1 SMART NANO- | NTEGRATED SYSTEM ASSEMBLY Fi el d of the
I nvention [0001] The present invention generally
relates to mcrofluidic devices, and nore
particularly to a nano-integrated system assenbly that
has a nodul ar architecture conprising a mcrofluidic
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is versatile in analyzing/processing fluidic sanples,
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sampli e3pecially WoogiteL ¥ et e nul ti pl e operations are
required for perform ng anal ysi s/ processing either
sequentially or in parallel. For instance,
i dentifying a tar dbtckproansdedfubedevenitioni n a bi ol ogi cal
sanple is very crucial in a large nunber of fields
such as clinical diagnostics, forensic nedicine,
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_a tabletop PCR machi ne, and hybri di zati on/ sequenci ng
simuyligneishyi g single migwfividigmedulehe target DNA sequence
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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,



processi ng stages based on manual |aboratory
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with sufficiently good technical expertise. Even
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[0009] 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



reactions within the wells, and m crofluidic channels

for connecting the wells so as to allow a series of
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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 solutions and



allowing different reactions within the wells, and
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Brief Description of the Drawings



[0014] Preferred enbodi nents according to the present
invention will now be described with reference to the
Figures, in which like reference nunerals denote |ike
el ements. [0015] FIG 1 is asgfunctional block diagram
of the architecture of the nano- integrated system
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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.



provi de a thorough understanding of the invention.

However, it will be understood by those skilled in

the relevant art that the present invention may be

practiced without these specific details. In other
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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



7 view of the I1CM 20 conprising a plurality of a
Functional Control Unit (FCU) in accordance wth .one
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callﬂr%nastlt@g S[tROL bl dbpmc?d?&l RRAhL @R can 1O afy Qﬁ‘%e‘al i#R8y Bfher suitable

he plan view of "the mcrofluidic chip 2 hat are
conﬁmarma§MMerﬁ evappragwstead elk@uss ity maﬁnde«b fisicdoe The ICM

R ROEE N AR KT T e —

to tha§N&ld & thEMancask Jfekd ARMoARIIRY 4136 23 Qﬁ’z&ta@@mt@ﬂpb%d between two
simlar, unique or identical electronic/mgnetic

row&qﬁﬂf@[ﬁg risq;latgr;; arp depleyast fp dbgunate phimnintes rENpdigsial pgparrence of

of performng all possible functions that are
Closé%algﬁﬁe'é%n?né?’ performng all possible reactions within

[oo3ithe m cr gkl fdi @i SerRicPLCNIOEa@X BOPI ﬁLayVhﬁ)ﬁ{pIIsB%ubstantlalIy similar,
mcrofluidic chip is designed for sequence Q

uniqye of isghaesl e}eea@mp/m@nﬁmmmwgnwth% Sveayifs) Ww@m the ICM has
the gﬁ{ﬂﬁt {w;e o;f% if%?rlng{& %}@%o'rs)s:ig ucflgt’iﬂgfthaﬁgt% I}X;B{r%,&’ fétahéx‘?%}fmmg all

requi res mxi
possiAepdaesorisivivieh g, micwﬁlﬁ&e rehiph ¢ os axgrhes, Whanthe nﬁcmﬁhidic chip is
to another, rapid aitlng{cooljng du

P . .
desigaettiPbiis sewcrara@ﬁub HIAEKE! ABROPP] %Eﬂd{] ’gg‘rﬂacﬁét gsqdation, PCR
ampgﬁE%{tP?luof R 1831k %H%ﬁﬁe%@hyyﬁélbﬂi&a&f 8- anﬁil@leﬁ ERRWRoducts, it

stratlve mati ¢ view of
requfres froxing g saples Weﬁarﬁrmxafe&hm@mplm ﬁommandbtmmtd&lex rapid

odi nent t he ent. i nvention FCU
e GG R 62 3 CoAETOS B0 TN OhEPRRBF i dgnar Bl duing
PCRaéxteﬂqﬁﬁxSafnd%%rﬁ%ﬂ@ﬁ i prd B%h@w§§1’i‘ﬁﬁfstr&%ly 3dhehRAS ic8f a FCU
m cropunp actuation interface 21 a thermal boundary

for parfgriveang Iseels DA enamipplatiany te asmﬁémcezwéh oalﬁderabOdl@asft of the

e electriica nt erconn mcr
pres@ip ot 16 PSR B SPor R GO HoT e ARt ke s ey 2ta. o
leas€SEN REANANEAN hidt 2112 A€ NeakChhanferdplugp MenfdoR)ntefBee 21¢, a
specifrc requirenments for actual appl i cati ons. 00321]

thermet bewidayy 314, at leestng tgmpetseirFerrsos 2d edipsé raéﬂf‘éls pipg electrical
R T e N S SR
cachf @ni¥onent within each FCU are determined by the spc—:c:1ﬁc 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



t he boundary of the FCU and aligns with the respective

rel evant reaction site on the mcrofluidic chip when

assenbl ed. I n one enbodi nent, the thernmal boundary 21d

is a8 netallic frane thatgsits in a groove etched on

the substrate. The thermal boundary encloses the
metalhg]fr ?nl?ag sfés?frrl{) ?%S{)@efs t&er%)ﬁf/tp? %1;%(3 1Ia%ng%§hleuﬁ1 S %Elgry encloses

the fafdiional GoniftRients efp@hatiw.e within the thermal boundary
21d using at one | east one m croheater 2la and _at
[0033]least oREMPeiFHE? sPUIFY 15 el formaghFredsedash FCU controls the

temﬂe?zﬁﬁx*%%'ﬁnﬁ e tﬂ%‘xj 8oy Tcﬁﬁi fgﬂ % Jn%qga@?{}ﬁfe It HEF2Fa and at

known
leastemaaethpaature %S@fﬁimonﬂﬂoll%ldﬂiyﬁ‘,eedﬁaoh serve Ih’ﬂ:@r éithﬂ rseitable feedback

senso le are placed on the four diago secti ons,
mea%are%ﬁbﬁm&ﬁ%mg? %ﬂedﬂa e F- chH%“‘a?‘@g%J] imgl, agphown in FIG 3,
four ri@ﬁfé@&t’u?e §e'n§(519 2$€ AR Plackd BnTRY RS dB: SQéllsc&fm}@prElQEg bty to

conduct or that can detect mnute c anges 1 n
fourmapnaiteaters Réhd ﬂmmagnﬂ:tm Eckicsdneor dtb nmgh@tal (L'Dﬂ of appropriate

les with neti.c |edI n
condilerfFLrel e Pehero HBSS I HagHBS L | B P rigsnfagption of
magRROpPAclt Witz Bdal Raghici i@l enks ¢aMd Bunatci@Mmidi®heactor. These
mani pul ati on of nagnetic nanoparticles within the

magnetey BEIH Uingh enayed]$asbé uhhmdnnragdléﬁewam ablyfzgtﬁ@tlcrmfowsa@spulatlon of
t he netic

magidlie S SpETRRR N §erBeRIBHD n545% oo BB PREE furposes.

one ¢RBPEHA/INUIBShSASATIC NthE aleatdd SenaddistdaualbgRrRbied inside the
sensor are connected to vol tage/ current pin contacts

FCUsuch as on the bottom side of the I CM using through-

ubstra
[oosagr ovi de;l‘gmggrlta\‘tji,[ergsg gﬁgfrtrs Oc’heateli]@ ?I?d @9 Q%‘é{i? gen\ébra%re connected
to viRglettur@an pinotommasl bech éfshbﬁ tﬁ@rofmgmrsaﬂa: ofi tl&pl(ﬁ]mi fmsg through-

the real estate usage on the I1CM and al so oy|F
subsgRisripeEtonBeTEst TBW%QFW% vits REPYIRT/FREFIYC &HIris! signals to and

fronmg},g' |f5 c@HtY b% Tili@%%ﬁﬁ% r[a@&??%tnhﬁe?f}@t E‘Qresifate usage on the

I ment n application-spec
ICVphat ﬁi@o rproxﬂﬂés flartest ceemaﬁﬂcespeahwhyﬂjta/elduaﬂateyanﬂifwmmmlmlze any
. mcrofluidic chip to performa specified application.
signgt@ssghpl i cat i on- specific 1 CM has its Functional

roozsont r ol 1 ELRIBAL SmbsdERht, #e 1CH 1%99%@%%9[1cdtio% sputifiaGRatform

according to predeterm ned |ocations and is
20° éanr ayemhbd@ am indieidugdpeniiqud @mcxcﬁbndmhehipeﬁowwéq’wg)a specified

RETRERDTHE RN XS Tt
dispHicRr RRE RS @ﬁl\?acetaﬁm}ﬁfngttél?%d‘éﬁ:ﬁﬁﬁ{eﬁ 186 on RENB o€ aifrh dda.s in the
sensors. In the applica

I on-specific | t hese F
genegicel Qe di cfrutbamr;mmidgy Uhisisebs np@éuthﬁttm%}bcvcﬁomi et Fﬁmctlonal
Conﬁg]?l’:‘iemen% (iéb%g)aéucﬁ Erbufjl%t lﬂ’l%gedt t%si%lcpcﬁq%ﬁt@{s' %ﬁﬁ)e?ﬂﬁe@@ﬁsom and
magnetic ficld 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



necessarily be grouped into FCUs as in the case of a
generic ICM In this case, the layout of the
mcrofluidic reactors within the mcrofluidic chip
dictates the |ayout of the gCUs of the | CM whereas
the generic ICM Iayout supports the | ayouts of

ampggﬁ?“"é’ r}l%lg] sPec ;ﬁ' 11?1 &Rﬁlzifgal %ﬁz}?ow c}l,fl%gpg&éﬁg pHforming

cert@fiRlefihéd aldcabngf Fa\léwﬁﬂﬂe hytt 4di gtwsodompragsad efir feb@1° A, PCR
FCEs 21' is capabl e of erforn1n& certain defined
0

micrplpriers SR, aliEgts @x%nbbr%lg Elugdiosnl 18 W%é%@@s?éee girquit for nano
sl S8 AT ol P LSRUGRA AT, Dbl AR Byt i s

21°Manés evidegneiat g1l thedtCHeare pol aatayedy i2dédd, thandre ananged in a specific
hybri di zati on m ¢roheaters wi,th conpressed, ai

ordepifh TR 39 85 By PRIGHD! DAy 353Cp R RORINGRe. APl iy HyEl@ 4B, in
the éﬁgﬁitcgﬁ@n Oﬁé@%’c ﬁﬁ@roﬁ [ROGRD, eReiAreaPRSi§ UbsigMORN S form its own
nner s to per orn1t e two reactions in
uniqoe prdgrarhmyd opeasdoWencafdEiie KR réavtortstie, the cor responding FCEs are
Ilcatlon specific mc oflud chi each reacto
o BEAtesS AL PR BT F O S BIFT L GUOD dgP it ey are al

und @REALHOD hedf'%@ﬁ%&cfo%lst‘iﬁ’geoip WohRyk @2&l&0h&dtd8) bith@ch reactor site has

cor respondi ng s are mcroheaters and tenperature
its ovar¥di m thhécrrea@f afmngrtehe fisldcsensmr daghigk aeuencysi t es, t hey
re all common heat zone (consisting of
[0034}  ays Oft ﬁﬁ FB Qﬂ?ers) but each reactor site has its
[oo3pwn FCETHB hiteofi0did @ip a oneanghs calhpRldagmnd@ndfing and control
hi gh accuracy. [0036] crof luidic chip [0037] The
means @RéfreTides Mieropnvip ek nilorsdistrant @Pﬁ%ﬁ)@%ﬁm%ﬁﬁ@& GRgrations.
o t I
BriclD7 G0 oS i S PR BOBK RSB LRSI BRERRLSp fbraliy of

nncrtotl%adfﬂdﬁfdhﬁinubidlf@r I@dﬁsﬁlg]&ffeﬁnﬁ)mﬁd‘cwﬁe and)aﬂedimnﬁwtoﬁa!;erving the
conprises a plurallt of ~mcro-reaction chanbers_f
plurplgy il wejCigr R appErsat TRSTS CHEFASI thgh ErnEE kB REred on the

mlcl%?lq_ﬁ/&@ ghy]st%i %sﬁl,log({]%h' th Y rRfurfh &l @ T'l ﬁl%hbf?noicp@UJ@%hsthe 10®1; cach

ro-re nbers are con ur ed
mlcmmaafdnwhdirxbex:isispn v80 bant GCAF w@m et thd‘uIéIM rzmnq unecmﬂutdlc chlp are
on of FCUs on the | m,cro-re

s T D L] S b 2 o Raf 5RO s o

plux’gh Qfr! tafitfe q’i\hl@ 18 @ﬁ§ef6§’| i@}%o'dﬁéﬁ’oﬂrtﬁ' fluidic samples to be
nano- i nt egr at ed systen1asse ly. e fluidic network

analgpeiiprosesedintpthr plurality of nselavl-labttteonf ¢h§1m:beiﬁh lagnlugsditst af scalable

flut &Eﬂe; Etgl(rgs;) %:fl g%gé)glg of f:tllleeueit %h(%e%a g!%g?esgcti S%/I(L)liagce samples from the plurality
of tﬁ@cﬁf R:aﬁﬁ@&'bhﬁﬁb&gaﬂ’?ﬁlrﬁhtyaoﬁhﬂér@ﬂllkﬂc Qhar@Rl ARl fuid transport, a
luid outlet ports for outputting of_ the

plur almral of ey @n@ggfdueSf dispaged a%‘élﬁpnlé%al’f@ et BE ebuieagtionchamber

for {fﬁ)\g m8$t|r1?(}r ! ecg té Eg“f%b% c@&a{ﬂ&ﬁ%ﬂsﬁlyﬂo% means that are activated

by dps@idié Mct@ﬁto@s&@@dhv& Hiltclﬁcﬁ\/l&hi\tﬁs tcdtr&blﬁwﬁdtl at phbematid etlenoids
and outl et of each reaction chanber for flow_control

actuaied ia agp@ndlfTa §roEen.nE e LaFReoLIbE RIFHIAEHM §hagi el fRade into a
thin mg}%bx% & 3l 'ﬁﬂ%g&ne serves two purposes. First, due to its small thickness, it

provides minimal thermal resistance and magnetic interference. Second, after the reaction
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.



by appropriate actuators such as but not limted to
nmechani cal or pneunatic solenoids actuated in a to
and fro notion. The base of the mcro-reaction
chanbers is nmade into a thMm nmenbrane. This nmenbrane
serves two purposes. First, due to its sl
i ckne | I
[003%}&gne ti @%antegernflgé gonllélgreg' eco ﬁ%&ovﬁgg aﬁ%ke&@%{gﬁ r%xﬂ:?gf?uifm%lup in

accoeduiiek avigld onk tenttvditientastt that g esdpy ihiatisn) eaoisdows in FIG 5, the
di spl ace fluids out of the chanber into. the outl et
mwreﬂaw.*fépl@pfl&rw@mrls@ﬁ:twcbﬂwrmfe@ PeHed 1 deibepg @bl to analyze/process
two @ﬂ%ﬂé? L3 c&;%ntl%OQE%rth’épWO& F I d ?ﬂlrﬁlﬁy FrGaRio-FdAehi&h tBambers,
an exenpl ary n1cr UId chip in accor ance
pommd/hleganee enﬂﬁﬂdl dhembenf ammeaimiaaﬁmhambeemt itdncthedscostyoises two

m cr.of | ui dic 10 co i ses t o
inflop (i Riset léaf pdicpreagly elﬁg.fﬁ@%w@nw f@f@?@ﬁ%}éé@@t port;
four Q}‘ﬁﬁ]@%@ﬂﬁ dﬁ?’bt&@@f@ bf &Rich¥acH Ecxﬁéfl ﬁhnﬁ’&y CORREIA8MitHPone fluid outlet

plurality of mcro-reaction nber s,
port ﬂ@saﬁd ¥ plunggatof vecodintdio biminahtfhn@plyawﬂnccamgtﬁaah umcro -reaction
ha ers. . It urt r C ri,ses two an f|UI
chargigeds g e o BaeiRERECESR e e Bl budteh prorrenction
chanf@¢ 154 éﬂrﬂeét@(ﬂ ﬁ)tthQ Q{ﬂow fHia brRUBH oW FEASWeC{JanetNSa%E tA8outflow
of which each being fluidicly connected with one fluid
fluidguipuselt6 vipepessiz, vabiedida plurality of microfluidic

0ol L oS RO S AR G LR R v o
geneﬁﬁowatfbﬂnﬁfog lﬁ%h Q%ﬂﬁﬂ@ﬁrDNTAE%ﬁbtdaﬁayCéiﬁm% ad Wvelllsas for high
connected to the inflow fluidic bus 13 via a passive

throughpyierealstima & Gih el ydrigh dpughpyfi NG miggoarsy sy acqsh§ theanicro-
Ieact\éﬂ Xﬁaanirg'esr gﬁ%g%?oﬁ?%%@tﬁ l'%)&}?(&% %tté QIBNéAL Ef()c g&llilﬂ:f %og rd?h'p‘?obes, it

fornfsaf DPN;g himbfd’aﬁiagh pMﬁterDM pPR-S PN Ajer &neelcylsn S:hambmel dre dbocked,
for high throughput real-tipe PCR

ﬂuldewa@a@ﬁwn b?\wtaﬁdeﬁqﬁaW%yn%ggav lnéla%f?*afhotlﬂé Yif @pp-of the fluid
inlet Jﬁﬁg | BfLnC 3: éa?n;ﬁ%%vl_ﬁ %tlhﬁ?d%eﬁnnﬁp@drcﬁmf IR Gri&bNaction
r |gon[’Jc eot1 de ropes; It

orms a m croarray.

chanfere and hgbmheatsmodahéd aqonduged saibin eavhchanderastianm ehamber using
bl ocked, fl ui dI(E I es R?}an be introduced i ntq

the GgPIAREIS FAEEHIP AL PEEDBUE OF Ao ddFmpRBILEF Gppol;ifegch of the

reac®GH El%&mb@i‘seg)fv tﬂerﬁZUJs U!A@t’ePh%EHﬂa@mW‘ {hle nli’l%rd fbfaét‘i’(ﬂ#&ﬁﬂqbers can be

I nto each the mcro-reaction mbers and
waslieylbioi dlinzianieonl] pessitie ncmmﬁ@blndﬁngwamd theatspecific binding to cach

probg G BT TERE: FRSHTIoC S ESEPRPERE Baer Of gL Sensing
of h)ﬂﬁﬁf'za@i%nti@ﬁelfdlﬁ}%ﬁtﬂy%te‘éﬁ@ﬂ’@ﬁfaﬁg&ym‘éEh@etﬁ%epa%él% within double

hybri di zat1 on, the m cro-reaction chanbers can be
strangiad WA tspots| ustrigraegnesir Ifickbsanispiiseonnibe appiepTiptecsisintidy mygthin the

FCUaﬁlg 8t hg@% pFem %Ifgrrl,}gllag%[l[%l‘gthrgu@ﬁﬁg rreegl 1%?6 Pb%( %%heﬁa gr%-ieactlon

propriate
chanMRg RtfomS 8RS IPIR 1&&1&)/ Etak 6K mttmlrédltgf zmeeeffr@ersm@ﬂxbg FCU of the

ICMg §tgg$é<'a ggcholgdltvlad%al FCU C%Q %te Icgnf?gaur;g ngltqlllglgz ?os ol\algwtltgl 1?5 own thermal
cycle independent of the ones adjacent to it, real-time curve of PCR reactions within
different micro-reaction chambers can be achieved. In addition, there is minimum or zero
thermal crosstalk between adjacent chambers, thereby reducing or eliminating all possible

E1Tors.



stranded DNA spots using magnetic field sensors on the
appropriate assenbly within the FCU on the |ICC. For
perform ng high throughput real-tinme PCR, each
m cro-reaction chanber perfprnms one PCR reaction that
is controlled by its corresponding FCU of the |CM
ecause I 2 LE
04 ey AR R X 3G 7, e SRR bR R bR i Erdtnicic
chipdnescadjme erith diee d:rhbochﬁlaht- &fi tive peasemanadntiBER The agictadsdic chip

R h)jé\r:_tg&}dj] %Se&gg%m%n&%;?torﬁzﬁgo: @Qqﬁcq%?ql,nlg% glﬁca?ghgwn in FIG 5, but

the EB&&;"&E' o Q8 Sl Qﬁhéi\ﬁceBP%@J ﬂﬁ?%ocﬁ%@bﬁﬂév pbngr&ﬁmes it 10

reducing or elimnating all possib errors.
analy 800t eshidovrrsamptasiingatadleF| IGisrto ltehmpaecuaﬁe(bﬂ]emhdenhcroﬂuxdic chip

can G e s TRRBH T nonop SR eppEeelt e DFoR 1CTRC

foo4fyi cr of | Wighiiari¢ b Bhe 1831 .S WcloRufdiGeHip Redisd B&]f%ﬁl%le to perform
array of mcro-reaction chanbers as shown in

a selpgied secenerdeli aricortions. Faveianidlawsfshewv |1rcTHJ1|§eéleamdrqﬂmxhc chip
ort bI es zel/ cess fo
can b Moo ASH! uRRARY Shicblatd oy B WEE R BEBRREphBHEn, DNA
amplifi6dtnl whikh PCROUBtectE@Nuiify eanilgusied: @ﬁ@&%ﬁlaﬂ@ IDNA microarray
one's aﬁpl i cation while usi ng the sane |CM [0041]

analgjipicpm eflybet perftimeiam a shglerectr | dhindi d hishmjrrpBuigic ehip has its
yefolg) gl f.
acLLLAHGADMRALR BIRIAND: A RElA AL SERALRE R v 1oM. e

oniyrﬂiﬁ“ér@ﬁd:aJﬂsdhaa o@hi the RGN eviag sicorbare dhambemw wlmlrbu@upanted and
i nt syst.em where sanpl e aration,

cont&%lﬁ& e eshwUsTeRIPERC Y ech o S s by ]é'atb}sl Wah ypoth analysis
thm‘géeh%%er%?{rir}%ﬁé ﬁrp@n:qli N T 22T 3, ﬂ’%r@kﬂésllw cahi@ldables the

a single reactor c
systam 67 of highlyi o@st:d’ffepuhcasnd adaplalbhﬂotuaunummmgrms deingreattred to by
[ d| Vvidual corres Oﬁdi ng res ct ive FCUs .in

. to i t he
SmRIEFP B Ay P eHONEE SRR Bh g Tremipguidie chips. In

addig&d tHeElchqFEearé @x’%%éa%ﬂ: aﬁ'l'aa%iﬁdi Be Héélénea%ﬁﬁw c‘é@@&g and
controlled. The others will remain inactivated and not

[0042]n use. Mdstetmlﬁmm@odwb@th anal ysi s throughput and

wosdinr < ondlt SRS B0 EGL R BT R SHTY hoTe e ipting and

rece@mg cﬁd%&tﬁ@l @nd Bio¥hhIe ¥SIARRL |aQ§ﬁf‘oﬁﬁ %taﬁ@dtnﬂﬁ)l@t@&ﬁﬁﬁgsﬂe@twe of
nmply rep acmg cust om nad (ng{ﬂlcatlonsemflc
id

the I@ﬁ/\/l é@ﬁé’ﬂ 0B thei lmccﬁﬂuz icBirclay g Thﬁ et i1 datiemdaee consists of a

grid @gsggtagrgleaei%l lﬁ%%i%%%hg’tn nggngénr ac?§ thﬁijg‘?ﬁﬂg‘%?%%ﬁf r%\g{rowas This

orid i@k &lped @mh&tﬁifoffﬁ ditlag tb Ptaideag genaictsigriah &lé)CM fhemaster control
transmtting and receiving of electrical  and
modpleo&pig ﬁan%g%mcrlwa far prferaRmeS PRiRl! papicyias pans/interfaces to a

standcairglc:i gﬁaptg%én\ﬁ%l fﬁ%eerfz{ E%céo%n%% gEtanﬁc 1|8ﬁ sBEh 8? Lt €ing.

yout on 1 ace consists o
[0044] Mixing of binary or multi-component fluid streams can be dlfﬁcult 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



grid of electrical and punp actuation pins/interfaces
t hrough interconnect mcrovias. This grid is arranged
inauniformarray to provide a generic signal relay
to the master control nodw®e. This configuration
all ows for programmed on/off of particular
mcoﬂjo?ﬁ/e# e gflg@cg ggaéits q’ofafzf {Q{tﬁ%dﬁ{xq?ér?ge?%ﬁ %gg?%/a% do%s taﬁ] é)lace the
partlb@hdmd ﬂ@rdé]irel\drmeﬁgo @buﬁeiﬂaﬂey\f(ﬁf cdﬁﬂduhing@‘ﬂﬂ@ ﬁmgmtucflzleudsd Motion
ns_can ﬁ§ |ff|cult in n1crochann%
is th?lil iced fintherherds srais e HAACEbHUPYFBHRo! erpmé rfwléﬁaang effective
,xing relies mainly on diffusion. For a typical
crof luidic device, the length scale is too |arge
[004Fjor r apiAﬂioﬂlief fmaﬁ ifancffndve ooxiagid ‘dheﬁntrd)ductimd ef a high pcrformance
nechani c tion. The m xin achi ev
pass{igigiRyes 1 G QoRRIPCD] 1o KM ABHEU & RBPHFE PG pelbting and
Iecoﬁx%nﬂh% irRgh 95b ﬁ%e%%' NG thRO&R SlakbieCodnPack REHhcds ARSI diffusion
em cal and magnetic behavior. This invention 12
pmh$m@q&p@ﬁ@ﬂe§hnagnﬁmﬂ@1bsaﬂsmb@rn@ﬂﬁ@@ﬂnMemdmxanUmumdumnga

t ake articipating
compfiyfiyit BPG RO CED eGP PP Cont ar ni no
[0046)2N0 nagn@hﬁ&x@@ads Mot i on |s then induced in the

beads causing an artificial turbul ence ther

eb
[004faci | i t Ah¢ mgnefintegrdted syemi fwgempkyoaes] Arm@rwé’v ctwwyl pyoknown

rech @@ Fiok Gl Bl iy P e BT ol ffogat g g

(CF 13) @talyGedtati tﬁtgcablyecgﬁﬁﬁ@tiéﬂeﬂﬂlhb YheSgtintdli glgmamles 1n ’Lhe microfluidic
reconbi ning fluid sub-streans. In this wa

chipc gamght t@ufm%@@z@@ﬁ@ PAEiYe AiEPYaiven Wf}éﬁ H§3Cé§0é “chambers, and

e r

passENALRE SR it BEREcElp SuRRRAL MMt of Wbnitfia papappeters on

passniry maring ch&faberiatial yihermdlanalysie g fthe)CHDcmn HeGRdblo optimize the
Manuf acture [0047] The n i nt egrated system assenbl )

loca%%aweg%w&w&tb% %ﬂt%ﬁaﬁﬁi‘ 6&%‘3"%%’%@?\‘?&%§X‘%‘F!8Ptye‘3<"§ zgtéaction

Chmﬁ&ﬁgte el ement nodeling (FEM and conputational fluid
dynamic (CFD) anal yses can be carried out to

[0048]et er mi hbe hhwo-optdratet sgaome&ssﬂ:relslyl wotlhebend bylofd miizd b€ different

me t he m crochann assi ve ncroval.
consfidriin PRI B cemsrnet ermi i BECRA S, ol BitgBhepaterials
include s e hét Bhuey td Beicbad bluﬁsﬁl@rsoétemmgmmyQammyslﬁcs olefin
on passive mxing characteristics. Thernal analysis

COpdbxm@m@QﬁD redreapnased @)o polyt inpthy b metmcrylate PN Adngplyimide,

mhmglecm 1natgjedrleaters and achi eve tenperature
WP O §/& reaction chanbers. [ 0048] The

[0049)aN0- | mrﬁ@rsg&cﬁgllz&ﬁslbamﬁsﬁmoﬂwwbaesb@s asdaybdilg bE dne or a
of different construction materials, processes and

compigatipn calupofglithesramtustereatitaogigphab MicmtiBiepdpn molding, hot
embossing, silicon surface and bulk micromachining, glass micromachining, laser

mixi

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,



include but are not limted to silicone el astoners,
stereolithography resins, cyclic olefin copolyner
(COC), polycarbonate (PC), poly methyl nethacrylate
(PMA), polyimde, siliconjzepoxy |am nate and gl ass.
[ 0049] The specialized polyner Bi oOMEMS processes used

[0052]? glr golbﬁ"thg %?018%11,(]:@1 an %% cap ggpq{cats 81{% ail r'ntlcrf'g %r ? %a}{oiechnolo gy

(corﬂﬂffbﬁ)ls'Stdﬁ@recS td ia€ (B?oﬁ;leﬂfoaUBIca@gicahulvkcrm}@]é@ﬂﬂ@%'ﬁdhlaﬂ@al Systems,
m cromachj ni ng, |aser_ m cromachi nj ng, and
Bwl%ﬁ?‘ﬁé@ve PEIS Inpsaspe restiatink gnd re)f@éeqmw&ewemrw@m and
t
effe?&vvelakt%i 12%{‘%83@ g&ftﬂl?fgf %é@u%ﬁ]ﬁgét Ass)e/crl]lg n&sﬂ QES‘ﬁﬁ%Uncs and
tissuelmlgﬂue&hag oB;dMEMSafcgeha@mem applmﬁonhema)nm&“tﬂmsdlrelﬁ@rcﬁi to as
b E g ﬁ; SItIVItX Q duced. reagent vol unes and
foclipS o d gt isss Fie i P)det% SRR, SdiySES. Apieing DNA
and RIAEd nY b BB, 1288 'é\ln'éll neh1Edhd 3 %ﬁfch&ﬁfo@ﬁﬁﬂﬁéﬁanoe and 1nte: est.
concentrations; and (1v) anenability of portability
[0052ind i niTae uringanicgmicd sy $tememtsemblys p6 tlaanpreksant [1I3@6HHn can be

emp}jﬂ»}’gdﬁlg?#&% é%??h]sdaglug gmqu){/hplgfglglrtgg%{ ?lgl% lglfolergu[:ar diagnostics
(DNBI areed %ké %b%clé@tﬁ%opﬁyﬁﬁrﬁ@mﬁ@%hé‘l@f's}%?' in-vitro medical

Syst ens, have becone increasingly preval ent
diagapich éneéhegeumtew@wpwéake hlmﬁ)r tlragtdl%mderyepelée&ﬁe wategged food
in ac.broad spectrum of a
analﬁmg oghd gorg{lsué d p%?ﬁ%t}onﬁe St gﬁmg & ‘i f’oo Sba;fc Sty gainﬂ elé?lflﬁlgnd security

appl Blat VMM odve ddina@iz 0fdtéBioaPel bauddridd PR tidpens OMRE ickBSiple, with the
referred to as  _biochips. These devices are used to

integyatienr of FEIR @mphﬁ%&tw igspetamateg pgsessss, phopainitemniad system
I
asse@l%g/ L: rﬁﬁggﬁe% t : IPC git g)?; é:axl%g%ed? g@ Jultﬂ%%&é‘f ogg including the

detectdoroef gﬂetrﬁgﬁéﬂxﬁdd syslseimdassiegbhy Bford hﬁp@fz&ﬁl@ﬂthe nano-integrated
I nventiqQn n be enployed in ap athns

SYSURESHHIDY fCCRICER TPYFAP Ao @wﬁ ddptg L.%@H%and held
- i

dev1g%tg|@a§% Qs%ﬁat%'smnﬁfnag# FH‘éﬁ &5%%0'{199 éﬁg&}{%ﬁ% R tﬁgnmlhtaly field

in-vi'tro me I agnost | t hoge
depldghedtivopose rndtiokesbinoibd detediergodbiseouérny agpos delnl @& smallpox,

wat er and f o0 anal ysi s, forensic ap atians
anthizy Blagrite Mol fjele @e%%ffews [t Eﬁeag%cwsa»y&uceﬂa Spp.
(bruw;@gﬂsp%@ gﬂ,&kﬂomé%\éﬁﬁgl in the detection of bacterial
hogens. For exa with the integration of PCR

[0053inp| i fi ddhileghe |pm@ntauve3mnéms pem@@@e@d wilke reference to particular

embP ARl 5P hidSftoRY a® e ARRRIBEAY b PUilARE Gud Mg e invention

scoplerielnuel b Uintiftd asd@teCcidlfinalveaamardimeit ioedhd pRASntaRtkention will
pat hogens. More inportantly, the nano-integrated

becogiese g de thisisy haying medippeseill in fheefit fowhiadythperesent invention
peltaqg %1?& qte dlﬂaoe el%BF(l,hlﬁeP{saa?{i gorl;]s?({]egecp% en%%ﬂpggs%d%lﬁ} in ;L/he spirit

ral ned personnel “esSpeci
and E@Tpetd’fethmplrestaﬁir Wventdd Accordingly, the scope of the present invention is

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



depl oynent purpose and interest in the detection of

bi o-warfare agents such as small pox, anthrax, plague,

viral henorrhagic fevers (Ebola virus, Marburg virus),

Brucella spp. (brucellosisjs and Burkholdaria spp

[0053] While the present invention has been descri bed

wth reference to particular enbodinents, it is

under stood that the enbodi nents are illustrative and

that the invention scop&€nsivgt so limted as such

Al ternative enbodi nrents of the present invention wll

becone apparent to those having ordinary skill in the
VW%@EHﬂ&gm?h§Ch the present invention pertains. Such

ternate enbodi nents are consi dered to be enconpassed
within the spirit and scope of the present invention.
Accordi ngly,. the scope of the present invention is

de@&m%b%awnteﬁ@%ﬁéwwsw%m@ aempted applipds tnefblﬂww format

f a bEpIE Aot .description. 14 CLAIMS What is clained
° ai%fbl.chﬁgﬁgga nano-i ntegrated system assenbly for

aug cnmwuidirahyaiysisidhim hhtfimigdindmf)ﬂnhm webls forsaogiving reagent

ol P o S B YL SIS NG et for

conr@BighgAthk QM8 9o di f(f 109N sdrR36F [<ABGoWith BE t%extf&%éﬁelh a%ha@¥action
m crofluidic channels for connecting the wells so as

Hmnm5=a||OMIa series of reactions to be perforned in a
hai n-r eac

beh g BT Op B AL RN SR, PR AP EaR G MicrSTuidic

ana]ﬂs’iﬁbﬁﬁi Swisditi theh@k@hRdidhe contar pedirt @asca)mfefr%dmdﬂhﬁtmnal
as an enbedded functional circuitry for contro
circuife feregatrplbing g waetiay Rarpmetesdch eaddl velhgad theepagsags agredgmons in

awh%ﬁ%%kﬁgﬁgﬁnhgnng%ﬁﬂuﬁbgﬁ e, Wi thin the mcrofiuidic

a nmaster con nodul e bei ng di sposed

ungefiaet donabl trﬂtﬁiulmbangreﬁhp@ts@d afdirh@lth ofadeli@ermediate control
mherein_the mast er control nodul e has an enbedded

modgleg pthersin dhe inpastartgoptrpb moduigphias fh gmdsadth aicagowr girgniry for
1npu{t91ﬁ B AL e%]a?sttg dROREdBbdi Wg{é%hgol rﬁoduTBe shart

I ntegr stem asse aim'1l, wherein
t he n1crofIU|d|c wells within the mcrofluidic

an sis chip.is arranged in apn array format so _that
2. ?L\%/ FRA RRTAERGH B W%@SS&@EI%? A 3: Rk fgrperofluidic
wcll@@iﬂ‘ﬁiﬂ iﬁte%%ﬁifﬁgdé)é%!ﬂ?@s %ﬁﬁ)el@té Mn%éd &l & éﬁ.%» fOMAG! & fhat parallel

he mcrofluid I's withint m crofl'uidic
omﬂanmﬁyanbephﬁpnwé arranged in a predefined format so
that a
3. The smart nano-integrated system assembly of claim 1, wherein the microfhuidic

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.



specific application can be perforned. 4. The smart
nano-i ntegrated system assenbly of claim1, further
conprising a mcrofluidic mxing sub systemthat is
configurable into a geonetrig split-and-conbi ne
passive mxer or in-situ mxing within the reaction
wells itself using nanoparticles electrically
mani pul ated to create artificial turbulence in the
5. | The satartemano-inerpediyd castsinngsehble 61 claohs 1t ovheretn tHS functional
. 5. The smart pano-integrated system assenbly of cla m_,
circuttry grbeddgd s whip the pgamediaty F%&H‘(ﬁrvo He IS8 fahphyrality of
func&ipﬁal' QS foTRe: fﬁn&%{efah JAPH WG 14 38R We¥l of the
of functional control units; an erein each unit
microfinidicdisp.a corresponding well of the mcrofluidic
chip. 6. The smart nano-integrated system assenbly of
claim4, wherein each of the functional control units
6. COMBEI 38Tt Ahnd-BASEraRACsYEGH QREAMKY , ofadlalr@aBtwikI8in cach of the
magnetic field sensor,” at |east one set of magnetic
functiandpamntriot beitsaeinptisestdt deast one micwheater,| abdeast one magnetic field

m. cr.opu actuation interface,.a thernal.. ,
sensPctit BiooRorer apire S LE R nidly i BTgg 87 R a%hast one
mic:@b@ah at@dfiod MErLeN@eimd ouleneralcadPile te@béanse sehsor, and at

The smart nano-integrated system assenbly of claim4,

leastygmereddciricahitterenneriefor gensealiappligatievnt rol units
conpri ses one or nore of the follow ng conponents
including mcroheater, magnetic field sensor,

7. maghetingarnagepaitiatad samusedmioly ef claitht4, whaeompeagh of the
actuation interface, thernal bougg{%r% tenperature . ludi
funcgigRalorontigh YN ERPTIER OerteleBnictte PYpwiRpeumPerents including
mic3RREC ﬁ{agﬁ?élﬁ'ﬁﬁd séhsOh, HaBhitcEnaAbpANBE S B34 R dir@bit, micropump

biromedi cal anal ysi's, "coffprising. a mcroprocessor, a
actusti®t intdréave; thotregriauedarsy shporass ey, oongedtstalgntesconnect for

r_‘%fgr:r of luidic analysis chip having mcrofluidic wells
speciey apPAiERIng reagent sol utions and al | owi ng

different reactions within the wells, and mcrofluidic

channels for connecting the wells so as to allow a
8. serA méniafind @actatod systan be penédeatadalysis.acomprising:

chai n-reacti on manner; an intermedi ate control nodul e

be PG “tHPEPGSEE under neath of the nicrofluidic

an%ls}iﬁﬂ“tsnaﬁbliﬁ’ﬁe%l\éfk%rs%tﬁmtdﬁﬁmmy esmpdsiag.e control nodul e

has an enbedded functional ci r_cwtr_gl_ for caontrol]ing

t he méaeflhishe parkrist drip hayingmetcwdluidiantelh&ompepegigeg reagent
SOIU&SHSd élgd e(ﬂposwilng 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
manner,

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 channe] within the microfluidic chip; and
a master control module being disposed underneath of the intermediate control

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

inputting commanding signals to the intermediate control module.



each channel within the mcrofluidic chip; and a
mast er control nodul e bei ng di sposed underneath of the
internmedi ate control nodul e; wherein the naster
control nodul e has an enbedgled el ectronic circuitry
for inputting commanding signals to the internedi ate
control nodule. 16 9. The mniature automated system
of claim7, wherein the m croprocessor is selected
9. fr Qe nhisiagiremposandisgitemdpfetaiMDAwhein tie miByoprocessor is selected
el ectroni c input _and output devices., 10. The mnpiature
fromyifie SFRUPSEDEFEIH I A I e %aw elgRiaPp iPUhRhPEPYIdeyicas- ¢
wells within the mcrofluidic analysis chip are
arranged in an array format so that parallel
10. opé" hatiiniature eatonaeedpysteor ofodaiml 1, widreinrthanddrofleidic wells within
ted syste of cI aim7, wherein the mcrofllf
the ey PUICHIEN 15 S AP GHIEER i £ GHaY %maatéﬂ.%atao@éa
can B p@n@REAdi n a predefined format so that a specific
application can be performed. 12. The miniature
automated systemof claim 7, wherein the functi onal
cirguitry, enbedd vvlth the ate c
11 o i et PB AR e ORGP R RhER o el within
the #idrbHuidddnMN&E @hip GAC Brebh e"d ﬁloﬁiy?&ieﬁné‘d FOFRASRONAE R0specific
well of the mcrofluidic c The m niature
appligatiohedndzt reyloreed.of cl ai m 11 wherei n each of the
functional control units conprises at |east one
m croheater, at |east one magnetic field sensor, at
12. | eat mimcatsRt aut@mate@gNRtdne JTangpar ivieecinBne ﬁuh@ctdn@n circuitry
circuits, at |east one mcropunp actuation interface,

embgddedevihin heunttampdiaty contead tmedide ccampaisat armiuglifs of fanctional
t I
conngog ‘Eipilf’i‘% g%ul? gﬁ%reﬂ{;%cﬁfﬁﬁ c:%hfrx;‘@lg 2 uchIer% o8 ng?&ee dl Jsf‘?lgc @?&&Jpﬁhic chip.
claim 11, wherein each of the functl onal control

un| s conprises one or nore of the follow n _
13. D RUHARIT %P%‘ieﬁéyﬁ’i?@%ﬁ@a?é# Wh%waaweofg e dypgptional control

unxtsscﬁﬂﬁﬁfses FRERE bhe nIABRRAL ?ﬂ%z?st Hﬁ@hﬁgﬁéfd R Qér{s&u laf teast one set

m cropunp actuation intefface mal  boundary,
of rrmgammerrxanwaencﬂe nsoipuladiod cilceits, mf lcadt onatrderopwne @ttuhgen interface,

e? operations

e appl.i cations.
a thertna lcbounaax yl,ogt least one temperature sensor, and at least one clectrical 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.



