulting in higher effective concentrations;

and (iv) amenability of portability and miniaturization of the entire system.



invention include: (i) reducing the sensor elenent to the scal e of
the target species and hence providing a higher sensitivity; (ii)
reduced reagent volumes and associ atedqgosts; (iii) reduced tinme to
result due to small volunes resulting in higher effective
concentrati.Qns; an i,v), amenabjlity of portahility and

i ni atur 1950 on o T0hd URBRRLAR biobaa B571s38ansrhEnEiig naginanpteshngiony
bi omedi c@onaRPhlyCafERad t®fas BiehRdRANBRASGLSCRNSOBN cfr6 MF@AhKal Systems,
referred to as Bionmedical/Biological Mcro-Electro-Mechanical

Syst ens, BepMEEB)hana becaivaicasingly daevategt gnphavedbwrd widsdpaad snfostantiand
w despre L TRO t IV I broad,spect.r um of .

appl i cat ?ﬁﬁgmg&u‘é%aigsa g#&gg%géﬁﬁ}é’g ,O?taﬁél(r%caalpt)l ﬂgf%@, asaﬂlgg? Silgfje%erapeuucs’ and
engi neer tisge BighideNbg f BioMERP astdisgrpnt applida0ioss afesEndBhes RS erred to as
referred, fo_as bhiochips. These devices are used to detect cells,

mi cr oor gAIckips, Thpsdeyices gropwsdiie deforircedisdmicapergarismecyinises, aeateiss, NG
smal |l no 1L OG 1 i i 0052

mano- i nt ey 88! Alclolt 36AE Bl Snal BRALQAR T o e Rhepe NS
enpl oyed[dosa2]appl i c&ht anmotintlgradéed gystomt agsembly o1 tied pieseni frvéhtis® can be
nol ecul ar dj agnasti cs (PNA based assays, ..si ngl e-nuc] eoti de . .
pol ynor pﬁmglﬂygﬁépmgyeﬂ%ﬁ-lvaw Bembyt Bal lignitgd ds i-¥idry ’&Q?%Bb‘éﬁhagﬁosms
det ecti oppNA Waeke RLAQD)gin AL UGl v 1.apl rsa -
analysisp)forensic ap Ifé%? o%g? éﬁ@@rgﬁ%gﬁ?g§§ﬁfg§éﬁggﬁe#€?ﬁg%3&thﬂ
honel anddsigunestics Ypadippgen clatactions in wholevdebd)ndiupelisevey! panbdd whiae hed fadd
pat hogens. .Far example, wth the integratiop of PCR ampljfication
"nt o aut BYANEG freraecbelcstipns, rspRDEnh: beds itmiasbempynd security
sui tabl eafcatibd thvoPRIdr Bk &AERIcANGE %&érwg}aﬂ{c@enép@ﬂo&' CRhMPIS with the
i ncluding the detection of gene-nodified foods and pathogens. Mor e

i mpor t antntsgratiore oh &R ampbfjeaticadingy sntematedsprbdsgesnithe hengingsgrated system
i nvention may, be deyel.oped.into snal.l, rapid hand-hel d,devi ces. t hat
can be osEREL R, SRHEHP IS neld SatiRirens AR BN Ry P Gops BRI e

m litaryddieaich slepineynBdified 6B HRdPAhdBhL Bike iMipdii@itdetiRGlah 8 Miefrated
bi o-warfare agents such as snall pox, anthrax, plagque, viral

henor r hagjistent ésssmbly Bb#ieaprgsant dnventieburay ke derslopeBrinioeinial, sgmid hand-held
(brucel | gsj:s).,s.and _Bur khql.dari a VWi l.e the .present ..
mvont 1 oot AR BRI eREY upinPd Rttt ookl 85 L mititary i

enbodi meddiBoyrhéntiphirptizd ans ekt st hahe bR cttorbotibioBRdrfaraberité huthtasahiaVlpox,
and that the invention scope is not so limted as such. Alternative

embodi ne#ittreys plagaeprisalebgmonhagie fonerafholp vdwre Maghgevitus),oBrusela spp.
havi ng ogdj 4 | | to which the present invention

pertai ns(bq@&gh&%a?%gdr %g%@oéﬁg%gﬁfem s are considered to be enconpassed
within tjeesypirit @fdleshoprsait ihtntipn daehten deseribadowith Adeene toglayticular

SRR Xt TN AR -
scope is not so limited as such. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



CLAIMS What is clainmed is: 1. A smart nano-integrated system
assenbly for automated analysis in a fluidic format of a sanple,
conpri si ng: a mcrofluidic anal ygis chip having mcrofluidic
wel ls for receiving reagent solutions and allow ng different
reactions within the wells, and mcrofluidic channels for connecting
the wells so as to allow a series of reactions to be perforned in a
chai n-reaction nmanner; an inu%LKﬁqgate control nodul e being

di sposed underneath of the microfluidic analysis chip; wherein the

i nternedi ate control nodul e has an enbedded functional circuitry for
controlli th@ re%ppion paranmeters in each well and the passage
conditioh@%ﬁﬁ’S g dfrannel within the nicrofluidic chip; and a
master control nodul e being di sposed underneath of the internediate
control nodul e; wherein the master control nodul e has an enbedded

el ectronilc ci Fetmatt parfcointagraied siistagn esambhydiongutsingted|apalysis fthe fluidic format

i nt er medi t ule. 2. The smart nano-integrated system
assenbl ybgég%lﬁgllg’réo ,pr%gn%, ein the mcrofluidic wells within the

m crof |l uidi c anmigrsilsideiaBalySis atHig @R the higdaidiaywdIRr PRt ree@ividiBeagent
parallel operations can be perforned. 3. The smart nano-integrate
syst em agelafipnsansk allowingdifferopiaeaqtions mathin theorells and magspfluidid ehimnnels Her

T o SIS0 BSOS P
nano- i nt egnaéred system assenbly of claim1, further conprising a
an intermediate control module being disposed underneath of the microfluidic
analysis chip; wherein the intermediate control module has an embedded functional
circuitry for controlling the reaction parameters in each well and the passage conditions in
each channel within the microfluidic chip; and
a master control module being disposed underneath of the intermediate control

module; wherein the master control module has an embedded electronic circuitry for

inputting commanding signals to the intermediate control module.

2. The smart nano-integrated system assembly of claim 1, wherein the microfluidic
wells within the microfluidic analysis chip is arranged in an array format so that parallel

operations can be performed.

3. The smart nano-integrated system assembly of claim 1, wherein the microfluidic
wells within the microfluidic analysis chip is arranged in a predefined format so that a

specific application can be performed.

4. The smart nano-integrated system assembly of claim 1, further comprising a
microfluidic mixing sub system that is configurable into a geometric split-and-combine
passive mixer or in-situ mixing within the reaction wells itself using nanoparticles
electrically manipulated to create artificial turbulence in the fluid stream thereby causing

the fluids to mix.



mcrofluidic mxing sub systemthat is configurable into a geonetric
split-and-conbi ne passive mxer or in-situ mxing within the reaction
wel l's itself using nanoparticles electygcally manipulated to create
artificial turbulence in the fluid streamthereby causing the fluids
to mx. 15 5. The smart nano-integrated system assenbly of claiml,
wherein the functional circuitry enbedded within the internediate
control fodul heaiiiurt agso-trited! dykienDhssbrbBt bP BREm CR NIk kinUhE tinctad]
wherein each unit controls a correspondi ng well of t he m_crof |l uidic
chip. 6SoREns pabeddesnwithiny gy iternediale sontisk anghle epmptisgsng plurality of
wherein L I r ri
nlcroheaﬁgﬁﬂug%lFea§?qgﬁ§’%§gne |§ﬁ%%%Pgﬂg%§g§gnp a§§m§§mhﬁgﬁggf%?pm
magnet i ¢ miierodlpidit ciibe mani pul ation circuits, at |east one mcropunp
actuation interface, a thermal boundary, at |east one tenperature
sensor, and at |east one electrical interconnect for general

appl i cat gons. ThE: snliie rafRificpARST bphegr 5Y S

4, wherein each of“:[ F‘I ?ﬁncte IEQT J'E::%)nt r%%gﬂbﬁtéfgféin%rfgggé%h@g%@ ﬂf@ﬁe
of the f(ﬁdlﬂommmmlgcmmuqunﬁmbempnséwah legst ine rmoioedteater, atdgaelone agaktc ﬁeld
sensor, netic nano article mani.pul ation circuit, .mcr,

act tat | ofeHiert KBS OB Stingl THSER Pﬁnoltaé%‘SrIHi‘fBP%laEeﬂ%@B“énﬁf least one
el ectri C%wﬂo@ﬁﬁb%@fﬁﬁﬁ@ﬁ 1Ift<9fac§Pz?ﬁie;rh§1 GRRRAArS 3t 1QRBone t%mg@raﬂ]r@ k&sbf, Gnd at
aut omat ed system for bionedical analysis, Tonprising
nlcroprobﬂsbmwfmwhym&nnmnamnwtﬁtggﬁaﬂemphgsman1assenbly conpri si ng:

a mcrofluidic analysis chip having mcrofluidic wells for receiving
reagent solutions and allow ng different reactions within the wells,
and mcrofl ui dipg Ghat Eh@hé—uﬁt@ﬁra@&ﬂ Qﬁﬁéxh”e&sérﬂ@ly\’\@ﬂ tRif Y, a&héﬁxrﬁké&lwoﬁthe
series of reactions to be performed in a chain-reaction manner;

an i nt er hgitignal eaniyotl @mtm@lmpm@emﬁgmdn@pmgédieufwéll@m@wnmnmtﬁemcludmg

7O 0, 3 N OB S S BATE 4 RE  TR

par amet eastuhtlo aedifave) theahisl Mﬁd@@smrﬁm%ﬁm Ngnd dle@fE4] ifRRATdARECt for
within the mcrofluidic chi p; and

specific applications.
8. A miniature automated system for biomedical analysis, comprising:
a microprocessor;

a smart nano-integrated system assembly comprising:

a microfluidic analysis chip having microfluidic wells for receiving reagent
solutions and allowing different reactions within the wells, and microfluidic channels for
connecting the wells so as to allow a series of reactions to be performed in a chain-reaction
manuer;

an intermediate control module being disposed underneath of the microfiuidic
analysis chip; wherein the intermediate control module has an embedded functional
circuitry for controlling the reaction parameters in each well and the passage conditions in
each channel within the microfluidic chip; and

a master control module being disposed underneath of the intermediate control
module; wherein the master control module has an embedded electronic circuitry for

inputting commanding signals to the intermediate control module.



a master control nodul e being di sposed underneath of the internedi ate
control nodul e; wherein the master control nodul e has an enbedded
electronic circuitry for inputting commupdi ng signals to the

internedi ate control nmodule. 16 9. The m niature automated system of
claim8, wherein the mcroprocessor is selected fromthe group
consisting of PDA, PC, or any electronic input and output devices.

10. The mi i at uTke miristued Rdorayst eystah of tlainig Swhavbirthe MmitldBrocessor is selected
m crofl uidLc l1s within th icrofluidic analysis chip are arranged
inan arr a@o %@“ESW%’L“%’SP%A@C: SpavRleiepicinpulyad s Aeress. 11.
The m niature automated systemof claim8, wherein the mcrofluidic
wells within the mcrofluidic analysis chip are arranged in a

pr edef i nedld.or nBbe mmisthet avdormpied is§stem af plaim 8t ivbbret@ theh@icpemdidic Mlls within
12. The m Bi at.ur a%t;ormlt ed systemof claima8, wherein the functional

ci rcui t ry BREUGIITE ARalxss GBID 3 SrpgRddnan sy iormab e, thet pasaliel aperatigns
plurality &k }j‘etﬁapﬁ,ﬁﬁ)g@l control units; and wherein each unit controls

a corresponding well of the mcrofluidic chip. 13. The mniature
automat ed system of claim 11, wherein each of the functional control

units conpy,i sesat | east one microheater,.at | east gne nagpet.ic field,
sensor, 2?1 I ea:Theolﬁgmgﬂ © ad‘fm’ﬂﬁa&@f jlgm Hgﬁ]ﬂ’ﬁ%%t WgFI@th’ﬁ'i ‘B’lﬂ(gﬂﬁl%ﬁ wells within

circuits, thé mﬁ?ﬁui&@%ﬂﬁiﬁ[soé‘h!?%ré%ﬁﬁéé@fh 'h?reaéfﬁfe%, fRmbl S5 Wt a specific
boundary, at |east one tenperature sensor, and at |east one

el ect ri calapplieadiossambe perfermedener al applications. 14. The miniature
automated system of claim 11, wherein each of the functional control
units conprises one or nore of the follow ng conponents including

m croheat @2, nEdRehikiafue |adto$1@d’t§@rs%'st£‘iﬁ9c§fe&lhﬁn RARPRAEL HeCfunctional circuitry
mani pul ation circuit, mcropunp actuation interface, thernal

boundary, ertheddehmithen daniermeinic epieelrmodile jcomymisonmepiurality of functional
speci fic %Bﬂérblclﬂﬁt]sgoﬁﬁ'whe}%n each unit controls a corresponding well of the microfluidic chip.

13.  The miniature automated system of claim 11, wherein each of the functional control
units comprises at least one microheater, at least one magnetic field sensor, at least one set
of magnetic nanoparticle manipulation circuits, at least one micropump actuation interface,
a thermal boundary, at least one temperature sensor, and at least one electrical interconnect

for general applications.

14.  The miniature automated system of claim 11, wherein each of the functional control
units comprises one or more of the following components including microheater, magnetic
field sensor, magnetic nanoparticle manipulation circuit, micropump actuation interface,

thermal boundary, temperature sensor, and electrical interconnect for specific applications.



SMART NANGC- | NTEGRATED SYSTEM ASSEMBLY ABSTRACT The present

i nvention provides a nano-integrated system assenbly that offers both
conveni ence and cost-efficiency, where ltiple fluidic, electronic
and nmechani cal conponents or chem cal a?gcesses are optimally
enbraced effectively and efficiently in a systematic nodul ari zed
manner. Furthernore, the nano-integrated system assenbly has a

generic configurati g kﬂ;gf nﬂ?ﬁ@?ﬁﬂﬂ | ge spectrum
of differently conb?ﬁ% ﬁ%@gﬁ%ﬁ%%@*@ anaﬁy2|ng pro§§§g$%%tgperations
to be performed on the identical nano-integrated system assenbly. FIG

1
ABSTRACT

The present invention provides a nano-integrated system assembly that offers both
convenience and cost-efficiency, where multiple fluidic, electronic and mechanical
components or chemical processes are optimally embraced effectively and efficiently in a
systematic modularized manner. Furthermore, the nano-integrated system assembly has a
generic configuration so as 1o enable and accommodate a wide spectrum of differently
combined sequences of analyzing/processing operations to be performed on the identical

nano-integrated system assembly.

FIG 1



