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Rapi d pr otfP&2327'n genom ¢ sequenci ng and proteonics has pushed the 1o

bi ot echnol ogy sector to devel op faster and nore efficient devices for
analyzing nucleic acids in biological1sanples. Accordi ngly, the

bi ot echnol ogy sector has directed substantial effort toward devel opi ng
mniaturized mcrofluidic devices, often terned |abs-on-a-chip, for sanple
anal ysis. Such devices nay analyze sanples in very small volumes of fluid,
provi di ng nore econoni cal use of 15 reagents and sanples, and in sone cases
dramatically speeding up assays. These devices offer the future
possibility of human health assessnent, genetic screening, and pathogen
detection, anong others, as routine, relatively | ow cost procedures
carried out very rapidly in a clinical setting or in the field. Despite the
potential of mcrofluidics, the analysis of |ow quantities of dilute 20

t ar getg nucl ei ¢ aci ds poses substantial technical problens for mcrofluidic
devices. A typical nucleic acid analysis relies on nonselective isolation
of all nucleic acids during initial sanple processing. Then, a nucleic
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These devices offer the future possibility of human health assessment, genetic
screening, and pathogen detection, among others, as routine, relatively low-cost
procedures carried out very rapidly in a clinical setting or in the field.
Despite the potential of microfluidics, the analysis of low quantities of dilute
20 target nucleic acids poses substantial technical problems for microfluidic devices.
A typical nucleic acid analysis relies on nonselective isolation of all nucleic acids
during initial sample processing. Then, a nucleic acid target(s) may be selectively
amplified, generally in the presence of all of the isolated nucleic acids, to allow
subsequent assay of the amplified target. However, in many cases the target is
25 isolated in a relatively dilute form during initial sample processing and represents
only a tiny fraction of the total isolated nucleic acids. For example, clinically
relevant levels of human pathogens may correspond to substantially fewer than
one particle or organism per microliter of human blood. Furthermore, a genetic
region of interest from a low-titer pathogen or a single-copy gene may represent
30 less than one-millionth of the total DNA isolated from a mammalian sample.
A dilute target that makes up a small fraction of the isolated nucleic acids

in a sample may pose at least two problems for amplification of the target. First,



enough to include a detectable nunber of target nolecules. As a result, the
need for1002Q2827-1of a det ect abl e nunber of target nol ecul es may necessitate
additional 5 sanple processing before anplification or even preclude the
use of sone types of mcrofluidic devigces, particularly those that anplify
and assay target nucleic acids in sub-aricroliter vol unes. By contrast, a
dilute sanple in a large volune |oses the benefit of mcrofluidic devices.
Second, because the target often represents a tiny fraction of all
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receptor. 4nalysis of a nucleic acid target in a nucleic acid mixture. The system includes a
method to preselect the target from the mixture before amplification. Preselection
enriches the mixture for the target by retaining the target on a target-selective
receptor and then removing unretained non-target nucleic acids. The preselected
20 target then may be amplified from the e nriched mixture and a ssayed. D evices
configured to carry out the method are also disclosed.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flowchart illustrating an e xemplary m ethod for a nalyzing a
nucleic acid target using preselection followed by amplification of the preselected
25 target, in accordance with an embodiment of the invention.
Figure 2 is a flowchart illustrating an exemplary method for performing the
preselection portion of the flowchart in Figure 1.
Figure 3 is a fragmentary sectional view of an embodiment of a
microfluidic device before preselection of a nucleic acid target from a nucleic acid

30 mixture, showing the mixture being introduced to a preselection chamber.



Figure 5 is a fragnentary sectional view of the device of Figure 3, show ng
5 the m xt0020@9%3di ng enri ched by renoval of unretained nucleic acids. Figure
6 is a fragnentary sectional view of the device of Figure 3, showing the
target being released. Figure 7 is an isonetric view of a mcrofluidic
system having an integrated mcroflui dic cartri dge aligned for mating with
an exenpl ary control apparatus, the 1o control apparatus being configured
to power and control operation of the mated cartrjdge in_sa ée rgcessi ng
and/ or anal ysi Eigure:4 d¢ adragimertagy sectignal uiewoof thersevige Q{EQP% n%ffqywng Fi gure
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and control apparatus” o I n accordance wt 20 enbodi nent of
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of Figures 7 a 9, illustrating a fluid network for carrying out the
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15 Figure 9 is a schematic view of the cartridge and control apparatus of
Figure 7, illustrating movement of fluid, sample, electricity, digital information, and
detected signals, in accordance with an embodiment of the invention.
Figure 10 is a flowchart illustrating an exemplary method of operation of
the cartridge and control apparatus of Figure 7, in accordance with an
20 embodiment of the invention.
Figure 11 is a more detailed schematic view of the cartridge of Figures 7
and 9, illustrating a fluid network for carrying out the method of Figure 10.
Figure 12 is a schematic view emphasizing active regions of the cartridge
of Figure 11 during sample loading.
25 Figure 13 is a schematic view emphasizing active regions of the cartridge
of Figure 11 during sample processing to isolate nucleic acids on a filter stack.
Figure 14 is a schematic view emphasizing active regions of the cartridge
of Figure 11 during release of the nucleic acids from the filter stack and
concentration of the released nucleic acids in an assay portion of the cartridge.
30 Figure 15 is a schematic view emphasizing active regions of the cartridge

of Figure 11 during equilibration of the concentrated nucleic acids with



of Figure 11 during transfer of the nucleic acids, after selective

anpl i fi catlP¥RR2%tlo 5 an assay chanber on the assay portion. Figure 17 is a
pl an view of the assay portion included in the cartridge of Figures 7 and
11, viewed fromexternal the cartridge and showi ng selected aspects of the
assay portion, in accordance with an enbodi nent of the invention. Figure 18
Is a fragnentary sectional view of the assay portion of Figure 17, 1o

vi ened generally.along line 18-18 ure attaghed to the
{1t o NP RGAti fodhents SrRoratsier tagah ammigan@s chasieraan 16 Shee: dance
w th an E&iﬁ gfi ment of the invention. Figures 19-25 are fragnmentary
sectional "views of a substrate during its nodification to produce the
assay port i on Eigove 16ris @ sehemati view éinghasizibg active regtmsmfitbe\daetnidge a

channel fluidly connects t fluid, conpartnents forned ace
subst r at e° f]-'rgpé%é W‘%Fréﬂséﬁé’mg%HHﬁﬁe'%ﬁF' hﬁhaelsﬁﬁ'\fesampél?gét&f} Qte at

t he sqfagﬁa%épehggggm%@ﬁgéiwe% the opposing surface of the

substrate, in accordance wt inment of the invention. Figures 27-29
are fragnent ar Elggeemdsaa plarevievoof thesagsayr pertiodunciugedtin the xamsidgeiafat i on

W em of o iBE oamder Ly vivst Tt b ifie el igB. 2h3 PRl bYs 56kl L ™
plan vi e%@ée&@oﬁﬂ%é@rﬁorﬁén dn Ecsbrianeb aVitPesn bidodiragnt @rethécnﬁ\mmionn an

assay portion using a variation of the substrate nodification
i I'1ustrated inFigugil8ds afragmentapusectiopal Wew ofdhe aa&asappamnfe”mgw el ect ed

ayer 19 origed sty alongfie P8R AT sRowd HEedioub Tl
accor danCﬁaNuIlrig portRmbeflithe arttidgbhef Figuven7i and 8L iREdSddrBEnEESEN EEEI O\I
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15 Figure 26 is a schematic view of a channel that fluidly connects two fluid
compartments formed adjacent a substrate surface, in which the channel enters
and exits the substrate at the surface without communicating with the opposing
surface of the substrate, in accordance with an embodiment of the invention.

Figures 27-29 are fragmentary sectional views of a substrate during its

20 moadification to produce the channel of Figure 26.

Figure 30 is a fragmentary sectional view of a modified version of the
channel of Figure 23.

Figure 31 is a plan view of an embodiment of a mixing chamber that may
be formed in an assay portion using a variation of the substrate modification

25 illustrated in Figures 27-29.

Figure 32 is a more detailed view of selected aspects of Figure 18,
ilustrating d isposition of s elected t hin-film | ayers relative to an assay chamber
and a substrate-defined channel, in accordance with an embodiment of the
invention.

30 DETAILED DESCRIPTION

Systems, including methods and apparatus, are provided for microfluidic

analysis of nucleic acids. The systems provide for preselecting a nucleic acid



and al so may be concentrated. The presel ection nethod may include sonme or
all of tht02®¥P2c\i ng steps. 5 The nucleic nmixture may be introduced into a
m crofluidic chanber. In the chanber the mxture may be attracted to an
el ectrode(s), for exanple, an electroqg included in electronics formed on
a substrate. Target nolecules from the attracted m xture are bound
sel ectively by a receptor (or receptors) I mmobi | i zed near, and generally
connected to, the el ect rode. FW contr non 10 t rget nuclelc iflds
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(11) mcroflui ¢he Roaliyced tidet sy bRIGHPR& and then assayed. Amplification

may be conducted in the same or a distinct microfluidic chamber. Because the
non-target nucleic acids are substantially removed by preselection, amplification
may be conducted more efficiently, with fewer side reactions caused by the non-

20 target nucleic acids. In addition, less-stringent amplification conditions may be
used in some embodiments, for example, to allow amplification of distinct target
species. Following amplification, the amplified target may be assayed directly or
through binding to a receptor. The assay receptor may be the same as, or distinct
from, the preselection receptor. In either case, the assay receptor may allow the

25 target assay to be performed with the same stringency or higher stringency than
preselection, for example, by altering electric field strength, temperature, or
chemical stringency. With higher stringency, the preselected target may be
resolved into plural related but distinct species, for example, to analyze gene
polymorphisms. Therefore, the methods and devices described herein may allow

30 more sensitive and/or accurate analysis of nucleic acids with dilute and/or
complex samples.



cartridge, (Il1l) mcrofluidic systens, (1V) sanples, and (V) assays. 1.

Pr esel ect 1082028&<li st ed Anal ysis of Nucleic Acids 5 This section describes a
m crofluidic systemfor presel ection-assisted analysis of nucleic acids.
Presel ection enriches a nucleic acid mxture for a nucleic a cid t arget
(or targets) by at least partially refmoving n on-target n ucleic acids.
The preselected target may be further selected, that I's, selectively
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nucleic acids of the mixture so that the target is at least partially purified. In

addition, preselection may reduce the amount of fluid in which the target is
carried, thereby concentrating the target for subsequent selective reaction(s)

20 and/or assay, termed selection. For example, the preselected target may be
selectively amplified, as shown at 44, to increase the total number of target-
related molecules. Amplification may be conducted using any of the reagents,
methods, and/or devices described below in Sections 1I-V. The amplified target
then may be assayed, as shown at 46, for example, using any of the assay

25 procedures described below in Section Il or V. In particular, the amplified target
may be assayed selectively by contacting a positioned receptor or receptor array
with the amplified target, for example, in an assay chamber of a microfluidic
cartridge (see Figures 11-17). Binding of the amplified target to the receptor or
receptor array then may be measured.

30 Figure 2 shows a flow diagram for a method 42 of preselecting nucleic
acid target. Method 42 is included as a step in method 40 of Figure 1.



produced by pre-processing a sanple within a mcrofluidic device to isolate
nucl ei c a¥pPW3927ds described in Section |1, or may be pre-processed external
to the 5 device, for exanple, by automated or manual sanpl e mani pul ati on.
Sui tabl e sanples may include any of the sanples described below in Section
V. The mxture may be introduced by bulk fluid flow, such as by
mechanically driven flow Alternatively, the mxture nmay be introduced by
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from the electrode, thereby electrically concentrating the mixture (and the target)

near the electrode.
The target then may be retained through binding to a receptor disposed
20 near the electrode, as shown at 52. As used herein, a retained target is retained
relative to non-target nucleic acids, that is, selectively held in place by binding to
the receptor. S peed and/or efficiency of target binding to the receptor may be
related to the concentration of the target. Accordingly, the step of attracting the
mixture to the electrode may improve the speed and/or efficiency of target
25 binding.

The receptor is disposed near the electrode and may be connected to the
electrode. Any suitable connection may be used, for example, by including the
receptor in a layer, such as a gel, that is attached or coupled to the electrode.
Alternatively, or in addition, the receptor may be chemically bonded to the

30 electrode or attached through specific binding pair interactions, such as biotin
attached to the receptor and avidin attached to the electrode (or vice versa).

Other specific binding pairs that may be suitable for connecting the receptor to an



bet ween the receptor and the electrode indicates any |inking relationship
that hol W820%-1r eceptor in close proxinmty to the el ectrode during
presel ection. The receptor nay be any material that specifically (or
selectively) interacts 5 with the target relative to non-target nucleic
acids. Exenplary receptors include nucleic acids, that is, natural or
synt hetic oligonucleotides pol ynucl eotides, or structural relatives
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that are polymorphic, such as targets that include nucleotide polymorphisms,
particularly single-nucleotide polymorphisms. Alternatively, or in addition, the mix
20 may be an unrelated mix of receptor species that bind to spaced and/or unlinked
target sequences. Further aspects of receptors are described below in Sections |

and V.
In addition to selecting an appropriate structure for the receptor, selectivity
(or stringency) of binding also may be adjusted by altering the conditions under
25  which target retention occurs. Any suitable conditions may be selected, including
a suitable temperature, ionic strength, s olvent composition, and/or electric field
strength, among others. The temperature may be adjusted by ambient
temperature control of the entire microfluidic device, or by local temperature
control. Such local control may be determined by electronic temperature control
30 devices, such as thin-film heaters and temperature sensors. The ionic strength
may b e d etermined, for e xample, during formation of the nucleic acid mixture,

and/or by electrokinetic movement of ions. Similarly, the solvent composition,



such as concentration of organic solvent (for exanple, formam de), nmay be
det er mi netPOd#P2nly fornmati on of the mixture and/or by subsequent dilution
with water or organic solvent. The interrelationship between 1)
tenperature at which a nucleic acid dLbD| ex separates into single strands,
2) duplex length, 3) GC 5 content, 4) ionic strength, and 5) formam de
concentration is known to those skilled in the art and/or may be
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shown at $&électRallyasetaingd bebyetthem redply, amon-targétmemucldiat guidsiotare
separation of the target and receptor. Suitable treatnments may incl ude
heating 2disprqpaftionatelye nehhaved, thus, nek Jafaired, (thatgse ot held; i position.
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to the reorpn caddilionystiee ffancepmagyebecelectnicallyn drivép0fl9id7 atid/or nucleic acid
movement, or may be any other suitable force that moves nucleic acids and/or
fluid. The step of enriching also may include washing the target with a wash
20 solution, for example, to remove weakly bound and/or nonspecifically bound non-
target nucleic acids.
The preselected target then may be released from binding to the receptor,
as shown at 56. Release may be determined by any treatment that promotes
separation of the target and receptor. S uitable treatments m ay i nclude heating
25 fluid in the chamber, for example, using electronic temperature-control devices.
Alternatively, or in addition, such treatments may include, but are not limited to,
changing ionic strength, solvent composition, and/or electric field strength
(electronic stringency). ‘
The released target may be selectively amplified and assayed as shown in
30 Figure 1 and described below in Section Il. Selective amplification may be carried
out using nucleic acid primers that are selective for the target. Although one or
more primers may be correspond to the receptor(s) used for preselection, in



10 sone enbodi ments, each of the prinmers used for anplification is distinct
fromthe 19%8%&%tor (s) used in preselection. Such distinct priners may

i nprove the ability to selectively anplify the target relative to
non-target sequences presel ected by fqgptuitous conplenentarity to the
receptor. In sonme enbodi nents, selective 5 assay of the target may be
determ ned by choice of receptor and conditions of receptor-target
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assay receptor. Figures 3-6 show sonewhat schematic representations of a
nucl ei ¢ atsic@ptordargett kindingo the regeptior(slersed iBtangaying the empléiedi angetn a
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62. ChanbEor éxample, beeatay selectivityl malyIbel sbtainedisy tsingtan d¥vay. recoptobeiatc4 i s
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chanber aésampiey the ppesdlectidnyreteptoradalhp be mdre dedeherateeshortér in leagth, s
attached to,, substrate 68 and/or electronics 66. Further .aspects of
Subet rat cendlgr duay b cantactd with, e Bkl Under [&ss stngeT BiARBE congRions
descri bediHp! hw dsdapeedatpe || and 111. Mxture 6 0 includes a nucleic a

f

cid target 72, o f one or nore nolecules, and non-target nucleic acids
74. Non-t ar get Figuresg-hehow semmewhat saheroatie sepresentations gfta nacleis agid | east

not hif " pBVRRtR GG Aupfo dulest 967 B himsElathioh i Al ifie S Eising
76. M Xt URRHIRSH A2%f FRyure™! e-stranded to all ow binding to a conpl enentary
si ngl e-stranded receptor 78 that is connected to el ectrode (or el ectrodes)
80 of el ectrohiguse 68. shows muglei¢ atidcimisbiee, 68adring cotroddeetaintdea
connect edprte%e%ction chamber 64 in device 62. Chamber 64 may be any suitable fluid
compartment. Here, chamber 64 is a microfluidic chamber that is partially defined
20 by electronics 66 formed on a substrate 68. The electronics may be configured to
sense and/or m odify properties of fluid and/or nucleic acid in the chamber 64.
The substrate may be a semiconductor or an insulator, among others The
chamber also may b e partially defined by a fluid barrier 70 that i s attached to
substrate 68 and/or electronics 66. Further aspects of substrates, electronics,
25 fluid barriers, and fluid chambers are described below in Sections Il and .
Mixture 6 0 includes a nucleic acid target 72, of one or more molecules,
and non-target nucleic acids 74. Non-target 74 may be in substantial excess over
target 72, or at least about onethousand-fold more abundant. Mixture 60 may be
received from another portion of device 62 by mechanically driven flow, as shown
30 at 76. Mixture 60 may be single-stranded to allow binding to a complementary
single-stranded receptor 78 that is connected to electrode (or electrodes) 80 of

electronics 66. With plural electrodes, each electrode may be connected to a



100202927-1 11 distinct receptor or to the sane receptor (or the sanme m X
of recept 10302927\ xt ure 60 may be rendered singl e-stranded at any tine
during processing of the mxture and by any suitabl e dupl ex-denaturing
mechani sm I n exenplary enbodi nents, qixture 60 is thermally or

el ectronically denatured in chanber 64 using electronic 5 devices included
in thin-filmlayers 82 of electronics 66. Alternatively, mxture 60 nay be

denatured chemcally, thermally, and/or electrically in an otg r. suitable
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aci ds 74. Renopglurday sREwSnQIE A cRY m iRRFE 8 Baing! Attiadtdd 1/ Ik rogBm at
76, or by any other suitable nmechanismfor 20 novenent of fluid and/or
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. aRel be . i . b it abl -,
Cecerer i, R, SopolBled TRt Abehtnr Bl ol 558 g
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may be further _processed, including anplification and assay, in
presel ecti on chigwperd @swshewseclangete72 rhairg isetedtivelyreataiared nby dinding to
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78 may bpaivs adidctivelyoivith tarset| 22 t Acoordindlya seeaptof 78hend damyet ,720form a
distinct receptor, 30 may_be used for assay, either at the @arrE or at a
di sti et ByeleIcRGifidvplexad®ehs shown recapfrrr /& maydbensHbstantiglly shertes thant ar get

may be amplhii £8 thPeUMRpR), WHehYBceptor 78 is produced by chemical synthesis.
Figure 5 shows mixture 60 being enriched for target 72 by removal of
unretained non-target nucleic acids 74. Removal may be produced by
mechanical fluid flow, as shown at 76, or by any other suitable mechanism for

20 movement of fluid and/or charged molecules.

Figure 6 shows preselected target 72 after release from receptor 78.
Release may be carried out by any suitable temperature-, chemical-, and/or
electrically-based mechanism. Preselection at least partially purifies target 72
from non-target 74.

25 The purified target may be further processed, including amplification and
assay, in preselection chamber 64 or elsewhere in device 62. For example, the
purified target may be moved to another chamber for amplification and then
moved back to preselection chamber 64 for assaying. In this case, receptor 78
may be used for both preselection and assay of the target, or a distinct receptor

30 may be used for assay, either at the same or at a distinct site within chamber 64.
In other embodiments, the purified target may be amplified in preselection
chamber 64 and assayed in chamber 64 or in a distinct chamber.



chanber 64 and assayed in chanber 64 or in a distinct chanmber. 100202927-1
12 As destP%8¥-hore fully in Section Il, mixture 60 may have a vol une that
is substantially larger than the volunme of presel ection chanber 64, so
that a portion of nethod 42 is perfornged cyclically. For exanple, steps
48-54 of nethod 42 may be perforned repeatedly on sequential volunes of

m xture 60 held by chanber 64. Steps 48-54 may be perforned I n

di nat th fl | hanmb 64. 11.
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nmechani cal i ntver e control apparatus
mechani camlapipdating macadscepjc putgrger volumes of fluid and a fluidically connected,

electronic assay portion for manipulating microscopic or smaller volumes of fluid.
These two portions perform distinct functions. The fluid-handling portion has

20 reservoirs that hold, deliver, route and/or receive sample and reagents, and also
includes a pre-processing site that isolates nucleic acids or other analytes of
interest from the sample. The fluid-handling portion delivers reagents and the
isolated nucleic acids (or analytes) to the electronic assay portion, where further
processing and assay of the nucleic acids may be completed electronically.

25 The fluid-handling portion or device may provide various interfacing
features between the macroscopic world (and thus the user) and the cartridge.
For example, the fluid-handling portion provides a fluid interface or input port to
receive a sample, and an electrical interface for electrically coupling to a control
apparatus. The fluid-handling portion also may provide a mechanical interface

30 with the control apparatus, for example, to mechanically control valves, pumps,
apply pressure, etc. Alternatively, or in addition, t he fluid-handling p ortion may

provide a user interface, to allow the microfluidic device to be grasped and



apply pressure etc. Alternatively, or i n a ddition, the fluid-handling

portion nmy 8?701\” de a user interface, to allow the mcrofluidic device to
be grasped and 100202927-1 13 handled readily for installation and renoval
fromthe control apparatus. Both the chani cal and user interfaces may be

provi ded by a housing that fornms an outer region of the fluid-handling
portion. The fluid-handling portion Is configured to store and to nove
fluid, nt s d/or irectio aII or.al n
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portion and may be attac f1xed his portion. The assay portion may
not int erﬁlaidd1a‘ridjng| paition wiayh um@rmmmeddusmgt pygcesses and materrals that
provide any necessary branched and/or complex fluid-network structure. For
example, the fluid-handling portion may be formed substantially from plastic using
20 injection molding or other suitable methods. Furthermore, the fluid network of the
fluid-handling portion may extend in any suitable three-dimensional configuration
and is generally not constrained by a requirement to define the fluid network
along a flat surface. Therefore, the fluid-handling portion may provide flexible
routing of fluid through alternate pathways of various dimensions within the fluid
25 network. In some embodiments the fluid-handling portion may define fluid paths
that extend farther than two millimeters from a common plane.
The assay portion or device, also referred to as the chip portion, is
fluidically connected to the fluid-handling portion and may be attached fixedly to
this portion. The assay portion may not interface fluidically with the user directly,
30 that is, the assay portion receives sample or reagents directly from the fluid-

handling portion but generally not directly from the external environment.



30 that is, the assay portion receives sanple or reagents directly fromthe
fluid- hat@892Bg-porti on but generally not directly fromthe external

envi ronnment. 100202927-1 14 The assay portion is configured to include
electronic circuitry, also referred tg,as electronics, including

sem conductor devices (transistors, diodes, etc.) and thin-filmdevices
(thin-filmresistors, conductors, passivation | ayers, etc.). Such

| ect ic d f d bst.rat. th
por i on. 5 A [BASHRY BPAION REORBaNed BrGLos A AR Ao ASAREErRR:  t he
sem conduy %é €l r‘ﬁn‘r‘é’ss |ﬁ6|9d|hp'ée1ﬁlbbﬁa|§’&w Bﬁigé‘ff i?tg%?ﬁﬁ?{g?@' &Bdé§dét82 dnd the

substrate. Suita Substrates are typilca may | ncl ud

sem conduthimfikn (demrtesaethml-ﬂllrrcmemsmors geddductorar pass';idattomrlayensuleb:t)orSuqrs uch

as gl ass, ceranj c or al un%?g In the case sem condHct or subsfrates,
(eg

the seni c8Ratienisrdeuicascae O AAseS ayer @E?P?Sti@e iR theassaypPorien hat
I's, atg anﬂé‘?fseaer{é?geg e $4Hh] &0fm 5 d'% %B%}Hté‘trﬁearl) thtatl’?hé ﬁncdﬂdugtor

i nsul ative substra a senicon uctlve e coat e upon t
subst r at edevites aaxiaﬂm-élmadewmlafe)lcréatad qrerat/onppl theasubstsate TBaitablbst r at e

f I th Th bst t b
Tt anned PPt B2 Pl RaCahd At s RaERY BRidoriliotr Taust A3 dift Y °°
conpar t negélllhﬁh ﬁ%w"é)terHsMYaid?st(Qﬂzhsé@ﬁHs%t @eF’HPﬁlct be aftlrfiFa) O fhe%afs%u' try.
Because the substrate tygl cally has a planar or lat surface, the fluid

conpar t nedt semipendupier subgirateso tsaseminendugtor Mwu:eganay el grepted: meectly

that fy BEPE RGBS 2 SppaR e Ghihk st B fud pPRAE W o & "
circui tryof ans@htive asibstratdy, naf sémidamducive A8yéhengpfbe | coaled paserd the a
surface of the substrat e, operably p05|t|oned relative to the fluid

conpart mehH Stféﬁeﬁr foy pxRMples @sruser dogtiat Rane! ?HB'ECZB'IO@éess nucleic acid in

the fluid conp f
may abut the traﬁ’ é Béﬂ‘ﬁl on. ?% as §3°%3¥"t ﬁ%ﬁaﬁgaé} Essubstantlal |y
smal | er fbmtbsiraiapaaytbp atteohethe 4 Fluiddbarzier,hahichi mgy piafiniaca’l ledsteon® fuidssi ng

chanbers forned in the assay, portion nmay constr t, o.the geonetry
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vol unes Aed othérafiuidbcarnpafments defined partiallyf by dihé )subetsatet and asSociated
mcroli terIsectromc (e:l\r/cemtr{m'nave a spatial configuration that may be constrained by a
planar substrate geometry. The electronic circuitry, or at least a thinfilm portion
20 thereof, is disposed on a surface of the substrate, operably positioned relative to
the fluid compartment, to provide electronic devices that process nucleic acid in
the fluid compartment. By contrast, an opposing surface of the substrate may

abut the fluid-handling portion.
The assay portion has a substantially smaller fluid capacity than the fluid
25 handling portion. The processing chambers formed in the assay portion may be
constrained to t he g eometry of suitable substrates. Thus, at least some of the
dimensions of the chambers in the assay portion are substantially smaller than
the dimensions of fluid chambers in the fluid-handling p ortion, having volumes
less than about 50 microliters, preferably less than 10 microliters, and even more
30 preferably less than one microliter in volume. Accordingly, by using operably
coupled electronics, processing chambers of the assay portion may use the

electronics to process a sample in a volume of fluid that is many times the static



30 preferably | ess than one mcroliter in volunme. Accordingly, by using
operably '%8%3%%4 el ectronics, processing chanbers of the assay portion may
use the electronics to process a sanple in a volunme of fluid that is many
times the static 100202927-1 15 fluid quaC|ty of such chanbers. For
exanpl e, the assay portion nmay concentrate nucleic acids received in fluid
fromthe fluid-handling portion by retaining the nucleic acids, but
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cartridge in the control apparatus. 20 Accordingly, control apparatus 112
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control Sf.n%?c%lltgs 1ihat the cartridge has been mated properly with the control apparatus,
generally by at least partially inserting the cartridge in the control apparatus.
20 Accordingly, control apparatus 112 may include a recess 116 that matingly
receives cartridge 114, for example, by coupling through an electrical interface
formed through contact between electrical contact pads 118 on cartridge 114 and
corresponding contact structures 120 positioned in recess 116 (see Figure 8).
Alternatively, control apparatus 112 may interface electrically with cartridge 114
25 conductively, capacitively, and/or inductively using any other suitable structures.
Control apparatus 112 may have any suitable size, for example, small enough to

be held by hand, or larger for use on a bench-top or floor.
Control apparatus 112 is configured to send and receive control signals to
cartridge 114, in order to control processing in cartridge 114. In some
30 embodiments, cartridge 114 includes detection electronics. With such electronics,
control apparatus receives signals from cartridge 114 that are utilized by control

apparatus 112 to determine an assay result. The control apparatus may monitor



cartridge 114, in order to control processing in cartridge 114. In sone 30
enbodlnenﬁ§ﬂm8§ﬁﬁr|dge 114 includes detection electronics. Wth such

el ectronics, control apparatus receives signals fromcartridge 114 that are
utilized by control apparatus 112 to gtern1ne an assay result. The
control apparatus may nonitor 100202927-1 16 and control conditions within
the cartridge (such as tenperature flow rate, pressure etc.), either
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nucleic acid to an array of receptors (see below)), and/or mathematical 15
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that processes digital information (see Figure The controller
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Control apparatus 112 includes a controller 122 that processes digital
information (see Figure 9). The controller generally sends and receives electrical
20 signals to coordinate electrical, mechanical, and/or optical activities performed by
control apparatus 112 and cartridge 114, shown by doubleheaded arrows at 124,
126, 128.
Control apparatus 112 may communicate, shown at 126 in Figure 9, with a
user through a user interface 130. The user interface may include a keypad 132
25 (see Figure 7), a screen 134, a keyboard, a touchpad, a mouse, and/or the like.
The user interface typically allows the user to input and/or output data. Inputted
data may be used, for example, to signal the beginning of sample processing, to
halt sample processing, to input values for various processing parameters (such
as times, temperatures, assays to be performed, etc.), and/or the like. Outputted
30 data, such as stage of processing, cartridge parameters, measured results, etc.
may be displayed on screen 134, sent to a printing device (not shown), stored in



halt sanpl e processing, to input values for various processing paraneters
(such as1q¥&§§?1tenperatures, assays to be perforned, etc.), and/or the

| i ke. Qutputted 30 data, such as stage of processing, cartridge paraneters,
nmeasured results, etc. nmay be displaygq on screen 134, sent to a printing

device (not shown), stored in 100202927-1 17 onboard nenory, and/or sent to
anot her digital device such as a personal conputer, anong others. Control
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(see Figure d, discussion bel ow). Accordingly, optical interface 136
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114 i s a opligatinterface 136 to be processed and stored electronically. Control apparatus
112 may include one or more electronically controlled mechanical interfaces (not
shown), for example, to provide or regulate pressure on the cartridge. Exemplary
20 mechanical interfaces of control apparatus 112 may include one or more valve
actuators, valve regulators that control valve actuators, syringe pumps,
sonicators, and/or pneumatic pressure sources, among others. In some
embodiments, the control apparatus may include one or more fluid interfaces that
fluidly connect the control a pparatus to the cartridge. F or e xample, the control
25 apparatus may include fluid reservoirs that store fluid and deliver the fluid to the
cartridge. However, control apparatus 112 shown here is not configured to couple
fluidly to cartridge 114. Instead, in this embodiment, cartridge 114 is a closed or
isolated fluid system during operation, that is, a fluid network in which fluid is not
substantially added to, or removed from, the network after the sample is received.
30 Further aspects of optical detection, and mechanical and fluid interfaces in

microfluidic systems are described below in Section 1.



I solated fluid systemduring operation, that is, a fluid network in which
fluidis H@?n9§h%stantially added to, or renoved from the network after
the sanple is received. 30 Further aspects of optical detection, and
mechani cal and fluid interfaces in mg¢ggofluidic systens are descri bed
below in Section Il11. 100202927-1 18 Cartridge 114 may be configured and
di nensi oned as appropriate In sone enbodi nents, cartridge 114 is
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defi ne thgm éﬂature of interior fluid conmpartnents. Housing 145 al so
subst anti %3} y define the external structure of the cartridge and thus

may provide a QaitABGEY 131Uf)fpﬁ’€eﬂlyf iREiudRs ditl lREsOYvE steRturalfp SR ReKctbRANYLS 144
may be attached fixedly t ui d-handling portion 142, for exanple, on an

exterior Glstln@fewrapoamtsaaeﬂwhan@hrw parien 42 sodtamassay (orEghip) partion

Fesal 18 ar 4P ElidHeRafgidddBp mey ROGR 3'hhBSRG; 145" il oS o 28
| nter nal avethanicakirterade Withathbr&mitrol appaketus,Ufor axampleetd opsratd valves
measur ed elgctrlcal , or when f]uid-handling 20 portion 142 is optically

transpar eAf¢ PAYBRS: HeingnMay, defing, th?rﬁt%ﬂtwrﬁ Pk Irs@fmreﬂwédcompartmwas ly to
fluid- hanﬁbh&ﬂgpﬂfﬁ é@B.%tarﬁ%&?‘gﬁﬁ% Hgﬁﬁe*ﬂ% e¥erddl %ﬂfﬂ!\‘ﬁ%ﬂ@%ﬁt&ﬂbe fluid

bet ween these two portions. I'ng portion us nay
confi gur eand dhmsema?y/prd\lidle dxsgﬂpping saxfacenfar handliogtyr a dger. Assaye pottion

f1 Ui dihant 5% 68 pchesh el 184149, dnﬁfﬁ%&tﬁn”? éz B FEpleppn an
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subst ant i as$ay partipsy 1dhamay be suitable, for example, when results are measured
optically, such as with optical interface 136. Internal and/or external attachment
may be suitable when results are measured electrically, or when fluid-handling
20 portion 142 is optically transparent. Assay portion 144 also typically is connected
fluidically to fluid-handling portion 142, as described below, to allow exchange of
fluid between these two portions.
Fluid-handling portion 142 thus may be configured to receive fluids from
external the cartridge, store the fluids, and deliver the fluids to fluid compartments
25 in both fluid-handling portion 142 and assay portion 144, for example, by
mechanically driven fluid flow. Accordingly, fluid-handling portion may define a
fluid network 146 with a fluid capacity (volume) that is substantially larger than a
corresponding fluid network (or fluid space) 148 of assay portion 144. Each fluid
network may have one fluid compartment, or more typically, plural fluidically
30  connected fluid compartments, generally chambers connected by fluid conduits.
Fluid-handling portion 142 includes a sample input site or port 150.
Sample input site 150 is generally externally accessible but may be sealable after



correspondlnﬁwfIU|d network (or fluid space) 148 of assay portion 144. Each
fluid nefd®B y have one fluid conpartnent, or nore typically, plural
fluidically 30 connected fluid conpartnments, generally chanbers connected
by fluid conduits. Fluid-handling portjion 142 includes a sanple input site
or port 150. Sanple input site 150 is generally externally accessible but
may be seal able after 100202927-1 19 sanple is introduced to the site
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sui tabl o AEmpLs T HGHeRE to1BeiSTE, REFUREbE is,3hdbedor RokARienE hafile ng
portion 1i‘h%>ut Eité'ﬂioh%ﬂ 'ah?gsuitabfe' ﬁlﬂn%é?oﬁ‘sérﬁglé’ﬁbﬁﬂ@ﬁe@ﬁ?aypbé inBlQd& eagent
reservoirs 5 (or fluid storage chanbers to carry support reagents

(see Fi gufleidshandlirgapstion Ad8er voirs 152 each nay be external I y acceSS| bl e,
to all ow reageEf | oaa‘ after %Ee fl ui d- handl orti

manuf act ured. YRR "\‘,@PW'O% adso Lngludes PQS qrggggg%n rsesfﬁ@"ﬁay be
| oadeds Wi {d} l’l@ﬁ‘ﬂ%’ﬁéraﬁér ERSMbBRS)UH 8ot 1 | I3y §UP|9&'itréa@@9f§“(§eéJqfl§ﬁﬁ€ lgy.

i nclude any fluid ution or mxture 10 invo in"sa rocessi ng,
anal ysi s, Reageol reganeeirs 153ceach dnawfbe:@xtermalbeacgqssmlsl 4o callean deagent

D00 LR Ao iy B S S A rerib °

Pr e- pr oceseineg oe halhiofr (ea)gei:54'esadoi4@3ﬂ 52 Crhavrbbé (Iohdédbwithyrdagehb dupingssi bl e
only internall " for t hrough sanpl e input site 150 and/ or A reagent
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conposition o gener operati
exanpl e, 1$4ch passages may |solate anal ytes (such as nucleic acids) from

I nputted 20 sappl at .at least partially separating analyte from
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avoi d | osgedgent rédefvoits 482, or one or more may be externally accessible to a user.
Pre-processing chamber(s) are fluid passages configured to modify the
composition of a sample, generally in cooperation with fluid flow. For example,
such passages may isolate analytes (such as nucleic acids) from inputted
20 sample, that is, at least partially separating analyte from waste material or a
waste portion of the sample, as described below. Further aspects of fluid
handling portions are described below in Section Ill.
In a preferred e mbodiment, t he fluid-handling portion 142 and in fact all
fluid compartments of cartridge 114 are sealed against customer access, except
25 for the sample input 150. This sealing may operate to avoid potential
contamination of reagents, to assure safety, and/or to avoid loss of fluids from
fluid-handling p ortion 142. Some of t he reagents and/or p rocessing b yproducts
resultant from pre-processing and/or additional processing may be toxic or
otherwise hazardous to the user if the reagents or byproducts | eak out and/or
30 come in contact with the user. Furthermore, some of the reagents may be very
expensive and hence in minimal supply in cartridge 114. Thus, the preferred
implementation of cartridge 114 is an integral, sealed, disposable cartridge with a



fl uid-handlin _Portlon 142. Sonme of the reagents and/or processing
byproduct% 9%% al tant from pre-processi ng and/ or additional processing may
be toxic or otherwi se h azardous to the user if the reagents o r
byproducts | eak o ut and/or 30 come igscontact with the user. Furthernore,
sone of the reagents may be very expensive and hence in mniml supply in
cartridge 114. Thus, the preferred inplenentation of cartridge 114 is an
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insulating thin-filmlayers (see below). In either case e operab y
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part, by electrically coup to control apparatus 112 or exa
shown in coupled g’g@aeygegl@mtqf cﬂu?obnetmk 4. @perailhapbenledshawmcamde.dmmt VI a
cont act SI:&M%EPCVW] fluid, for example, with electrodes, or spaced from fluid by one or
more insulating thin-film layers (see below). In either case, the operably disposed
20 devices may be disposed near the surface of the substrate (see below). Further
aspects of the electronic circuitry, thinfilm layers, and substrates are described
below in this section and in Section IlI.
Electronic circuitry 158 of assay portion 144 is controlled, at least in part,
by electrically coupling to control apparatus 112. For example, as shown in
25 Figure 9, controller 122 may be coupled, shown at 128, via contact structures
120, with contact pads 118 disposed on fluidhandling portion 142 of cartridge
114. In turn, contact pads 118 may be electrically coupled with electronic circuitry
158, as shown at 160. One or more additional integrated circuits, or interface
circuits, may be coupled electrically to contact pads 118 intermediate to circuitry
30 158, for example, to allow circuitry 158 to have greater complexity and/or to
minimize the number of distinct contact pads (or sites) on cartridge 114. Thus,

the contact pads alone or in combination with the interface circuits form an



120, with contact pads 118 di sposed on fluid-handling portion 142 of
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di sti t t act d { 114. . Th tact d
2l one or iMeEaRBedtHitcu thet Hegirica Qp@ﬁfrﬂs%'éﬁ%e fanicS{ G e fonTisusoYgsn. & 91
i nter Connﬁfét d‘Qél fs inBedies! ﬁ%é 'c%ﬁ{rblya | > tcﬂga@t' 54dd I'%bcr'ﬁa?Q:oLJ e

controller he cartrl ge I's Inst a contro appar a
Cont act pmjanaeleotmay; irdaphation stenagel de\uce)rﬂuﬁi.’ cafradmin |aantrsiger itk fwvice

s shown. SRR L IECTTEEHREEn 185, £ sBowy The iErmafion siiebs dee ~*
rel ateg tﬁxaé/h%td-‘rér Irff%ﬁ'ﬁ&t’lor? YRBt deldted' I8 AR "&Hriﬁdg%o'“gddwr%t *ﬂﬂﬂﬁ nét\ﬁéﬁ( voir
contents say capabi d e |l

Itles, assay par aneters / or
al t er nat i eenfigusatibnss n‘eservomu@rdenl]samSa)lB apabititibera ssaycp ararnetem lqnd/og_

structure b d i.s ort| 144 |nste f [ a
dai t1on ¢ e WG aftemalit eiodmenRuAihl Brgs Jdpar cihdersdisBeduingor o
144 typi catrlidtuies mwbewrgﬁogéa SR8 plorfits He4Cingtdl o RIAGessdditioh of | ui d
network 148, a t east partially b y operation o f C|rCU|try 158 Her e,

fluid net@ing Irleiede%lrsﬂwd;rhetr@lhng@pm f4d.ee functional regions:
1 h d 168.
concen et Kduapt sl L i, Bl B IS

i onal Tegions may

i ncl ude 1proglessingdddiuitiondtaoik 148} @t Neash piartialpy bly ogietatioroo f aiduits! £88e (and
t hus concentratlod% and/ or dlrected novement toward a subset of the

el ect r odeblere, cHHik igtwels 143 ignghewanter iclusie these fupctinnalcrFegiens:Hy
di stinct &%Wa&é?ﬁ@lﬁ?iﬁ@ﬁéat JrPEhﬁi’ﬁB?ﬁlI@G %Snc saesrsbﬁlch%'fﬁt?éf . As

conpartments, as r na vel ese ional Tegions may
parti al | ydescribedpinetmeire detail CbekDW,aBPChnng these duactioral regiohsailaypinokidded by
t o conc rate nucl ei c,aci ds

Fecel Vod FRGHPIR o tr Jedliala g nublei orchbretenEt « s '6leassncentr dhGF 164
et A Al iy A R U R It
chanber 166ncentfatar diﬁﬁnahdng:hambers 166, 168 may be defined by distinct
compartments/passages, for example, as a serial array of compartments, as
shown. Alternatively, these functional regions may be partially or completely
20 overlapping, for example, with all provided by one chamber.
Concentrator 164 is configured to concentrate nucleic acids received from
pre-processing chamber 154. Electrodes of concentrator 164 may be electrically
biased positively, while allowing fluid to pass from fluid-handling portion 142,
through the concentrator, and back to waste chamber 156 in fluidhandling
25 portion 142. Accordingly, concentrator 164 may be connected fluidically to fluid-
handling portion 142 at plural discrete sites (see Figures 11-17), allowing the
concentrator to serve as a conduit. The conduit may allow transfer of a fluid
volume (between two fluid-handling portion reservoirs) that is substantially larger
than the fluid capacity of the concentrator. This processing step removes fluid,
30 and may partially purify the nucleic acids by removing material that is positively

charged, uncharged, or weakly negatively charged, among others.



25 portion 142. Accordingly, concentrator 164 may be connected fluidically
to fluid-10989%82%'hg portion 142 at plural discrete sites (see Figures
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reservoirs) that is substantially larger than the fluid capacity of the
concentrator. This processing step rempves fluid, 30 and may partially
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nucl eot i dapon Athematethod and lteeterdymesaysed batpiifieation tnhaylyieeglve thermal
cycling (for example, polymerase chain reaction (PCR) or ligase chain reaction
(LCR)) or may be isothermal (for example, strand-displacement amplification
20 (SDA) or nucleic acid sequence-based amplification (NASBA)). With any of these
methods, temperature control in chamber 166 may be determined by heaters,
such as thinfilm heaters included in circuitry 158. Nucleic acids may be labeled
during amplification to facilitate detection, for example, by incorporation of labeled
primers or nucleotides. Primers or nucleotides may be labeled with dyes,
25 radioisotopes, or specific binding members, as described below in Section Il and
listed in Table 1. Alternatively, nucleic acids may be labeled in a separate
processing step (for example, by terminal transferase, primer extension, affinity
reagents, nucleic acid dyes, etc.), or prior to inputting the sample. Such separate
labeling may be suitable, for example, when the amplification step is omitted
30 because a sufficient amount of the target nucleic acid is included in the inputted

sample.



25 radi oi sotopes, or specific binding nenbers, as described below in
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Optical interface 136 may measure sample processing at any suitable

20 position of assay portion 144. For example, optical interface may include
separate emitter-detector pairs for monitoring amplification of nucleic acids in
amplification chamber 166, and for detecting binding and/or position of amplified
nucleic acids after processing in assay chamber 168, as described above.
Alternatively, or in addition, the optical interface may monitor fluid movement

25  through chip fluid network 148.

Figure 9 shows exemplary directions of fluid movement (reagents and/or
sample) through fluid networks 146 and 148 during sample processing, indicated
by thickened arrows, as shown at 170. Generally, fluid flows from reagent
reservoirs 152 through sample input site 150 and pre-processing chamber(s) 154

30 to waste chamber(s) 156 and assay portion 144 (see below). Fluid that enters

assay portion 144 from fluid-handling portion 142 may flow back to waste



25 t hrough chlg fluid network 148. Figure 9 shows exenplary directions of
fluid novéPéO2tt eagents and/or sanple) through fluid networks 146 and 148
during sanpl e processing, indicated by t hi ckened arrows, as shown at 170.
Generally, fluid flows fromreagent ggervoirs 152 t hrough sanpl e i nput
site 150 and pre-processing chanber(s) 154 30 to waste chanber(s) 156 and
assay portion 144 (see below). Fluid that enters assay portion 144 from
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sample to release and isolate nucleic acids, when necessary, as described
further below. The isolated nucleic acids are moved to concentrator 164 in assay
portion 144, generally by mechanically driven flow, and concentrated, as shown
20 at 192. The concentrated nucleic acids may be amplified selectively, if needed,
as shown at 194, with use of primers targeted to nucleic acids of interest. Next,
the amplified nucleic acids may be assayed, for example, by contacting a
receptor or receptor array with the amplified nucleic acids, as shown at 196.
Assay results then may be detected optically and/or electrically, as shown at 198.
25 Figure 11 shows a more detailed representation of an exemplary self-
contained fluid network 202 formed by interconnected fluid networks 146, 148 in
fluid-handling portion 142 and assay portion 144 of cartridge 114, respectiely.
Chambers are represented as rectangles, or by a circle. Channels 204 that
interconnect the chambers are represented by parallel lines. As shown, channels
30 204 fluidly connect fluid-handling portion 142 with assay portion 144 at positions
where the channels cross an interface 205 between the two portions. Valves 206
are represented by solid “bowties” (closed valves) or by unfilled bowties (open



25 Figure 11 shows a nore detailed representation of an exenplary self-
cont ai ned19%P¥P#-het wor k 202 fornmed by interconnected fluid networks 146,
148 in fluid-handling portion 142 and assay portion 144 of cartridge 114,
respectively. Chanbers are representedzas rectangles, or by a circle.
Channel s 204 that interconnect the chanbers are represented by parallel
lines. As shown, channels 30 204 fluidly connect fluid-handling portion 142
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above. PCanothéﬂmlxtuge theat includes one or more ampllflcatlon reagents. in general,

any nucleic acid(s) that selectively hybridizes to the nucleic acid(s) of interest

may be an amplification reagent.

20 PCR mix 216 generally includes a suitable buffer, Mg*?, specific primers
for selective amplification of target nucleic acid(s), dNTPs, a heat stable
polymerase, and/or the like. One or more primers and/or dNTPs may be labeled,
for example with a dye or biotin, as described above. PCR mix 216 may be
replaced with any other suitable amplification mixture, based on the amplification

25 method implemented by the cartridge. Furthermore, in order to analyze RNA,
PCR mix may include a reverse transcriptase enzyme. Alternatively, a separate
reservoir may provide reagents to carry out synthesis of complementary DNA
using the RNA as a template, generally prior to amplification.

Reagent reservoirs 152 may be configured to deliver fluid based on

30 mechanically driven fluid flow. For example, reagent reservoirs 152 may be
structured as collapsible bags, with a spring or other resilient structure exerting a

positive pressure on each bag. Alternatively, reagent reservoirs 152 may be



replaced with any other suitable anplification m xture, based on the

anpl i fi cat@¥#92s net hod i npl enented by the cartridge. Furthernore, in order
to analyze RNA, PCR m x may include a reverse transcriptase enzyne.
Alternatively, a separate reservoir provi de reagents to carry out
synthesis of conplenentary DNA using the RNA as a tenplate, generally
prior to anplification. Reagent reservoirs 152 may be configured to deliver
fluid based on, 3 chani c y, driven fluid.flo For ex le, .re nt
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Correspondingly, some chambers and/or channels may be unprimed prior to
cartridge activation.
Figure 12 shows active regions of fluid movement in cartridge 114 during
20 sample loading. Here, and in Figures 13-16, heavy stippling indicates active
regions, whereas light stippling indicates reagents or waste in reservoirs
elsewhere in the cartridge. A sample, such as a liquid-based sample, is loaded at
sample input site 150 and received by sample chamber 218, generally following a
path indicated at 224. The volume of sample that may be loaded is limited here
25 by a vent 208 on sample chamber 218, and by the capacity of sample chamber
218. Once sample chamber 218 is filled, vent 208 may provide a back pressure
that limits introduction of additional sample. Alternatively, or in addition, an
electrical or optical fluid sensor (not shown) may be placed within or around
sample chamber 218 to signal when sample capacity is reached. A valve 226
30 downstream from sample chamber 218 may prevent the sample from flowing to
filter stack 220 at this time, or the sample may be loaded directly onto the filter



sanple input site 150 and received by sanple chanber 218, generally
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Excess fluid may be carried to waste chamber A. The filter stack generally may

be configured to perform nucleic acid isolation, that is, at least partial separation

from sample waste material, through any or all of at least three functions: particle

20 filtration, nucleic acid release from the sample, and retention of released nucleic

acid. Waste material is defined here as any sample-derived component, complex,

aggregate or particulate, among others, that does not correspond to the nucleic

acid of interest. Exemplary waste material may include cell or viral debris,

unbroken cells or virus particles, cell membranes, cytoplasmic components,

25 soluble non-nucleic acid materials, insoluble non-nucleic acid materials, nucleic

acids that are not of interest, and/or the like. Waste material also may be sample-
derived fluid, removal of which concentrates the nucleic acids.

Filtration is any size selection process carried out by filters that

mechanically retain cells, particles, debris and/or the like. Accordingly, the filter

30 stack may localize sample particles (cells, viruses, etc.) for disrupting treatment

and also may remove particulates that might interfere with downstream

processing and/or fluid flow in cartridge fluid network 202. Suitable filters for this



acid of interest. Exenplary waste material may include cell or viral
debris, 1998948keh cells or virus particles, cell nenbranes, cytoplasnic
conponents, 25 soluble non-nucleic acid materials, insoluble non-nucleic
acid materials, nucleic acids that argg,not of interest, and/or the I|ike.
Waste material also may be sanple derived fluid, renoval of which
concentrates the nucleic acids. Filtration is any size selection process
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shown after being freed from cells 228 that carried the nucleic acids.
Nucleic acid retention is generally implemented downstream of the filters.
20 Nucleic acid retention may be implemented by a retention matrix that binds
nucleic acids 227 reversibly. Suitable retention matrices for this second function
may include beads, particles, and/or membranes, among others. Exemplary
retention matrices may include positively charged resins (ion exchange resins),
activated silica, and/or the like. Once nucleic acids 227 are retained, additional
25  lysing reagent or a wash solution may be moved past the retained nucleic acid
227 to wash away unretained contaminants.

Figure 14 shows active regions of fluid movement in cartridge 114 during
release of nucleic acids 227 from filter stack 220 and concentration of the
released nucleic acids 227 in concentration chamber 164 of assay portion 144.

30 Fluid flows from wash solution A, shown at 210, to a distinct waste chamber,
waste chamber B, along fluid path 236, through sample chamber 218 and filter
stack 220. To initiate flow along path 236, valves 230 and 234 are closed, valve



may include beads, particles, and/or menbranes, anong others. Exenplary
retenti on19P892%2Cks may i ncl ude positively charged resins (ion exchange
resins), activated silica, and/or the like. Once nucleic acids 227 are
retained, additional 25 |ysing reagent ,gr a wash solution may be noved past
the retained nucleic acid 227 to wash away unretai ned contam nants. Figure
14 shows active regions of fluid novenent in cartridge 114 during release
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and addltlonal wash solutlon A, may be carried on to waste chamber B.
Accordingly, nucleic acids 227 may be concentrated, and may be purified further
by retention i n concentration chamber 164. T his concentration of nucleic acids
20 227 may allow assay portion 144 to have fluid compartments that are very small
in volume, for example, compartments, in which processing occurs, having a fluid
capacity of less than about one microliter. Further aspects of electrode structure,
number, disposition, and coating are described below.
In some embodiments, concentration chamber 164 is configured as a
25 preselection chamber, such as preselection chamber 64 of Figures 3-6.
Accordingly, concentration chamber 164 may be used to concentrate and enrich
a pre-processed sample for a target nucleic acid(s) of interest, so that the
preselected target can be further processed more efficiently, as described below.
Figure 15 shows active regions of fluid movement in cartridge 114 during
30 transfer of concentrated nucleic acids to amplification chamber 166 of assay
portion 144. As shown, typically fluid flows from a chamber 152, holding PCR mix
216, to amplification chamber 166 along fluid path 242. To activate flow along



in volunme, for exanple, conpartnents, in which processing occurs, having a
fluid caf9892P%-0f |ess than about one microliter. Further aspects of
el ectrode structure, nunber, disposition, and coating are descri bed bel ow.
In sonme enbodi nents, concentration chagher 164 is configured as a 25
presel ecti on chanber, such as presel ection chanber 64 of Figures 3-6.
Accordingly concentration chanber 164 nmay be used to concentrate and

Chat "t he- PRIC2ER.SYANS 238 A 280,76 cfodsfh B e 248 il Sk v 2R, " ac”
descri bedo@é‘néﬁ"’ a§ | Gar ?etéﬁur?d;%ltﬂfét DY "l@%ﬁﬂﬁ/eef froh}i tfle "EICBBAG(S) n

cartridge 114 during 30 transfer of concentrated nucleic acids to
anpl i fi cacomcenttationeshansierol 64sBGR moﬂﬂBanaymrryAnudaomuds v day flyidf | ui d

fl f 152, hol di i f. t
160"s | onlod BEMaR Yo a postiva ds owbe imeaed th sedtiiBlgsiphbiitagoin: o
242, val vehé’rﬁseamdssZ(lééeabeloW)Oﬁﬁ@lemhmﬁcau?%rm& Yi8Bleicy Aciis 222 tar e

opened as the retalnlng positive bias is renbved fromthe electrode(s) in

concent r agmplifieatioroehambar, 16&rvich @peelmqed:wrthfcﬁladn@q 1&dnegithepeasss | ui d

anpl | 11 cal B! S Enss Lot atREEiaTEHeBet 186 A nbleeliHoRtEL P,

nucl ei ¢ aidysbe Adktiicted AR axbinpid, i Nars eRIthedal bf Gptivhl séhsbs (rmtadmdﬁdhau th

PCR m x 216. In either case, fl'ow of excess fluid out of nplification

chanber wtsmétﬁes fluiddeweldnconnaeting channel 246 and sigagls; timely. clpangéata/@ﬁt e, by

an el o] t fel a4

connec |ng C a%énzel %ﬁgnd&ﬂﬁ%l é?ﬁ’% ﬁ%gﬁqag@ﬁnCh%%;eﬁ{@lgr%}aﬁ]éf?% I n
some enbodquitibtated edithclRGRr mix mﬁ cphan’tmmc%ﬁlg hucletc acigs 1227 teopmpllﬁnalbed with
PCR m x 216 |or o_novi ng nuclejc aci 227 to anplifj catlon cha

166. For 6 cﬁ%e%ag‘f’ée né@h @'ﬁ??éd’f‘@)ﬂ Q%%%E} fQ}tQéh@B OREEGe. 240
to waste gbg{ v n

concentr at I on &)v@% op%nﬁﬁ@%éﬁﬁ@'ﬁg%zgéz}m u%ﬁ)g?gﬁgc?lgg |r2127 15

posi t i onedomncerdrgionf cbarlnlben ‘rﬁﬂar’amlr opé6ingayemtevaiven| 222. eNuclietr aeidsm@lé, by
I sot hermal incubation o cl | ' t he

amouni® of PORIHER dnaémcﬂ’liifé? i mah? tm?ﬁgq%%bl\é%dzrfpgféé?ﬁéﬁﬁ BYmong
e el o TS, (BB a1
nucleic-acid targets (or target regions) of interest 247 among nucleic aC|ds 227,
or, in some cases, may remain unamplified.
Figure 16 shows active regions of fluid movement in cartridge 114 during
20 transfer of amplified nucleic acids 247 to assay chamber 168 of assay portion
144. Fluid flows along fluid path 248 from a chamber 152 that holds wash
solution B to assay chamber 168. Fluid path 248 may be activated by opening
valve 250 and vent-valve 222. Overfilling assay chamber 168 may be restricted,
for example, by vent 208 on vent-valve 222, or by a sensor that monitors fluid
25 position and signals the closing of valve 250, among others. As described above,
nucleic acids 227 and amplified target nucleic acids 247 may be transferred by
fluid flow and/or electrophoretically using electrodes disposed in assay chamber
168 (see below). In some embodiments, amplification chamber 166 first may be
equilibrated with wash solution B by closing ventvalve 222 and opening valves
30 240, 250, thus directing wash solution B through amplification chamber 166,
concentration chamber 164, and into waste chamber B. Alternatively, or in



20 transfer of anplified nucleic acids 2 47 to assay chanber 168 of assay
portion 1W30292F1id flows along fluid path 248 from a chanber 152 that

hol ds wash solution B to assay chanber 168. Fluid path 248 may be
activated by opening valve 250 and veny - val ve 222. Overfilling assay
chanber 168 may be restricted, for exanple, by vent 208 on vent-valve 222,
or by a sensor that nonitors f|UId 25 position and signals the closing of
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portion 144 |ncludes a substrate tion 258. Substrate portion 258 at
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subst r at edeﬂdeshﬂwbamﬂnpma'neats of the assay portlon The substrate portion may
include a substrate 260. The substrate portion also may include electranic
circuitry 158 and/or thin{ilm layers formed on the substrate and disposed near a

20 surface 262 of the substrate. Thin-film electronic devices of the circuitry and fluid
compartments of network 148 each may be disposed near a common surface of

the substrate so that the electronic devices are closely apposed to, and/or in fluid
contact with, regions of the fluid network. Thus, the thinfilm devices may be
configured to modify and/or sense a property of fluid (or sample/analyte) in fluid

25 network 148. An exemplary material for substrate 260 is silicon, typically
monocrystalline silicon. Other suitable substrate materials and properties are

described below in Section lll.

Fluid network 148 or a fluidically connected fluid space of one or more fluid
compartments may be cooperatively defined near a surface 262 of the substrate

30 using substrate portion 258 and a fluid barrier 263. The fluid space may
determine total fluid capacity for holding fluid between the substrate portion and

the fluid barrier. The term “cooperatively defined” means that the fluid space, or a



20 surface 262 of the substrate. Thin-filmelectronic devices of the

circui try'988%®7id conpartnents of network 148 each may be di sposed near
a common surface of the substrate so that the electronic devices are

cl osely apposed to, and/or in fluid cogtact with, regions of the fluid
network. Thus, the thin-filmdevices may be configured to nodify and/or
sense a property of fluid (or sarrpl e/analyte) in fluid 25 network 148. An
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channel | B8, a6®lyimjde,nz idnyl&ilmHstch |alsHaglPalpﬂ1l§hstmn)crandmrm giasg, Methods
for patterning channel layer 266 may include photolithography, micromachining,
molding, stamping, laser etching, and/or the lke. A cover 270 may be disposed
20 on channel layer 266, and spaced from base 264, to seal a top region of fluid
network 148 that is spaced from electronic circuitry 158 (see Figure 18). Cover
270 may be a component separate from channel layer 266, such as a layer that
is bonded or otherwise attached to channel layer 266, or may be formed
integrally with channel layer 266. In either case, fluid barrier 263 may include an
25 opposing wall 271 that is sealed against fluid movement and escape from the
cartridge. Cover 270 may be transparent, for example, glass or clear plastic,
when assays are d etected o ptically through the cover. Alternatively, cover 270
may be optically opaque, for example, when assays are detected electrically.
Fluid network 148 may include spatialy distinct chambers 164, 166, 168, as
30 described above, to carry out distinct processes, and/or distinct processes may
be carried out in a shared fluid compartment.
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channel / cfAuidbpetwark 148. For example, as shown here, electrodes may be arrayed as
plural discrete units, either in single file along a channel/chamber, as in
concentrator 164, and/or in a two-dimensional array, as in chambers 166, 168.

20 Alternatively, or in addition, electrodes 272 may be elongate or have any other
suitable shape or shapes. Each electrode 272 may be biased electrically on
individual basis, either positively or negatively, so that nucleic acids are attracted
to, or repelled from, the electrode, or the electrode may be electrically unbiased.
Electrical biasing may be carried out in any suitable spatially and time-regulated

25 manner by control apparatus 112 and/or cartridge 114, based on desired
retention and/or directed movement of nucleic acids. Electrodes 272 may be
coated with a permeation layer to allow access of fluid and ions to the electrode
in the fluid compartment, but to exclude larger molecules (such as nucleic acids)
from direct contact with the electrodes. Such direct contact may chemically

30 damage the nucleic acids. Suitable electrode coatings may include hydrogels
and/or sol-gels, among others, and may be applied by any suitable method, such



concentrator 164, and/or in a two-dinensional array, as in chanbers 166,
168. 20 A'?®P#P3f{vely, or in addition, electrodes 272 may be el ongate or
have any other suitable shape or shapes. Each el ectrode 272 nay be bi ased
electrically on individual basis, eithgr positively or negatively, so that
nucleic acids are attracted to, or repelled from the electrode, or the
el ectrode nmay be electrically unbiased. Electrical biasing my be carried
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sone or akembadimeftsc duichnetwarks 446) 48 may be separated spatially by fluid barrier
263 rather than substrate 260, with some or all interface channels again
extending through fluid barrier 263 to connect fluidly to fluid network 146.
20 In the depicted embodiment, interface passages, labeled 280a through
280e, extend through substrate 260 between opposing surfaces of the substrate
(see Figures 16-18). An interface passage 280 may fluidly connect any fluid
compartment of the fluid-handling portion to a fluid compartment of fluid network
148, generally by directly linking to fluid conduits or chambers of the two portions.
25 For example, an interface passage 280 may connect a reagent reservoir 152 to a
chamber (164-168) of assay portion 144, a chamber of the assay portionto a
waste chamber, pre-processing chamber 220 to a chamber of the assay portion,
two or more chambers of the assay portion to each other (not shown), a sample
input site 150 directly to a chamber of the assay portion (also not shown), and/or
30 a chamber of the assay portion to a valve and/or vent (such as valve-vent 222),
among others. E ach individual compartment of the assay p ortion m ay connect

directly to any suitable number of i nterface passages 2 80. Here, concentration



extending through fluid barrier 263 to connect fluidly to fluid network
146. 20 | A%RP26Epi ct ed enmbodi ment, interface passages, |abel ed 280a

t hrough 280e, extend through substrate 260 between opposi ng surfaces of
the substrate (see Figures 16-18). An%Snterface passage 280 may fluidly
connect any fluid conpartnent of the fluid-handling portion to a fluid
conpartnment of fluid network 148, generally by directly linking to fluid
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t o and/ or byrdinectingl fluid t@rgraVeménom aOfleid wgnaBtrhenti c@péning 288 typically
adjoins a fluid compartment. The fluid compartment is defined at least partially by
the fluid barrier and may be configured so that fluid cannot exit the microfluidic
20 device locally from the compartment, that is, directly out through the fluid barrier.
The fluid compartment may be defined cooperatively between the substrate
portion and the fluid barrier. The opening may include a perimeter region that
forms an overhang (or shelf) 292 in which film layers 290 do not contact substrate
260. Opening 288 may have any suitable diameter, or a diameter of about 1 um
25 to 100 um. The opening or hole may provide more restricted fluid flow than the
substrate-defined region of the interface passage alone. Opening 288 may be
defined by an opening formed in one or more film layers 290 formed on surface
262 of substrate 260. Film layers 290 typically are thin, that is, substantially
thinner than the thickness of s ubstrate 260, and may have a thickness and/or
30 functional role as described in Section lil.
Figures 19-25 show stepwise formation of interface passage 280e,
opening 288, and assay chamber 168, in assay portion 144, using an exemplary



adjoins a fluid conpartnent. The fluid conpartnent is defined at | east
partial | y'¥2929%2ht f|uid barrier and may be configured so that fluid cannot
exit the mcrofluidic 20 device locally fromthe conpartnent, that is,
directly out through the fluid barrier.,. The fluid conpartnment may be
defined cooperatively between the substrate portion and the fluid barrier.
The opening may include a perineter region that forns an overhang (or
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Film layers may be formed of conductive material (for example, to form
electrodes and conductive connections between devices), semiconductive
material (for example, to form transistors using n- and p-doped material), and/or
20 insulating material (for example, passivation layers). Film layers may be applied
and patterned by conventional methods. At least one of film layers 290 may be
patterned to define perimeter 294 of opening 288.
Figure 21 shows the assay portion after unpatterned channel layer 296
has been disposed on film layers 290 and opening 288. Channel layer 296 may
25 be applied at an appropriate thickness, typically a thickness of about 1-200 um,
more typically 2-100 ym, or even 5-50 um. Exemplary materials for channel layer
296 (and the fluid barrier) are described above.
Figure 22 shows the assay portion after an etch mask 298 has been
added to opposing surface 276 of substrate 260. The etch mask may be applied
30 as a layer of appropriate thickness, and selectively removed at a localized region
(or regions) to define opening 300. Opening 300 may have any suitable diameter,
but typically has a diameter greater than the diameter of opening 288. Opening
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material (for exanple, to formtransistors using n- and p-doped naterial),
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process, bRimple, photo-patterning layer 296 followed by development of the photo-
patterned layer, or laser ablation.
Figure 25 shows the completed assay portion 144 after attachment of
cover 270, but prior to affixing the assay portion to fluid-handling portion 142
20 through manifold 284. Cover 270 may be attached to fluid bamier 266 by any
suitable method, such as with an adhesive, heat and pressure application, anodic
bonding, sonic welding, and/or conventional methods.
Figure 26 shows a somewhat schematic representation of an intrachip
passage 302 formed in assay portion 304. Intra-chip passage 302 may enter and
25 exit substrate 260 from surface 262 through openings 288, without extending to
opposing surface 276. Therefore, intra-chip passage 302 is distinct from interface
passages 280 that extend between cartridge portions 142, 144. Intra-chip
passage(s) 302 may be used to route fluid between chambers 306 defined
cooperatively by substrate portion 258 and fluid barrier 308. Alternatively, or in
30 addition, intra-chip passages may be used to mix fluid (see below), to perform a
reaction or assay, and/or the like.



exanpl e, photoiPatterning | ayer 296 foll owed by devel opnent of the photo-
patt er ned998828#7-1 or | aser ablation. Figure 25 shows the conpl eted assay
portion 144 after attachment of cover 270, but prior to affixing the assay
portion to fluid-handling portion 142 0 through mani fold 284. Cover 270
may be attached to fluid barrier 266 by any suitable nethod, such as with
an adhesi ve, heat and pressure application, anodic bonding, sonic welding,
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after filmlayers 290 have been formed on surface 262 of substrate 260
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306. One ghrq 1RES t&forfPBLEAS188Raf Bl 16k by EhahndY&yet 288 For example,
the central opening here has been sealed by channel layer 266, as shown at 314.
Figure 30 shows an assay portion 316 having a manifold channel 318.
Manifold channel 318 is a trans-substrate passage that connects fluidically to two
20 or more openings 288 in thin films 290. Here, openings 288 fluidically connect
manifold channel 318 to two chambers 306. However, manifold channel 318 may
fluidically connect to any suitable number of compartments in the fluid network of
the assay portion. Manifold channel 318 may be used to receive (or deliver) fluid
from (or to) fluid-handling portion 142, for example, to deliver (or receive) fluid to
25  (or from) one or both of chambers 306. Manifold channel 318 also may be used
to direct fluid between chambers 306, as indicated in Figure 26. An exemplary
method for forming manifold channel 318 follows the procedure outlined in
Figures 21-25, after formation of trough 310 in Figure 28.
Figure 31 shows a top plan, fragmentary view of an assay portion 330 that
30 includes a mixing chamber 332. Mixing chamber 332 has a trough 334 similar to
trough 310 of Figure 28, formed under film layers at plural openings 336 (six inlet
openings and one outlet opening are shown here). Trough 334 is fed from the



and used to formtrough 310 may be bl ocked by channel | ayer 266. For
exanpl e, '¥0R®9%ehtral opening here has been seal ed by channel |ayer 266, as
shown at 314. Figure 30 shows an assay portion 316 having a nmanifold
channel 318. Manifold channel 318 is trans-substrate passage that
connects fluidically to two 20 or nore openings 288 in thin filnms 290.
Here, openings 288 fluidically connect nmanifold channel 318 to two chanbers
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back fronwith a larger diameter than fluid-contacting opening 288. The thin films also may
include a resistor | ayer 356, formed of any suitable resistive m aterial, such as
tantalum aluminum (TaAl). Current passes through the resistor layer 356 from
20 connected conductors, formed of any appropriate ¢ onductive m aterial, such as
aluminum or an aluminum alloy (not shown). The resistor layer poduces heat,
which may be insulated from substrate 260 by FOX layer 352, among others.
One or more passivation layers 358 may cover these thin films. Suitable
materials for a passivation layer may include silicon nitride (SikN4) or silicon
25 carbide (SiC), among others. Additional electronic circuitry features, such as
electrodes, transistors, and diodes, which may be disposed above and/or below
the surface of the substrate, are not shown here.
[I. Microfluidic Systems
Microfluidic systems are provided for sample manipulation and/or analysis.
30 Microfluidic systems generally include devices and methods for receiving,
manipulating, and analyzing samples in very small volumes of fluid (liquid and/or

gas). The small volumes are carried by one or more fluid passages, at least one



15 opening 288, shown at 355, to avoid fluid contact wth the PSG | ayer,
whi ch may100¥R9&-1corrosi ve effects. Accordingly, PSG |ayer 354 defines a
protected opening wth a |larger dianeter than fluid-contacting opening
288. The thin filnms also may include ? resistor layer 356, fornmed of any
suitable resistive material, such as %nt al um al umi num (TaAl). Current
passes through the resistor |ayer 356 from 20 connected conductors, forned
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chambers or reservoirs. In many cases, chambers and reservoirs are also
passages, allowing fluid to flow through the chambers or reservoirs. Fluid
compartments within a microfluidic d evice that are fluidically connected form a

20 fluid network or fluid space, which may be branched or unbranched. A
microfluidic device, as described herein, may include a single fluidically
connected fluid network or plural separate, unconnected fluid networks. With
plural separate fluid networks, the device may be configured to receive and
manipulate plural samples, at the same time and/or sequentially.

25 Chambers may be classified broadly as terminal and intermediate
chambers. Terminal chambers generally may define as a starting point or
endpoint for fluid movement within a fluid network. Such chambers may interface
with the external environment, for example, receiving reagents during device
manufacture or preparation, or may receive fluid only from fluid pathways within

30 the microfluidic device. Exemplary terminal chambers may act as reservoirs that
receive and/or store processed sample, reagents, and/or waste. Terminal

chambers may be loaded with fluid before and/or during sample analysis.
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Valves may be included in microfluidic devices described herein. A valve
generally includes any mechanism to regulate fluid flow through a fluid network
20 and may be a bi-directional valve, a check valve, and/or a vent, among others.
For example, a valve may be used to block or permit fluid flow through a fluid
passage, that is, as a binary switch, and/or to adjust the rate of fluid flow.
Accordingly, operation of a valve may select a portion of a fluid network that is
active, may isolate one or more portions of the fluid network, and/or may select a
25 processing step that is i mplemented, among others. T herefore, valves may be
positioned and operated to deliver fluid, reagents, and/or sample(s) from a fluid
compartment to a desired region of a fluid network. Suitable valves m ay include
movable diaphragms or membranes, compressible or movable passage walls,
ball valves, sliding valves, flap valves, bubble valves, and/or immiscible fluids,
30 among others. Such valves may be operated by a solenoid, a motor, pressure
(see above), a heater, and/or the like.
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heat-sensitive obstruction in a fluid passage, for example, in a polyimide layer.
Such an obstruction may be destroyed or modified upon heating to allow passage
of fluid.

20 Vents may be used, for example, to allow release of displaced gas that
results from fluid entering a fluid compartment. Suitable vents may include
hydrophobic membranes that allow gas to pass but restrict passage of hydrophilic
liquids. An exemplary vent is a GORETEX membrane.

A microfluidic device, as described herein, may be configured to perform

25 or accommodate three steps: inputting, processing, and outputting. These steps
are generally performed in order, for a given sample, but may be performed
asynchronously when plural samples are inputted into the device.

Inputting allows a user of the microfluidic device to introduce sample(s)
from the external world into the microfluidic device. Accordingly, inputting

30 requires an interface(s) between the external world and the device. The interface
thus typically acts as a port, and may be a segum, a valve, and/or the like.
Alternatively, or in addition, sample(s) may be formed synthetically from reagents
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substrate, test reagent, or other reactive materials. Processing, also or
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alternatively, may include treating the sample/analyte(s) with a biological,
physical, or chemical condition or agent. Exemplary conditions or agents include
20 hormones, viruses, nucleic acids (for example, by transfection), heat, radiation,
ultrasonic waves, light, voltage pulse(s), electric fields, particle irradiation,
detergent, pH, and/or ionic conditions, among others. Alternatively, or in addition,
processing may include analyte-selective positioning. Exemplary processing
steps that selectively position analyte may include capillary electrophoresis,
25 chromatography, adsorption to an affinity matrix, specific binding to one or more
positioned receptors (such as by hybridization, receptorligand interaction, etc.),
by sorting (for example, based on a measured signal), and/or the like.
Outputting may be performed after sample processing. A microfluidic
device may be used for analytical and/or preparative phrposes. Thus, the step of
30 outputting generally includes obtaining any sample-related signal or material from
the microfluidic device.
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met hods a nonpositional value, or set of values, and/or may have spatial information, for
example, as measured using imaging methods, such as with a chargecoupled
device. In some embodiments, the detectable signal may be an o ptoelectronic
20 signal produced, for example, by an onboard photodiode(s). Other detectable
signals may be measured by surface plasmon resonance, nuclear magnetic
resonance, electron spin resonance, mass spectrometry, and/or the like.
Alternatively, or in addition, the detectable signal may be an electrical signal(s),
that is, a measured v oltage, resistance, conductance, c apacitance, power, etc.
25 Exemplary electrical signals may be measured, for example, across a cell
membrane, as a molecular binding event(s) (such as nucleic acid duplex
formation, receptor-ligand interaction, etc.), and/or the like.
In some embodiments, the microfluidic device may be used for sample
preparation. Sample-related material that may be outputted includes any
30 chemical or biological compound(s), polymer(s), aggregate(s), mixture(s),

assembli(es), and/or organism(s) that exits the device after processing. Such



may include fl uorescence resonance energy transfer (FRET), fluorescence
lifetime (RE ? %1 uorescence intensity (FLINT), fluorescence polarization
(FP), total internal reflection fluorescence (TIRF), fluorescence
correlation spectroscopy 15 (FCS), fluggescence recovery after

phot obl eachi ng (FRAP), and/or fluorescence activated cell sorting (FACS),
anong others. Optical signals may be neasured as a nonpositional value, or
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or nore. site(s), formed by one or more fluid passages, to separate an analyte(s) of
interest from waste material, for example, to isolate analytes (such as nucleic
acids) from a sample that includes one or plural cells. The fluidhandling portion
20 may define a generally nonplanar fluid network or fluid space. In a nonplanar or
three-dimensional fluid network, one or more portions of the fluid network may be
disposed greater than two millimeters from any common plane.
The assay portion may provide a site at which final sample processing
occurs and/or assay signals are measured. The assay portion may be configured
25 for manipulation and analysis of smaller sample volumes, generally having fluid
chambers less than about 50 microliters, preferably less than about 10
microliters, and more preferably less than about one microliter.
The assay portion may be distinct from the fluidhandling portion, that is,
formed of distinct components not shared with the fluidhandling portion.
30 Accordingly, the assay portion may be formed separately, and then attached to
the fluid-handling portion to fluidly connect fluid compartments of the portions.
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opposing surfaces, for example, to facilitate deposition of thin films. The substrate
may be at least substantially inorganic, including as silicon, gallium arsenide,
germanium, glass, ceramic, alumina, and/or the like.

20 Thin-film electronic circuitry includes thin films or thinfilm layers. Each
thin-film layer of the electronic circuitry may play a direct or auxiliary role in
operation of the circuitry, that is, a conductive, insulating, resistive, capacitive,
gating, and/or protective role, among others. The protective and/or insulating role
may provide electrical insulation, chemical insulation to prevent fluid-mediated

25  corrosion, and/or the like. The thinfilm layers may have a thickness of less than
about 100 pm, 50 pm, or 20 ym. Alternatively, or in addition, the thinfilm layers
may have a thickness of greater than about 10 nm, 20 nm, or 50 nm. Such thin
films form electronic devices, which are described as electronic because they are
controlled electronically by the electronic circuitry of the assay portion. The

30 electronic devices are configured to modify and/or sense a property of fluid within
a fluid compartment of the assay portion. Thus, the electronic devices and

portions of the thin-film layers may be disposed between the substrate and the



positioned relative to the substrate and the fluid barrier. The substrate
may be a 108¥3PZdnductor so that sonme portions of the electronic circuitry
are created within the substrate, for exanple, by n- and p-doping.
Alternatively, the substrate may 15 be,an insulator. In this case, all of
the electronic circuitry may be carried external to the substrate. A

sui tabl e substrate nmay be generally flat or planar on a pair of opposing
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connected to and/or may include any suitable combination of i nput and output
20 lines, including power/ground lines, data input lines, fire pulse lines, data output
lines, and/or clock lines, among others. Power/ground lines may provide power to
modifying and sensing devices. Data input lines may provide data indicative of
devices to be turned on (for example, a heater(s) or electrode(s)). Fire pulse lines
may be supplied externally or internally to the chip. These lines may be
25 configured to cause activation of a particular set of data for activating modifying
and/or sensing devices. Data output lines may receive data from circuitry of the
assay portion, for example, digital data from sensing devices. Based on the rate
of data input and output, a single data input/output line or plural data input/output
lines may be provided. With a low data rate, the single data input/output line may
30 be sufficient, but with a higher rate, for example, to drive plural thin-film devices in

parallel, one or more data input lines and a separate daa input/output line may



Conbi ning a nodi fying and a sensing device nmay all ow feedback control, for
exanpl e, ©P¥WIRI-1 oop tenperature control of a fluid region within the assay
portion. Electronic circuitry included in the assay portion is flexible, in
contrast to 15 electrical circuits th respond linearly. Electronic
circuits use sem conductor devices (transistors, diodes, etc.) and
solid-state el ectronic switching so that a smaller number of input-output
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receiving data froma controller (see below. A mcrofl|uidic, device may be
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Conrat g S AR IR A ingk e g ighal nipaie i B casbng
heat ers, pmcessed byrajhmroﬂmdumsystem (mhet to andiykg thedhaterial of interest (or
analyte) or to modify it for preparative purposes. The sample generally has a
property or properties of interest to be measured by the system or is
20 advantageously modified by the system (for example, purified, sorted,
derivatized, cultured, etc.). The sample may include any compound(s),
polymer(s), aggregate(s), mixture(s), extract(s), complex(es), particle(s),
virus(es), cell(s), and/or combination thereof. The analytes and/or materials of
interest may form any portion of a sample, for example, being a major, minor, or
25 trace component in the sample.
Samples, and thus analytes contained therein, may be biological.
Biological samples generally include cells, viruses, cell extracts, cell-produced or
-associated materials, candidate or known cell modulators, and/or manmade
variants thereof. Cells may include eukaryotic and/or prokaryotic cells from any
30 single-celled or multi-celled organism and may be of any type or set of types.
Cell-produced or cell-associated materials may include nucleic acids (DNA or
RNA), proteins (for example, enzymes, receptors, regulatory factors, ligands,



sense fluid, sanple, and/or analyte in the mcrofluidic device. Further
aspect s ot002828275 | ui di ¢ devi ces, fl ui d- handl | ng portions, assay portions,
and controllers, anmong others, are described above in Section IIl. |V
Samples 15 M crofl uidic systens, as deggribed herein, are configured to
process sanples. A sanple generally inCludes any material of interest that
Is received and processed by a m crofl uidi c system ei t her to anal yze the
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Exenpl ary il C #hatfidP'seerdlBY fidif! L8R, material related to drug screens, etc.
Environmental samples may include samples from soil, air, water, plants, and/or
man-made structures, among others, being analyzed or manipulated based on a
biological aspect.

20 Samples may be nonbiological. Nonbiological samples generally include
any sample not defined as a biological sample. Nonbiological samples may be
analyzed for presence/absence, level, size, and/or structure of any suitable
inorganic or organic compound, polymer, and/or mixture. Suitable nonbiological
samples may include environmental samples (such as samples from soil, air,

25 water, etc.), synthetically produced materials, industrially derived products or
waste materials, and/or the like.

Samples may be solid, liquid, and/or gas. The samples may be pre
processed before introduction into a microfluidic system or may be introduced
directly. Pre-processing external to the system may include chemical treatment,

30 Dbiological treatment (culturing, hormone treatment, etc.), and/or physical
treatment (for example, with heat, pressure, radiation, ultrasonic disruption,

mixing with fluid, etc.). Solid samples (for example, tissue, soil, etc.) may be
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saliva, perspiration, tears, skin, hair, a tissue biopsy, a fluid
aspirate, a surgical sanple, a tunor, d/or the |ike. Research sanples
may include any sanple related to biological and/or bionedical research,
such as cultured cells or viruses (wld-type, engineered, 15 and/or nutant,
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activity, and/or the like.

Microfluidic assays may measure presence/absence or level of one or
20 more nucleic acid. Each nucleic acid analyzed may be present as a single
molecule or, more typically, plural molecules. The plural molecules may be
identical or substantially identical and/or may share a region, generally of twenty
or more contiguous bases, that is identical. As used herein, a nucleic acid
(nucleic acid species) generally includes a nucleic acid polymer or
25 polynucleotide, formed as a chain of covalently linked monomer s ubunits. T he
monomer subunits may form polyribonucleic acids (RNA) and/or
polydeoxyribonucleic acids (DNA) including any or all of the bases adenine,
cytosine, guanine, uracil, thymine, hypoxanthine, xanthine, or inosine.
Alternatively, or in addition, the nucleic acids may be natural or synthetic
30 derivatives, for example, including methylated bases, peptide nucleic acids,
sulfur-substituted backbones, and/or the like. Nucleic acids may be single,



of one or nore analytes carried by the sanple. Such properties may include
10 present®%B&ehce, | evel (such as level of expression of RNA or protein
in cells), size, structure, activity (such as enzyne or biol ogi cal
activity), location within a cell, celgular phenotype, and/or the Iike.
Structure may include primary structure (such as a nucleotide or protein
sequence, polyner structure | soner structure(s) or a chem cal
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include testing a sanple to nmeasure t e/ dbsence, quantity, size,
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particul aASE&'@‘ﬂ‘u%), HgSRPELteS, MHaRDMS)and ithosPbRSH, Samong others; and
protozoans, such as Plasmodia (for example, P. vivax, P. falciparum, and P.
malariae, etc.), G. lamblia, E. histolitica, Cryptosporidium, and N. fowleri, among
others. The analysis may determine, for example, if a person, animal, plant, food,
20 soil, or water is infected with or carries a p articular m icroorganism(s). I n sone
cases, the analysis may also provide specific information about the particular
strain(s) present.
Genotyping analysis may include genetic screening for clinical or forensic
analysis, for example, to determine the presence/absence, copy number, and/or
25 sequence of a particular genetic region. Genetic screening may be suitable for
prenatal or postnatal diagnosis, for example, to screen for birth defects, identify
genetic diseases and/or single-nucleotide polymorphisms, or to characterize
tumors. Genetic screening also may be used to assist doctors in patient care, for
example, to guide drug selection, patient counseling, etc. Forensic analyses may
30 use genotyping analysis, for example, to identify a person, to determine the

presence of a person at a crime scene, or to determine parentage, among others.



Genot ypi n? i nformati on may be used for identification and/or quantitation
10 of mi cF98¥8&nt sns, such as pat hogenic species, in a sanple. Exenplary
pat hogeni ¢ organi sns may include, but are not limted to, viruses, such as

H'V, hepatitis virus, rabies, influenza, CW, herpesvirus, papilloma
viruses, rhinoviruses; bacteria, such as S. aureus, C. perfringens, V.
par ahaenol yticus, S. typhimurium B. anthracis, C botulirum E. coli, and

so on; fupgi, such as those 15.included in the genuses Candi da, ,
Socel i of WEkom &b Tuictais BRLSTRSY Aukangiiiiay b AhERac sl ar i um
and Tri chpg@eicysblymBRsis@shers; and protozoans, such as Plasnodia (for

P

exanple, P. vivax, P. falciparum and P. nualariae, etc.), G lanblia, E
histolitica, OMigoluidic isystems anay Nie fised doi gensoexpressiorranalysie, githerysi s
may determ ne, for, exanple, [f a petrsqn, aninal | gnt . food, 20 spil, or
wat er i sqwtge{'\éedymf%@ﬁr OtaﬁXPr lop p?%\rqqag?ﬁtg{lerym?fa@@ﬁ?'ﬁﬁnPE‘??FE?.°r| n
sone §aS§§seﬁtﬂeG%Hé|é6§irés§@N AaPBiPRAY HR EOfdidted dirtkay e IRNI aBPn the
particular strain(s) present. Genotyping analysis may include genetic

scr eeni ngcomplamentanaDNs syrthesized usingasaraple RNArasea dampiate; ior ¢xaeplg.ne t he

Feai on. coMaD: & sevast; ReMedined Seibume e ThE: <R ilaRentsy” b indl, 987" ©
di agnosi sgyrithesigs@witien at @ isefiaRiic Hevidel & tibh def ttrs smbodanient desdibedtinc
di seases and/ or single-nucleotide pol hisms, or to characterize

: . yrmor p . .
tunors. COREloR!lsépeaxamglenindhaassay nartiont@r gxternal tadbestavice, that ient

care, ,for . &@J t. I de drug sel ection, patient counseling, etc.
Foren1s(|§ c gﬂgllxysesrﬁﬁlgfﬂggyuse genotypi ng anal ysis, for exanple, to identify

a person, to dekpressivh ahalysier@agrise beheficiglefos anedicabparposessareresearh t o
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peptides, antibodies, phage, bacteria, etc.), and/or the like.
Assays may involve processing steps that allow a property of an analyte to
be measured. Such processing steps may include labeling, amplification, binding

20 to a receptor(s), and/or so on.

Labeling may be carried out to enhance detectability of the analyte.
Suitable | abels may be covalently or noncovalently coupled to the analyte and
may include optically detectable dyes (fluorophores, chromophores, energy
transfer groups, etc.), members of specific binding pairs (SBPs, such as biotin,

25 digoxigenin, epitope tags, etc.; see Table 1), and/or the like. Coupling of labels
may be conducted by an enzymatic reaction, for example, nucleic acid-templated
replication (or ligation), protein phosphorylation, and/or methylation, among
others, or may be conducted chemically, biologically, or physically (for example,
light- or heat-catalyzed, among others).

30 For nucleic acid analyses, amplification may be performed to enhance
sensitivity of nucleic acid detection. Amplification is any process that selectively

increases the abundance (number of molecules) of a target nucleic acid species,
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exanpl e, expression analysis of indivigyal genes or sets of genes
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bi ndi n gﬁ r|cl ude contacting an analyte (or a reaction product tenplated
by, o? T?l?ﬁd from the presence of the analyte) with a receptor that
speC|f|caIIy bi nds the anal yte. The receptor(s) may be attached to, or have
a fixed

Table 1. Representative Specific Binding Pairs

First SBP Member Second SBP Member

biotin avidin or streptavidin

antigen antibody

carbohydrate lectin or carbohydrate receptor
DNA antisense DNA; protein
enzyme substrate enzyme; protein

histidine NTA (nitrilotriacetic acid)

IgG protein A or protein G

RNA antisense or other RNA; protein

Further aspects of sample assays, particulary assay of nucleic-acid

20 analytes in samples, are described above in Sections | and |l.
It is believed that the disclosure set forth above encompasses multiple
distinct embodiments of the invention. While each of these embodiments has

been disclosed in specific form, the specific embodiments thereof as disclosed



position mn% {? a mcrofluidic conpartnment, for exanple, in an array, or
may be diQePPH L ed t hroughout the conpartnent. Specific binding neans
binding that is 10 highly selective for the intended partner in a m xture,
generally to the exclusion of bindingsho other noieties in the m xture.
Specific binding may be characterized by a binding coefficient of |ess
than about 10-4 M and preferred specific binding coefficients are Iess

thar my Dot difdded HefearBind o o ep (BRI 2 TRRGRS shosPid hMeRAl® 1
in Tabl e Jaridttdtscade pB@le@e'm@fsudj%cﬁm'téri of thigdisgodiaer thusi lhetudSBFéll
Menmber Second SBP Menber biotinavidin or streptavidin antlgenantlbody

car bohydr B@¥¢le@ndn nen- W%y‘éﬂ@b'@aﬂ@%%p@@ﬁ sycombinations miathe, vanqus
|
ToGr ot of SRS ERNITES, BBl aRURE eHOBENES disidqdd forbin? Sl P Wfiere

aspe;:t& othes@larhe regﬁgy‘a” opdaf IrstJIeiemea’ssayhm(‘jequwaleﬁtcthemérﬂ,l sic¢h glmrrh:yt eshi n
sanpl es escri bed above .in Sections | and_I1 It 1s believed that the
di scl osur §|2%‘é'g be unFersie t@dBSHBSs‘@E@"W@Q%P& ong; Qk Me %‘f?boﬁlpmﬁﬂt

the inven been disclosed in
specific b%@%er @ﬁhfrﬁl gﬁq}%xgugr@@l&ngﬂﬁ@ %%Er eolf as csi'l scl osed 100202927-1 54

and illustrated hereln are not to be considered in a limting sense as
nunerous variations are possible. The subject matter of this disclosure

t hus includes all novel and non-obvious conbinations and subconbi nati ons
of the various elenents, features, functions and/or properties disclosed
herein. Simlarly, where 5 the clains recite "a" or "a first" elenment or t
he equival ent t hereof, such clains should be understood to include

i ncorporation of one or mare such elenments, neither requiring nor
excluding two or nore such elenents. 100202927-1




55 What is clainmed is: 1. A nethod (40) of analyzing a nucleic acid target
(72) in a nuéP82%€"'acid mixture (60) of the target and non-target nucleic
acids (74), the nmethod conprising: attracting (50) the nucleic acid

m xture (60) to an el ectrode (80) 5 inclkyded in electronics (66) forned on
a substrate (68); retaining (52) the target (72) selectively by binding
the target to a receptor (78) disposed near the electrode (80); enriching

(54) the m xhH Fis(cﬁ{% fes the target (72) by renoving unretained nucleic
acids (74); and anp i?yi ng (44) the target (72) fromthe _enriched m xture.
10 2. The et hod 1 40) Aomethodi (40X of an@lyzing aenugleiaiastd tasgst (AL inuadwicleisyi ng

t he unretain i Cj i gl han dri
flow (76, S0 M fodibt ) tidetCind FBBterbBt hiduibrackts PG B Finge ' ver
under a bi nebinmgrisirig: i mtteaotivg t(BO) tHes ndiei¢ie ravidh eixtuge £60)l toagn etaobrodé (Beht i ng
and applyin n 5 electric, field tp th t ) 4 d (40
o ol o mew, “npheed i SieEFott (60 ToisT and TERLAR 8 Plnd 1A Min BbREG 117
first conparaerseldclitely , byamrdirigy itmeg térgendo comeleapterd (18) dispakesit neart theecond
conpart ment (166 .The. nmeth 40) of claim 1, furthe risi

detrrgcti ng t ectg%gieaé&);i ‘Fri‘ré‘tﬁ“rtga?%‘ét he%'.“XtFFFe@b[?HBJp? X%?eto{?zgl%g}i)ﬁl@d,# e
receptor (78)nrb@indd Aublek! atigs agvhﬁ and@implisyiy (hagie sarget am)i &by the
conplementary to the target (72), t he nucleic a cid being connected to

t he el ect r od@nrichey mimturethe net hod (40) of claim 1, wherein the receptor

(78) is g first 25 Tq‘ﬁg%ﬁﬁod 415 ofelaltnd, WAGdeir BhridMitg B3 Ricle8 o acting
a second receptor wit the anpl'ified target to assay the anplifie

target, the thecunetaineslepuagic iasidsy(74t @hieagtpatially byemeehanieally diven flome
target (72).,8y The method (40) of claim7, the first and second receptors
bei ng identg c?;il. 30 9. The nethod (40) of claim?7, the first and second
receptors being 3i st iThetmethod ¢4Q)refl dlaimadvikerpiarmewag ép sendicted undey22927- 1

binding stringency that is determined by at least one of heating and applying an
15  electric field to the receptor (78).

4, The method (40) of claim 1, wherein attracting (50) and retaining
(52) are conducted in a first compartment (164), amplifying being conducted in a
distinct second compartment (166).

5. The method (40) of claim 1, further comprising detecting the

20 amplified target.

6. The method (40) of claim 1, the receptor (78) being a nucleic acid
that is at least substantially complementary to the target (72), the nucleic acid
being connected to the electrode (80).

7. The method (40) of claim 1, wherein the receptor (78) is a first

25 receptor, the method (40) further comprising contacting a second receptor with
the amplified target to assay the amplified target, the second receptor being

configured to selectively bind the target (72).

8. The method (40) of claim 7, the first and second receptors being
identical.
30 9. The method (40) of claim 7, the first and s econd receptors being

distinct structurally and separated spatially.



56 10. The nethod (40) of claim1, further conprising noving the retained
target bef or@3PFR7-§tep of anplifying. 11. A microfluidic device (114) for
analyzing a nucleic acid target (72) in a nucleic acid m xture (60) that
i ncludes the target, conprising: a substgate 5 portion (258) at |east
partially defining a chanber, the substrate portion (258) including a
substrate (260) and el ectronics (158) forned on the substrate (260), the

el ectronics (158)¢g nc FrHQinl’ﬂézt[;?ae (z%cgé?‘ffclaﬁdqrﬁffurfdw cORPABIAG Ph&td BéeRtdimed) »

each el ectrode being opera 0 forman electric field in the chanber;
and first antarget befonelthecsiepobamplifyisd. f or specifically binding the target

72), the first d : 1 ted
to the first and Secondnlrefbitic §568 13 o ShaiEng fickic 8y e GI0EC ©
(114) of cl aa mutikic tbid mbduree(60bdhatginpludes lthe ltangbe reomprising: f iar substrate second

| ectrod 27 | ' ' | f f t ch . A m I di
devi ce. ( PLaypariin et EHeS iR peiing 8 Bl v sunsiie Bolofi2pal . “uc o
m xt g rte (?O)inem?inbea gg%%)ete frmm) mo?dw?gqummHPmm iod]fthé Egpstratec(mﬂ)i si ng:
a substrate portion eas r efinin ui. di
connect ed fitﬁgtelﬁﬁ@’é@d&ﬁé?m%?ﬁe@ﬁ{eﬁ?péggrsgf’gn‘b%le[#@ﬂe? gg}%)y P38 udi ng
a substr at egledfdte Péiflg Dperdbl® s Esim( aBR)ectiyy fidid iP1thé bRarabOS tandtfist are

el ectronics includi ngi; a first electrode (272) oper 2 e tg forman e]ectric
field in thesqoondiecaplygdABder apreificalle PHFnadn é‘irg%l& 5'2“7’%?"'56 H]QSF%" o form

an el ectidc fdeghdrd [78)Nfeing ARAAE SRABGRected® fHe! first aRd see6MNBIecBEEdY OF S
(78) for specifically 'binding the target (72), the first and second

receptors (7@/2héesmpclviiviected to the first and second el ectrodes (272),
respectively. 14.4oThe Tﬂ@‘éde%‘ce((ﬁ?),) 81*c|9iﬂ~y1?,fth%'&'amb%?«behpeplﬁﬂaﬁeﬁérﬁsérgs (158)
ev that 1s operabl se bind

including a 25 heating | ce IS operable to reve i ndi ng of the
target (72) the firsteandisesond electpdasr (27 28)eing dispased ingiffesentehaa®grsof cl ai s

L furher ot e ) B0 EhomRBp o o Lhe
at | east 1par himideic acidredktare ¢6d) yf dne \tangef laod. n@Btat Gl 20RIST - dcidsy (74),
comprising: a substrate portion (258) at least partially defining fluidically
connected first and second chambers, the substrate portion (258) including a
substrate (260) and electronics (158) formed on the substrate, the electronics
including a first electrode (272) operable to form an electric field in the first
20 chamber and a second electrode (272) operable to form an electric field in the
second chamber; and first and second receptors (78) for specifically binding the
target (72), the first and second receptors (78) being connected to the first and
second electrodes (272), respectively.

14.  The device (62) of any of claim 13, the electronics (158) including a

25 heating device that is operable to reverse binding of the target (72) to the first
receptor (78).

15. The device of any of claims 11-14, further comprising a fluid-
handling portion (142) connected to the substrate portion (258) and configured to
move fluid through the chamber at least partially by mechanically driven flow.

30



16. A mcrofl ui di c device (62) for analyzing a nucleic acid target (72) in
a nucl ei ¢ acP¥%%ture (60) of the target and non-target nucleic acids
(74), conprising: nmeans for attracting the nucleic acid m xture (60), the
attracting neans including an el ectrodg7(80) included in electronics (66)
formed on a 5 substrate (68); neans for selectively retaining the target
(72) near the attracting nmeans; neans for renmoving unretained nucleic

acids (74) to enrgch AhQichafiidic Gewé@@Z)ff@rraﬁéthﬁg’:\éQ\@'E:Ie(c786|d tatget (repms for
thernal |y cycllnPthe enriched mxture to anplitfy the target fromthe
ei

enri ched ni x@ uiugleic acidTixtdee, (8 efethe &arget an%rm-tafgﬂttme'%cﬁﬁsmﬁ §i4lg means
for assayi ngeonlfidfif Hdns! fo?%tt?é’crtlﬂstthe Jrﬁ.rclel %c@nemo& e9f60§) fﬁb”btira@tm he

renovi ng nmeans 1 ncl-udi hg nmeans novi n ani cal
devi ce of cl Iaeamsumcll#d\\@g rafa Alectrode By mludydcrycelemgom@ﬁ 11e0) fqii@legd@ti g n t he

el ectronics ét@)%ratelésgome JMof's8 e&:Weﬂ Fetgﬁwgctgs(t%)at gzg) r@gﬁltﬁézét'ﬂ‘gc@né"uc' eic

acid target elc acid xtur i s ng: neans
presel ect i ngmédns; méanst fr gemovigg 2nrdtaioad tnluelem a(ctldﬁ €74)80)enrink g nfigure

oLV ) e B GRP G 6 pRElor Ahaing e SRR MAPL ¢ 1
amplify the target from the enriched mixture.
17.  The device (62) of claim 16, further comprising means for assaying
10 the amplified target.
18. The device of claim 16, the removing means including means for
moving fluid mechanically.
19. The device of claim 16, the means for thermally cycling being
included in the electronics (66).
15 20. A microfluidic device (62) for analyzing a nucleic acid target (72) in
a nucleic acid mixture (60), comprising: means for preselecting (42) the target
(72) from the mixture (60); means for amplifying (44) the preselected target; and

means for assaying (46) the preselected target after amplification.



