100202927-1 5 MICROFLUIDIC SYSTEM FOR ANALYZING NUCLEIC ACIDS BACKGROUND
Rapid progr%gzi&d%gnomic sequencing and proteomics has pushed the 10 biotechnology sector to
develop faster and more efficient devices for analyzing nucleic acids in biological samples.
Accordingly, the biotechnology sector has directed substantial effort toward developing miniaturized
microfluidic devices, often termed labs-on-a-chip, forlsample analysis. Such devices may analyze
samples in very small volumes of fluid, providing more economical use of 15 reagents and samples,
and in some cases dramatically speeding up assays. 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 s@bsequent 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, clinicallg/ﬁ relevant levels of human pathogens may correspond to
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genetic region of interest from a low-titer patRoger @RDEIRGE-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
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chamber, for example, up to one- hundred microliters or more, may be necessary to hold a fluid
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directed substantial effort toward developing miniaturized microfluidic devices,
often termed labs-on-a-chip, for sample analysis. Such devices may analyze
samples in very small volumes of fluid, providing more economical use of
15  reagents and samples, and in some cases dramatically speeding up assays.
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,



for input of a detectable number of target molecules may necessitate additional 5 sample processing
before ampligic H%}pr even preclude the use of some types of microfluidic devices, particularly those
o100 -1 . L o ) X
that amplify and assay target nucleic acids in sub-microliter volumes. By contrast, a dilute sample in a
large volume loses the benefit of microfluidic devices. Second, because the target often represents a
tiny fraction of all isolated nucleic acids in the sampleg amplification 10 efficiency is reduced by the
excess of non-target nucleic acids. For example, side reactions with non-target nucleic acids may
slow the rate of target amplification and deplete amplification reagents, resulting at least in a decrease
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device before preselection of a nucleic acid target from a nucleic acid 30 mixture, showing the mixture
being introd iEREFESRIBrR i diptionapiisil is@atasbopelaicarighiie Ahe aarapiteAmap)iierlinal view
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retained by binding to a target-selective receptor. Figure 5 is a fragmentary sectional view of the
device of Fig@reBORANjfRgnon-target nucleic acids may slow the rate of target amplification
and deplete amplification reagents, resulting at least in a decrease in signal-to-
noise ratio or even a complete absence of target signal.
SUMMARY
15 A system is provided, including methods and apparatus, for microfluidic
analysis 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 enriched mixture and assayed. Devices
configured to carry out the method are also disclosed.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flowchart illustrating an exemplary method for analyzing 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.



5 the mixture being enriched by removal of unretained nucleic acids. Figure 6 is a fragmentary
sectional vie% %f Eg%qevice of Figure 3, showing the target being released. Figure 7 is an isometric
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view of a microfluidic system having an integrated microfluidic cartridge aligned for mating with an
exemplary control apparatus, the 10 control apparatus being configured to power and control
operation of the mated cartridge in sample processing and/or analysis, in accordance with an
embodiment of the invention. Figure 8 is a fragmentary sectional view showing selected aspects of the
cartridge and control apparatus of Figure 7. 15 Figure 9 is a schematic view of the cartridge and
control apparatus of igugeré 3, all{regatientanseeeionalfview cfdhe e \dascaidiigudrydasinturingtion, and
detected siopals b HanEe MIBRETRUMABLELHE INPIHRN A DI Rellametay
illustrating an exemplary method of operation of the cartridge and control apparatus of Figure 7, in
accordance WiKiag t2edanestisntettbranedaptition. Figure 11 is a more detailed schematic view of

the cartridge of Figyrigs %, Snd 9 rilysivatiag, AR vasty for GRIRGR bHRS MR AOLREIAYTe 10

Figure 12 is a schematic view emphasizing active regions of the cartridge of Figure 11 during sample
loading.®25 Ritfureixtyie BeiBBENEEERIRY SppRYS| My RIEiai rshbifalt é@dartridge of Figure 11
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emphasizing active re?rito_ns of the cartridge of Figure 11 during release of the nucleic acids from the
filter stack atfe taratmAigHeasedeleased nucleic acids in an assay portion of the cartridge. 30
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equilibration of the concentrated nucleic acids with 100202927-1 4 “amplification reagents and transfer
to an amplifiedigepieidimpartoAdRalgnsy feomshinaiguts 20 RXgraphm &R0 TR\ RRPRSANSZING active
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cartridge in sample processing and/or analysis, in accordance with an
embodiment of the invention.

Figure 8 is a fragmentary sectional view showing selected aspects of the
cartridge and control apparatus of Figure 7.

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



5 an assay chamber on the assay portion. Figure 17 is a plan view of the assay portion included in the
cartridge of l:()i&%5337_71 and 11, viewed from external the cartridge and showing selected aspects of the
assay portion, 1n accordance with an embodiment of the invention. Figure 18 is a fragmentary
sectional view of the assay portion of Figure 17, 10 viewed generally along line 18-18 of Figure 17,
and shown attached to the fluid- handling portion of the cartridge of Figures 7 and 11, in accordance
with an embodiment of the invention. Figures 19-25 are fragmentary sectional views of a substrate
during its modification to produce the assay portion shown in Figure 18. 15 Figure 26 is a schematic
view of a chamelifisatipoidigagsiie canevtyansdercden gartaneptifi eativad g adeer aubstragsavirface, in
which the chggaglenters 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 sefti@wEg Vs dsghrpatiste e ey rBasgint asicetisagepsofihe thartidgmel of
Figure 26. Figues3dsa fRgmeniansRactipaat it atamadifisgressienihimphifanroef [daure 23.
Figure 31 is a plan view of an eémbodiment of a mixing chamber that may be formed in an assay
portion @sin?8 aafaYiGhamnper QIbtassaydmeiasn 25 illustrated in Figures 27-29. Figure 32 is a

more detailed view piprleqtrqAsnEels OldwIsr GHB addaSIBERMAITATHLA 7 SriEine e B lavers

relative to an assay chamber and a substrate-defined channel, in accordance with an embodiment of
the inventiohiBU¢sETAANEDDE SeraeT fennsextemal iteri AL THEM RIRVa s ARG 86 dRS provided
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100202927-1 tar?_et from a mixture of the target and nqn-taégqet nucleic acids. During preselection,
the target is at least [SHRI? pRiAffEadroaniasn-seedenalview atithe agsaureriesydd i@Hehfrated.

10  viewed generally along line 18-18 of Figure 17, and shown attached to the fluid-
handling portion of the cartridge of Figures 7 and 11, in accordance with an
embodiment of the invention.

Figures 19-25 are fragmentary sectional views of a substrate during its
modification to produce the assay portion shown in Figure 18.

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 modification 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,
illustrating disposition of selected thin-film layers 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



The preselection method may include some or all of the following steps. 5 The nucleic mixture may be
introduced iqt%é';bgig_r%)ﬂuidic chamber. In the chamber the mixture may be attracted to an
electrode(s), o example, an electrode included in electronics formed on a substrate. Target
molecules from the attracted mixture are bound selectively by a receptor (or receptors) immobilized
near, and generally connected to, the electrode. By c®ntrast, non 10 target nucleic acids remain
substantially unbound. The mixture then may be enriched for the target by removing unbound nucleic
acids, for example, by bulk fluid flow or electrokinetic movement of unretained nucleic acids, among
others. Subt@eénfipriheargbtvrehefkrthendargakiaadnapndatgehseddieim arideecéMngor further

processing by agy stableRaGa i€5FHIcRk BarANy IoUFRRE AT SRIMEIk HuBIGREARRIGd target

may be amplified and thén assayed. Amplification may be conducted in the Same or a distinct
microfluidic @nghabee. Bayleseaneenateskget nucleic acids are substantially removed by preselection,

amplification may ke, cqnduciadHRmaiHeE e HRIRKCESIRE KAsHASHRUSRS ML SR8, 20
target nucleic acids. In addition, less-stringent amplification conditions may be used in some

embodirmentSNoruEa®| N b difovina pRec #fisACEiId  Hitotarg &b isdllsEC Fefempey atiplifigation, the
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the same as, or distinct from, the preselection receptor. In either case, the assay receptor may allow
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stringency, the preselected target may be resolved into plural rélated but distinct species, for'example,
to analyze gERE'QRI{#ABrpRRAIMSNTharsRidHEORRIRERTS hd iR BlRErges: By ataRt mgNallow 30
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100202927-1 6 Further aspects are provided in the following sections: (I) preselection- assisted

analysis of nerIiSBeE s, {ha faresbhyisrmavangdnRy Reh Mvelsiaragidsartntggamele) AycRikidic
systems, (IVyi SRIMRIRS oRRIECIARFFRYS movement of unretained nucleic acids, among others.

Subsequently, the target of the enriched mixture may be released from the
receptor for further processing by any suitable physical, electrical, and/or
15  chemical treatment.

The preselected target may be amplified 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.



1. Preselection-Assisted Analysis of Nucleic Acids 5 This section describes a microfluidic system for
?91 analysis of nucleic acids. Preselection enriches a nucleic acid mixture for a

preselection-%g%gtg ]
nucleic acid %arge or targets) by at least partially removing non-target nucleic acids. The preselected

target may be further selected, that is, selectively amplified and assayed, with greater efficiency
because of reduced interference 10 from the non-tar@et nucleic acids. Exemplary methods and
devices for preselection-assisted analysis are described below in this section. A cartridge
embodiment for preselection-assisted analysis is described below in Section 11. Figure 1 shows a flow
diagram of a methdouth€sr aspsetecant-peewted imdhsisaliomiopiseationsA dudeaselsietienget may

be preselectgddiing %r‘i%igﬁ%' b srlegiy ea@&@!otﬁpg?ﬁiéhﬂmﬁh?& e RRHOAMAYEEy 2

nucleic acid mixture for thé target relative to non-target nucleic acids by removing non-target nucleic

acids of the Aatideed thhmimsabrigicis\atarast Jinisdn plasiand{Va@esays preselection may reduce

the amount ¢f fluid MRt 1AKSLHISy FHERAiNETRBKIERNEENLAting the target for subsequent
selective reaétion(smmmgéﬁma the preselected target may be
selectivély amplified NéS mratdgﬁcrmr@ag@ Im@ft@talmlﬁyﬁ@nbfﬁ@rrg@rewlﬁetpm@&&ta_i@d.
Amp"f'cat'orbﬂ‘é}¥sl?§’ ernFyeiad Usiigsanyr el s Ao eisc RS tBoRR RN/ i itkapesfiiogd below

in Sections II-V. The agéplified target then may be assayed, as shown at 46, for example, using any of

the assay 29"HrbeEdaRS trgatiden kngeish Beaidsast dattialypeeiovingtMear R HAGE may be

assayed selgfliyely ?H&%@F&@@%Fﬁ@@%ﬁ?%@rﬂfrfﬁéﬁ@@fe%’i@:}’, Witk the agupliiggdigraet, for

example, in an assay chamber of a microfluidic cartridge (see Figures 11-17). Binding of the ‘amplified
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Figure 1. 100202927-1 7 A mixture of nucleic acids, including a nucleic acid target, may be
introduced iIREEESIREHOMIRRS BIRINBRA VS IR 8B 8L et ORIGMIB g BECHRBYLRcERRidge

pre-processigg BRAMEBIR Wi HreadiictRifisticidadoniaysrlatedescribed below in Section 1.

Figure 1 shows a flow diagram of a method 40 for preselection-assisted

analysis of nucleic acids. A nucleic acid target may be preselected using a target-

15  selective receptor, as shown at 42. Preselection may enrich a nucleic acid

mixture for the target relative to non-target nucleic acids by removing non-target

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 [I-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.



nucleic acids, as described in Section Il, or may be pre-processed external to the 5 device, for
example, by1%8é8£n%£_ed or manual sample manipulation. Suitable samples may include any of the

samples describe elow in Section IV. The mixture may be introduced by bulk fluid flow, such as by

mechanically driven flow. Alternatively, the mixture may be introduced by electrokinetic movement of
fluid and/or nucleic acids, as described in Section Ill,70r by any other suitable 10 pumping
mechanism(s). Next, the mixture may be attracted electrically to an electrode, as shown at 50. The
electrode may be included in electronics formed on a substrate, and may be a single electrode or

plural electrodes. Oﬁnﬁﬂkbﬁmeoélémdﬁiiésaﬂid%xéﬂﬂhl@jnby an l:@l@&ifb.afﬁyi@ot@ﬂ@@t.cdﬁﬂw &eparatus
(see Figure 1.al,36EHaM AU IarRag: QlRehsls iakeglsaically Biasnd %&ﬂ?ﬂé‘-sﬁ%y\/\ﬁéen

biased positively, the electrode attracts negatively charged nucleic acids in an electric field extending
from the ele@fodECesefRYyPERBIACAPF OGN G IRPatiPG thEthiktaranimnaltwdigrgevjcaeta tiselalectrode.

The target than By REEIANALIHBOINPISHRBIIR BrSHRIPHEIIRESHD LIRRPES R T 2HE: as

shown at 52. As used herein, a retained target Is retained relative to non-target nucleic acids, that is,

selectivély heRryigepldee Byamrimgy stdqeaiptbrospeaauahdpenttriane)ipekalige: bhwiableo the
receptor may Qe jiglatethip g pocanrafaR O dhs egehAerpelingblothe sl Al sHrAEtifg dhe

mixture to the electrode may improve the speed and/or efficiency of target 25 binding. The receptor is

disposed ne8hdre|ERahREaNd atkiced bynhettdivid tewelsegadas Ay HeieasRi cIhh Etan may be
used, for exaplea RSN the FReRPLPRIBPLRYRE SHGEREH, Wb dhakisaitarR AR Wrled to

the electrode. Alternatively, or in addition, the receptor may be chemically bonded to the 30 electrode
or attached thali@NS(REcTfifding PairantdrRtrd nchesdiontl. tdhanyoeHeresuitedl&ind

avidin ggac Rifks RleHERfisHKps ice versa). Other specific binding pairs that may be suitable for
connecting the receptor to an 100202927-1 8 electrode are listed below in Table 1 or Section V. More

generally, connectidie*betdRBH e seaYbe Atianied _lashiealihtie-a8elertRilen g3 SBavRsAlp that

50. The electrode may be included in electronics formed on a substrate, and may
be a single electrode or plural electrodes. Control of the electronics, for example,
by an electrically coupled control apparatus (see Figure 7 of Section Il) allows

15  each electrode to be electrically biased or unbiased. When biased positively, the
electrode attracts negatively charged nucleic acids in an electric field extending
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. Speed 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



holds the receptor in close proximity to the electrode during preselection. The receptor may be any
material that 3ps ggcla1lly (or selectively) interacts 5 with the target relative to non-target nucleic acids.
100202927-: : : . N )

Exemplary receptors include nucleic acids, that is, natural or synthetic oligonucleotides,
polynucleotides, or structural relatives thereof, such as peptide nucleic acids. Such nucleic acids may
be configured to specifically base-pair with the target8 Accordingly, a receptor may be a partially or
completely single-stranded nucleic acid and may be at least 10 substantially complementary to the
target. The receptor may have a length that allows selective or specific binding, for example, a length

of at least atﬁia@tgp@et@i,ef_ili@t@d, be@wer'hlfyF@bl@oiidésS?h@%c‘épMWﬁaSﬂW@'bnycgﬂim@c |
content, lengily, aqd ChemicRlSIYC IR ther duce rRlere RdinaHRARIHG & FORGIHSRS Wit which

the step of retaining is carried out. The receptor may be a 15 single 'Species or a mix of species
disposed neBplisdlioe cosrricie eore RiRdIHtEloTHE PlRctiagedui g aesatectiiich as nucleic acids

that are degenerateaf Péheerdfnﬂfsypﬂéigwgfe?@'fﬁ@?sHéﬁﬁfeml?%r(ge’i%e{lﬁlwgﬁﬁ?er@&tsare

polymorphic, such as targets that inClude nucleotide polymorphisms,” particularly single-nucleotide

polym_or@hismghAh@riﬁm@y?@iNﬁatmmmtm@%i&mﬁmaﬁwmﬂ Fﬁseatcr@:@mbtciﬁ_)ecies
that bind to spagert anghy YAlinked Hafgel SGAYGRaRS: & WiI§BhackeHSY rBERRIGERBIRIESHibed

below in Sections Il and V. In addition to selecting an appropriate structure for the receptor, selectivity
(or stringenc§tyéeibiralirRjativesbsreefagjitdicas Reatidany BRicanilfors emaeicier eidh MRayet
retention OCHEScAHNGRRIANIS SRREifeafRyNGNSRE SRICHIRT IS kel 2 REHERIM IR PS AlEERdpNIC
strength, solvent composition, and/or electric field strength, among others. The temperature may be

adjusted by BHiERtAERHAAAECURRISIBhMSItRANSRI NI Ael BrbynaYeethirasture
control, Sucly Iprah AARIRP IR RAHAIRIIRS ey 18 OTit ERRIRIUFRRPABOL3) fAYAsShaHCh as

thin-film heaters and temperature sensors. The ionic strength ma?/ be determined, for example, during
formation of BHEWBFEIEGE PixBRRSifisnBIBHING efOCtIBABHE niblRMSEN S FbrisaskAraY, $he solvent

compositiondP0ZARA7-59 1R, 2n GeReRaEStIorel AEaapiesANVANHEVE 3R PR fapBaide), may
e content, length, and chemical structure to produce selective binding under the
conditions with which the step of retaining is carried out. The receptor may be a
15  single species or a mix of species disposed near and/or connected to the
electrode. The mix may be a related mix, such as nucleic acids that are
degenerate at one or more positions, for example, to retain one or more targets
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 Il
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, solvent 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 be determined, for example, during formation of the nucleic acid mixture,

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



determined during formation of the mixture and/or by subsequent dilution with water or organic
t{onship between 1) temperature at which a nucleic acid duplex separates into

solvent. The1i&)t§ ggig
single strands, uplex length, 3) GC 5 content, 4) ionic strength, and 5) formamide concentration is

known to those skilled in the art and/or may be determined empirically. Electronic stringency also
may be used to regulate receptor-target binding (anddseparation), for example, by controlling the
voltage and/or current applied to the electrode(s). After target retention, the mixture may be enriched
for the target by 10 removing unretained nucleic acids, as shown at 54. Because the target is

selectively rétafile @yooRCRITERION rﬂfnqmgeim@@Ibﬁ@fﬁc@@ra@@m@mpﬁﬁmﬂﬂmﬁ?mmu|b_@thqs not
retained, thayigeNRTHEIAI0RRS HYI AEFOEHRAY  Ail81FE ApRlsH B?@%%%H@Mtt%ﬁﬂﬁéw(mfﬁ acid

mixture, may selectively move the non-target nucleic acids. The force may be mechanical, to 15 move

fluid that coriedie Pleqidariie seicentixiiite IRbprentatipns hisiRgty el histdnegabeitcn whike a
microfluicic artidge glsacubprkin Sespnds Atiesnaiialy. sfialiaddsion, e lolcdiiey b electrically

driven fluid and/or nucleic acid movement, or may be‘any other suitable force that'moves nucleic
acids arfd/orceini@nthé)stepief ereidifg ansh MaformerMER LAMsgIHa s WiPwRvaahtPessolution,

for examp'e’stl%ITSHWWWQ’%?{‘(%BWQVWQH%%}W%H%%PM?.@%&%H% wﬂgtgngi%? he

preselected target then may be released from binding to the recef) or, as shown at elease may
t

be determindd@yghyspsienaauisie peserieistareshringnef(grdtapparaiandep@ramianhy
treatments makipgliipthealide dHifdr &e-chagitiedabarRBRIB YeiaG £lectronic

temperature-control devices. Alfernatively, or in addition, such treatments may include, but are not

limited to, changing\tsiictatasigtateiivant tismprsiien, By obeleamenrsldfarethgthtaettRhic
stringengy). TR SeIRgSerRbE A RRREIBENEly AMBliiarhany asarRt asshane iBrgd Figure 1

and described below in Section II. Selective amplification may be carried out using nucleic acid
primers that $8tesE¥EYive 1R2IREdardgRY. AlPRUgFEERRIBE. mARNpIRTASS MAYIRIGCOorREEBNd #the

receptor(s) usggr s Hirsehesomn BEARE2H s 1nH retained, that is, not held in position.

Accordingly, a force applied nonselectively to the nucleic acid mixture, may
selectively move the non-target nucleic acids. The force may be mechanical, to

15 move fluid that contains the nucleic acid mixture, for example, using a fluid-
handling portion of the microfluidic cartridge described in Section Il. Alternatively,
or in addition, the force may be electrically driven fluid and/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. Suitable treatments may include 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



some embodiments, each of the primers used for amplification is distinct from the receptor(s) used in
preselectiona&%géj}ﬁtinct primers may improve the ability to selectively amplify the target relative to
non-target sequences preselected by fortuitous complementarity to the receptor. In some
embodiments, selective 5 assay of the target may be determined by choice of receptor and conditions
of receptor-target binding. The receptor(s) used in asaying the amplified target may be identical to,
related to, or distinct from the receptor used for preselection. For example, greater selectivity may be
obtained by using an assay receptor that has little or no sequence overlap with the preselection
receptor. In SoMe earkedirnants peashiaditbe prtaprorunay iy Rplbicatite itdistinetdseny theeptor.

For examp'?e&%@&éﬂ?ﬁ@%‘ﬁ?@?&%dﬁéﬁ.%?@Qﬁﬂ:?’b?fﬂ@r?ﬂ%ﬁrﬂbl%%%e%ﬂé Ry be

contacted with the target under less stringent binding conditions than the assay receptor. Figures 3-6
show somevisieaityRihanRbrdbentatiasts elatinacleiiasidalgeiseaenoasumigssiiestedt Blages of

prese'eC“O”fE‘rﬁ‘Ji‘B&iGéOfEBﬂjPIQWé‘Fﬁa@ﬁW%B‘g_tHBeFEBQp‘i@rf)fIﬁi%ﬁw,%- BgBSHRTNYS BuReiracid

mixture 60 being introduced into a preselection chamber 64 in device 62. Chamber 64 may be any

suitable Fluidegspaittierandetenayahtheetamineshibi fbricecRbraseptratas paendifigesneld 20 by
electronics %5%%8@&%%@&? Er%eTP&@LﬁW@I)iQ%E@XrP%Q@{&%@Héoaﬁ%]ﬁ?ea”fﬂ?évoc“fy

properties of flui /ornucleic acid in the chamber 64. The substrate may be a semiconductor or an

insulator, aniBAY bthislentical iparplaiediies RIGiIHINBhIRM hefmesempraunad FrnrepsRIaHRns
attached to ﬁHP%%Pﬁ;Sié,%}@%ﬁ@&@e@ﬁﬁéﬁﬁaﬁﬂéﬁ%@ﬁ%&@ﬁ%ﬁsgﬁt&& @E@Hﬁﬁn tizy fluid

barriers, and fluid chambers are described below in Sections Il and l11."Mixture 60 includes a nucleic
acid target 72281lH@ BF RMORSAHSBEEICYSHRAR WHR- AR O PRRIRE ARIARCPRI NP SRIBET9RSRS be in

substanijal exeest QB dRbaCH R IbAMRAPIRAD QL ORRIBANA IR0 tHE g A R tdY Xfrye 60 may

be received from another portion of device 62 by mechanically driven flow, as 'shown 30 at 76. Mixture

60 may be sMEEIBIEaAERES SASHIARTIRERRIY dHRYIBEBHRER dsRNeraiandheriatdbisngthat is

connected (QRIPEIOHS( BeLlesHiadtsd StAT iNerirgRIca Rfer Vi PiwRRIRCHIRERRy R3HURISRE Ode
may be connected to a'100202927-1
than the assay receptor.

Figures 3-6 show somewhat schematic representations of a nucleic acid
15 mixture 60 during different stages of preselection in a microfluidic device 62 using
method 42 of Figure 2.

Figure 3 shows nucleic acid mixture 60 being introduced into a
preselection 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 modify 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 be partially defined by a fluid barrier 70 that is 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 IlI.

Mixture 60 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 one-thousand-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



11 distinct receptor or to the same receptor (or the same mix of receptors). Mixture 60 may be
rendered sin&lg-&%@pged at any time during processing of the mixture and by any suitable

2 - ) ) : ) .
duplex-denaturing mechanism. In exemplary embodiments, mixture 60 is thermally or electronically
denatured in chamber 64 using electronic 5 devices included in thin-film layers 82 of electronics 66.
Alternatively, mixture 60 may be denatured chemicdlly, thermally, and/or electrically in any other
suitable portion of device 62 or external to device 62. Figure 4 shows nucleic acid mixture 60 being
attracted to electrode 80. Electrode 80 may be biased positively, as shown at 84, which creates an

electric 10 flRINItCoRDERTATES HIRISATED r@@mh@atéoro_tbﬁa@ﬁm @O(a@fdrmi%s)r- Moxinegted
receptor(s) 75 Figy B 39erRaLgrast-4A RS SRS GIMEMIRIAY BRLREURYNG W REXRIAS 78-

Here, receptor 78 IS a single-stranded oligonucleotide that base- pairs selectively with target 72.
Accordingly, 38gepXoams sivitelieysupteioanatising dere gt plkk @eNRIaRo M bedEpeditsss may

be substantiglly &Rarsy AN HARF 62 IBEFSRTRNG AMERIRLERIUh AR5 BEYLGAPY CBFBNRE!

synthesis. Figure 5 shows mixture 60 being enriched for target 72 by removal of unretained non-target

nucleic &cidsieMicrennsladasainseipridayesy Faheleriapnias ewAksrarbxeatmeterend@ny other
suitable mechagisa t@éngmevaﬁ%ﬁ%gﬁgumém%p%%ﬁ SQleGLRs g SiRbPYEiRiGRelected

target 72 after release from receptor 78. Release may be carried out by any suitable temperature-,
chemical-, aRAIEPERICHGVITS Brh 86 ERRIERAMsAeVRR §ection at least partially purifies target 72 from

non-target 74. 25 Th%B%ifiﬁgﬁé(ﬂ@tﬂﬂéhéf‘éeéeﬂhﬁ{iﬂr&%eﬁﬁﬁgeiﬂﬁg'%?&c?éﬁp{@%}@eﬂ@&@ gepsay, in

preselection chamber 64 or elsewhere in device 62. For example, the Eurified target may be moved to

another charrlfStied @S imeation ainseRarOsHAY REcRBWReakfbtibRiERERRIES AfbERSEH INg. In
this casg, regaRjofAl BrncBRtHRed faTiRRH: PERSSIRSHIPNAE kaSERCREHYE BIOShPriAUESHaGk receptor

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

chamber 64 or in agigtinet£hagPehows target 72 being selectively retained by binding to
receptor 78. Here, receptor 78 is a single-stranded oligonucleotide that base-
pairs selectively with target 72. Accordingly, receptor 78 and target 72 form a

15 nucleic acid duplex 86. As shown, receptor 78 may be substantially shorter than

target 72, for example, when receptor 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.



100202927-1 12 As described more fully in Section Il, mixture 60 may have a volume that is
substantially&lrz%%%ztp_én the volume of preselection chamber 64, so that a portion of method 42 is
performed cyclically. For example, steps 48-54 of method 42 may be performed repeatedly on
sequential volumes of mixture 60 held by chamber 5 64. Steps 48-54 may be performed in
coordination with flow of mixture 72 through preseletzion chamber 64. II. Microfluidic Analysis with an
Integrated Cartridge Systems, including methods and apparatus, are provided for microfluidic analysis
of nucleic acids. The systems may include a cartridge configured to 10 receive a sample(s) at an input

port(s), to pre-proqé&%dﬁé%&?ﬂ@l@ﬂf %%I@!émﬁﬁ@ﬁ'@adldﬁﬂ ixtidr edPRsnay thaviedlateymectbrt éids for
one or mOre%?é%ti%ﬂg?%@é?lﬂﬁ%_m%WEﬁ@ & RERLHIIHAIRTRE B22%6B8HieS JRmiGTelect,

amplify, and assay targ described in Section |. Operation of the cartridge may be controlled by a

control appa@é@@thadiﬁ%wa@e@@mﬁ@mw,cam keroptrsnalsy, ﬁméﬁi&ﬂl?f mmwarf@@y |
acoustically With, the. cartidae, s Hgy I aGHIdae FaaYi M GBAR FLSCER thBRreNSoOh RV IsF Srafiid:handling

portion for manipulating macroscopic or larger volumes of fluid and a fluidically connected, electronic
assay pbrtioR4eSteasigdathaidPeReBREBedinrepidnaties dfifuitpwrerwintepot ttbrrusErform
distinct func@gg§e@ggwgﬁgmg@ortion 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 ihteresMigiaftuidicaly simwithaonatenraieh it iddRers reagents and the isolated

nucleic acids (or angpdrsh &0 theiGiReE MNERSSYAR WARFS T BrORIASE SIPIREdMSRAY of the

nucleic acids may be completed electronically. 25 The fluid-handling portion or device may provide

various interftahgife fuRiCIfisnREAThd MfaGvEiesnt Waddnakdienas ¢AEidas) saafiadredritige. For

examplg, the dkbtbandiing B@f%?na?rﬁ\ﬁi%%@tﬂHB?tK%‘FW%C%@pB’FBé@@rHQ éﬁrﬁrﬁb\@ f5BRIge and an

electrical interface for electrically coupling to a control apparatus. The fluid-handling portion also may
provide a mébteaie AGids AR 30 \FosIetlensslaiBparkit8i G REIaNPIcORS RECRIFFANFIRIGtrol

valves, pumgid3PRIYAIERS BETRr SHecidBRliNelyesr MAddiqanigeniyid thandiag o piiemay

amplify, and assay target, as described in Section I. Operation of the cartridge

may be controlled by a control apparatus that interfaces electrically, and,
15  optionally, mechanically, optically, and/or acoustically with the cartridge. The
cartridge may include discrete portions or devices: a fluid-handling portion for
manipulating macroscopic or larger 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 fluidchandling 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, the fluid-handling portion may

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



provide a user interface, to allow the microfluidic device to be grasped and 100202927-1 13 handled
readily for in%’g Iéaz'%gp 1and removal from the control apparatus. Both the mechanical and user
interfaces may be provided by a housing that forms an outer region of the fluid-handling portion. The
fluid-handling portion is configured to store and to move fluid, 5 reagents, and/or sample directionally,
in a temporally and spatially regulated fashion, through selected sections of the fluid-handling portion
and assay portion. Accordingly, the fluid-handling portion may include reagent chambers for holding
fluid that is used in pre-processing and/or processing the sample, waste chambers for receiving waste

fluid and bypreadiad fmﬁib{tf@r ﬁ@ﬁtﬁ}tﬁtMt&m@Erqmqvﬁj n‘mc&nﬁbmw&%mamqmgsﬁgﬁb that fluidly
interconnect e camplg gyt Le VKB R4S AR BRCMtRaNBIRERH USRS RETRSliRIE drpmbers

include a site(s) for pre-processing the sample toisolate nucleic acids from the sample. The
fluid-handlin§W6Fftie8INAsOA therfibig-RRNMiNGi®eRéebulation. The fluid-handling portion may move

reagents and Sampﬁ@“ﬂHEﬁﬁQﬂJhH%Wi‘B’rg i4° ASMfgEraY REtigRzDYmg chaniraly dyrp fluid

flow. Furthermore, this portion has a larger capacity for fluid than the electronic assay portion.

Accordifigly, @RISR RIHMAgSEoMME AiEsCHefRbrude deusapRcibsslappatiatyrisegwatedrovide
any necessaffé/smaﬂPh’ﬁ%a@q@é[eeféa'%éé%ﬂé“&f\ﬂ?é‘ﬂﬁﬁﬂéﬁ%&nE&fp&ﬁf%ﬁ%lﬁdtaesfwfp!?ﬁm{iﬁg

portion may be formed substantially from plastic using 20 injection molding or other suitable methods.

Furthermore gt finphetihsrlitihanglliponaeding 'peiticiudg esassatishanbarafns holding
three-dimengjoppl eppfiguradan apd fsopRSiadYing!t mgﬁlirﬁgd@ééﬁ@qwﬁs%g&efwgg@e fluid

network an;?ﬁa flat surface. Therefore, the fluid-handling portion may provide flexible routing of fluid
through altel®RABBEMWAY I RFS/MINSLIWaRIRASiEn3NHitRPIRE YRIRI PSMeRitoRK. Oh BeMenaftissdiments

the fluidghanghagi RRIHABARAY SRBASMLIRANS IARAHSRAAG thesbsHhiKe fﬁﬂ”%ﬂ%%fﬁﬁgu@

common plane. The assay portion or device, also referred to as the chip portion, is fluidical

connected tSHsVItLRAG BRI HorGhVERRI S AR SISChBE AN qdiala<Chambs S HCRIRA portion
may not integipee fleidisrily MitadbmyIRE SEacHIe ROiEMMAIS H1618SSFY ROTHAM ipetivrsfample or
reagents directly from the fluid- . _ _ . _ .

The fluid-handling portion has a primary rde in fluid manipulation. The

fluid-handling portion may move reagents and sample through the fluid-handling

15 and assay portions by mechanically driven fluid flow. Furthermore, this portion
has a larger capacity for fluid than the electronic assay portion. Accordingly, the
fluid-handling portion may be produced using processes and materials 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.



handling portion but generally not directly from the external environment. 100202927-1 14 The assay
portion is co%i(%%%%_t%) include electronic circuitry, also referred to as electronics, including
semiconductor devices (transistors, diodes, etc.) and thin-film devices (thin-film resistors, conductors,
passivation layers, etc.). Such electronic devices are formed on a base layer or substrate in the assay
portion. 5 As used herein, the term "formed on" a sultétrate means that the semiconductor devices
and thin-film devices are created on and/or in the substrate. Suitable substrates are typically flat and
may include semiconductors (such as silicon or gallium arsenide) or insulators (such as glass,
ceramic, or alumina)hthapsayapertisinsintienfigutedrtoupsiutelardrepinicsauiittoalsevieéeriady be

created diregy L0dp. dye, SRRSHALR 4R Set GSHUOERT QMBS HTAREIQLIIE gldiEate:dl Higcase of

insulative substrates, a semiconductive layer may be coated upon the substrates, for example, as

used for flat b’ﬁﬁéi'ﬁ’pméthfhéignp&ﬁémwgéﬁ@ﬁ@@a @_@%hvaﬂgrrd@y@r%_@a‘séa%@mon.
The substrale.mayhe giacRe iR e bIne pyRich ey Selinssaear ane Juid, 1pagpartment

in conjunction with the substrate and the electronic circuitry. Because the substrate typically has a

planar o? flatsutaed, hresfiuidhe tepartismetdenom ausaienmpesttidhat dBarRamiapna ek the

substrate andgssociaidl RIRCHANIaScHEryRA e ARRAE CorIBH R tRSNGisBRY RS Segikaned by a
planar substrate zeometry. The electronic circuitry, or at least a thin-film portion 20 thereof, is disposed

on a surface apAradyRisatbiiapasidomay reeline tsemicandl e APHEE SIS IHESNdRT
electronic deyigesthatRRRSSHUAEIFAGH iRutte Ui SOMRRIERSRL BYAORIRS): A7 PRPesUY

surface of the substrate may "abut the fluid-handling portion. The assay portion has a substantially

smaller fluid @apaRtFARdHAIRE fuRsiPateRndmgeBiceRdaHe RSV NG en i rErateehsiteilthe assay
portionmay peioeakaiRae ke geamat & SHIRP B s WFHAE S theSs @ etk SHnd Ofdhse

dimensions of the chambers in the assay portion are substantially smaller than the dimensions of fluid

chambers inehd MRitRHYAIRNG TIERRM, ViR eAGiectivesdanah apavt B8 mrathterdpprefdigoly less
than 10 micrgijiygafitd RYCEKEFS GO RIRIRRIY fREDHIRN ApSIidasHter in volume. Accordingly, by

using operably

The substrate may perform an organizing role in the assay portion. The
substrate may be attached to a fluid barrier, which may define at least one fluid
15 compartment in conjunction with the substrate and the electronic circuitry.
Because the substrate typically has a planar or flat surface, the fluid compartment
and other fluid compartments defined partially by the substrate and associated
electronic circuitry have 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 the geometry 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 portion, 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



coupled electronics, processing chambers of the assay portion may use the electronics to process a
sample in a \{83%121&291; fluid that is many times the static 100202927-1 15 fluid capacity of such
chambers. For example, the assay portion may concentrate nucleic acids received in fluid from the
fluid-handling portion by retaining the nucleic acids, but allowing the bulk of the fluid to return to the
fluid-handling portion. Therefore, distinct portions oftthe cartridge may cooperate to perform 5 distinct
fluid manipulations and sample processing steps. Furthermore, aspects of the cartridge and methods
described below may be used on any of the samples described in Section IV and/or using any of the

assays qescﬂ@@quapse'ttumf w@mnemb_@&,h‘aw éﬁ&iﬁﬂi@dthﬁéﬁﬁ@ﬁh mﬁf@nm s_smégmtmtﬁfor
processing g pnAlRIHOT SULPISS iRAftiFY A OH AP 1RSI GORKHEING NHSIEEh 1 2RitsinHgutRs 7 and 8

show isometric and sectional views, respectively, of the system. Figure 9 Is a sChematic representation

of system 110/GIRIStragieg. selboadlwi]edreobule g stiaenf I8igstemretLonniguées Huerhendinsaratus
112 and an jypoiatepeadiidae dildibatisaentodres Lo beplgslicaly ciperhia PpeplgRparatus

112. In Figures 7 and 8, cartridge 114 is shown aligned and 15 positioned to be received by, and thus

installecbin, Wistbreitfblid sparapudaiienssand FeraiplStRECLRs G aiRRfe Fasthenmeara, staarGHoEDIar unit
designed to e, O5R|IRLIR A FFRERSAS R PRRAR SIS HSFJReIREY R é‘?{{)lﬂd?ftﬁ@%%%aiéé”dicates

that the cartridge has been mated properly with the control apparatus, generally by at least partially

inserting thedRAEMGS it Recsitrd apgiratsiNgEALQIrHeRy SeyRtesISEpReisSELYPRaY-include a
recess 116 that maginglyesecetyesiafiridge dibdansaamate LYnsripinjIiaraygian alestricyl

interface formed through contact between electrical contact pads 118 on cartridge 114 and
correspondir@%ﬁ@é&tﬁ!ﬁuﬁ!@%é&iﬁﬁi@@'ﬁfﬁre@@éﬂ%@r Vse@m_@[ﬂ% gj?”ﬁﬂté'r_‘i‘ﬁiti()lél%}?lfbntrol
apparajgs 112iayrgariace alraticahswitbsaatitoadd 4esterriustivaly reapasiiely. gngler
inductively using any other suitable structures. Control apparatus 112 may have any Suitable size, for
example, snPEBughigyrBehdRl 1y ReheMatiargepPreperRi@tiona sErysiem orl AQer ilttsHwbing

apparatus 1152 /isceanfligspeetio senbasybiensiveysasioh signaltiaesastidnrrdil 4ppaREigs tpigontrol
processing in cartridge 114. In some . . .

and an integrated cartridge 114 that is configured to be electrically coupled to
control apparatus 112. In Figures 7 and 8, cartridge 114 is shown aligned and
15  positioned to be received by, and thus installed in, the control apparatus. As used
herein, the term “cartridge” describes a small modular unit designed to be
installed in a larger control apparatus. As used herein, the term “installed in”
indicates that 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



30 embodiments, cartridge 114 includes detection electronics. With such electronics, control apparatus
receives sigq:d%? Ofggp;_ 1cartridge 114 that are utilized by control apparatus 112 to determine an assay
result. The confrol apparatus may monitor 100202927-1 16 and control conditions within the cartridge
(such as temperature, flow rate, pressure, etc.), either through an electrical link with electronic devices
within the cartridge and/or via sensors that interfacet®ith the cartridge. Alternatively, or in addition,
control apparatus 112 may read information from an information storage 5 device on the cartridge (see
below) to ascertain information about the cartridge, such as reagents contained by the cartridge,

assays perfanftedcoptied mﬂmsa?}dﬂﬁmﬁhﬁsmﬁb@g@hﬁﬁ@cﬁ %e’&%ﬁl@lﬁﬁ?tﬁ@lik@@ﬂcé@‘i@ingly, _
control appafalis, 112 gen e NP RAHSRTSIAMEIERLAT Ak K ARERRVEENRS&5RAREHRelow in

Section Ill, including power/ground lines; data input lines, fire pulse lines, data 10 output lines, and/or

clock lines, &ﬁﬁﬁ@&ﬁh@fﬁg/@oﬂﬁ&@m@ﬁh‘@ﬂM&Ffé??)wﬂbiﬁﬁﬁaqaffrﬂﬂﬂﬁrdﬁt%rﬁﬂﬁvﬂhs@awata, or
may transferaeaay Aagde ASHSFAGYI98 2GRy PLEBRATIHRTiLA Ao IIPIRISTEEU S tBHs GRS

analysis of multiple data points (for example, from binding of a test nucleic acid to an array 0

receptol® (sE€YieR AN tAn GarHten daRai 08l a8 )dedrsicerdstitaicsmalisn abaatathaliearawasy, or in
addition, COFQLF&H:‘ear@éaénklédﬁ?éﬁﬁ@ﬁ%&‘?&ﬁé%%\ﬂﬁ@@et,oa%%%%ebgﬁmﬁeawsﬁ}“tﬁé _&endglized

entity. Accordingly, control apparatus 112 may codify assay dafa prior to transfer. Control apparatus

112 includesP&GRAbBIR FAPPIR XOBIBIR 95d¥RAgRAC/IAIS AR diien Assedigahs HONtHel chmpeatss
generally seqds %é?é?@vﬁ%ﬂ%gi%'m%oo?i%ﬂa& IRCapdingte BENIEHN SieshaRitrla ARy optical

activities performed by control apparatus 112 and cartridge 114, shown by doubleheaded arrows at

124, 126, 178 Se6HRI HpReitida DOWRHoNRRUiNeSd 8t IR W IRSiTiFsgRWss linah Aaider

through @ ussyhiRTiRES, 1eit/bheIYerinis Tarfomapinetade 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/oCRRBEt aRRATRISHELZ MY RRIVIGESIA HHRALREAESRSIRY BhRssme diginPling of
?:J?;Ele ProcesingaifsfBAkh SR R W6essHHeF BRLE Y AURE MR HERI99SSRIBY RAGHTIIETS
results, such as analysis of multiple data points (for example, from binding of a
test nucleic acid to an array of receptors (see below)), and/or mathematical
15  and/or statistical analysis of data. Alternatively, or in addition, control apparatus
112 may transfer assay data to another device, such as a centralized entity.
Accordingly, control apparatus 112 may codify assay data prior to transfer.
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



as times, temperatures, assays to be performed, etc.), and/or the like. Outputted 30 data, such as
stage of pro%ggg%&ﬁartridge parameters, measured results, etc. may be displayed on screen 134,
sent to a printing dévice (not shown), stored in 100202927-1 17 onboard memory, and/or sent to
another digital device such as a personal computer, among others. Control apparatus 112 also may
include one or more optical, mechanical and/or fluidlihterfaces with cartridge 114 (see Figures 8 and
9). An optical 5 interface 136 may send light to and/or receive light from cartridge 114. Optical
interface 136 may be aligned with an optically transparent region 138 of cartridge 114 when the
cartridge ma@edoatd corerapappardier 13enisée Fgatees dligitaisdeviien BetbwasAachelisgnaloptical
interface 136, lﬁ@f', &fHaps mechanism having one or more emitters and detectors to receive
optical 10 information from the cartridge. Such optical information may relate to assay results
produced by proce$sairalitappaiatssrttitiy @l aoenaativelider anadiitibrreoprtianint®gabaniaal may be

involved in agpas ¢ SR MNERICES SRS é%rrtt‘r?]&ﬁ‘é‘ﬂ'%p(%ié’i%ﬂ@‘tss%ﬁ‘? dor hght gatabyzed

chemical reaction, sample disruption, sample heating, etc. In any case, operation of optical interface

136 15 may beaifrsactBoyraatitesig light unppdfessiaseiNggiglkiabiorantantd daeeiiet Bptieitroller
122, as shown&kd<s {REGIAE e %\@%M@Qdﬂ%ﬁﬁ%&?ﬁ%é@%&%@%ﬁ“%@%ﬁéﬁﬁi%@?

processed and stored electronically. Control apparatus 112 may include one or more electronically

controlled médAamibaninkersasyidan BHIRH)Woh xRmfsie ARPHEIE bl ZelRPstd IEER Be Mifthe
cartridge. Exg@R|agiot0 Hé%ik}ﬁnD&e&%ﬁ%ﬁ%ﬁt%ﬁﬁ%%@é@wﬁl%%{éﬁggd§ retiBipre

valve actuators, valve reg:%la_tors that control valve actuators, syringe ﬂ{%{mps, sonicators, and/or
pneumatic pra8shANSHr Y'ﬁﬁwo‘?@%tﬂér@@rﬁ%oﬁﬁ‘é‘”@ﬁ%cﬁﬂﬁweﬁ@g? Sotftrolagshitarrlicrly

includesgne girappistidHdriierfacesdhatidiadstennsptitit GRISFR ARNRTAIES RulbfCasiridag, For
example, the control 25 apparatus may include fluid reservoirs that store fluid and deliver the fluid to

the cartridgESHIBRREITBeRE AYappREGSSINE1YitNAAS SRS tHANS: ARl Bupleadditifio
cartridge 114, Jskpasdrriiss eraBofimpiecanyislansl i isspalasesrosanpinien basssysieniuring
operation, that is, a fluid network in which fluid is not
example, providing a light source for light-catalyzed chemical reaction, sample
disruption, sample heating, etc. In any case, operation of optical interface 136
15  may be directed by controller 122, with corresponding measurements received by
controller 122, as shown at 124 in Figure 9, thus allowing measurements from
optical interface 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 apparatus to the cartridge. For example, 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 IIl.



substantially added to, or removed from, the network after the sample is received. 30 Further aspects
of optical detﬁgg%% gnd mechanical and fluid interfaces in microfluidic systems are described below in
Section lll. 1 5 7-118 Cartridge 114 may be configured and dimensioned as appropriate. In
some embodiments, cartridge 114 is disposable, that is, intended for onetime use to analyze one
sample or a set of samples (generally in parallel). Cdlridge 114 may have a size dictated by assays
to be performed, fluid volumes to be 5 manipulated, nonfluid volume of the cartridge, and so on.
However, cartridge 114 typically is small enough to be easily grasped and manipulated with one hand

(or smaller). Cartr_i&ﬁtﬂﬂgwﬂiwmawLhﬁes:aﬂﬂgmetdv@sdu&manyﬁaﬁaduﬁ@tiaﬁanypd@tmcﬁn |
componentsgg flidhajiliipteRArtion 449 AN RSSAVLAHIR) AR ihishddqHuidahnfigg portion

may include a housing 145 that forms an outer mechanical interface with the control apparatus, for

example, to Upertacanales and pampls: Poaskey ﬁfas}/aqemi% eesaiattyirid dfandrbr m@ﬁdtridge
compartmenis,, Houging, 74 alsasysiaagally %?é’a%%eBer%?FFSFH?é&”HGFHr@d?ﬂmssc%”ﬂégﬁ and

thus may provide a gripping surface for handling by a user. Assay portion 15 144 may be attached
fixedly t6 fluitnpaRaiatBoRsHlagvebinarph e, errtalsdascandrser anekHomayesceastriige-Adddliing

portion 142. et} RUGHAMEALOGIES DERIUAY JAA JoaYahis sHsARIEI RSP YAHRIR o arh s are

measured optically, such as with optical interface 136. Internal and/or external attachment may be
suitable whepa48lts are measured electrically, or when fluid-handling 20 portion 142 is optically

transparent. Assay paiifiyk44 R1SE i 'II@J'Yniél&8@@%;?961&19W@Yr&fw%f)aé}%i%m%ﬁ@_le’ as

described below, to allow exchangé of fluid between these two portions. Fluid-handling portion 142
thus may bedsinglrampaeesise AdlHihandingerattion: a2ttt 28ceshie i BhadRfr the

fluids tq jluidempaiaaiisdrrd N RAHLAUIrBANARNGIROAIORLLATENY A5 SMAPadipRsL 4h Toi@xample,

by mechanically driven fluid flow. Accordingly, fluid-handling portion may define a fluid network 146

with a fluid capRsABNEBlURTETRRR With haerBAIPlARRRIR S febBE3pIAING fRRETHENGHNEST fluid
space) 148 ofrFsnmsstianclddngarbylWdfine the structure of interior fluid compartments.

Housing 145 also substantially may define the external structure of the cartridge
and thus may provide a gripping surface for handling by a user. Assay portion
15 144 may be attached fixedly to fluid-handling portion 142, for example, on an
exterior or interior surface of fluid-handling portion 142. External attachment of
assay portion 144 may 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



network may have one fluid compartment, or more typically, plural fluidically 30 connected fluid
compartmen}gog%ggzeigfllly 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 100202927-1 19 sample is introduced to the site. Cartridge 114 is shown to include one
sample input site 150, but any suitable number of safple input sites may be included in
fluid-handling portion 142. Fluid-handling portion 142 also includes one or more reagent reservoirs 5
(or fluid storage chambers) 152 to carry support reagents (see Figure 9). Reagent reservoirs 152
each may be&aspladiyiaegssieib [eothgositee deeiitidoadild daesshhemdrl nghtlim@persamptes been

manufacturegl AERalely n SOIH Yuth Ol FANHLT TR R TANHRS I9aYesLWHB) (RReER! during

manufacturing. Support reagents generally include any fluid solution or mixture 10 involved in sample
processing, SHisly_andingfogéaertddperation of cartridge 114. Fluid-handling portion 142 also may

include one or more:-RAGIKERA; ) YBRRIS: FAE LAY RERIBEICERYINE GHRMRPRIER)) 4 8dIchasiAs waste

chamber(s) 156. Pre-processing chamber(s) 154 and waste chamber(s) 156 may be 15 accessible

only inteﬁmam;ﬂrfd‘ﬂtéséaﬁipl@qtar@f@w&fﬁﬂeﬁﬁaut@it@arao _énemrtreraag@qrvéséﬁaﬁrfm,eoﬁéne or
more may beRexiiRRIPESRRSIRIDIPSS BASET MBI TEOSREHNG I amRY DI &radluifl RRSRagssHt

configured to modify the compaosition of a sample, generallg| In cooperation with fluid flow. For

example, sUeR¥iASsadEs e fLorteandtineePpstien diasusefn atidauieriiisdutiteradiylpie, that
is, at least pagialy sepafiatyrg r%@@%% framamyerie f’ﬂ?ée,rr'ﬁ‘éw Be WBaigROMIAA %@@eﬁ%nﬁlﬁnlasm .

described below. Further aspects of fluid- handling portions are described below in"Section Il

preferred enfBaAKRGIIAG fISiPRIACIPROSHISoAENEsadINFIude AN flHidorepaian Pt viktdieridge
114 arq gealpf QURHShCYSHAPIET HeReSSify CaMlakSilor sRa/RgRISIRI U Ja&tibhiIssTealine dpaY

operate to avoid potential contamination of reagents, to assure safety, and/or to avoid loss of fluids
from quid-héﬂdIing portion 142. Some of the reagents and/or processing byproducts

Fluid-handling portion 142 also may include one or more additional

chambers, such as a pre-processing chamber(s) 154 and/or a waste chamber(s)

156. Pre-processing chamber(s) 154 and waste chamber(s) 156 may be

15 accessible only internally, for example, through sample input site 150 and/or

reagent reservoirs 152, 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 IlI.

In a preferred embodiment, the 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 portion 142. Some of the reagents and/or processing byproducts

resultant from pre-processing and/or additional processing may be toxic or

otherwise hazardous to the user if the reagents or byproducts leak 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



resultant from pre-processing and/or additional processing may be toxic or otherwise hazardous to the
user if the re%%g&tg or byproducts leak out and/or 30 come in contact with the user. Furthermore,
some of the reageths 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
100202927-1 20 fluid interface(s) only for sample inpuit 150, an electrical interface 118, and optional
mechanical, optical and/or acoustic interfaces. Assay portion 144 is configured for further processing
of nucleic acid in fluid network 148 after nucleic acid isolation in fluid-handling portion 142. 5

Accordingly, fhddainteifaca (sl 4omlie sasnseledteniopdr 8kCiranicalretiicgl 1EBerateh Hdy iabRide

thin-film elecianin devicesdaisIipirSPaHg/sbRIRRaRsIRGAL A Ieic acids received from
fluid-handling portion 142. By contrast, bulk fluid flow In assay portion 144 may be mediated by

mechanically drivepf\ﬁéayopﬂa_iemr_dMfi@im&mﬁ@pfmiaﬁtm,m@@gﬁi@gs@@/wtﬁiﬁ agigl #hd back
to portion 14, 10 Flegisanic %Cléifféérlwf?%afeIéeé’éaaYSB%HBH ”ﬂ?yflq&!%mlﬂj"'ao‘?{ﬁ&ﬁr%%.deV'CeS

to modify and/or sense fluid and/or analyte properties. Exemplary roles of such thin-film devices may

include BoncefeRitHaEANIRSISEIE RSEn g e [SiRfeeN rRieRIORACRILMRIOMHERHE Filsleikadiasd o
different reagiiqRi R RER RRAIH-ARRY SHESn CHFALI S ALl A RCBIHRSIRPHROLBS NG o9

amplification, 15 hybridization to receptors, denaturation of double-stranded nucleic acids, etc.),
and/or the lilIE@IS Seictforeaeived framefinp-Rrndingdearion 2oByrapRtrastfetk By evions of
fluid network ] 48 QP et auBIeHDBEINGRMSET a5 FrRRIFsH A, T4 R RBP Uit iFom
electrodes, or spaced from fluid by one or more insulating thin-film layers (see below). In either case,

the operablyftishb3ed! O Rasies titds B ekHbasgayereiirnsifthcanst BRCkip Restiosdddbelow).
Further spects of Hig lSRENIR GHISHIBE BTMEITL P FoiBR SasHRRIATMAERGHRESL{RsIRY in this

section and in Section Ill. Electronic circuitry 158 of assay portion 144 is controlled, at least in part, by

electrically cEBMIRES {6 FOREIY ansiratrNefIuid radinrReabde; REReiHeS sl YcHaD Mér 122

may be coupJgeh ShMAt déf cuia Ry RtIBiectBIREAR N R RANSAG8ssle il disP dssiaten

fluid-handling portion 142 of cartridge . . ) .
nucleic acids, moving the nucleic acids to different reaction chambers and/or

assay sites, controlling reaction conditions (such as during amplification,

15  hybridization to receptors, denaturation of double-stranded nucleic acids, etc.),

and/or the like (see Section Il also). The thin-film devices may be operably

coupled to any regions of fluid network 148. Operably coupled may include direct

contact with 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, thin-film 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



114. In turn, contact pads 118 may be electrically coupled with electronic circuitry 158, as shown at
160. One or {‘qg)rez qqmonal integrated circuits, or interface circuits, may be coupled electrically to
contact pads tEiftermediate 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 int2tface circuits form an 100202927-1 21
interconnect circuit that electrically couples the electronics to the controller when the cartridge is
installed in the control apparatus. Contact pads also may couple to an electronic information storage

device 162 datﬁézpnﬂ@gttﬂwg@inmtf@fegxmwngmlmm@rﬂmgminﬁ)mm, eendrllen .wn@
information irage RIS SOiAMYI IR ITHEr BUHAS b ARALRS I0Jhe CRPHA9S Sy & duifh etwork

configurations, reservoir contents, assay capabilities, assay parameters, and/or the liKe. In alternative
embodimentt) @htQlEPERRYA 168forBMinelsiarras caeivey 187ucaidedmay prriidpesddbnfassay

portion 144 iQfé‘?ﬁﬂlé),f’iﬁ?lm&%%jﬂaﬁn?’pgﬁiaﬂ H‘%}%%déﬂJMﬁ#ﬁeqH?&m%{ﬁm dt¢adf fssRy portion

144 typically is configured to carry out nucleic acid' processing in fluid network 148, at least partially by
operatioh of BlAIFlCI88iN{gsmation fHavdalatas isosHb@Narthiclgae giel fafciibhdl R|YWeRE a

concentratorLif Ao raLaR 6P AEREEHE 6 R e ASSBNi FEEMPRI 6B a famn BRSS! IRG B More

detail below, each of these functional regions may include 15 electrodes fo facilitate nucleic acid

retention andN@iéesdNAltetRaY veseerEENEnIS aransaetRadsd e RErAERItelPstt crkGBYBlIBg the
electrodes. Q%ngtm%ﬁﬂé%%:&%@%ﬁ 1884 650mn besdefingddyy Sisichn addition to,

compartments/passages, for example, as a serial array of compartments, as shown. Alternatively,
these functidRiNeeteksiasbin hlligapgad)ing RaxinetdA< 20 overlapping, for example, with all provided

by one gnhamber. Cﬂgggpt?@&ié% 0N (a1 SR 10§ ORERABAE UdEIERFISHRCEVRILIEOEid
pre-processing chamber 154. Electrodes 0f concentrator 164 may be elecfrically biased positively,
while allowirkf RERF LS feish naMOTNdffy Bbigast1Rertialk Ryh AReTabiare Air &iEFUERY HaBk to

mzﬁaﬁgatrgﬁ&§§&|iaiauiﬁehwaﬂling4@ RETKHbIY - 1OCGRENRAY tRRECCRIFNS A& FagIoRE:Connected

concentrator 164, an amplification chamber 166, and an assay chamber 168. As
described in more detail below, each of these functional regions may include

15 electrodes to facilitate nucleic acid retention and release (and thus
concentration), and/or directed movement toward a subset of the electrodes.
Concentrator 164 and chambers 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.



handling portion 142 at plural discrete sites (see Figures 11-17), allowing the concentrator to serve as
a conduit. qucg 38%%9'} may allow transfer of a fluid volume (between two fluid-handling portion
reservoirs) thatis Substantially larger than the fluid capacity of the concentrator. This processing step
removes fluid, 30 and may patrtially purify the nucleic acids by removing material that is positively
charged, uncharged, or weakly negatively charged, @nong others. 100202927-1 22 In some
embodiments, concentrator 164 is configured to perform nucleic acid preselection (see Section I).
Such preselection may concentrate target nucleic acids in a volume that is small enough to perform
additional processitg,sent$ e bagiiealisorcansgatiedatrdbdf imiaamfigeresisniretoritesusgie assay

5 portion. Acggpgli &&é@ﬁ@#%&%&"\s@%ﬂ%ﬂ?ﬁtw&%‘ praxdpcilie m%gsiéaﬂc%fnﬁméqma'@t from

larger volumes in the fluid-handling portion to substantially smaller volumes in the assay portion, so

that electronfipleleeasielg 5T tuakirgea thatlisicaall isnarviice. PerioRfiz Afdtanahperssifty be
used to copysQpg %%'%%%Ifﬁflz%‘ﬁbr},od?’rbfé?'E&?ﬂr%ﬁ%f%ﬂﬁﬁrﬁ%q’éétm?&%l&éhﬁ GprRcgaLAed

nucleic acids, using an amplification reaction to increase assay sensitivity. An amplification réaction

generall§ indd@iB8rarnfaeRictingl YnRrpigiestion tie congeniratr Bmelayulasibpte tirnsitirriefc acid
(or a region gantained withishiheiigel BREHES) i aherallid RsgReg NsIrisAMe N sabiis HaEagt nucleic

acid relative to total nucleic acids. 15 Enzymes that replicate DNA, transcribe RNA from DNA; and/or
perform tempragledintan ep tidRoPpHiRYePS Haty SR dnak elRclpiitfRRraS st R thedpedfient
upon the metheeband e £BRYMEy used, amplification may involve thermal cycling (for example,
polymerase chain reaction (PCR) or ligase chain reaction (LCR)&?:)r may be isothermal (for example,
strand-displacemerfMARIFIBREABNCIREISA) ththBRYC Beid'Sequth@BYsenrRpliMATOAIIRSBA)).

With any, of hesieidnedRPS IRIBIRASURIGSIIRNA! AhEIReNPRY dSCBIYREIIRIRIEINSEBY, hRatey's, such

as thin-film heaters included in circuitry 158. Nucleic acids may be labeled during amplification to
facilitate det@RtiGRREF ePRNIEABYIACIR JFARBRELPRIMRENSHEYS Amanmbifigatioprivrstion

nucleotides gayehsikrheiasted Ry s8adhdrdinieateress&d ERetdia indnemamhssssdsseribed

below in Section Ill and . _ _ o _
target nucleic acid (or a region contained within the target species), generally

resulting in enrichment of the target nucleic acid relative to total nucleic acids.
15 Enzymes that replicate DNA, transcribe RNA from DNA, and/or perform template-
directed ligation of primers, may mediate the amplification reaction. Dependent
upon the method and the enzymes used, amplification may involve 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.



listed in Table 1. Alternatively, nucleic acids may be labeled in a separate processing step (for
example, by}ggg&gg}_%ransferase, 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. 100202927-1 23 Assay chamber 168 may pérform a processing step that separates or
distinguishes nucleic acids according to specific sequence, length, and/or presence of sequence
motifs. In some embodiments, the assay chamber includes one or plural specific receptors for nucleic
acids. Receptors mAgsayleiemBbay 4§8nmiext ppEicifialdy briegssainet siesleibalcirp@abespRIry

receptors MaysineHAH SN SERN AR dU ClRiE Ay REPIGRPitEleiCRtidsantiaadies. chemyFal

compounds, polymers, etc. The receptors may be disposed in an array, generally immobilized at
defined posifteseresthat breding 6ra faRjEs nUbleROAR ®IMPRIINehiSretBDtASSROICRBRAET

detectable signp| A HRIBRYBPSHUNUSKE BEBRSY AP ﬁu@@l@%i’é&?ﬁ@é‘é@%r%ﬁ%mﬂ@@“o“ is

used, amplified nucleic acids (targets) contact each of the receptors to test binding. A receptor array

may be disptite@geskifhatesesifeaby dintatiesack nyateiehadisy drxerpptataliperriore fepYors of
the array, asQe3eiPSHWIBEERELY N IR IBIICNAYYE RIPRAE MRS RsRSSANiEBAMECERAY SfParate

target nucleic acids according to size, for 15 example, using electrophoresis and/or chromatography.
AlternativelyC8RTROHBERIFPOMHBUSs & HAIRTEEARAYTBrinAN R BisRePS thitt AReARERNIROBNARM, such

as moleculas REaqoN QR HSANEY PRRIBIRYIAE thall®iodiAGIBE UL MEI HICIGELRIRY S0 GRECEH

interface 136 may measure sample processing at any suitable 20 position of assay portion 144. For

example, optR@IrpRertars Madiesde datpaiablecpintal-gbactsiipaisresiHriHRo iR dhenphsidtion of
nucleiciacids iy ABMIfIRAURGREIMDaLASS. anthinTEaissting hisding andieraepsiinnet aguniied
nucleic acids after processing in assay chamber 168, as described above. Alternatively, or in addition,
the optical ir{t@ﬁaet@h%gnﬁ%gimm RSV ERRERTOLS PRy KN Aui feaRBIRT1@Bay may be
disposed proximate to electrodes that concentrate the targets electrically over
receptors of the array, as described further below. In alternative embodiments,
the assay chamber may separate target nucleic acids according to size, for
15 example, using electrophoresis and/or chromatography. Alternatively, or in
addition, the assay chamber may provide receptors that are not immobilized,
such as molecular beacon probes and/or may provide a site for detection without
receptors.
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



Figure 9 shows exemplary directions of fluid movement (reagents and/or sample) through fluid
networks 14(?0(?%%]24}_8 during sample processing, indicated by thickened arrows, as shown at 170.
Generally, fluidflows from reagent reservoirs 152 through sample input site 150 and preprocessing
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 100202927-1 24

chamber(s) 156 or may be moved to other fluid compartments in the assay portion. Figure 10 shows a
flowchart illustrating an exemplary method 180 for operation of cartridge 114 with control apparatus
112 to analygbasrbarRicléR® Daddy) PeavavyeielFigtheaiipie ey perimanisced eadeaput
sample input,site 150 of cartridge 114, for example, by injection, as shown at 182. Next, the cartridge
with its sample may be electrically coupled to control apparatus 114, as shown at 184, for example, by

mating the cartridgé;lgurﬁetféﬁmwf@r f&webaﬁxéﬂg@m@l@mgmmww@tm _kae(hiﬁg and
coupling may, he 30 pedpgRA dyLeys P S AFISE B 'appﬁ'%@pf?m RAeRyequresd niRie

cartridge after it has been coupléd to the control apparatus. The cartridge then may be activated to

initiate froce3GiWG) 4R araNtPiR- Ig8stTRarpala iRy hay e drRAlerIehRitTronple iRRHtSHRIgh user
interface 130,53y 6PURiiiedgs FRiridge B ARssron g‘ ARRafiBhS JY dRERAVCinoI 8 saNBlg; apd/or the

like. After 15 activation, the sample is pre-processed, as shown at 190. Pre-processingﬂ(?/pically
moves the s&ATPIEES priplisceasinle dRamberelsatrisad treauplad tepapielrartasstiand koiste

nucleic acidgigN BeCeBIaroRSAERRERED biprihefiRgloweT ke iaRigednteIgiccacs 16 mgved to
concentrator 164 in assay portion 144, generally by mechanically driven flow, and concentrated, as

shown 20 atG@E Rk JFRidaGhteddn tedd3tmESPoesHftplifadisglcahide KOURNBSd SR Ya®Shown at
194, Wil USeFBMATSIHATARIERE0 SRR REIIROfiRECEsh e dpeRmplifissl Bugleisaciss may be

assayed, for example, bé contacting a receptor or receptor array with the amplified nucleic acids, as

shown at 1062rHidgs AltlI fhah besp roHBled R Hiricanyrahdppaiatiscdile £9E8HOGR tervs. 25
Figure 11 shows dageaviataiied IRRISLPIBHASMGNRXSRMIAN:EEIBS. The cartridge may be

activated by input from a user through user interface 130, by coupling the
cartridge to the control apparatus, by introducing a sample, and/or the like. After
15  activation, the sample is pre-processed, as shown at 190. Preprocessing
typically moves the sample to pre-processing chamber 154, and treats the
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



contained fluid network 202 formed by interconnected fluid networks 146, 148 in fluid-handling portion
142 and assc? Ogo%g%g%lM of cartridge 114, respectvely. 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 tw@portions. Valves 206 are represented by solid
"bowties" (closed valves) or by unfilled bowties (open 100202927-1 25 valves; see below). Valves

typically are electrically activated, and thus may be electrically coupled (not shown) to control
apparatus 112! veiseraegies|ow).irY aluesidynicalle araslenirinaty aativaiedp@atethbs enatrieally

activated valye AFE4AIPTSHEHURIPAS ORISONHPBPRBHAIHP d8afatEE RS ValeadaGkIge splignoid 5

valves and single use valves. Gas-selective vents 208 are represented by thin rectangles on

terminated chaaien, (_é/@é/ﬂ’i?g Wt é’ﬁ a@@&inen@ﬁb@m@a@w b)(aﬁi@Té')i.CSUMa@_ﬁéi\@t%sVéh@vents
are describeg fithel g G IbnFidiieol L SHMa L8 PAEAIR SRAIN IVES TR RS ARRISRN to be

activated. Accordingly, the cartridge has been preloaded with reagents in reagent 10 reservoirs 152,

as showh byvaliyssiraeb sEsHesdReflvaly eSrefoadietplectieny fatierddls am rerRfesantedy&3hthbutions
210, 212 of suitahig K SHEFINEh ARRAEREARBIS SHEAAHE SAENS S CRRYS L Rl ONELT fHore

reservoirs 152 also ma g:arr?/ a lysing reagent 214, which may include, for example, a chaotropic
agent, a bufffamRlgh uibaPIBrYieI ke AGth VERts & tndesGoRRIIUTIN oM RS IRdHyents, an organic

solvent(s), and/or the ke, RYrtaRARRIGNRNELHritEe KEREFVRY 5464 BRY iRglHAsAm A Atigasion mix

such as PCR mix 216, or any other mixture that includes one or more amplification reagents. In

general, anPaiiiiad abiacsy drglyebaicanidgninne et AoadrIvtidranrNtsdat eag¢Me an
amplifi%tionré%@a%wsm@Q%mié%ﬁﬂwr&iyﬁnﬁy% FepHisdie ifiter. MErb%o%EPqiésggHPefs for

selective amplification of target nucleic acid(s), d S, a heat stable polymerase, and/or the like. One

or more prinfSEEEYRIISr dRE PaavagBEYaMaeh, selutiensptd Witk Baps suiRkile adlacefBEB%bove.
gﬁsiggtﬁ]@éﬁéﬁiﬁﬁ ISRIEGREENEHR 28 QBT OIS AP BigatORdNBriUtforearssbARIRE 152
also may carry a lysing reagent 214, which may include, for example, a
chaotropic agent, a buffer of high or low ionic strength, one or more ionic or

15 nonionic detergents, an organic solvent(s), and/or the like. Furthermore, one or
more reservoirs 152 may include an amplification mix, such as PCR mix 216, or
any other mixture that includes one or more amplification 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



25 method implemented by the cartridge. Furthermore, in order to analyze RNA, PCR mix may

include a rev%:% tgréaﬂscriptase enzyme. Alternatively, a separate reservoir may provide reagents to
100202927 . :
carry out synthésis 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 1526may 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 100202927-1 26 pressurized with a gas. Whatever the mechanism of

pressur@zatiM%N@@GMWW@QM@@&Y%@@@W@QWW Géliveagsorizatipmt V@Mee%@ﬁ
reservoir. S Al {Bg St A AURORRIRXLTRASY HARGBANISMRLYBRPHS BSERauSalNoifriven

fluid flow. 5 Cartridge 114 includes internal'‘chambers for carrying out various functions. Internal
chambers inSieektond sl epeihiesraddibomaihexeardaty crakaniehnipapsodeesyrebaniaatyB.
Waste chamfsis 1 afitegsive fluids from reagent reservoirs 152 (and from sample input 150) and thus
may include vents 208 to allow gas to be vented from the waste chambers. Internal chambers
(passages) 10 mayGactiide shidplénshiinbertesnal filghosparD2torarepeniingharberaneus 166,

168. Samplerghaabe! i ARf dism ki REQAEWRTEXNER B2FEAeBC i ANHI LESEE RS Whst§ample,

respectively, as described further below. Assay chamber 168 r?gé be vented by a regulated vent 222,

that is, a val¢¥8206eh% ¢esigoried veandds. aate shamirarke 1afereartimaftidssiean/ eragritnels 204
may be 15 prirged ¥ith ¥5’éa{%lﬁd "ﬁién{%eﬁ%ﬁ%ﬁ@ﬁ'ﬁpﬁtﬁ%} %fn%afﬁi@ﬁ]wfi}%ﬁfd%f%eHIs%éCtﬂaﬂ

chambers/channels of assay portion 144 may be primed. Correspondingly, some chambers and/or

channels e B SR IAREYRIES Eamidhe MaRaiche e IoleAlSheTRSsABASSATRS
movemgt imtﬂqg@d]elé @Hme%mﬁi‘q@giﬁgﬁlﬁ?@t’MQd? igH@%Hﬁ%‘%ﬁam stgpling

indicates active relggns, whereas light sti%%ﬁng indicates rea%ents or waste in reservoirs elsewhere in

the cartridge! 26sdeieanphechamian SR endtplstactoddlPEe CAMBIESAIG SEEVSPRRRd
received by sample chamRersakSpBeRespl:iolVIRg Bescribed further below. Assay chamber

168 may be vented by a regulated vent 222, that is, a valve 206 that controls a

vent 208. Some or all of the internal chambers and/or channels 204 may be

15 primed with suitable fluid, for example, as part of cartridge manufacture. In

particular, chambers/channels of assay portion 144 may be primed.

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



path indicated at 224. The volume of sample that may be loaded is limited here 25 by a vent 208 on
sample (:hza\mgoeza%ﬁ,1 and by the capacity of sample chamber 218. Once sample chamber 218 is
filled, vent 20 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 reacted. 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 100202927-1 27 stack from sample input site 150, for example, by
venting throsgaokdmacsrimplerinRur sdesd i IEorexappie.2py ittt hoawg fovasteaslamisy of the
samples degcribed above in Section IV. However, the cartridge embodiment described 5 here is
configured to analyze nucleic acids 227, so samples generally contain nucleic acids, that is, DNA
and/or RNA, or be JinspearealefroashirgmhacieiciialleNeidbidaicerampremagybel darisamplisue or

biological pagligleBiRuh6va i SLERS! TOMiRGRyaRIAE RaKRERALABLANIM RIslishdaells 228,

viruses, and cell organelles are exemplary biological particles. The loaded sample volume 10 may be

any suitable Renanie aeadiay e stampnalyvailaB g Ceasel®fdhdingsameallesy derrral hargritairtleic acid
abundance if jBRSARR, ANSY 95 BRIMLRHBPIOWN, BIDEYEBIBIEARAHE iR gbflyid

movement in cartridge 114 during sample pre-processing. Lysing reagent 214 may be introduced
along path 2D9ggicl §@@RMRg vaRkedoI@rried, '23@$%%s§*@?9&@érﬁqu§%pi@eﬁw karifedmhe

sample with g ugIaisALARE ZURIR FRIVIDIE ﬁQﬂfﬁlWro?*éllﬁp dlief sdaekefd B o xgrgsdiidmay be

carried to waste chamber A. The filter stack generally'may be configured to perform nucleic acid

isolation, tha#8Y, afdeasl|saripsepamRahy RIRICRRbIPIHStesmdleidPIRSLGRABIOMAILAI @t least
three fQBCtioﬁﬁgﬁgiﬁm@ﬂE@H%IM?&%ﬁﬁi 61238810 BV Hik SRR Ea st B REFHIRTY Yrhelpased

nucleic acid. Waste material is defined here as any sample-derived com(ponent,.complex, aggregate
or particulat/OARPY) HaERS NHEEHHESIH AR SH I NS EBISICARLIQToFAIEASR. T2Ra6 N ary

waste materiglmay include cell or viral debris,

Figure 13 shows active regions of fluid movement in cartridge 114 during

sample pre-processing. Lysing reagent 214 may be introduced along path 229 by

15 opening valves 230, 232, 234. The lysing reagent thus typically carries the

sample with its nucleic acids 227 from sample chamber 218 to filter stack 220.

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



unbroken cells or virus particles, cell membranes, cytoplasmic components, 25 soluble non-nucleic
acid materiah%bg%ggéy_lfle 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 filte2830 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
100202927-firs8 finstinmotiay imely dectinoellspesg-pae hiantsaiies:, fillersilragavwetoohanopisanels,

and/or so on, Q6oL INGFE WSS SPGB IRRkIded iy e filie Riagkin FoMRe L DRRAIMANL3 e filter

stack includes a series of filters with a decreasing exclusion limit within the series along the direction

of fluid flow. SNERABENS 5 mearﬁ@emémﬁkamddeé tRe FatEPaL afhidtenterdthe corde@R@rjea with
particles. The saa|ple feanGRHAR tersiack 240 ganLaiRuRIRG e A @dr%wel‘é.béhaé rgloages

nucleic acids 227 from an unprocessed and/or less accessible form in the sample. Alternatively, or in

addition® theFeR2SATH R AL Fedwdp Becceaiteat whighiiltessshesor ecttrgrrromtharti¢esack. The
treatment may alterie éQmH@FEYa%é@'bﬁufﬁ?éﬁsw&eﬁéoaﬁf%{?wi%88@@&6“&%5%%9“’”

may disaggregate subcellular structures, among others. Exemplary releasing treatments may include

changes in phaisiglerAscREARIe st UltRIBHICUNRIRSSRAseasl ar dpsssacsenrdipIsritinted by
channel narmawing asinia FARBAMLIIESS)olGREERIME Bhit-Enenting aadisn&aoing) velestHra

treatment, such as 15 voltage pulses; chemical treatments, such as with deter?ent, chaotropic agents,

organic solvoits PRigh & RAMRIR, Eatenirseefotiewiliah st chspHieriEeNisItdYa3ltikd®or sharp
edges)y @‘nd/i‘ﬁ'fébﬁ’{%%f HRIE sUHEBE aftigRaR M8 AMBA I PRINGTERSE-HRE C&%@/@?%Qj\t carried

the nucleic acids. Nucleic acid retention is generally implemented downstream of the filters. 20
Nucleic acid¥5RagtR9a18y 1S&ReRIISIAEntEHUS Y 98 terBBIPRtatrRIBSES hinBXCMRIRIY a

reversibly. SyighicaiieHay mritiees dAaHYeseRopRELIFEOFoMaXdRTIEICRRAE P atticssnNd/or
membranes, among others. Exemplary . .
waves/pulses or a pressure drop produced by channel narrowing as in a French
press); temperature shift (heating and/or cooling); electrical treatment, such as
15  voltage pulses; chemical treatments, such as with detergent, chaotropic agents,
organic solvents, high or low salt, etc.; projections within a fluid compartment
(such as spikes or sharp edges); and/or the like. Here, nucleic acids 227 are
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



retention matrices may include positively charged resins (ion exchange resins), activated silica, and/or
the like. Onc%&%g%%iﬁacids 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 acids2227 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 2282 vameinz3opand 234 wavengas, aat/d40ere 2penad2yV ash? seitints dpeay At valves

238 and 240 1eiQ0R0ES, YERSILEIRE S JBR% B8 CRnfiavErd FBtEﬁ}Pe%S%WHFé?iQtQEiQéz?@gs@@t were

retained in filter stack 220 (see Figure 7). Accordingly, wash solution A may be formulated based on

the mechanfggiby whicAreRIeibaltidy2eh aseldiamett byave beteiaioniatedx hages saietgack.
Wash solutiops (nJRieasey SiRARRhILARIGRRA P13y FHerdRaHdd: b&?m‘éﬁlédﬁé?ﬂmn FRG{AL Gipipetric

constant of the fluid, among others. Exemplary wash solutions may include a high or low pH, a high or

low ioni® strétigih statlory¥arhseRlEiemiPoreleasne retaine’ dudairjenasironarealtarsthaept.

Conce””a“0Ibﬁf@ﬁd&FEH@%“%G%I“B@%&H@%HH&&H@é@fﬁ@'%ﬂr@, RAIRARS Gt Egeitipizgy may be

concentrated (and purified) further at concentration chamber 164."Concentration chamber 164

typically is foMagl fPldEeay pariomMtlesadhigtiuaedamd dr &/ MNP KBt rstes I Idst one of
the electrodes gnRycbesglGsticalybiaredérosifivephaire iy thedplearriuaucleiqagigdrgnter

concentration chamber 164. As a result, nucleic acids 227 15 that flow through concentration chamber
164 may be G@RsERIFAIPRRAVAHMECRRN B psiaifargidndeen dneadels). Bulk fluid that carries

nucleicygcids 227, pafkaddijipnriasiisrition faBy berssriaden RMAPEFRA SR at

Accordingly, nucleic acids 227 may be concentrated, and may be purified further by retention in

concentratioR¥KaRkaHaB chambEsn e At ARiFenHatiRic ehamabry oA nhwpicalbiniadesparitn 144 to
have fluid cofeBalRSAISHNAL A8 HEIMATHES BheolIMepleaRXBIIRIE cFTRRAREI At e 3 MBHE O

processing occurs, having a fluid
the electrodes may be electrically biased (positively) before or as the released
nucleic acids enter concentration chamber 164. As a result, nucleic acids 227
15  that flow through concentration chamber 164 may be attracted to, and retained
by, the positively biased electrode(s). Bulk fluid that carries nucleic acids 227,
and additional wash solution A, may be carried on to waste chamber B.
Accordingly, nucleic acids 227 may be concentrated, and may be purified further
by retention in concentration chamber 164. This 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



capacity of less than about one microliter. Further aspects of electrode structure, number, disposition,
and coating ﬁgleg%%r bed 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 presele8ted 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, typatalRARiddlue 283 rand c2dbndee closedolant DR 2dd 206, verinysifeadidon aftamber
166 along flyid path 242. T%a?gﬂmﬁgvémlg%%§27eﬁ1§9e83%%421h\@|\é‘?e%§%@&§)24’9 are

closed, and valve 244 and vent-valv are opened, as the retaining positive bias is removed from

the e|ectroda@mwn6@t@h@aﬂmb@na1ﬁ6em PERHX2a% 6RaLy causieiadsisiacidd D7 fividiuid
flow. A'temaﬂxwymmﬂvaylaas BORKiDE IMRaHed, IBEIRGIAHSS 1B AIBRIHCRILOM JATIMESHF6 (see

below) to electrophoretically transfer nucleic acids 227 to amplification chamber 166, which is

preloadéd wRAIPTRMHS163a0 ditewaise el@@WQﬁ@(@é@'ﬂM@r@OﬂﬂTaﬁﬁ{ﬂiﬁ&tﬁﬁW@n%Beﬁol% and

into assay ChamEEAfSH BRIRBLCTBE G &N ©GrIRISa 8y W‘tl‘?'ﬁ@ﬁcﬁ{&rﬂ@'qw SRRSPEARRL shown)
that monitors fluid level in connecting channel 246 and S|8nals timely closing of vent 10 valve 222. In

some embodifyeRisexepise Attstiont Hanmficadivinse “auanddnte aspay chemiRe? 16 8rior to
moving nucleipeids 297 AHTERIARIEBT AR AR Y BT, BERIMIKALS DM pesirected

through an opened valve 240 to waste chamber B, before removing the retalnlng positive bias in

concentratioMeRHATSEILIE Jexl BresMGSIne- FARANE) 2464, ATl Signals Zimely BOSINshel ent
amplifigation,giiamben166 naayke amplififdeins @RI tR1idFOBRRBERCHERtIpR O cycling,

to selectively increase the amount of nucleic- acid targets (or target regions) of interest 247 among

nucleic acid$agibrate Wit & iR &8\ BRRIAL MANRIgidM s RS IS 4dwe Anpdfteations of fluid
movement ingafHifge1bb4 Aeringafi@nsierohamplitiesh By dRicheeRd4R o PN CHigenear 168 of

assay portion
valve 240 to waste chamber B, before removing the retaining positive bias in

concentration chamber 164 and opening vent-valve 222. Nucleic acids 227
15  positioned in amplification chamber 166 may be amplified, for example, by
isothermal incubation or thermal cycling, to selectively increase the amount of
nucleic-acid targets (or target regions) of interest 247 among nucleic acids 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



144. Fluid flows along fluid path 248 from a chamber 152 that holds wash solution B to assay
chamber 16§0 Elé%%\th 248 may be activated by opening valve 250 and vent-valve 222. Overfilling
m

assay chamber’ ay 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

vent valve 222ditiaropemntfiesvedctti @ 206D 2k (sa@e dmdrarsiersed tbecBanhaigticahpiifcation

chamber 166, cancentiatian Shagwpr 64488 MpcasasiasenAmper B- Alternatively, or in
100202927-1 31 addition, amplified nucleic acid(s) 247 may be transferred electrophoretically to an

assay chamber 168\pelifitk tovget W@@Qtﬂ:{ﬁ) Riplired teejater. clertaieiagy 222 (ari@olated
nucleic acids,222) Mgy g3 Hﬁé‘ﬁﬁ?éfchéa?b%ﬂ%ﬁﬂb@f%l{b%'&y A3 BRRMRY Jrﬁ%;:ray °

include one or more positioned receptors (a positional array) for nucleic acid identification an
quantifidatioMNAddfRe D& iMSEtRABIlIOPEIgzeRisso(cappifienauaeryacias Pudel réeibtors

may be assigied fcalRair oI ROgHMGELARH, [adhgdscapiersingsspnciaMiehd@Satibs glectrodes

may be biased positively in a sequential manner to direct the amplified nucleic acids to individual 10
members (oﬁgﬂj}?}@ﬂ@d@“dﬁ'ﬁhé%ﬂ%?f‘ﬂft@rré@ﬁ?@fﬁwﬁ?.éﬂd&lﬁmﬁ@ @hﬁiﬁﬁ@@d@?g&%ﬂ@[&@ acid(s)
247 to many r-pllgogiiions AR TALeA W RBelfic dinding os ByRedizatioRy BROBRA 8
unhybridized nucleic acid(s) may be removeéd electrophoretically and/or by fluid flow (not shown here).
Figures 17 aP@Si®/eholl 3eteaiRNEahERe Beals Y %ﬁfhﬁh amp|{jravaediic 8 Gt e dpdividuahal
cartridg 114 RARHErSASE SRSHIUISSBEGHKCH AP SARAOHIERrdAoRGIBafy Aavhvirala }rmra'en 258.
Substrate portion 258 at least partlall\érdeflnes fluid compartments of the assay portion. The substrate
portion may {HEBBUCIQIH RFHEES) 6 e NABrfeddoRRSHIARS RidPmaiiay de@lenicseretity 158

and/or thin-filgm daygrsdormagian e subsisemdaisnargenaed JeBcaReR Pf thesukstrate.
Thin-film electronic devices of the circuitry and fluid
removed electrophoretically and/or by fluid flow (not shown here).
Figures 17 and 18 show selected aspects of assay portion 144, viewed in
15  plan from external cartridge 114 and in cross-section, respectively. Assay portion
144 includes a substrate portion 258. Substrate portion 258 at least partially
defines fluid compartments of the assay portion. The substrate portion may
include a substrate 260. The substrate portion also may include electranic
circuitry 158 and/or thin-film 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 IlI.
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



compartments of network 148 each may be disposed near a common surface of the substrate so that
the electroni(1:0$$0\/2ige7§1 are closely apposed to, and/or in fluid contact with, regions of the fluid network.
Thus, the thin-film Gévices 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 maté#ials and properties are described below in
Section Ill. 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 barrieﬂQespwmﬂuimsphd@wdéﬁemﬁﬁ@s@cm uhsteaiadiy for rsinptetrll Hegiveranthe
substrate pogigjuand, fagdUHbBAYRE Al ‘iﬁémé?%%fﬁﬂﬂa'wl?fgﬂ%'ﬂﬁag%@éﬁy“&ﬂwﬂ;Fé’ace’ or

a 100202927-1 32 fluid compartment thereof, is disposed substantially (or completely) between
substrate potfigh RPByeMs fRbanial 2ssapriananiepbi8ihapbohiesaaricee tiiatpheliepts

substantial ascaRg. o G RGHUR AR 128, deVieSMOMIM I tRaress, BRdHtIAG syt or @

compartment thereof. Preventing substantial 5 exit of fluid from the cartridge means that drops,

droplets® or &4tr@arflagfiliRMdbes eitriciar: meamsyibatitrfh HORats bafriarsikeastddidiyithe fluid
barrier may fetecpionrNRS B HIRIGhCoRN RGBS NIV AK-LAG A e A S e tBHRAP the

device. The fluid barrier also may fluidically seal a perimeter defined at the junction between the fluid
barrier and tAta¥ubstrieepeftioradingspiaabituidisabntrarnechiikid felyore d48ritRyaediansjunction.

Typically, the,fluigh pagiehalsR yRIrictR & ARAr FieidpSsI Lo Ay eIl 148aIF id aataer 148

may be formed as follows. Surface 262 of substrate 260 and/or circuitry 158 may define a base wall

264 of fluid 1SR Rlathe JHASHeS DEVRRB! B9otish BRA) Ho 2hdh dee SUPSIARIREE2 Bhd base
wall 26410 RPN 256 GPGREHBHPLRSE RIS AL IAERany el il

including, but not limited to, a negative or positive photoresist (such as SU-8 or PLP), a polyimide, a
dry film (sucHYd PRibishE&tRBlristeIRraPeratyeNrss demifHshrebwrig didanel layer 266 may

gl%ug]zﬁgztzliiégggzamn@twam@wm, UBAkHP@CSEMBIRaSRIrRIEBIDETHAD Stk @b cover
and/or circuitry 158 may define a base wall 264 of fluid network 148. A patterned
channel layer 266 may be disposed over surface 262 and base wall 264 to define
15  side walls 268. Channel layer 266 may be formed from any suitable material,
including, but not limited to, a negative or positive photoresist (such as SU-8 or
PLP), a polyimide, a dry film (such as DuPont Riston), and/or a glass. 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 alayer 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 detected optically through the cover. Alternatively, cover 270
may be optically opaque, for example, when assays are detected electrically.
Fluid network 148 may include spatially 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.



20 on channel layer 266, and spaced from base 264, to seal a top region of fluid network 148 that is
spaced from 1(3%(3(3%@9@ circuitry 158 (see Figure 18). Cover 270 may be a component separate from
channel layer , 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 moven®ént and escape from the cartridge. Cover 270
may be transparent, for example, glass or clear plastic, when assays are detected optically through
the cover. Alternatively, cover 270 may be optically opaque, for example, when assays are detected
electrically. Fluid nAtwieast 48 tiayfiloluerrspatief\chpstitivt dbdnipels heforemd edoxe.3@mkscribed

above, to cagy; Quj %;‘i%rpéeé%f%faél%gfrgiéﬁﬁébP'fﬂ?@%?r%m_‘ tyRReaRy RiaHEY @iphaked fluid

compartment. 100202927-1 33 At least a thin-film portion of circuitry 158 may be formed above, and

carried by, ;lﬁ’f&é& et @tslﬂ@%élérﬁetb_ywiﬁﬁcgﬂ_ﬂ/wmar@ ﬁ@l@iﬁ@@imﬁifﬁuﬂ- |Abersiicatay least
partially def"ﬁ‘?a%ﬁé?ﬁ&éoé??ﬁl?&%’é‘ 7 At SRS iTRY dﬂ?&f%ﬁé%é‘?‘ﬁé&?@u@?&ﬁamﬁd

fluid in fluid network 148. Electrodes and 5 other thin-film devices (see Section Ill) may be electrically

coupled®o eRibgicHhitdhiadeyiers2(eeeseettignrd ) 1 ajeherglgatiieribhh crimiesnttuslsetitalitry
(including sighak REPCESTINDPUCYERY) TEINRE 97 1he;SHBRITRICHRRIR: %’é?ﬂi@éﬁeuefbﬁflﬁéeﬁw(}w

surface 262. A given number of contact pads 274 may control a substantially greater number'o

electrodes aflif@vdin@ stERAfipRfeFRES fircaittyefiaraed rpdarmamsti@atdbapissiabrcaied
electrically cgHRiad G FUNRFISUAABe SN é}s?dﬂ‘éh%ﬂﬁ%%? GfrEHHtQ?BHHQ%yr% 7@%‘?\%’? any

suitable composition, distribution, and coating. Suitable materials for electrodes 272 are conductive
t

materials, stRYPEEAMIatMs IFeatsr anoyRPer RbtslrReeReantisniihey dhittibne AexteeRis!mclude,
15 goldyplatisdiar QP RERDVILTHERIS, EEMLER SdaesEm @%%%Mﬁ%ﬂf@gmﬂ&eﬂk@oﬁ%t&w 158

may include electrodes at one or plural sites along base 264 of fluid network 148. For example, as
shown here, El8c8HaB amwitiha Axiba) GEcWiural discrete units, either in single file along a

iggn”eVChamber’ 39 dRtreRfRE ATHOMERA R Oh Y AWRIBI B'ERSIOPES REAY G tiicthRmbesad. 66,
coating. Suitable materials for electrodes 272 are conductive materials, such as
metals, metal alloys, or metal derivatives. Exemplary electrode materials include,

15 gold, platinum, copper, aluminum, titanium, tungsten, metal silicides, and/or the
like. Circuitry 158 may include electrodes at one or plural sites along base 264 of
fluid network 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 timeregulated

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



20 Alternatively, or in addition, electrodes 272 may be elongate or have any other suitable shape or

shapes. Each %83 tggqe 272 may be biased electrically on individual basis, either positively or
. 1002020271 " .
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 &hd/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 (R ISRYRIIGC apids)oatbng drtat Examplavithiatesielariniesosgiirasdmzy doatademay

chemically 3 ' ids. Sy - ' j hydrogels and/or
sol-gels, amgﬁiﬁggﬂ%%ym%%%ggﬁ@c?@ypgglggﬁgg%Rn%@?h?ﬂ%&%gll%{(‘jggsz@?-1 34 as

sputtering, spin-coa%ﬁ@)@lﬁQEmnb%yﬁ%ﬁtéﬁ@@%r%ﬁtﬁﬁj@%@/ ih&cb_hénﬁmmmraﬁmdéé?-
agaroses, angigr §Mﬂgﬁ80iﬂ%¥f£‘8ésg"é@§£§eot%?r% ARG POsAB Jé indlidically cpnppcipii to
fluid-handling portion 142. Any suitable intérface passage (or a single pasSage) may be used for this
5 connebtiorFENRAtIRNCt AN Flkich netwatks ke, cttfialh the garfidae camsbctivig magnarsiemuid to

be routed in pelafigndg Y4 SYBRBIIEENh FardBrARadeid B FhEh cammarmenk fdrsd
networks 146, 148 may be separated spatially by substrate 260 and/or fluid barrier 263. When

separated byreibéafbizboompaminePassages 10 may extend through substrate 260, generally
between surface antﬂﬂsH@ﬁUé‘Fﬁszqgf@,”q4’8’9?1%9%%”&%%%%@@1 t%ﬂﬁﬂéﬂ‘? stﬁ%gqu{és.ég@rface

passages may be described as feed structures to define paths for fluid movement. Alternatively, orin

P
addition, one@BeRBALIGtpAEe cRAsnhaRyssR@Idesk QuhgublatR 268, irtglirce Masisadssirate 260
to conngyt tq{%ﬁé&%‘éwe% igyERE A YHo FeEAersiRBRIG dBiPdare b3S aayaxiead

through channel layer 266 and/or cover 270, but sealed aglalnst substantial exit of fluid from the

cartridge. In 288RBRARPRISISHRHERGS AR fRiAbYBE HEid netwRk B BigstaeedRrsSag8% B ¥iuid

barrier 263 phesdbipeauRsala 2aRcifesStngeanhalbiaissiaserilamelreassit. ArgRdingtprough
fluid barrier 263 to connect fluidly to fluid network 146.
or in addition, one or more interface channels may extend around an edge 278

(Figure 17) of substrate 260 to connect to fluid network 146 (Figures 11-16). For
15  example, interface channels may extend through channel layer 266 and/or cover
270, but sealed against substantial exit of fluid from the cartridge. In alternative
embodiments, fluid networks 146, 148 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 portion to 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. Each individual compartment of the assay portion may connect

directly to any suitable number of interface passages 280. Here, concentration



20 In the depicted embodiment, interface passages, labeled 280a through 280e, extend through
substrate 269 5’2%5"8?79{1 opposing surfaces of the substrate (see Figures 16-18). An interface passage
280 may quid?y 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 r@agent reservoir 152 to a chamber (164-168) of
assay portion 144, a chamber of the assay portion to 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 sahpebepdbtsitbasihirectipite8Aambed @Huiticstigehrinbarsd 6ftasitb@asasind/or 30
a chamber of the assaypattion F%@evéh’é Q@@@EH@@ééHFPe@Béfali‘(/%gem 222), among others. Each

individual compartment of the assay portion may connect directly to ny suitable number of interface
passages 280. HerEi@witceliramwsoeoponteriase dpasseee184tradlidy, o80acztdassay

amplificationeambend 8 AN/FRIMI G FORRINLPBLIGLAALE Ba8s250P80d %SQ&ﬁﬁﬁP@&%l‘?'y'

Figure 18 shows how interface passage 280e fluidly connects assay portion 144 to fluid-handling

portion $42. taEvidkedrakeng dvdoeathcébdiglinm s shpmhealit hwalpatMers 23 messsay
chamber 16&{0 yal@) efli iidaasd |uy. &P B AeRPRS YRR E8FYH4H AR paghpnnel (or

channels) 204" of fluid-handling portion 142. Each channel 204 may be connected to an interface

passage 28®fHteidghandling marimnd! 434 EashusearnalirPoroay bemranegiadieianmierface
f'Uid'ha”d“”%’%éi&Q b @H%EF@H”Q ruRiHRIHHE d0gRMmpaEmERis D ﬁéﬁﬁw%H@“&r%iual

Accordingly, assay portion 144 may be attached fixedly to fluid manifold 284, for example, by using an

adhesive 286hANTRIRf808 pitsdichhanding angEiaBted Hat \Rlibs Qo Rs Ringt@he dsifed
generall pareli ieston oL us I bR eXAMAE.He eSS istiahe PReRag 2502 may

be smaller adjacent surface 262 of substrate 260, 15 at an end region of the channel, than within an

intermediate ddnealy b9 Tuiddnaniiotn2d répmexapihiRY PEBGARRAMRPINAESfhe opening

routes fluid by direglingnfisihie apsdangemayiuidwomnaament: Araningizsshvrigally Rreigins a fluid

compartment. The fluid compartment is defined at least partially by .
(measured generally parallel to direction of fluid flow). For example, the diameter

of interface passage 280e may be smaller adjacent surface 262 of substrate 260,
15 at an end region of the channel, than within an intermediate region defined by
substrate 260, to form an opening 288 for routing fluid. The opening routes fluid
by directing fluid to and/or from a fluid compartment. Opening 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 pm
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 substrate 260, and may have a thickness and/or

30 functional role as described in Section .
Figures 19-25 show stepwise formation of interface passage 280e,

opening 288, and assay chamber 168, in assay portion 144, using an exemplary



the fluid barrier and may be configured so that fluid cannot exit the microfluidic 20 device locally from
the compart %94259% 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 88ameter, or a diameter of about 1 pm 25 to 100
pm. 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 faratwdn faurféelericaiont wibdhateaseey Fertigarsgtabipichlly adepasitipat gnd

S“bSta”“a"YPHI{BF}%F1§1Q&H%eémcgegéﬁ@éﬂﬁ)ﬁ@ep%ﬁgn?% MEYHEYR R IBIGREEF and(oL P

functional role as descCribed in Section Ill. Figures 19-25 show stepwise formation of interface passage
280e, openngst%etaﬁla H@@Wb@ﬁqd@wa&@@@ﬁomz 8EngrAReRBHYAYe0and2927-1
36 method fortabrcatoNiRi g Bg%%}’e?eﬁ%%r.‘ -r@a&aehﬁt@miﬁg@%ﬂ@%@f‘r@fa@t&@m@y&%efe
described in U.S. Patent No. 6,000, 787 to Weber et al. and U’S. Patent No. 6,336,714 to Kawamura
et al., which @kPabginrshigenosiparf mébmpdaaridaitaeiforyersareitcsalRGdyoaxeasiHEgeherally

refers to the RIAERSSHP mfeomﬁgqglfgr%p@ﬁon of a film layer after, for example, selective exposure of
[ 1

regions of the Tilm layer to light. Figure 19 shows a suitable starting material for the assay portion: a
substantially planarfd8HEerat8 BmWhtRospBaig SiFERG reaterizt. frRetheotASeR YRR IR Ifere may

be carried ou Wip ARG SHRSYABRIAALISENNWIE SBS3aMp Surfaviaossiokre sl Akprs -1 to 2

mm, or 0.2 to 1 mm. Thé substrate may be modified at surface 262, during and/or after, but typically
before additiBRSSTHRA 1AFERs PG0, RFineRIEEH-UHd WidoFe &itcqBnsURaIRIAtTBhIRIEN).FEOTS,

bipolar feVicee ARHOhAUISE SFTRIERASKICIH ARkl ONICEEYIRRR (BPI0SDWA) nfHIUTRL I Rhstrsidhe

assay portion after application and patternirgI of film 15 layers 290 on surface 262 of substrate 260.
Film layers 296¥rk§ TRerifiechal ssifegnehitnudeg @nioh altenobptdvicabndeiarm arailian of

circuitry 158 ofHilf IRYRIS D9y, 16 iRbmRR ol cRrABciEdaaEyiBhE thsxrsnplerdAdRidYs, FETS,
bipolar devices, and/or other semiconductor electronic devices (not shown).
Figure 20 shows the assay portion after application and patterning of film
15 layers 290 on surface 262 of substrate 260. Film layers 290 may include any
suitable films used to form and/or protect conductive portions of circuitry 158.
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 1200 um,
more typically 2-100 um, 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



electrodes and conductive connections between devices), semiconductive material (for example, to
form transist%'g 8si£17g n- and p-doped material), and/or 20 insulating material (for example, passivation
; 2029271 : : i
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 dispo$&d 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 pm,
more typically 2-100 pm, or even 5-50 pm. Exemplary materials for channel layer 296 (and the fluid

barrier) are M@béﬂ b@(ﬂiép%@r@am\ﬁﬁ@/\m%Wmﬁﬂmbﬂaﬂ@f&@t&prﬁéﬂpggmﬁa@@een
added to oppasing sirfacere opf Ml ate-6ARs PBRAIE thark Y eraRpHathIZ038S arawry of

appropriate thickness, and selectively removed at a localized region (or regions) to define opening
300. OpeningWadraiayheivaangreprblass apenng BaBwppreanferastiadiameter greater than the

diameter of opening:g3fe GBeLiagyd A2OLE T3 P AR BFHEBASHABRRBG AR PidIP8 SO

that a projection of opening 300 onto film layers 290 forms a corresponding channel or through-hole

301 in the sObdttedasRNASSESsC SRR sashafiel ressavint hRieh B Rpkr e Sbshales 269 assay
portion after ﬁ?éWB@O&aﬁéBeg%ﬂ%?Hﬁ’&edﬁH@br% IHGHASERRS298 25y 2N JilRTd @iBma of etch

mask 298. Substrate 260 may be etched generally orthogonally from surface 276 along a volume

defined by dDeRRRStIND FKE (SRRIkIg2ga?glottuBsadhiitenanneh s SuitaesHitHIR) §i¢bERGIure may
be used to fomdbg sHLRLBL AL ©f 19IRITARS ARASSRIR 1B oNRYSHAREPEaI @ dp etching

(DRIE) typically is used. One or more layers 10 of film layers 290 may act as an etch stop, so that

overhang releWe%er idrRpRTEtRChYR 1RACAIRRING 4 PRHSK AYRICBEYstBpised fioMeoPhBRRg $e 276 or
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296 have been selectively removed to form patterned channel layer 15 266. Selective removal may be
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Figure 24 shows the assay portion after regions of the unpatterned
channel layer 296 have been selectively removed to form patterned channel layer
15  266. Selective removal may be carried out by any appropriate process, for
example, 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 barrier 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.



patterned layer, or laser ablation. Figure 25 shows the completed assay portion 144 after attachment
of cover 27q gz%tzgﬂof to affixing the assay portion to fluid-handling portion 142 20 through manifold
284. Cover 29 may be attached to fluid barrier 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 @8 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 passaged B0 lﬂsﬁé)?(@M@Wtﬁf@@wwﬁmg@ﬁ@ﬁi@ﬁ@l’@@ﬂ@ﬂﬁﬂ%@%@%ﬁhﬁg@é{&) 302
may be used,ipfaHtesid hefyeem CRAmPEISORmEaINEd IMaRRRIRIVEN Py idsikalg gattion 258 and

fluid barrier 308. Alternatively, or in 30 addition, intra-chip passages may be used to mix fluid (see

below), to pegﬂﬂenaéiyr@écwp@ﬂ@@é@bgv@/ts?rt@gu@sm@z@@-gﬁgy@e2¢ig&i@w&7a2@t@9@vp§tepwise
formation of i A-CRIBPaRERIAMOZJRRS53Y RIKPLBI RN Ad X GIRRIaLyIBstRed Maiera!s and

process steps are generally as descCribed above for Figures 18-25. Figure 27 shows a stage of
fabricatidn aRePfifRdapatieroechiQefbedn Rt PBRMNEECESE: Mgy D tAtE WSO thed FE@dined to

form plural OBSHIBH%?@F-é:ri%f?c?p?rcsQfﬁ%?n@%Pé%@étr%%éti%@f&l‘?{d%ié_%ﬁﬁi@setfé‘@%ofo%?%rate 260

under openings 288 to form a substrate recess or trough 310. Alternatively, trough 310 may be

formed by iSatsHiatetdifpes In dithushss 18 cHifrARilV abeet94absthte PR the fgAMEFeRings 288
to undercut il BYRES ARG U OB IOEELEECERIE B LalL SliRRsed indrieasR @RERNIG K88, to

form trough 310. Accordingly, openings 288 tyéically are spaced closely enough to allow recesses

312 to be coRPERIRES fafficdNy WirrrFWichlRY FVRIBsH#aR JBVISFiginindoloRaivEesasseporicn 304
after fowatifa'ik%i)gearnﬁeé? 396/ sipuhiivirlaarier 130%: !?’@ﬂ?hf@'i@bﬁé%hﬁﬂ yinspiianghage! layer

266, to define chamber side walls, and cover 270, to seal 15 the top of chambers 306. One or more of

openings 28t BERWYd H fifRAEHEr SISE A rRNALEA tirAHPWOIRFESEESMA] D dDIBEK S ML M Nel
layer 266. Feffxi@BIRleduring etching of substrate 260. Figure 29 shows assay portion 304

after formation of chambers 306 using fluid barrier 308. Here, fluid barrier 308

includes channel layer 266, to define chamber side walls, and cover 270, to seal

15  the top of chambers 306. One or more of openings 288 defined by film layers 290

and used to form trough 310 may be blocked by channel layer 266. 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



the central opening here has been sealed by channel layer 266, as shown at 314. Figure 30 shows an
assay portioqoﬁgo%g}g_ving a manifold channel 318. Manifold channel 318 is a trans-substrate passage
that connects Tlui |cal]y 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 compar@@ents 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 maf}lb'(i.'l O@@dotb er@@lsﬁi)ﬁmbéimﬁﬁmwﬁﬁmﬁtm@ﬁe@& %QrMBQVAﬂaé%mplary
method for fermingmanifeld changs! AL8JOHaMS hyraeadiyeRulRehE EM eshaber Al

;
formation of trough 310 in Figure 28. Figure 31 shows a top plan, fragmentary view of an assfy portion

330 that 30 #ikaatiByie, raphesRthginincsIRidaixime trruabetddaosing aniotrjieavadsgamar el Yirough

310 of Figure 2R fereh gL LINGHR ALY RIRERISSR RIS et SRERIBRS AR PRF.OULC!
opening are shown here). Trough 334 is fedfrom the 100202927-1 39 fluid network of assay portion
330 by SuraifptathcHdiesisflees exits, liatigh chify shewvimatidié2 opbdRgaudiehgrsangisdied@d by the

arrows. Eachyehanfaldsycie et AHibUaRR MM P Brigse iﬂﬁﬁdrﬁé‘%ﬁ@%ﬂé%?{kmﬁwed

geometry along the trough to allow mixing of the fluids from the plural channels within the 5 trough.

Mixed fluid X3 tBRitesEdivenemhadinenta: aRvostabiseriiPesetnietendialdisheRanastn outlet
channel 344,gthe, BUichARREREK AATRRNRPTEREMERY- BB3IIGRRAUYR &RPOLiShiS: AlMhBaHaBte

number of inlet and outlet channels may be connected to mixing chamber 332 through any suitable
number of cPRPMRBS3IZC-10 Figure 32 shows selected portions of assay portion 144, particularly film

layers 280, in morepgiag: Ezeéﬁelﬁyéeiecfé&asdaﬁbbHLC'Hfd%@s%?'%em% (FAXpdmienzeiy fopmed
from substrate 260, and a phosho-silicate glass (PSG) layer 354 disposed over FOX layér 352. FOX

layer 352 magusisviila ith&nere Beakr Bxameiaiihinsiiae matiisbiscs fielsarger(E&hay be
pulled back frapar13500aBIBRoPh Wb & o202 vRid THisherimashivdibtipBs GPaysr 1yyich may
354 disposed over FOX layer 352. FOX layer 352 may provide a thermal barrier
to thermally insulate heating effects. PSG layer 354 may be pulled back from
15 opening 288, shown at 355, to avoid fluid contact with the PSG layer, which may
have corrosive effects. Accordingly, PSG layer 354 defines a protected opening
with a larger diameter than fluid-contacting opening 288. The thin films also may
include a resistor layer 356, formed of any suitable resistive material, such as
tantalum aluminum (TaAl). Current passes through the resistor layer 356 from
20 connected conductors, formed of any appropriate conductive material, 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 (SkN4) 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



have corrosive effects. Accordingly, PSG layer 354 defines a protected opening with a larger diameter
than quid-co%g%&g%_qpening 288. The thin films also may include a resistor layer 356, formed of any
suitable resistive material, such as tantalum aluminum (TaAl). Current passes through the resistor
layer 356 from 20 connected conductors, formed of any appropriate conductive material, such as
aluminum or an aluminum alloy (not shown). The regi8tor 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 (SbN4) or silicon

25 carbide (sfoy,hé@hdmgi@ﬁhk\frb.aAcajnrm&estiaaakﬂbmm&ipmequﬂe@t,fsgérbgtyveee@cm@etsp.1
transistors, agd«gdes, Which-Hay @i@&@ﬁ%‘éé%&ﬁ AWdar RelepthesWireR-Of iersrBRifate, are

not shown here. IlI. Microfluidic Systems Microfluidic systems are provided for sample manipulation

and/or analydRyicES NmesMauR: apytsnitagindeial ih&mﬁémm}wgfﬁﬁarﬁiembdﬁwéﬁ @icenNgngr
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volumes are carried by one or more fluid passages, at least one 100202927-1 40 of which typically
has a cross-HEeibaareiteneioloekriae e zrd\yeh lapoRegnPles 5OMBE-or, more typically, less

than about 100 pm g &P e%%ﬁﬂféﬂfécﬂﬁgi%_mﬂm&w A ssdRblefrigh W RaReaic

Accordingly, fluid at one or more regions within microfluidi¢ devices maﬁ exhibit laminar flow with

minimal 5 tuivieRcElydisalirenapstesticedividisably ReyRisdIneBEY. MERNSoiph@niatts may be
fluidically coppretediRitha Bucieduistiq g \ierm RRicalbcooneitadns Muidisalnratelefigenerally

means that a path exists within the device for fluid communication between the compartments. The
path may beRBriMRYaReiPRA bRl dbRes IRds cented e v yaly enmthabargaend 0lgefol§Reyarious
fluid coygpargagig. may carry and/or hod fluid within a microfluidic device and are enclosed by the

device. Compartments that carry fluid are passages. Passages may include any defined path or
conduit for routing HABONDVERENt SHRRPEMAENSHLTBRYdRAED, sBPR/RE chaRndisithroriBEing

chambers, microfiuidic device and are enclosed by the device. Compartments that carry fluid
are passages. Passages may include any defined path or conduit for routing fluid
movement within a microfluidic device, such as channels, processing chambers,

15  apertures, or surfaces (for example, hydrophilic, charged, etc.), among others.
Compartments that hold fluid for delivery to, or receipt from, passages are termed
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 device 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.



15 apertures, or surfaces (for example, hydrophilic, charged, etc.), among others. Compartments that
hold fluid for ggilv%r% o or receipt from, passages are termed chambers or reservoirs. In many cases,
chambers andreservoirs are also passages, allowing fluid to flow through the chambers or reservoirs.
Fluid compartments within a microfluidic device 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 phieinegipieshanhesamayimavenanointeduesliaityPosiTmawithirs anblyidaetasyified
broadly as tefgyngy anehinterpediats, chagalers, B?&E@@l@amgéféﬁeﬂ?éa%mﬁ%ﬂ?f'w

starting point or endpoint for fluid movement within a fluid network. Such chambers may interface
with the exte®tal @ineSaaMefanakisple, receiving reagents during device manufacture or

preparation, or may ReiE iy henbeL ol At Bt ImBciobidK druis: Supmplary

terminal chambers may act as reservoirs that receive and/or store processed sample, reagents,

and/or WastédluréramdluithagftepoRefoetbadel witHaiurebeesks. arfersh d miaPsaimdle &8aldsis.
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thus may act as passages for processing, reaction, measurement, mixing, etc. during samF
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pump or an electrokinetic pump, among others. Mechanlcall driven pumps may act by positive

pressure to PRENVIRE tﬁF@U&HFYhé)heQWSFRa*I'ﬁ@ ﬁf‘&%@ﬁ% e pretfded b?ﬁ'@ﬁﬂn@umﬁsﬁmzed
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peristaltic pump, and/or the ike. Alternatively, or in addition, a pressure-driven pump may act by

negative pre@é‘éﬁ@ufﬁa‘iﬁ'é’eﬁy MRy &Y Q@\W&%S"&Q@E}% BW@@S@@W@SS‘P%PEI@&MUC or
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pumps may use an electric field to promote flow of fluid and/or fluid components

by electrophoresis, electroosmosis, electrocapillarity, and/or the like. In some

15 embodiments, pumps may be micropumps fabricated by micromachining, for

example, diaphragm-based pumps with piezoelectric-powered movement, among
others.

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 implemented, among others. Therefore, 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 may 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.



by electrophoresis, electroosmosis, electrocapillarity, and/or the like. In some 15 embodiments, pumps
may be micrﬁ)&)%gg%f?bricated by micromachining, for example, diaphragm-based pumps with
piezoelectric-powered movement, among others. 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 che¢k 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$suitﬁh|§eyﬂ1mﬁiw@¥ebmmrmb/%rfwﬁsedf ok (RidMesvbatr aleg/@longy select
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operated to deliver fluid, reagents, and/or sample(s) from a fluid compartment to a desired region of a
fluid networkViStiR¥Bleezaey rhgy antiated v elsetgisistiadaisosr pirraiestds, tuRfressiins or

movable pasgage walls, hall yial¥BR:&lIURg RV Bnddp ‘é?rMe?pQVbHLRn‘éah‘u?érr%Pdéﬁr Emgple

fluids, 30 among others. Such valves may be Operated by a solenoid, a motor, pressure (see above),
a heate® an@@raierskdeoostadizrvalyes SimabislvaRe® rRxAREHRicRovalvei GemTeanRrastEan)
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Microvalves may ctuated by electrostatic force, piezoelectric force, and/or thermal expansion
force, amond EReE GG MmalyeavEditeinelusiecdaiaps setubittngat)epirrstalestiigyaistitayinclude,

for example 2 RRIYSHEANSISANAr aNe:iRER L AXITEAS GBBIRVEfHBAFh ABGTARRIP GaMRIsa Mgl formed

in a substrate. Piezoelectric valves may include external é{qﬁr internal)cFiezoeIectric disks or beams

that expand RG4S BvaRRI@PAIRSSURe FRaniparkasmdaf d2ymay dineifoR searAfipee db§re
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a valve seat. Alternatively, thermal expansion valves may include a_bubble valve. The bubble valve

may be fornteers\phapaesieryriMehRaYRd lfiadhpeavsivhid ie Hpakisyalw may B bubble
blocks fluid figyiBrongh theRaserafeRishanHeEeIMAatBISPHaPRDbIe in a passage so that

the bubble blocks fluid flow through the passage. Discontinued heating collapses
the bubble to allow fluid flow. Microvalves may be reversible, that is, capable of

15  both closing and opening, or may be substantially irreversible, that is, singleuse
valves capable of only opening or closing. An exemplary single-use valve is a
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



the bubble to allow fluid flow. Microvalves may be reversible, that is, capable of 15 both closing and
opening, or %%Xog%%bstantially irreversible, that is, single-use valves capable of only opening or
closing. An exemplary single-use valve is a 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 examplé3 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. Withigydheidievirs:idReagents dnbydrdriodwesdokycarirgired dypegananateture

accommodalg {RECERHRRS1NR PBHIRRP ERTELY n‘?é?ﬂ,%@%%%%nﬂ‘ﬁ?@ iPiFREURE SirsalyRerformed

in order, for a given sample, but may be performed asynchronously when plural samples are inputted
into the deviddolthridrrjasieneatiider sfuiehimapiiiagiétievice to introduce sample(s) from the

external world into themigsfidis SeRasASARRIJDBLERO SOLequiRP ARMEERIRIS) pteen

the external world and the device. The interface thus typically acts as a port, and may be a septum, a

valve, ahd/of&BRIReNANtBHIRALIQBIQr dieatammtibiaisnedites) aidybiEsb ohcheREBEaReTio /T
reagents 10920295743 sudihindhe dayiee &3 oA B6REAIFIHIRELRY BMIEPerMiRg.

manufacture_of the device. In a preferred embodiment, the reagents are introduced and sealed into
the device oPtafeRfIRILMMyMeshiracineUttag FRiuRiRIBEMDIErE) i Herspiseeicanaysiesing may

include any nsAMAS) MR BliARIer %‘?%}"Ef!é‘r?%lé‘d%%géﬁ& RRYSICRh B RGDILGH RERGIK Of the

sample, such as’sample composition concentration, a temperature. Processing may modify an
inputted sanPRYieN&eBER iR dhe §ﬁf€§|fbrrﬁﬁdlyﬁgwsﬁnﬁmagfﬁfﬁﬂ%@aﬂﬁﬁ@! Y oRyesh aspect

of the sMplgHroMgIHICARIO N HEMLCRIMEERS. TfopasralRpBDRICESSAS IR SERRGER, gnd/or

may convert 10 the sample into a detectable form. For example, processing may extract or release
(for exampleSSRLCHR XaMREs)reBh &Rl OpirySeshaRARicaRHIFY . ciangenisrisangier by

amplificationgQieho(fBIOEARHHME DI UMBNTBREESH one or more analytes from an inputted
sample. Alternatively, or in addition, processing may treat a sample or its
analyte(s) to physically, chemically, and/or biologically modify the sample or its
15 analyte(s). For example, processing may include chemically modifying the
sample/analyte by labeling it with a dye, or by reaction with an enzyme or
substrate, test reagent, or other reactive materials. Processing, also or
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 purposes. Thus, the step of
30 outputting generally includes obtaining any sample-related signal or material from

the microfluidic device.



sample. Alternatively, or in addition, processing may treat a sample or its analyte(s) to physically,
chemically, alggéﬁgggﬁlogically modify the sample or its 15 analyte(s). For example, processing may
include chemically modifying the sample/analyte by labeling it with a dye, or by reaction with an
enzyme or substrate, test reagent, or other reactive materials. Processing, also or alternatively, may
include treating the sample/analyte(s) with a biologictd, 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
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position analyte may include capillary electrophoresis, 25 chromatography, adsorption to an affinity
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may be performed after sample processing. A microfluidic device may be used for analytical and/or
preparafive SlirfhsEimThalHes stepNef 080D ERAEHA g Ye SesHIRUIRIUTaL I8BtdRiBg daBaRAIk-related

signal or ma'éﬁﬂﬂbf’%bﬂaﬁﬁi%?ﬂﬂﬁ iStHemce. 100202927-1 44 Sample-related signals may include a
detectable signal that is directly and/or indirectly related to a Frocessed sample and measured from or

by the microfluidic Heeiceteséabieatignaigmay htageiednd ogtiaail caried dartEsalin@aEnengnultiple
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averaged or distributed values (e.g., temporally and/or Spatially), among others. The detectable signal
may be dete@fed oREAPAREFor eldtdBRFCEATENg otfidPrEsEah metRISELIOTHR MSRLRABR signal

may be;an opjifightilgesenesUeheAn i BRTALRBAR IBIRRSERENE IHERSACRERHRIGRE OkiRRingECence,

10 bioluminescence, chemiluminescence), diffraction, reflection, scattering, circular dichroism, and/or
optical rotatificHRIBRYy SMYRS. eRlica)isatatirtscammethsis ridippiafiorrRRGRcR BEthA S hance

energy transfea(FhfellddUAIReRRERce resonance energy transfer (FRET), fluorescence

lifetime (FLT), fluorescence intensity (FLINT), fluorescence polarization (FP), total

internal reflection fluorescence (TIRF), fluorescence correlation spectroscopy

15  (FCS), fluorescence recovery after photobleaching (FRAP), and/or fluorescence

activated cell sorting (FACS), among others. Optical signals may be measured as

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 optoelectronic

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 voltage, resistance, conductance, capacitance, 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



lifetime (FLT), fluorescence intensity (FLINT), fluorescence polarization (FP), total internal reflection
fluorescence1 &Q&% fluorescence correlation spectroscopy 15 (FCS), fluorescence recovery after
photobleaching Z\ ), and/or fluorescence activated cell sorting (FAGS), among others. Optical
signals may be measured as a nonpositional value, or set of values, and/or may have spatial
information, for example, as measured using imagir¥p methods, such as with a chargecoupled device.
In some embodiments, the detectable signal may be an optoelectronic 20 signal produced, for
example, by an onboard photodiode(s). Other detectable signals may be measured by surface

plasmon re_s@ﬂﬁ‘rid@:rﬁlﬁ_iﬁ.‘érmﬁgﬁélidf_l@s&mm@h@l@@ﬂiw'smﬁd@%h@w@h@t@s'ﬁb@@l@iﬁﬂ&!ry,
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is, a measured voltage, resistance, conductance, capacitance, power, etc. 25 Exemplary electrical
signals may be med$\@e®|serfbsidiaplievicgosay defludeniistine! s&raotorcpritiensdifey diddi(s)
(such as nugleictld X dPARRIGR fGERIGN (N HSLagLoR el drARHRN the SKetiBhsAme
embodiments, the nmicrofluidic deviCe may be used for Sample” preparation. Sample-related material

that may be bDESRtRPIHENS @Yy 30 eRBfigeaedr Kolealcyl ebinsbisiiaes) NeRARSINS), avgi@gate(s),
mixture(s), asseMRlIRRIn A FiRenisniRBRh§HER deNiFBAfisEa S iRgeRM B mOP02927-1

45 sample-related material may be a chemically modified (syrithetic), biologically modified, purified,
and/or sorte @YRAKRANEORNEY BEeRAVe h thdtheiwarkphs. fiid shaediRé eierenlyasciude

distinct structrabnqeieasianlite MaaNeERbLFARISLH3RE MNRRNIMCING BIRFYSTAS frsranPlified in

Section Il. 5 These portions may be configured to carry out distinct processing and/or manipulation

steps. The finRnAlRGIRGHORicMANAIANE fvideahaupheiseNyitfonnesitably ol iseariBchdiNgave a
fluid nefyorkpfiichaprcerhatieMARIH IR dingRRiRprthanstae Huikirsiw ek RIdbiderrags of the

assay portion. The fluid- handling portion may have fluid chambers with any suitable volume, including
10 one or méPeabREEHE SIS $I9BR ity of tens or hundreds of microliters up to about five

milliliters or more. HgsflyidnABANNG P PEATMaY HCHRBS AN BIPRTIRERES RIS Bort) to

receive sample, and plural fluid reservoirs to hold and deliver reagents and/or to

receive waste. The fluid-handling portion may be dimensioned for somewhat

15  larger volumes of fluid, in some cases, volumes of greater than one microliter or

one milliliter. In addition, the fluid-handling portion may include a pre-processing

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 fluid-handling 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 fluid-handling 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.



receive sample, and plural fluid reservoirs to hold and deliver reagents and/or to receive waste. The
fluid-handling 89&'%[?] nay be dimensioned for somewhat 15 larger volumes of fluid, in some cases,
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volumes of greatér than one microliter or one milliliter. In addition, the fluid-handling portion may
include a pre-processing site(s), formed by one or more fluid passages, to separate an analyte(s) of
interest from waste material, for example, to isolate @fAalytes (such as nucleic acids) from a sample
that includes one or plural cells. The fluid-handling 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 maybé' @M@é&@r%h@@%lﬁﬁ@@ﬁ%@@ﬁ@@@ﬁméﬁ |pli§1n|§aﬁi%-a'539y
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measured. The assay portion may be configured 25 for manipulation and analysis of smaller Sample
volumes, geRetaiBeRaViR) fRHGRARbardesbaniligbRrmEmictbRe s hERifmbRPESN tha@¥bout 10

microlters, a0t pER/ GRS in SRR ity BaRRESAYRORIAMAbE dilinct from
the fluid-handling portion, that is, formed of distinct components not shared with the fluid-handling
portion. 530 AESHERYG YOO AsIAIEpeledRamiay BECEH M B Jarkids, thedthiediiateerdiens tRe

fluid-handling,parliogy ta Wy RANBESHMIC BPBRALIRENTS Qi RRIRR-AIRVIS7ER slsBBa e assay

portion may include a substrate portion and a fluid barrier. The electronic circuitry may be disposed at

least partiall{ispasrchaeaiibRsiaiRce onbersystigteratstiveluie thadipdeer orrEeipyiste
portion may qaaprfatiuely defiae afind sneseyvehstheatlaidar rﬂ%?%bﬁ&éiﬁ&% Abthe oF sHbstrate

portion. The electronic circuitry may include the thin-film portions or layers of an electronic circuit (or
circuits), in viieAtEREthin-film layers also are disposed near the surface of the substrate. A structure

that is pgar or proxiiaie olBerFEEIRGSH dpEIRET & thRsSURISIaRHTASS UaRAIAMNEORNSIBY ¢ face of

the substrate. 10 The electrical properties of the substrate may determine where the electronic
circuitry, par§leHAISo|BirsitE el cRaBIGH AUt PRl uRiplSe selectiBBifo M eIl e 45 YHESUbiStrate and

the fluid barrigysifiBRe bsiEdIR MR YHESIbstrate and the fluid barrier. The substrate may be a
semiconductor so that some portions of the electronic circuitry are created within
the substrate, for example, 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 suitable substrate may be generally flat or planar on a pair of
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 thin-film 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 thin-film layers may have a thickness of less than
about 100 um, 50 um, or 20 uym. 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



semiconductor so that some portions of the electronic circuitry are created within the substrate, for
example, by1rab gglzp_adoping. Alternatively, the substrate may 15 be an insulator. In this case, all of the
electronic circuitry ' may be carried external to the substrate. A suitable substrate may be generally flat
or planar on a pair of opposing surfaces, for example, to facilitate deposition of thin films. The
substrate may be at least substantially inorganic, inéluding as silicon, gallium arsenide, germanium,
glass, ceramic, alumina, and/or the like. 20 Thin-film electronic circuitry includes thin films or thin-film
layers. Each thin-film layer of the electronic circuitry may play a direct or auxiliary role in operation of
the circuitry, filig Retweohonare padmem @f ihsstsea aeatiniveExpir ptard oY pioe citxoese,
among otheiof e PRGN HaLIBR 10 KolinfIay PRI SlepbrlAls Hafins, kel
insulation to prevent fluid-mediated 25 corrosion, and/or the like. The thin-film layers may have a
thickness of @%HAREP aboHaBIFRYBOtham NeedifigshRipentativaly, ks rnaddrishstheutan im layers
may have a iglingss Gl Edn AP0 LA SmparBhSRTraKAR IRoBIRY osmapRetronic
devices, which are described as electronic because they are controlled electronically by the electronic

circuitryof tHeOBSSAY pliRiora T gtgceblertddnce delatve dee tRIAtRLIRNGIM SHRRANEBISs s a

property of flyigh within fid U EBRABIRNBRITER RSRM hadieRe TR S BIBRI e ARIGERaNd
portions of the thin-film layers may be disposed between the substrate and the 100202927-1 47 fluid

network or cOmpar@eEHi N thBIasay (HRViGESERENpIRYHRNiRin§NSACHS I th ANFLEIRRIMSS,
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property may be analyte distribution or position within the fluid or fluid compartment, analyte mobility,
analyte 5 coRBBARERiOIO WAk apsRtarkid RARROESIOREaR IS ARTHIE CorfiHbheRRS AlSiIdOREGAtate,

fluid isqigtionepisBid/anphaist t%'&%?éur@oﬁﬁl_fé”‘gseﬁé%@, AHRHNARY QYN -4 agetilion tHUN1ike

devices may monitor or sense fluid and/or analyte conditions or positions. Exem%Iary sensing devices
may include #&RIMRG e SBREMNEcANthR SEASHIS, PrYisengery, Blevs fredbaskreontial sédisors,

optical 10 segaqhIEUreo5&e RS MAHBURESRS s RBRIBIE SeMsRr SreieronifigitkencCasaliping a
modifying and a sensing device may allow feedback control, for

portion.

Electronic circuitry included in the assay portion is flexible, in contrast to

15  electrical circuits that respond linearly. Electronic circuits use semiconductor

devices (transistors, diodes, etc.) and solidstate electronic switching so that a

smaller number of input-output lines can connect electrically to a substantially

greater number of electronic devices. Accordingly, the electronic circuitry may be

connected to and/or may include any suitable combination of input 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 data input/output line may



example, closed loop temperature control of a fluid region within the assay portion. Electronic circuitry
included in ti?gogoszsé%y_{)ortion is flexible, in contrast to 15 electrical circuits that respond linearly.
Electronic circuits uise semiconductor devices (transistors, diodes, etc.) and solid-state electronic
switching so that a smaller number of input-output lines can connect electrically to a substantially
greater number of electronic devices. Accordingly, tH8 electronic circuitry may be connected to and/or
may include any suitable combination of input 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 provideloResassanpdifasy dnesseryneravidedinimg Hinpocessesmay ghrassrendindrrnichtive of

devices to beux &Qfé)rfr@ﬁqrgggnﬁ&@t&ré@&@ leytrode(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 activétm@;i@r_@fdwﬂﬁi@g demigorsaysing @@Vf&%r@aﬁ@_ depGeHE PRapYedefendiaa from
circuitry of the, A3Say PEFYWHFRfIEXAS FHHRYIR! fRAHGBHERIIS RS HEYIESIBares PR ibpiege of

data input and output, a single data input/output line or plural data input/output lines’may be provided.

With a I6w dirathareomectielyfof f3ammieoaantumiy ehayca0 arith@iycientd/ent ngecivalyherheate, for
example, to dgxe flkrahib| -;ZEPBQ/%VW 8t PRI 3HBLCARPEMNBHRIFER Ydehaadpsrpajite data

input/output line may 100202927-1 48 "be necessary. Clock lines may provide timing of processes,
such as send@gtieR theermplietaTrnPRrisiadseldateraety MR HEosR Giate. deRr P FRkidse

configured tQ,Rg epNiBHELBYRIEPHIShFBPH Y HRGARIL Ije A iEdinGherte NIl fevice is

electrically coupled 5 to the controlier, for example, conductively, capacitively, and/or inductively. The
controller mdypiiionse ahyfhst thankpliearorbueriteaeiabRy RS BE PERYHNIN VablsorPYRtPEontroller

may proyide HREAHHETTRIR DR ELOTREAAERs MR RIQVIRIRSISEI SROF SRR R ahEay Provide

a mechanical interface, Exem;lz)lary functions of the controller include operating and/or providing
valves, pumB8Ne8 HHislcafird!fgrnshenaaal it thedmitepduigig/dedsdn, h order to modify and/or

sense fluid, samplergRd@r a8pbessincineRiEAlI/C G8MIESs, fluid-handling portions, assay
portions, and controllers, among others, are described above in Section Il.
V. Samples
15 Microfluidic systems, as described herein, are configured to process
samples. A sample generally includes any material of interest that is received and
processed by a microfluidic system, either to analyze the material 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 marmade
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,



Further aspects of microfluidic devices, fluid-handling portions, assay portions, and controllers, among
others, are d%%?&%%? above in Section II. IV. Samples 15 Microfluidic systems, as described herein,
T -1 : . : .
are configured to'process samples. A sample generally includes any material of interest that is
received and processed by a microfluidic system, either to analyze the material of interest (or
analyte) or to modify it for preparative purposes. Thet8ample 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 troidiuiel(s) pextedts(s), &ismplehss)oparicl€lE), EXasese, cenlusleand/crosarpRtation
thereof. The spaldem AR RAKBIALMEL IRIETESLRRY, Teyia hLRRERAY SepiRleniphfRERPle
being a major, minor, or 25 trace component in the sam le. Samples, and thus analytes contained
therein, may&be biolegfieahydialegicdss&mplas gemenatly idtiuderceRs!ysassharidasextgdyeans,
cell-produceg o iassariated materialysGaRdidate el MOWs e MOstIaLats AodGrdBantags,
variants thereof. Cells may include eukaryotic and/or prokaryotic cells from any 30 single-celled or

multi-cefled diarien) apadiegyoleeoMmelipbpbitesrdetit-ifiRasted anaipsialie carop e PESeiated
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regulatory factors, ligands, 100202927-1 49 Structural proteins, etc.), hormones (for example, nuclear

hormones, SO4IRGRAGNH, RARGIGENSOrBRFIE oATB PISRIiERAREotRIb4StHabtiRRMRIeR o rRIH OReC ),
carbohydrateg{sHChca iR anliie 8 el FRIGRR GSH HIMEASr alFRRr YSHRSIGbtAReSUFN as

calcium, sodium, potassium, chloride, lithium, 5 iron, etc.), and/or other metabolites or cell-imported

materials, aflENeBtis-anBiRIoRfieaNSstipIRYTRISESe EXAMRIaRN B SaRIEIPS dRRYeinClude
environpentgl RMEERIHO WRfeSBBBIESo AREIR) INGHPHAL SRBP RS ARG RIS RN samples

may include any human or animal samples obtained for diagnostic and/or prognostic purposes.
Exemplary cRRRENsdMHES nfhy AN eSMeEBlode(SRFARRINA JitiBlosali vR.cBRES PNANON. URAES feces,

gastric contefi Higir, a tissue biopsy, a fluid aspirate, a surgical sample, a tumor, and/or the
like. Research samples may include any sample related to biological and/or
biomedical research, such as cultured cells or viruses (wildtype, engineered,

15 and/or mutant, among others.), extracts thereof, partially or fully purified cellular
material, material secreted from cells, 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 biological 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



semen, mucus, a vaginal smear, cerebrospinal fluid, saliva, perspiration, tears, skin, hair, a tissue
biopsy, a flui%&?}g'rza#ﬁ, a surgical sample, a tumor, and/or the like. Research samples may include
any sample related to biological and/or biomedical research, such as cultured cells or viruses
(wild-type, engineered, 15 and/or mutant, among others.), extracts thereof, partially or fully purified
cellular material, material secreted from cells, matesél 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

nonbioIogiceéli.iISP@@lh\t.tﬁ‘dId@ﬂcdisif.m’f‘i]ﬁdsigeﬂ@i{ihlIS?GPfQﬂ@d@r aitesdnipd welierefintel Qsmiﬁr@lﬂigii@@
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any suitable inorganic or organic compound, polymer, and/or mixture. Suitable nonbiological samples
may include &idirdvitenties anipred yilieh s ampld g wigndsgioaigams saer estol a8y ieeltlly

produced majefialss infugieialll HoTed RANCHS Pbr HASIPHR RIS BAYRELRS like. Samples may be

solid, liquid, and/or gas. The samples may be pre- processed before introduction into a microfluidic
system 8r m¥y be iA®88MBed directly. Pre-processing external to the system may include chemical

treatment, 30 biologjfal SFRAURER} RTINS, NIETRRA HEAUREDY Sisi AU RV sEsbdreatment (for

example, with heat, pressure, radiation, ultrasonic disruption, mixing with fluid, etc.). Solid samples

(for examplelnipstited samele. Annypudathe 20pest of sdoigissit@ @onarhieleairah sammersiaYor after
introduction Bléoaﬂé‘is}%@{'wié HRMISH AR §{1§H¥t%ﬁfa"¢51@fé‘s°ééﬁ?§’ o le) reﬂs%%sc{gr%ﬁaség}id

samples into fluid within the microfluidic system. Liquid and/or gas samples may be pre processed

external to I §RReRf dRAI6r ANBMESIHERTHEEeRYFRBH§AmPICASIUSR IMiERSTLRRC B\AMteRME A8y be
used to,@Ssay-éaBAbZRHIEN &N Pé‘\fé@Q%%%%é”l%@?éﬁém%%sWMM%@%%iﬁf iA Riglagical or

nonbiological sample may be analyzed by a microfluidic system. Suitable aspects may relate to a

property of S oP KT EhARBE YaltideNogHRNZ4MBIEr RiriePiccrftiyiihyacatige within a
cell, cellular phenotype, and/or the like. Structure may include primary structure
(such as a nucleotide or protein sequence, polymer structure, isomer structure(s),
or a chemical modification, among others), secondary or tertiary structure (such

15 as local folding or higher order folding), and/or quaternary structure (such as
intermolecular interactions). Cellular phenotypes may relate to cell state,
electrical activity, cell morphology, cell movement, cell identity, reporter gene
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 subunits. The
monomer subunits may form polyribonucleic acids (RNA) and/or
polydeoxyribonucleic acids (DNA) including any or all of the bases adenine,
cytosine, guanine, wuracil, 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,



10 presence/absence, level (such as level of expression of RNA or protein in cells), size, structure,
activity (sucq a3 Shzyme or biological activity), location within a cell, cellular phenotype, and/or the
. 00202927-1 : . :

like. Structure may include primary structure (such as a nucleotide or protein sequence, polymer
structure, isomer structure(s), or a chemical modification, among others), secondary or tertiary
structure (such 15 as local folding or higher order folgling), and/or quaternary structure (such as
intermolecular interactions). Cellular phenotypes may relate to cell state, electrical activity, cell
morphology, cell movement, cell identity, reporter gene activity, and/or the like. Microfluidic assays

may measu@%@@elﬂf&é@fsérﬁ\@@@ﬁﬂéndedf @ngl dNa0 beord diRee atidecruphinaoleidelsiiranalyzed
may be PfeSf?{éte?%?lﬂ_%%mﬂ!%ﬁﬁé?{géfﬂﬂéﬁﬁysw”é{r BBIF MRS deRefdes, plural molecules may

be identical or substantially identical and/or may share a region, generally of twenty or more
contiguous bases, INdElgifd@atidapralysasd MaginneludRIdrstBm InSaRIBIacid sprrassygeihsrally

includes a nyclele AALBLITE! ARy NUEIO TR b hERAIAEGAKRICRIdRka Hmonomer
subunits. The monomer subunits' may form polyribonucleic acids (RNA) and/or polydeoxyribonucleic
acids (DNA) e /disgrangesinassrehOpasraeninecleiaabif speaithc RINGeiane{@niRAA) in
nypoxanthing skl OSSR iafEafuGpRIVmECHUIRST e ilBIRAIER TAYBE ARdy 3l of
synthetic 30 derivatives, for example, including methylated bases, peptide nucleic acids,
sulfur-substifiRIFHER IS XRFRFSICThE fKe . NDRIERUERI CeRR(P bersarfelie0egizys)- BB buble,
and/or triple-sffapgled, and may be wild-type, or recombinant, deletion, insertion, inversion,
rearrangement, and/ or point mutants thereof. Nucleic acid analyses may include testing a sample to

measure the preseREBRIBEIENQIRIRIPNSsIHAY drrnEsrd dgudpeatifisaiipryansbariesasitatohd/or
strande@nesgrofRpedyrgariieALclait arichergsaesddiN aspRiRINAY inthesapiele- ESrhaalyses

may provide genotyping information and/or may measure gene expression from a particular gene(s)
or genetic regRSAPICRIMANGABIBIBE NN BIGIMAB iBtdrARRiBR A6 dRedifusRTeritHRAmSH AN/ or

quantitation pepatitis virus, rabies, influenza, CMV, herpesvirus, papilloma viruses,

rhinoviruses; bacteria, such as S. aureus, C. perfringens, V. parahaemolyticus, S.

typhimurium, B. anthracis, C. botulinum, E. coli, and so on; fungi, such as those

15 included in the genuses Candida, Coccidioides, Blastomyces, Histoplasma,

Aspergillus, Zygomycetes, Fusarium and Trichosporon, among 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 particular microorganism(s). In 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.



10 of microorganisms, such as pathogenic species, in a sample. Exemplary pathogenic organisms
may include,1go%ﬁ5§7_qot limited to, viruses, such as HIV, hepatitis virus, rabies, influenza, CMV,
herpesvirus, papilloma viruses, rhinoviruses; bacteria, such as S. aureus, C. perfringens, V.
parahaemolyticus, S. typhimurium, B. anthracis, C. botulinum, E. coli, and so on; fungi, such as those
15 included in the genuses Candida, Coccidioides, Blastomyces, Histoplasma, Aspergillus,
Zygomycetes, Fusarium and Trichosporon, among others; and protozoans, such as Plasmodia (for
example, P. vivax, P. falciparum, and P. malariae, etc.), G. lamblia, E. histolitica, Cryptosporidium,
and N. fowleln s@noe§notesis anis, dniglgis askls deaynemie) andieample bie apaliissd totigiagielant,
food, 20 soiln%i\gﬁt%roi@mg%pﬁgmgt_h or carries a particular microorganism(s). In sore cases, the
analysis may also provide specific information about the particular strain(s) present. Genotyping
analysis may includdigesfbtigiscrystprasionalinieal Bseerdasigensa s st @xaanglysts, deifdehine the
presence/abggaRe AR EIRBLANYOle s SSIUANGE CLAARKIRY JERTHELHOBrEERRTer
screening may be suitable for prenatal or postnatal diagnosis, for eXxample, to screen for birth defects,

identify yen@fSebaSeNaneneressife-Anabsis Yy PR redstHstest @asbaeriBNAuR6reNGenetic
screening algg maxhersry ENISSFHIREAINHRHEH HME: FféNAeéé@lﬁkﬁ_nm&H!%rd&arﬁ%?tion’

patient counseling, etc. Forensic analyses may 30 Use genotyping analysis, for example, to identify a
person, to détgifding theVeikeeHea PRS0 REMNEImE R cARMY eGEiaMiHaNAreRRyeb@mong

others. 10020243 ésl-ed WIAANS FMAOAIRMARISWMACIS RAISITRE GHIB HIABh AR sER rred for

single nuclei¢ polymorphisms. Microfluidic systems may be used for gene expression analysis, either
quantitativelPesiRuAL ofosx@rassd®) B HifaRasILIP PEPRe RioPrEERENLENS slsyisR). taahts,

expresgipn ahaysis Saryphe ippuducted directly on RNA, or on complementary DNA synthesized using
sample RNA as a template, for example, using a reverse transcriptase enzyme. The complementary
DNA may be syntHeXpreairthiAnalifisomaiCacornseficiah ias Medism Rimasedesklse8artsection

II, for exampig, Ll 28ARYRPHIRErLFF e FIdhexdeuiato ihahfysis of individual genes or
sets of genes (profiling) may be used to determine or predict a person’s health,
guide selection of a drug(s) or other treatment, etc. Alternatively, or in addition,

15  expression may be useful in research applications, such as reporter gene
analysis, screening libraries (for example, libraries of chemical compounds,
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 areceptor(s), and/or so on.

Labeling may be carried out to enhance detectability of the analyte.
Suitable labels 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,



10 prior to sample input. Expression analysis may be beneficial for medical purposes or research
purposes, amo%ngz8£l£§rs. For example, expression analysis of individual genes or sets of genes
(profiling) may B& ticed to determine or predict a person's health, guide selection of a drug(s) or other
treatment, etc. Alternatively, or in addition, 15 expression may be useful in research applications, such
as reporter gene analysis, screening libraries (for ex@mple, libraries of chemical compounds,
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,
amplificationbiddiegiorowshindbeptargst apariessoAsnpliiealing may bectedectheina explinge
detectabillty QB nANIe o HRRIS BRI R AR FOYRIELU AL AGACRIBIRNIK SRV RIREl e sranalyte
and may include optically defectable dyes (fluorophoreS, chromophores, energy transfer groups,
etc.), membé&R@yf BetsRtsa g (fRiirSreBPie. ssttrad Hiipiacsaai xi@mifieglieipe tagghetc.; see
Table 1), an%{&;é@g I&%&mmﬂfé@gésgg@ég%‘ﬁg{)gthgét%ﬁﬁll_enzymatic reaction, for example,

nucleic acid-templated replication (or ligation), protein phosphorylation, and/or methylation, among

others, 8r may be cBrEeRteH RN ANRYLIRIbICaRPNERPINgGRAIBNABIeXamplEcargrn product
heat-catalyzgg, JBaag IR erS)e SO REREIRCItanalvess: ABRINSRISN Wiy P rdeepimpdiio

enhance sensitivity of nucleic acid detection. Amplification is any process that selectively increases

the abundanteegiliGa¥rdnasolBeRas) e a thrRGARRIE hei@Y pecritachmsbt e havesa dixgdegion
within the taf&f‘éiﬁeﬁqkﬁ&iﬁ,”ﬁ"ﬂﬁf‘&%‘ﬂﬂiméycmHQﬁr%ﬁfT‘?é@é&@?ﬂpl@oﬁﬁWPa;PQiY%?%Chain

reaction, ligase chain reaction, and/or the like) or may be isothermal (for example, strand ~
displacemerfligtfiplifiedtitwouohenbines sere it aapliicnrsifisrOineiginagao Ptk chsh i. 5
Receptgy bingligymaydprliede caantstan paabe ﬁ%@ﬁ%&ﬁ?@”%ﬁ%iy RN DY besulting
from, the presence of the analyte) with a receptor that speC|f|call’é¥ inds the analyte. The receptor(s)
i

may be attadiBeifg, (& AiGE BRIRIESHBSIRSTINNFE. SRESHHRRNEIRSAYRR ANFRERHARIDYN an

array, or may iinding coefficient of less than about 10 M, and preferred specific binding
coefficients are less than about 10° M, 107 M, or 10° M. Exemplary specific
binding pairs that may be suitable for receptor-analyte interaction are listed below

15 in Table 1.

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, particularly assay of nucleic-acid

20 analytes in samples, are described above in Sections | and II.
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



distributed throughout the compartment. Specific binding means binding that is 10 highly selective for
the intended18812r69g7jq1 a mixture, generally to the exclusion of binding to other moieties in the mixture.
Specific binding may be characterized by a binding coefficient of less than about 10-4 M, and
preferred specific binding coefficients are less than about 10-5 M, 10-7 M, or 10-9 M. Exemplary
specific binding pairs that may be suitable for receptdr-analyte interaction are listed below 15 in Table
1. 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; proteirfrsh#ust igskhateisrasaeotiptotbm eenridesadTin @itidtingcegoseidy MEBrowsn A or
protein G RNAanfisense onptbanRNABrataiELthen aSRediof GemBle AsAYS: PRitigdarkyassay of

nucleic-acid 20 analytes in samples, are described above in Sections | and Il. It is believed that the
disclosure s@oneth andveerreimisussesomblifationrstinbderhvoeRmdntativfise Pivethforvaneie each of
these embodimenisibag. herasdisriegsddnusersifisiianitiernasticenbaimantsdheranhas
disclosed 100202927-1 54 and illustrated herein are'not to be considered in a limiting'Sense as
numero@s VEIfaGHEaréqsdesiifle oTha dilblefmaaet of tHis @aeivalpatitierarfiugesaiaigiel and
non-obviousgasmRingHoRS ARG SHACRRIBRIN HEbIB RS SRR igatuiRs furrigRsand/or
properties disclosed herein. Similarly, where 5 the claims recite "a" or "a first" element or the
equivalent tH2EBEr JeEHiEIBGTPSEtiHARNG e tBrI e S HhIRIeMRYSoration of one or more such
elements, neither requiring nor excluding two or more such elements. 100202927-1 55



What is claimed is: 1. A method of analyzing a nucleic acid target in a nucleic acid mixture of the
target and n(1)n6§812r (e7t1nucleic acids, the method comprising: 5 attracting the nucleic acid mixture in fluid
to an electrode inciuded in electronics formed on a substrate; retaining the target selectively by
binding the target to a receptor disposed near the electrode; locally heating a portion of the fluid near
the receptor to adjust a stringency 10 under which the target binds to the receptor; enriching the
mixture for the target by removing unretained nucleiggcids; and amplifying the target from the
enriched mixture. 2. The method of claim 1, wherein enriching includes moving the 15 unretained
nucleic acids RS CIAMEH Sy mechanically driven flow. 3. The method of claim 2, wherein moving

is conducted underf bindingsthvgesiandiazisgateurisiechbi ahtgastimaenothsatirgandanelying an
electric field t%{Fe receptor. 4. The method of claim 1, whereirhgtéractin and retaining are 20
conducted irfPh RS ISR bARTHARR- ARG HEiAG dBntc Rt ﬁgfiﬁééisé'&ond compartment. 5.

The method of claimtfratititigetreompoRing aetechinguhe rmiliftedo tanigeadldotriote matbdediclaim 1, the
receptor being a nucleic acid that is at 25 least substantially complementary to the target, the nucleic
acid being c8?ﬁfé[:?é‘b°%%8 &Hrao%{bftpﬂin%’method of claim 1, amplifying being conducted with
nucleic acid primengthiirgeieachrdistnsictiveiheyasagiog teltaeguetbedretelsior dispbseain the
receptor is a first receptor, the 30 method further comprising contacting a second receptor with the
amplified tarbeeqrtiﬁgs gﬁtﬁ‘?ge%mplified target, the second receptor being configured to selectively bind
the target. 10020293¢allybheating a portion of the fluid near the receptor to adjust a stringency

10  under which the target binds to the receptor;

enriching the mixture for the target by removing unretained nucleic acids;
and

amplifying the target from the enriched mixture.

2. The method of claim 1, wherein enriching includes moving the

15  unretained nucleic acids at least partially by mechanically driven flow.

3. The method of claim 2, wherein moving is conducted under a
binding stringency that is determined by at least one of heating and applying an
electric field to the receptor.

4. The method of claim 1, wherein attracting and retaining are

20 conducted in a first compartment, amplifying being conducted in a distinct second

compartment.

5. The method of claim 1, further comprising detecting the amplified
target.

6. The method of claim 1, the receptor being a nucleic acid that is at

25 least substantially complementary to the target, the nucleic acid being connected
to the electrode.
7. The method of claim 1, amplifying being conducted with nucleic
acid primers that are each distinct from the receptor.
8. The method of claim 1, wherein the receptor is a first receptor, the
30 method 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.



9. The method of claim 8, each of retaining and contacting being performed with a binding stringency,
the stringenc§ of cozg_téicting being greater than the stringency of retaining. 5 10. The method of claim
8, the first and Second receptors being identical. 11. The method of claim 10, enriching and contacting
being conducted in a shared compartment. 12. The method of claim 8, amplifying and contacting
being conducted 10 in different compartments. 13. The method of claim 8, the first and second
receptors being distinct structurally and separated spgtially. 14. The method of claim 1, further
comprising releasing the retained target before the step of amplifying. 15 15. The method of claim 4,

further comprising moving thE 131§ o $laiMsPediAfarRe IR sRRENERBARRIREIN S ter the
step of enricpisgoamedo@fittied sirsieiy of irmpdiRang tHé trinteredlidfcadeiingife Bemyzirestaucleic
acid target in a nuﬁeic acid mixtL#re of the target and non-target nucleic acids, comprising: 20 a
substrate polidh NaSIUPBSARYIG JERMNG Iuidically connected first and second chambers, the

substrate portion in¢udingrasuhsithtriand eleaiiodcsthiormet emthassubatiatectisiectomngs
including a fi.g?t eI.ecﬁrode operable to form an electric field in the first chamber and a second electrode
operable to 19FRUSA electric field in the second chamber, the electronics also including a plurality of 25

heating devices operable thadjtistiuadiigisliimge) anhichityiard leastavtia @ iibiedicsrmdgecond
chambers; and firi{?zn second receptors for specifically binding the target, the first and second
receptors be'i'ﬁ@é & tsawﬂKHWﬁE ‘and second electrodes, respectively. 30 17. The device of claim

16, the first and seciahd reThptarstheit@f dikiincig 18mphieyitey imedotolitimtiry dkiagstomndguetéde
heatinq1 geV‘Fﬁ%inS‘r%%t%%%%%Q'ﬁ rrt1% rr1 g/.erse binding of the first receptor to the target. 100202927-1
13.  The method of claim 8, the first and second receptors being distinct
structurally and separated spatially.
14. The method of claim 1, further comprising releasing the retained
target before the step of amplifying.

15 15.  The method of claim 4, further comprising moving the target from
the first compartment to the second compartment after the step of enriching and
before the step of amplifying.

16. A microfluidic device for analyzing a nucleic acid target in a nucleic
acid mixture of the target and non-target nucleic acids, comprising:

20 a substrate portion at least partially defining fluidically connected first and
second chambers, the substrate portion including a substrate and electronics
formed on the substrate, the electronics including a first electrode operable to
form an electric field in the first chamber and a second electrode operable to form
an electric field in the second chamber, the electronics also including a plurality of

25 heating devices operable to adjust binding stringency locally in at least one of the
first and second chambers; and

first and second receptors for specifically binding the target, the first and
second receptors being connected to the first and second electrodes,
respectively.

30 17. The device of claim 16, the first and second receptors being
distinct.

18. The device of claim 16, at least one of the heating devices being

operable to reverse binding of the first receptor to the target.



57 19. The device of claim 16, further comprising a fluid-handling portion connected to the substrate
portion and q$n2fl|§$]2r$(1j to move fluid to and receive fluid from the first chamber. 5 20. The device of
claim 19, the lise andling portion being configured to move fluid at least partially by mechanically
driven flow. 21. The device of claim 16, at least one of the first and second electrodes being plural
electrodes.

57
19.  The device of claim 16, further comprising a fluid-handling portion
connected to the substrate portion and configured to move fluid to and receive
fluid from the first chamber.
5 20. The device of claim 19, the fluid-handling portion being configured
to move fluid at least partially by mechanically driven flow.
21. The device of claim 16, at least one of the first and second

electrodes being plural electrodes.



