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BACKGROUND OF THE INVENTION

Many chemical and biological measurements need to be performed in locations
outside of a fully equipped analytical facility. This requires systems that are portable
and miniaturized so that they can be transported to locations where rapid test response
is required for process or water quality monitoring, or they can be deployed in a
medical environment to provide rapid test results for certain biological or biochemical
species of interest. These chemical and biological analyses can be performed
individually using single tests with post-test optimization to enhance the quality or
accuracy of the results, but this serial approach has inherent flaws because
multidimensional interactions are difficult to fully compensate using a serial
approach. Additionally, this approach can be time consuming and can produce
erroneous results. Introducing operator or system errors when tests are performed on

different platforms or at different times further complicates this system. The best way
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are difficult to adapt into portable handheld, or field deployable systems.

A proposed alternative is to use an optical platform based on well-characterized,
chemical responses of optical sensor films. Such a system uses solid, chemically
responsive films that respond to analyte concentrations by changing their absorbance
values at an optimized wavelength. This platform can be extended to incorporate
sensor test elements for all known interfering or cross-reactive species for a particular
test matrix, as well as account for test limitations at the extremes of the test sample

conditions, e.g., high and low ionic strength as well as high and low buffer strengths.
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conS|st|ng of both reversible and irreversible
juskimersing the array element into a liquid sample because the above mention

reasons. For a sensor array consisting of both reversible and irreversible sensors, the
sample volume that each sensor region is exposed to has to be controlled. Moreover,
volume regulation also helps prevent sensor-to-sensor cross contamination. In this
invention, sensor film compositions are designed to be at their optimized performance

when they are exposed to fixed sample volumes.

Optical sensor arrays that are composed of irreversible sensors, or a combination of
irreversible and reversible sensors, must have some form of fluidic control that

delivers a controlled volume of test fluid to each sensor element. Most systems
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onveni ent field deployable sensor system'for
. _simultaneous detection of nmultiple analytes. Wuat is
Wdiag és plee deeladsis s immpewdeadethed laod sastemsips delivdrimg a controlled

del i.ver| a, control led appunt of a ligquid sample.to .
il & TSR SRR R Kitho g R f AP period
withbitQusingUsiy gmagsy vilNes, wicRing&aateialwi Gkinafy BEdas of adiénce and

In many areas of science and technology, it is often
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concentrations, a fluidi'c sanple needs to be
dispensed to multiple detection sites where multiple analytes in the sample can be
analyzed. In high throughput screening and combinatorial research, it is desirable to
distribute a liquid reactant to an array of reaction sites. Conventionally, liquid
delivery to multiple locations is accomplished by means of pumping, liquid-jet
dispersing, and methods similar to simple manual or mechanical pipetting such as the

liquid dispersing robot system.

In recent years, capillary effect has been exploited for fluidic designs. One of the
drawbacks associated with known passive mechanisms is that they typically rely on
the use of absorbent or wicking materials. This makes it difficult to fabricate a device

to deliver a small amount of sample to a large number of locations. Moreover,
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with one or more materials having the desirable properties. However, these packing

procedures are complex, time-consuming, and often result in blocked channels.

There also exists a need for a suitable material for use in fluidic or microfluidic
delivery devices, which material is preferably configured to be functionalized to
obtain desirable properties in the microfluidic channels. Also, there exists a need for
providing a fast and efficient method of fabrication of microfluidic devices to reduce

the cost of fabrication of these devices.



for the attachnment of anal yte nol ecul es such as DNA,
proteins, and anti bodi es. However, these procedures
woregn7080580npl ex and may result in poor effici ePCHUS2VA6/041352
poor spatial resolution of the mcrofluidic channels.
Typically, to get desirable surface properties the
m crofluidic channels are packed with one or nore
SUMNVEAR & (SF i MOvEReIogSi rabl e properties. However,
these packi ng procedures are conplex, time-consum ng,
and often result in blocked channels. There al so
hlemiesasgeca the ivenigon i ditrctedip @ semie-velnmegontiglied sensor system

mcrolwdl i yeny. deyj
o bl Pt pRale: SRS “BHEER g, il or
bidlogiehlt substaess saddl as Ma@éi‘eﬁ}tsteeﬁs icomptisingi € rsexf bﬂlrelve%s,lble and
channels. Also, there exists a need for providing
irrpYg Dk A FosD e eSS Lo BHhihATP SRISEed to change at least

o L SV BN LS oLl oA

inclsingtat 1dabteorienefménos rreg19n dhat setves ag en dantemabbmoab badposition

ar“%ntrolé j@ensor em.f ﬁ | rrul t aneousl rreas rin

st Fﬁ?lgC% t1gg SontR 4uATTRY Q) segsor € emen s. A

de@cﬁir%‘s&ia ma%ﬁ% H&HE@% ﬁ%@lﬁeé&wﬂi@ﬁ €hn %Mﬁl%@ﬂ@ p%ﬁmi’ﬁdn%é RY the
a set of reversible and irreversible

poaitiohyamsl spsspah prafde senther ligitesomrdes antli ibhn agoavertsl dus avhaged

to cha e a ast ne optic erty onse
regsasy 2.2 gt daRbo® SRk SRuART, rleohial 2R BRSadA o
idédiEy WieH g @impositidvh dﬁrtﬁe e&f@hemz ené 6fh@Ay chﬁlﬁgtﬁi@t[diﬁ?oa@@i on
an I nternal optical and position standard, and a lig

image rigtensisy, @plPBCRAtSE, | pEINSeEsMy 2nd dhe al_\}keof éeﬁg%ware-based
S @ﬁ; S \Y
op%figﬁwga%lg it § %)R)rwcpeﬂ olrchgiﬁgdgjﬂgrage% feglgo(;issést Eﬁroﬂ"}’ 't}gee gensor
armyeaidr pdodpeesfaptieniodd t'dselté gdntailsiole rmﬁ;omrfdlltslyﬁam and vanable
converts this inmaged response into a digital record.
COMPEPtOBent i fi cation al gorithns are provided to
identify the test conposition on the el enent by one of
In"BHAYhe? ORpEAUIRL inQBSidRARCHir&ied FRACIdvIdL BShpising Chtnels and
pattern, arrangenment, and the |ike. A software-based
resssYqirs cemeblerofalelisetiagh mcp@trcpikzdvma@mt vtiiachquid cemplsr tet wyltiple
n t S oduces . .opt | e
ret R i BRSO S S5 ST SRR ol e
drbagpfonsafor tiuid transport within the device is mainly capillary force generated

by the surface energy of the liquid and channel/reservoir wall interface. Such a
device does not rely on the use of any wicking materials and can be produced
inexpensively using readily available materials. Other methods for directing fluids to
sensor arrays which are considered to be within the scope of the present invention
include electro-osmotic flow, electrowetting, thermocapillary pumping, magnetic
fields, surface directed flow, electrochemical control, mechanical (e.g. syringes),
centripetal, and surface energy gradients. One application of the present invention is

to deliver controlled volumes of liquid samples to sensor arrays on optical disks.

Also disclosed is a total analysis method for monitoring a suite of biological and

chemical species in water and process systems. The system provides a sample-
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Another exemplary embodiment of the invention is a method for fabricating a
microfluidic device. The method includes providing a first substrate having at least
one microfluidic channel pattern, and disposing a porous material in at least one of the
microfluidic channel pattern. The method further includes modifying the porous

material to define microfluidic channels while providing a functionalizable surface.

These and other advantages and features will be more readily understood from the
following detailed description of preferred embodiments of the invention that is

provided in connection with the accompanying drawings.
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pattern. Another exenplary enbodi nent of the invention
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the plurality of mcrofluidic channels. The porous

Figrddis @rpeirspeetoves Vlg‘rsrroe @ntasseatblywiagk farghe edpibary guid delivery

h h I di
smﬁ?fu%%e er?% eleﬁ‘tr sg%oréancg ‘ﬂ%ﬁ\not efer%rps §an|% gﬁ gtg ° fl r?lse present

inventio®f | ui di ¢ device. The nethod incl udes provrdlng a
first substrate having at | east one mcrofluidic

neI pattern, and di sposing a porous material in
Fig. ga‘étls%%s %Praflrree ﬁrer%rhaanerrese‘érpah FRTIgyERI08 IR accpﬁ@nce with

Smthad Rek e porous materi al

ant o def FIM cro ul d| C cﬁpég%‘gtlxs uBPe provi di ng a
functionalizable surface. These and ot her advantages

Figirdilfustistas e pavallel-sdsies whammet-eadivioir eontignstiondn hecmndanhe with

|0WI det tion of referred

%t?%ﬁ @Oﬁﬂen?ﬂ% Féﬁnt{lﬂ‘é@t & provided in

connection with the acconpanyi ng draw ngs. BRI EF
FiDESORIsEIeON DiidTdhvEBRAWINehrdtiog. with laswastp eésepeit akBa delay

vi ew of an assenbly stack for the capillary-flow fluid
chapme] ipesgogordangs rﬁlgawr@éema apceBberimeat of théprgsent invention;

exenpl ary enbodi nent of the present invention; Fig. 2
Fig 4 1%' gh Elﬁﬁgesoﬁhm%%g%%@ﬁlhﬁsﬁ&ﬂ REl1ER: S&ﬂd{"ﬁ‘ie concentrations

configuration i n accordance wth another exenplary
areehiPodi ek amd 5Q ppmpr esent invention; Fig. 3

illustrates a parallel-series channel - r eser voi r

Fl%% Iggy te%tthg Fal*br%t?c < %g\g ﬁt?)r Sr-hmgﬂ? g’gﬁltﬁ? &k exenpl ary

|IIustrates a fluid delivery configuration vvlth a
Figvsit an riemge vhalkalaiity ssndévafilngd)annel in accordance with
anot her exenpl ary .enbodi nent of the present invention;

Fig, G 3 ool TRt ACCRlcERoratToheY Br by Fsnlied om o

dighfl irRdp APtuPRIMvith a scanner plotted a function of solution alkalinity;

Fig. 9 is a graph that illustrates the correlation of [(Rw-R)? + (Gw—-G)* + BZ]'/ 2/By t0

absorbance measured with a optical reflectance probe at 650 nm;

Fig. 10 is a graph that illustrates [(Ry-R)* + (Gy—G)? + B*]"*/B,, calculated from a
digital image captured by a color digital camera plotted a function of solution

alkalinity;
Fig. 11 is a graph that illustrates performance of the camera vs. scanner;
Fig. 12 is a graph that illustrates the multivariate calibration of pH determination;

Fig. 13 shows a pH sensor film with defects;



Fig. 6 illustrates the calibration curve for chlorine
determnation; Fig. 7 is an imge of alkalinity
waengisisse filnms; Fig. 8 is a graph that ill usPCHUSR06/041352
[(RmR2 + (G+G 2 + B2]1/2/Bw cal culated froma
digital inmage captured with a scanner plotted a
function of solution alkalinity; Fig. 9 is a graph
that. il elye)
Fi P i i3] Y RS (B AL o e R R et
refl ectance probe at 650 nm Fig. 10 is a graph that
Figl [16sis ratgesph| (hRwvilR)sPrates (te-r€ect2onr oB2] grampBef pmiet blyastentlard
dfi?gigr a .gqingiital i mge captured by a color digital
gof ekt ted a function of solution alkalinity; Fig.
11 is a graph that illustrates performance of the
Figareisa gtfph theEillagFstesthe calibfatioh dures B Calsb@or film;
I'llustrates the rrult|var| ate calibration of pH
determ nation; Fig 3 shows a pH_.sensar fi
Flae¥7e@tasgrmlgthat1mluﬁt§atss lgpﬁmrermalﬁe Pimakdate ésnsmaélm At different
of filmdefect on RGB values; Fig. 15 is a
tegl Eﬁﬁfrtﬁﬁ illustrates the rejection of a group of
pixel by standard deviation criteria; Fig. 16 is a
Figr & bomprisesidigited imagashowngrallétbrangool themdybdate gasor film

sensor fil Fig. 17 hth dlustrates
O RaRF ol BratrdT g Rod SRk aRtS$ G at di T er ent
tenperatures; Fig. 18 conprises digital inmges show ng

Figol ®1s a@@gﬂﬁ@raﬂﬂluﬁtﬁ‘&em@bﬁﬁﬁé effect9ar mbiybantd Yensordspénse;
course of its exposure to a water sanple at 25.3C

[ 19 i gr aph that i.llustrates tenperature effect
ngmﬂr dhs ghade resssinisrout forExample lows t he

channel and reservoir layout for Exanple 1; Fig. 2 1

F@hQT@h&Qﬁé}hbﬁ%anf REREE tﬁ?ldtuﬁb |v411tH é}(fﬁn}‘i'lehﬂll fill time data for
experi ment al tinme data for Exanple 1; Fig. 22

Exangplaph t hat shows average fill tinme for 54 23 ni
reservoirs w th error bars obtained fromsix tests in

F%Xag%‘gs g%‘pg é}hag s{r?v% Ia?t?r?gﬁcglb)ttlg}e fté)a %%QSU )| \égsefr\%lrs wﬁh error bars

obtained from six tests in Example 2;

Fig. 23 is a calibration curve for the magnesium sensitive film obtained with a

sample-volume controlled sampling device detailed in Example 9;

Fig. 24 is a photograph depicting a soft material sampling layer mounted to a
substrate with sensor elements in accordance with an exemplary embodiment of the
present invention upon exposure of the elements to controlled sample volumes of

liquid in each reservoir;

Fig. 25 illustrates a literature example of a liquid filling an array of reservoirs as the

substrate is removed from the sample volume;

Fig. 26 illustrates a channel-reservoir configuration for delivering samples to multiple

sensor regions from an entry point on a single substrate;



sanpl e-vol ume control |l ed sanpling device detailed in

Exanple 9; Fig. 24 is a photograph depicting a soft
woraoens@EB9 sanpl i ng | ayer nmounted to a substrat BCTMIB1006/041352

sensor elenents in accordance with an exenpl ary

enbodi nent of the present invention upon exposure of

the elenments to controlled sanple volunes of liquid in

. - re I I M
g ST vEMoT P pl ity (RAGE shnplel B Bloofin of 2 DVD
antl kiisksoatrswith he entsy peutibythe nfiddlnof e diskrsir duidintroductionyg .

26 illustrates a channel-reservoir configuration for

.del i vering sapples to.nultipl ens egi.ons from ar
Fifingh 5 BoPEeove Cihdf @ Sis Af i AvioBh iig/dbilE Ritn an
exBRPRPLEhbYEAmEhENY tRE pRSer Xereatiod ¥s prepdred Corsssepltgy; i n

the formof a DVD and disk case with an entry port in

the mddle of the disk for fluid_ intraoductjon; Fig. (ﬁ8
Fig29%4s poesspegivevdew pEtedhiddelivenpieyigrantilig 2 3&@%6&%1? ;

accordance with an exenpl ary enbodi nent of the present

LOVENLA N ,aS : : v e 29l
B BB a& o PLERANSE il ST IRSEPIL hbpdiials oF tho prosent
inPéht@s; assenbl ed; Figs. 30a-30c are cross-section views

of exenpl ary enbodi nents of the present invention;

rilgh e LT | R R HORE e BRROUD 8GR REHCN OF the
asShrhB16d Siitipl&t RAUeFeret stides bNGIIRE of e s evithvd WhteBsample;

wat er sanple; Figs. 32a-32c illustrate dynam c
absor bance i magi ng to eval uate operati on kinetics _ of

Figh 2536 miisiatestympmes abipinesiasingiosvaipes qneation kinetics of
the rag,géhgflfxg gglgqgfgrlﬁf#h | RAGRT d1en8its g;c%?clg Vilel BiroliB® leaching of

contr npl e vol une; Fig. a graph
rebgdntrsintoathe nontadiked shapkeeolmasur enent s col | ected at si x
second time intervals froma tinme before the sanple

was, L nj ect ed. .t .he point when the cell e . .
Figonbiot B1ephFtiating sPe it M urgfieliS sl fusip gpopd time
inRRAE RN tiRk vehfe BicRaiple waY Bijédtato the ?oins 4lheh Sheacells were

partial cross-section view of the exenplary enbodi ment
coptpletely filBda: Fig. 35a is an exenpl ary enbodi ment of

the present invention;

Fig. 34a illustrates an exemplary embodiment of the present invention;

Fig. 34b is a partial cross-section view of the exemplary embodiment of Fig. 34a;
Fig. 35a is an exemplary embodiment of the present invention;

Fig. 35b is a partial cross-section view of the exemplary embodiment of Fig. 35a;

Figs. 36a-36¢ illustrate an exemplary embodiment of the present invention being

inserted and removed from a liquid sample;

Fig. 37 is a graph illustrating the performance of an exemplary delivery device

constructed in accordance with Figs. 34a-34b;
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Fig. 35b is a partial cross-section view of the
exenpl ary enbodi nent of Fig. 35a; Figs. 36a-36¢C
WO kdoawsasad e an exenpl ary enbodi nent of the preB&nUS2006/041352
i nvention being inserted and renoved froma liquid
sanple; Fig. 37 is a graph illustrating the
performance of an exenplary delivery device
.congt.ruct [ danc ' | §%.an34as5 i :
g5 5 6 st oEFa0le B Prfbebinfe BE-an Ry 0 lvertf device
conxtgnmpedinyacoetdancewithdBigs.(35acddbst ruct ed i n accor dance
wth Figs. 35a-35b; FIG 39A is an expl oded
0Ss-sectional. yiew of a stacking arrangenment of
FIth 04 g 8D Bfied, crseeaHoprl vV el P ke pEaniggient of three
1a§dr8 Gt HInRISTRMGE TRRcel Rl @t Stablking larHBEhER! Rclules a first
porous | ayer, and a second substrate in accordance
sulstrate.ex epopdusr layerrbandi aesecendo substrets iy eprorémce Fvith gmplary
ei‘gcﬁ@c&osgsecté glna.l view of the mcrofluidic device
pROJIREE QT LR IBYHERe with the stacking arrangement of
FIG 39A; FIG 40A is an expl oded cross-sectional view
FId. 39Bsisac osgsartio@dl gade nff thamnidgfloildicadevier foited da accordance
devi ce having a functjonalized porous |layer, and a
with fha stagking #rapgeBrd M ELCW MR exenpl ary enbodi nents of
the invention; FIG 40B is a cross-sectional view of
rideon Graf bpidlicd ARMIEQidnal FRH dih a6aGHE AR eMehthivigs of a
stacki ng arrangenment of FIG 40A; FIG 4 1A1s an
méorpflaidied devios shavéng izorfaictipnelivedf peroys aleémgand a substrate in

f .th I ] fl uidic device,
PR TR e omti o Gk aPbeTibde & Firar

substrate, a porous |layer, and a second substrate in

FRG. CBIRNE erovd-tdetionsinpéwarof tkerhncofiaidicdeficd foemed in accordance
invention; FIG 41B is_a cross-sectional view of the

with Shqterking drngenemofdiGHF; 4 1A taken along line
41B-41B; FIG 4 1Cis a cross-sectional view of the

FI0;.CA 04 idliaf]| GpRfidl CRodsQebmRshal RicdF ©PdRRGEn 'ahangésﬁeent of three
st acki ng arrgngemsnt of FIGS. 4 1A and 41B; FIGS. 41D

lageny @fl E miceofbridis sdevéet ivoreat thé steskiof artrngeinentofriclidgs @ first

‘su es%%t%,e aogorglllsGlayAé%,Cand a second substrate in accordance with exemplary

embodiments of the invention;

FIG. 41B is a cross-sectional view of the stacking arrangement of FIG. 41A taken
along line 41B-41B;

FIG. 41C is a cross-sectional view of the microfluidic device formed in accordance

with the stacking arrangement of FIGS. 41A and 41B;

FIGS. 41D and 41E are cross-sectional views of the microfluidic device of FIG. 41C
taken along lines 41D-41D and 41E-41E, respectively;

FIG. 42 is a cross-sectional view of a microfluidic device employing individual
microfluidic channels at different horizontal planes of first and second substrates in

accordance with exemplary embodiments of the invention;

11



taken along |lines 41D 41D and 41E-41E, respectively;

FIG 42 is a cross-sectional view of a mcrofluidic
wa@lea7o8058npl oyi ng i ndi vi dual m crofl uidi c chanP@l/ESBED6/041352

di fferent horizontal planes of first and second

substrates in accordance with exenplary enbodi nents of

the invention;FIG 43 is a representation of a

S5 14 BB PICRRNRA e o
poldi 1ayRY 804 dcffan e With hsexdfiplas, antsbdagedoTtid i6@éntion; and

illustration of a biological assay system enpl oying a
m crofl uidic device_in accordance with an exenpl ary

FIgnads rediesmmatical Hlshetighot pErlpeEs BESCRYSIP PRy @
e e o L O fcnd b,
i nterference reduction, inprovenents from
DEDAER PESCGRIPTIONPORXEMPUARYVEMBOAIIMENETSsi s and a
flexible platform that allows test arrays to be

cust om.desj gned to,provide im,zed.re ' .
o LR LSRR 31 P B SRRRC it hesucion,
inRfferYba sedlctios; ifgropémédte riforh Smiltis@@nidiryC heposse| Inyultivariate

responsi ve optical sensor elenents that can be .
anplysisrandr it pltioggg it flpws dedepraaydnibe eiptam designed to
PGPSR gAY ASHFEMGERY pr ARAEIESS, sy
ba@é&&hﬂixfg;platfom i§bdgédat>n chemipelly oosporsive qpicpl exsarcidmaitsthat

required to provide optim zed negsurenents at .
cap o rrgfeaqoa%tsf ot ggerh el @eplogahls SRS, dhamgsel gf e simple

dehdR¥i6 térgalér, | ghdt BRsE &S5RQRIst LAD teh8dsilgPI&GRlced SRR conhpui® or
can be devel oped toaccount for noSt systematic o
elecionabirets thitadangfeffoun thdheomplak aaslysib iresduigil dalpravidd gptanized

neasur enents. .These chemi cal and bi ol ogi cal sensors
mgﬁgfemgeca& r’i‘f’ﬁil#‘)g%%ﬁg?am’roﬂﬁct i onal components. One
conponent is a sensor material that responds to a

Ofh e d1thé Preset\ihveRroR iy the Rxcgpitien thdt opticdl semsas dilms can be
mat eri al s are anal yte-respon pol ymer

deyplonedrisy aceaant f@WO‘&éV@?mé%V%%Sélﬂ%é ot hgmiqgh anbgloical
an%fgftg %éa%ﬁ’lle RS Ol fresd Q:ﬁer?ﬁﬁ? Uhd "BbRY; c%l sehQW @ystems contain

htain adequate optical transpareficy or |oss’ of
severahfpati@nt yorhponentse Qrieeringminkyt is e spensimaterisbiipposipands to a

REX A R IEor ——

pAABRMRBRIenfRAnes, sol-gels, and some others. In the case of optical sensors,

the sensor material should maintain adequate optical transparency or loss of
transparency for the chemically responsive composite to be monitored using optical
transmission, reflection, dispersion, fluorescence, or any other common optical
method known in the art. Another component described herein is the electronic
system that provides means of measuring the change in the sensor material upon
environmental exposure. Accordingly, interactions of the environment with the
material are converted into an analytically useful signal using an appropriate
transduction mechanism such as optical sensing. This arrayed optical detection

platform is interfaced with a “smart system” that compensates for interferences,

12



nmet hod known in the art. Another conponent descri bed

herein is the electronic systemthat provides neans of
wore@gsisey t he change in the sensor material upPORUS2006/041352

envi ronnment al exposure. Accordingly, interactions of

the environnment with the material are converted into

an anal ytically useful signal using an appropriate

, hani : . . . .

eryrBESE TiIRS P 3 SASRT pORL riRoriaPan 26 oBfinfotions
and prodwmet figylseants of lkadater qoplity skenesmnfberobtained with a system that is

i nterferences, environnental wvariations, etc., and
noéé?ﬁ%‘ryﬂﬁteﬂfﬂt‘“é% reduction and test optimzations and

produces final results of greater quality than can be
TIRDEAL NS WickiBn@dSXabe ™ hiddd déthil M céfipdaehlsYof this total analysis

integrated. The follow ng sections describe in nore
sydlepaiwitlt prangdepohbew sadi compenenbear prvideyisrreaspdsimprgvement

ith ex | es of  how each onent._can provj .
it el TPt Bl SRR R o P EheBlfheBn 1y mpguct
oft eshbiflngt EQhMdf THge tidpRved &S t6 Wib&UTel $ sty eghit@h with
of conbini ng each of these inproved el enents to

enbanredc peromnange ethsl eariswitem dhth saBlEnsavs sombiatiopngf the
. r t he sinul taneous conbi nati on of the
mlﬁﬁél \??glﬁé?le {e;q enents. Sensor Array An optical sensor

array has a set of anal yte-responsive el enents where
Sdnlser Agagor . el enents respond to anal yte concentrations

by changi ng col or or other optical properties upon

exposyre to a s le. T nunber of .total sensor
AR BREH: Snit iR b of ol S Roe isiien L §ore the sensor
eleRbRS LREpdnd FEQnalficS RBAdchiratiG¥S b mmﬁgﬁhgs&cﬂomedothas optical
non-limting exanple, one sensor arra or water
Prapertigs PROTL SXpesISds oymndal The ﬁg@bere%%@nsgns‘owbmm@d the
. : Linit. g
whEohidsa LB S RaTOR AR AR o Bl sfitm SBHL B Aca
néryhietifeoexausgde,i ohet seds@r asgnior ivat@ndnabRrisacenmiasss optiead sensor

i n our co-pendin atent appjicatigns entitl .
clengala PO EBEBdHE HBNAMIRg bRl ARGBR R Dl ilons, diraness,

‘ tqlﬁ{? hapPeci es at Trace Concentrations and Met hod
Sugﬁl eUsi g}&gﬂénsors" and "Sel f- Contai ned Phosphat e

Sensors and Method for Using Sane" filed on the sane
Sueitabte semsor types for use in the present invention are described in our co-pending

patent applications entitled “Material Compositions for Sensors for Determination of
Chemical Species at Trace Concentrations and Method of Using Sensors” and “Self-
Contained Phosphate Sensors and Method for Using Same” filed on the same date as
the present application, the disclosures of which are hereby incorporated by reference

herein.

Optical sensor arrays comprise an array of solid sensor elements deposited on a solid
substrate. The solid element can contain a single or multiple components. One or all
components in the solid sensor element could be water-soluble. Combinations of
different solubility characteristics of the components in the sensor element can be

chosen to enhance sensor array performance. As an example, the sensor element can

13



the present application, the disclosures of which are
hereby incorporated by reference herein. Optical

W@ 3050589 r ays conprise an array of solid sensPCT/US2006/041352
el enents deposited on a solid substrate. The solid
el ement can contain a single or nultiple conponents.
One or all conponents in the solid sensor el enent

LA L A0 gy s

teRABaE c@lceneationcan be chosen to enhance sensor array
perfornmance. As an exanple, the sensor elenent canbe

prepared from a hydrogel _pal r, contai.ni ng water
AGHiRlE By Sg‘é‘?ff o %[rﬂia&ger LAl O ST Hgnet 0 1he Substrate. A
1i§RACHNA Rl ABterifl, I NAEsufBMaRe nhhgesk hdicandameolid element to
adhesion of the solid elenent to the substrate. A
ihprqué theswettiagipmepargserf the sensoyregienss ublieakiquid ispreading lmeaterial
added t.o the solid elenment..tg inpraoyv he tin .
nivoperiied g Tt Eroldolamet HE tcaitiledtsy Suaim gther
cmdgﬁfdtﬂ)'ns Bech f@ntha eprbfi ot sBieswMRIaY the eledftnt. AC8MBIBRARY practiced
and the substrate, or in other configurations such as
msthodp éhat are witable ta prapeteribie pepsehaay nagder for tymimyentjon include
r [ -nat. I t e
o AELOE for BhAMATRR 1nbo P A I REDRIE idCsensors as
desetibed by fZlotowndt fad.Cinuf Clngnical dT e Dethdspef Anblysie imMison &

ol yprer, filmsensors as described Zolotov et al. jn, .
Wibsin Carprebers e chBEosh C By 20%, g iSiincee of whith is
hi¥eby Moot REPh $REaShYeheiga! Yt ical Chem stry, 2002, the

i scl osure of which is hereby incorporated by
reference herein. Array Light Source-Detector

AveyiiighttSovres -TheteetonCembinajions ght sour ce/ det ect or
conbi nations suitable to neasure sensor responses on

1300RE R FOL AP gL G o BRI s

ré&desies be an aptiedi dhal d Fde vt angpleyidub peiot Ush @atint gppdicati@niumber

for chem cal analysis of nultiple analytes, the

1B76eA3E e B %2@4 dgscgibesa f\@ﬁé\s&ﬂ 4‘%&%& atlisgoggple element
[ .

THEURIABASARRR ) NI B o BEASER oF BB 0o orty

ifoorposatediby safereusd hereiet ect i ng paral l el fil mresponses
froma plurality of sensor

Turning to our present invention, the invention pertains to novel systems and methods
for simultaneously detecting parallel film responses from a plurality of sensor
elements. The table below shows sources for UV-visible-near —IR ranges for the
applications in conjunction with optical sensor array system, and for parallel
processing of chemical and biochemical information suitable for use in the present
invention. It is understood that other less conventional light sources that emit
radiation in the spectral range of interest such as sun, organic light emitting diodes,
indoor room lights, products of bioluminescence reaction, emission of electronic
equipment such as computer monitors, PDA monitors, displays of cell phones, pagers,
radioluminescent sources, and any other light sources known or later developed in the

art could also be used without departing from the scope of the present invention.
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el ements. The tabl e bel ow shows sources for
UV-vi si bl e-near -1R ranges for the applications in

W@ omE89 on Wit h optical sensor array system Pemnus1006/041352
paral | el processing of chem cal and bi ocheni cal
information suitable for use in the present invention.
It is understood that other |ess conventional Iight

L%g?ggﬁé?stg%m éﬁi@gl'ﬁj‘etn%&g in the spectral range of

C ases

eres or gam c li ght enm tting diodes,

PR P | |
b AN N TR 0 P ST A

IUII UIIIDDI UI < cqu IJIICIIL SUCTT ™o
c Off&e LPW?H tors, PDA nonitors, displays of cell
o onoei“, agers, f (i)o i nescent sources, and any
D elérgafrg’ﬁ sourc:% K or later developed in the
ar eut@;&ﬁ so bglpse i t hout departing fromthe
540PE elf {aﬁlg pres g ention. Li ght Sources Useful
FElght itting dio ees.nso lsfere i 9 det eCt rS u%
é § and. =Tyl 8 81 (f
Ohioas ?Qt lrgr(‘)Onm

<c~

mﬁ

um et ectors re ] u%;f;%‘iﬁesco
3[% Ser Sol i esefa .ee cI ude
de€T phot 8816 g‘; <g e coupl ed devi ces
¢ c’har ge-i nj ectt on devi g and aval anche

phot odi odes. Mul i channel det ectors i ncI ude arrays of
p‘(liilse\élsgllljr .detectors such as phot odi ode arrays, PMI

Oﬁ
OmOm

so CCl Cl Ds, CMOS, and other types of
rt laser %?7
?nnel det ¢ %amen lg&? Ifrleaub gl%d %gf i1l %d ?SQS
S 1ns C ad %E &}8 uenc c?ougl: gy% and C%
3l E 416! prooldgy T A A atiorm
UIlcu tVU lHC palllbUIal I"ncT LLILZ. Dpcblllb

application. Simlarly, it is possible to conbine nore

Péfitle B&EctbisdREluSOVIHBmOsr SA8H Sfatdind GngdlBBE hivltiHahh& 'dRRktors.
types of responses on sensor filnms, and then conbine

Veeisyn jdetestoss @@Wbﬁw&wbeayar@ phqtemuitiphien t\:lmﬁn@’ﬂ\’mh owpplidrstate
d%cgcﬁo@rltnclge S p@gtoﬂfiﬁi ﬁl t@dl(():(?é Q{r?#sn%ggr -Cf)ﬁpelg(lf Qitesgé(gs g@eDs)

e recor ting
clenngd-Rijenon dleVlghst (GiDgy, ad a&ﬁll@lnﬁ&gih@tc&lﬂodﬁ:y Maltighdnakl detectors

. sgcanner or _canera. CCD col or sensor. in the digital
ing 0B s 46 BGgah deleion Sion % Shafooiade Ry Wi vy Also,
CEPIsOLIDE f@@iosg raﬁ@ %the??%he?b‘f’?ﬂulﬂéhah@& MRS bare J&ﬂﬁble. Each

Red> G eén- Bl ué intensity value of eac
elpingat has its etotrmmd aciivanmgda; gind adisddivhmtageEhand: chimrbedepnbined to

th f i ly 0. tp 255, . .
odfpes & Helh St cBeciol Ruatfblin et N6 Toadertish B S8RLI o specific
apblidht@dd. HimSIGAPIEls pbSiib t8 cwﬂbin@ mhdré fanoRE NGBt ke or detector

illum nation and some form
to monitor different types of responses on sensor films, and then combine them into a

common array platform in a manner known in the art.

As an example, a color image of a subject can be recorded by illuminating with any of
the cited or envisioned light sources and captured by a digital scanner or camera. A
CCD color sensor in the digital camera measures the intensities of the three primary
colors (red, green, and blue) of the subject. The Red-Green-Blue (RGB) color
intensity value of each pixel is recorded in a digital file. The color depth, or the range

of RGB values, is usually 0 to 255. Colors can also be measured by the CCD color
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of sinple color light detector. Sone digital scanners,
however, use three LEDs (red, green, and blue) to
WO pooanis@Es®e t he subject for the col or neasur eneP€T/US2006/041352
Unli ke digital caneras, nost digital scanners provide
a 48-bit, or greater, color resolution. In this color
nodel , the color of each pixel is quantified by RGB
sl difhl ek B P shyledidip Rottoe RARUSRRANGR snf 8 Tomm
of sampleacokrdight detnetor. vaome digightdayinérs,drowavde lus¢ thra®TUEDs (red,
’ | h
Eragl a0l Pl BT R iSRS gplor Sagitement Uniike digital

cahRBRE ldsY Blghtal Mbntts$ pﬁ)vﬁjdegil ulbid BRGHAR I bCRsbBfion. In this
quantitative colorinetric analydis. In this aspect,

coldremeideli thalcolomaf eanh mxsliis quargified biyvRGBmalues imthe japgeoef 0 to

ees£ol or LED phot di 0 airs. Fluidic Deliver .
65808y ehfipisgeth PR o g g Pinbary ol SepPradely oo digial
cahier@ 66D kEkmREevaty gy ssembaditoanbmdli mdatspedtrdl Résponse of a

present invention. The delivery device 10 transports a

typiselt FOID ealoarmsosnr i6f 468 I int,s3dpHe40 imnnende6dd +/- 55 nm,

uapt it i to l.Ltiple.reservoi.rs 8 iLn.order .to . L
regi Py, ka2 et Mo RS I EniRE IR fTri R enalysis.
Inafis tabecs efiRodighhle MRadifg (de9iceSROVRIIvAMINRL hidtiple, §Hi8e-color

reservoirs 8, As shown in Fig. 1, the fluid delivery
LEjdphetodingle paiipri ses a top cover layer 2, a nmiddle
channel |ayer 4, a bottom sanpl er-substrate binding

i 10 : layer 6, a fluid entry port 12, and an
quggﬁgfg?ggggﬁggtic entry port wall ring 11. A

plurality of grooves or channels 5 are forned on the
Fighdnilkistratey er flvidiodelivargotevivg then saopidendd wiith fm eremplary

t.he.fl Ui t t 12 tqo,t . {o] 8. A
entirgiarid) F biokafleteotiy bt HEHY R BRVER A0 S50u1rs 4y sepinpled
anh@n 08 A digued Mﬁg)l@,hﬁﬁﬁ&éreh AyeAtittbs, 1O rﬁﬁl‘%’:pfbsre@érvéﬁ%g in order to

holes 7 are added to assure conplete fluid flow

effast auchismiond rearsian drctwees: tie samlss floshard dheapengor elements (not
' : i Lic fdil De. . .

AP B ATAR f AEGR ATCGRNAT g B 10

comprised b 0op cE@adayier Rirs nhidile chaledlayeed| abogomdaagilsresubstrate

deposited on the d hilic side. For thgose fjlns
biwﬁgﬁ Z‘Lﬂ= %]ggﬁay@'sa% fjilﬁg entry port 1%, and an associated plastic entry port

wall ring 11. A plurality of grooves or channels 5 are formed on the channel layer 4

for directing the sample fluid from the fluid entry port 12 to the reservoirs 8. A
plurality of channels is formed when the cover layer 2 is bound to the channel layer 4.
A series of vent holes 7 are added to assure complete fluid flow through the channel

system.

Many commercially available hydrophilic films can be chosen as the top layer to
fabricate the device disclosed in this invention. Some films have a heat sealable
adhesive deposited on the hydrophilic side. For those films without adhesives,
standard-bonding methods can be used to laminate the cover layer to the channel layer
such as ultrasonic welding and adhesive transfer bonding. Hydrophilic films may be

both heat sealable and pressure sensitive adhesive.
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st andar d- bondi ng net hods can be used to | am nate the
cover layer to the channel |ayer such as ultrasonic

waowrdodiosig3and adhesi ve transfer bondi ng. Hydr opP@T/082006/041352
films may be both heat seal able and pressure sensitive
adhesi ve. The channel |ayer 4 can be fabricated using
conventi onal plastic processi ng nmet hods such as

! ! L
AR Y 0 TR ATl oo
such dshﬁlljéo’ﬂlﬁﬁem@fdn@ Ho® s&ﬁ)ﬂﬁgg,eeﬂd‘ amctee mashidirfoor My plastic

channel | ayer. For exanple ycar bonate and acrylic
mafesials hat ABY @ Waker epntagt snglgin thei rgngsﬁfﬁb 40dad slesrepican be used for

di r el :
hGRHBUEL LBehl FOOtBAAS, i FRfbgRac Y JIRARIS iR mffials for
thisapplitdtivh. subst rate by surface wetting, confornal
cont act and/ or adhesive bonding. Non-limting :
exe grials for this a on are silicone

Tl by adiRe Bish s e % anvan e gk R Pljpef §08nd 40

SHAE /5 3P lpRIvitdsNhn® 4 AvesutRirsie Wydsupfica Mvettidg, WdBfdrmal contact
silicone " sheet. A double side adhesive material could

argl yoadbesivie éandmrge Mnémgmmamlﬂgy imaperials for ghisippplication are

onded to n e
31§(§/on€h%1éis? he 1chI g‘l?] %e éxfia%? Lf)?écsﬂ%a?a%&%z rd. s[’heaga}l@?éf%ndlng

laped a@aﬁlbquaire efifudell tstiitoné Biset.t A0double sida ratdhemirejmg:naf could
the sanpl er blndlng material to the ch | ayer can
alpabg grrblpglyg daygr ﬁr‘@%b?é%?nge Eﬂ)&e chafnel layer using

adhe§ieP '31 %16@1]5‘6;{ %@lﬁsin% 5 ovlg t?(} ﬁlaféﬁ Q\?{!h as%l}%larbonate or

cont rrbu cap lary force
Ulthmt indert vesvd-hart floldiolg bf)thblsalwpleh bowgly miteriglhtatiethani¢ldayer
%ﬁ¥§%)layer al so accommpdates a plurality of snmal
¢ ; one over each reservoir 8, to allow for the
passage of air, which is displaced out fromthe

Th&88¥e¥ Vyfer Qyprbhaes @ 6 RYdropitit Gurfhdectot ehel ﬁmﬁdib&mhiuha’ﬂ,ﬁyhlch
force dr|V|n% the fluid through the channels
0

cqrinipenlndgsln o the <avieéa11r “eﬂ@dlaﬂé éortc@ thé driyesy thg ﬂjal%hﬂow through
RTRL G304 SRR, gl GRS LR SR RHER S, one over

equhefedrivoie B, 36 qullenc tor tHS passagzs of tajr, tWhectd & displaddll cainfrom the
efficiently fabri d_by inex | gstjc

respre B 4w the InAOTHBS Qidn D it g"@lﬂf ?@fg‘a fving theflpjg through
t 5ni$ E£5h Pl Fes GRERIDEBE tPlelfvef RPN a3t of liquid
}%Q%?oglcaﬂ sg&ﬁ%r array systemto trans o??ﬂ a

sample or reagent from the sample entry port 12 to the multiple reservoirs 8 within a
predefined sequence. As a result, the device 10 can be efficiently fabricated by
inexpensive plastic processing methods. The fluid delivery device 10 may then be
integrated as a component of a chemical or biological sensor array system to transport

and dose, in metered quantities, a sample liquid into the reservoirs 8 in order to

complete a reaction with the associated sensor elements.

In order to effectively fill a reservoir 8 from a channel 5 that has a smaller capillary
dimension than the reservoir itself is not a trivial matter. The transition zone from the
channels to the reservoir is likely to act like a capillary barrier in obstructing the

passage of liquid from the end of the channel to the reservoir. An external force, such
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and dose, in netered quantities, a sanple liquid into
the reservoirs 8 in order to conplete a reaction wth
W b@7asseTi at ed sensor el enents. In order to PCT/US2006/041352
effectively fill a reservoir 8 froma channel 5 that
has a smaller capillary dinmension than the reservoir
itself is not a trivial matter. The transition zone
ﬁf Eﬁ‘cﬁla? 1 0e tnlagdeﬁet%egyé}b(;mé %hl% i%. {9y %Qltler c];ases
a cap arrier 1n obstructing the passage
chalnqell aildfremnvdlhparelmdteﬁsf art eerefillprivaddnctd td sterteashe itaisition time
external force, suchas gravitational force, may be
a‘m‘ée&é?ﬂo‘fl@vﬁf{@i‘”c%ﬁﬁ" ﬁh"s"%g?]ﬁ% In other cases,
channel and reservoir paraneters are carefully
TR& pARERint EhtDAOGFeRsdridIaht capiBlhdtyl Baﬁnbﬂ engich YRIbldhY Aestribed
overflow through the vent holes 7. The present
ahayveehy ilmplenestiogribe pr@wmgpdctslar ﬁeamrﬁs'u drirsty angrietdidad super

RSP 5 RS OBy ul s GOBE U il W o

adVahﬁi]gb@.lsD}hﬂﬁ:&ﬂlufa@d‘ ostd'ﬂ eheanes tdpay&ll of theireder@meddl fofim afRndant
qui d to advant ageously accunul ate over the entl re
dltoab:t wais| theyfropied gravse gpittations! feseereaabiesriéiimicagh Hisl hottom wall

I
o IRt B0 hA0A S BTN 5 s
ddesithe Hqyidftofitlethe entiyieredepis. r Asrihehresdronir compplewlyofills, hise vent

reservoir dri. es the I.i dto fill the_entire
hylg ServEoRs 2 capilgr &awgém%sélpg s ‘5 b foying thiopgh ifda reach

tHAQbS B elc¥ 88 t}ﬁsco@exclaﬁéﬂ WalcH 1?@58[%11%& to b@H?&bﬁlﬂ)bﬁ@ €Secondly, we
liquid fromflow ng through o reach the t

adjustf thee fluid tﬂw/ G@&I%andeaglmugh\mp@mmagome@f gmef @niereservoir
(qur d g%r(%@e eﬁ? g 5%{’ P\fﬁ!%%%g u?ﬁ g#eheglﬂfglyﬁllet?af(iq%aplllary pressure

of ﬂféedh‘éﬁnél iflepa@t ti &hieat an®iskisle iy dbmﬁieadﬂdCﬁmg%‘éqw@ce In
fromthe entry port, and capillary pressure of

addigh e sHMBleUBIding 13395 G diigh aBRSaFDEA Bat Pf Ithevﬁfl%‘éls of the

il dj
r@otis, bl SRR burkl AU b, 8 AP er b Pt
desfege ¥ ahe &annasleatdese@r\amp iphtaateyerfainclglingashd Bempler binding

ndant dro rows. Therefore, .a car eful design_of the
HRBeRs JHROTADLS PIpIComE frehaaer, to HERTRIPHRP et tiling ol each
re3@pirer binding thickness, is inportant to overcone
this barrier to ensure conplete fiIIing of each

reservoir. Referring again to @g 1, each channel 5
ReferringamtinionkjEel, sachehanng) ecandsed singleor gultiple geservoirs 8. Ifa

channel is required to feed multiple reservoirs due to space consideration, a simple

branched-type structure as shown in Fig. 1 may be constructed to help prevent
trapping of air bubbles in the channel 5. In the branched-type configuration, the
filling sequence of reservoirs can be easily controlled based on their relative overall
flow resistance. If the channel dimensions are the same within the structure, the
reservoir filling sequence depends on the length of the channel connecting the

reservoir and the entry port.

Fig. 2 illustrates another exemplary embodiment in which the reservoirs 8 are

connected in series or branched-series configuration. This configuration is useful for
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channel is required to feed nmultiple reservoirs due to
space consideration, a sinple branched-type structure
w@g003hmso in Fig. 1 may be constructed to hel pp@r/Esm®Ne/ 041352
trapping of air bubbles in the channel 5. In the
branched-type configuration, the filling sequence of
reservoirs can be easily controll ed based on their
[ es| f
oryfieioh G SRR |5 B KPR Ry GRS o the sample
streamie ibefore fti rdachep stfferenc ebraimheahdsesmvoirh einl ehgt braﬁéhed-type

t channel connectln th .eservoi r the entry
%5&9%1@9 g. ¥ EramRles ¢ Heresak éﬂﬁﬂ%fﬁ yo b samRien ptream
inlroN RANinLRG T SREAY B' .3 aﬁd Y QieRRNAGEeIvifs BEF] €Safd H will

br anched-seri es cohfiguration. This conflguratlon 'S
comtat @l differeap piniomat obrasidi n Thiiconhfiguratien dbewn éul Rig 2Adudakss it

reagent at diff t . dosages.to,the sa estrem
pdsSPETR ity BurendloniorPERORE ikl oiBaltr Ml ShPGR I brpshed
reE’ér%iFsh@d GY REdCANfuhstr AlffRéht PHT coadfigise, Tihis agp@cdfdifigidic
reagent soluble to the sanple streaminmmuobilized in
mﬂl@ﬁ@lﬂtm rsSuSAalbever@ difieultty achieyd wih cpnyeatienal gpgtbods baged on
&% contain a different anmount of acid. The
P d% |gurat|on shown in Fig. 2 makes it possible to

study a reaction between the liquid sanple with a
Figedgeiniws n jaralhdd hedies epafigaiation.F, Wath #isl ddnfigaletion, one can

di ffere |t|ons This t f ui di c
mm?lﬁ%ﬂ Gl e FEABPYS R eRIPIT PRoBh € Ob Qi B and o pame
reﬁ \4 ﬁf‘ltebé}%‘ﬁs 5‘% HOPR,DBAE GO AR BrrdN If é’e%lsdlr%acn%hgbet%een

ows a parallel seriés configuration. Wt
thc disfuidy saraple omith errsagenh i messbvdiisza Wid, fde raeﬂtf motha tyiresence of
e v0|rs A, and F, and the

reg%‘wgs cpigargﬁtthroH SV 'IASEaCtCQ %ﬂd hus one can

create an array of sensor reactions bet ween t he liquid
Re&serlire Avtd ID shovageRig. Bncaneeiiseditd Tofer the sensofl eloditits’ while

in the presence of reagents delivered_t hrough
reperyeiFy aitp ! 1§ ussd fer spmplenyplpme RSPl oBsChRNBgErshs ohne of

re. Vﬁlv{):ﬂréya to, SR cHEcdtbl e RBNRS sgyi)‘fe & veRid 16 Ir@s'gﬁ)?ﬁé AtoD.

e resérvoirs a to I's use or sanple volunme
control. By changing the volune of reservoirs a to d,
- Inongimglanfasiion rt@thetmecm ﬂ@@rib@binslﬁgenea@ei*} iressradrst’g B, C, D, E
reservoirs | ar fashion.to the prqcess
IR B PRl 8t msPufered Bl G2 Dot et BB the

liquid flowing in the channels, thus modifying the liquid or removing interferences

prior to the liquids arrival at subsequent reservoirs.

Fig. 4 shows a configuration that allows first filling the reaction reservoir 42 with a
first liquid sample for a short period, and then withdrawing the first liquid sample to a
waste reservoir 48. After the first liquid is withdrawn to the waste reservoir, a second
liquid sample can be added to the entry port, and driven to fill the reaction reservoir.
In order to achieve these fluidic functions, capillary pressure generated by the waste
reservoir 48 should be greater than that by the reaction reservoir 42 and the channel 5
connecting between the reaction reservoir 42 and the entry port 12. The delay time

can be controlled by varying the length or/and flow resistance of the delay line 44.
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could contain a material or nmenbrane that renoves a

species or chemcal fromthe liquid flowng in the
w@b@mnsissy thus nodi fying the liquid or renoviPQI/US2006/041352

interferences prior to the liquids arrival at

subsequent reservoirs. Fig. 4 shows a configuration

that allows first filling the reaction reservoir 42

L b firet )i aui _ . ‘
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thiseipgentminris 4Bat iAfit esmavhablef fromt a Isibpiiate. | Thevistlbtimterprot/ales the
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functions, capillary pressure generated by the waste
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ction,reservoi.r 42 and the chanpel onnectin

re%eg?%en e (r%%lgc#llq%é ﬂs@%% o&?wifsz {ilﬁd S‘tﬁﬁgra%ntc??/ lbeg (jrepared
indépenddiglydel ay time can be controlled by varying the

| ength or/and flow resistance of the delay |ine

A44. Anot her [ nportant but optional feature of the
Sipge,thgidevige rirsrs%ﬁvi Hethiceverion g hyswnaraiedifem the gubsirate giter

2k e 4 SuEQAOUBILE DMLY e 8B st o o
dispedabile ecospopéndr  Bilsodithe shisspate parobe dessabld ifganallyte-eedponsive
e sub. %}r ate. Thi S i s especially advant ageous

to th
SCRTELF TERG SIS SHIRSFIETAANIS- ¢ devi ces disclosed in the

prior art when sensor or reaction elenents have to be

Réfaehedledterialstdan besed Y@ nbrmalze tHe bdtisér tdspidtise. dRlid ¥HY Ve any
devi ce, the substrate can be prepared independently.

stablygsterish whiess ectiemelrissuepartics: 3P siof affedted b theagnvienmental
o355I GODRRUOR 810! L Lt lTR L, S BB

Alberhatiyely, ethte doakl e dihs prubatbdte icelfpwhewtiponAls&Bor tddnents are

suhstrate can_.be reusable if_ anal yte-responsive sengor
deptee FuheserPieree PITL cauldh e MoREOEHER o fis Brsepiixed to

arf stiaBubS @F bk S HriPIaERial BEcHRAE A 0r CPRABSSatoridl SarfBany
bé any stable material whose spectronetric properties

spegteal standarflf fearn ddadkytot white rofi anyrapplitalile eravelgsgthsuitable to the
araneters_experienc by .the arra e. q.. .
e B kBl SRR B S e St Spiialspehs dvepnegpante
or0otgainib §idnieits thas hivd Hettedl HahdyBRf 86 RONsigRIfSAtly overlap with
el enents are deposited, or these reference materials

spegsial dands irthe sprsenelemanht dhe Heferanpermaterfal imeyoplsecomprise an
optical response material such as inorganic, organic, and polymeric photonic crystals.

Normalization using the response from the internal references is useful for reduction
of errors caused by variation in the optical path length, dimensions of the sensor
element, and other variation sources known in the art. More specifically, including an
internal reference in the sensor element is important in two situations. First, if the
sensor element before exposure is transparently colorless, optical measurements
before exposure to the sample may not provide any useful information for sensor
response normalization. Secondly, if a measurement on the sensor element cannot be

carried out before its exposure to the sample, reading at the Amax (maximum
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array structure, or be the array material of

construction. These materials can be any spectral
wa@e@ngsnsad f rom bl ack to white, of any appl i cabP@r/us2006/041352

wavel ength suitable to the particular array system

design. The reference materials could al so be dyes,

organic, or inorganic pignents that have spectral
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expEasigreanbausedbefsopaatethosanser respanke deatvpingl yheasensart interaction

royi d ny, useful . information for sensor response
xR it s P FhAiECL BB 5O PYYSEaLHAE Y omrent on ¢ he
sensor el enent cannot be carried out before its

MaARSIS UeerémRe ti@e SRR, al§ceBEidefosited t die tHenBhsor array and RGB
(mexi mumnavel ength) of the internal reference after

vilges egaeyed dreanthp aefesenget geroeapde visd 9epempalize the sensor

-SHERENER Alphie MRl CRS N SLETPOL B8RSk Monee
dediggreind imbhgachkptng ploeages The ndrmatipitionatan esimoe seray-to-array
rovides info .m;}tpi on otn the physical state of the
M= I%TOQH%‘?ﬁ*{m ¢ BAYIRCuEnS SERES: PLSAHES pleoTprgeesses.
envi ronnent. For exanpl e, changes in the physical

S8doRHEryOSfFEdRe AL NARY thel SyRiMnasliéeot an Sal | deR@tion sk@8em. Ofhese
t ransparency contribute to the overall sensor

eifectp dnpdede mpise doanhesanray sengombysteadetiepss fom pevirmnental or
' b 1 o
S}E:sgeﬁn g);AEa%EJﬂ {ie%gc% %thst%cel cﬁ.{ﬁ’l%[gethgqgan%ffécﬁ%nn%gr gﬁé&eﬁ{% O%E)shcatlon

useda 't o separ e~sensor respo

prtadsys, ers Sedlb a9 uhexpRiimedt dudhierk i@ the dad sety sudhoascintenfgesices) that
t he sensor physical state, Miltip]le reference

alterithe fra¢ analy Tespepsen Muaping segomlary sidcctesredic agpemplished by
B R o b g R RO appriate
any variation that nmay be caused by illum nation

Nofrarmgdectidordan et tred i todgerowpartayerespanse sising Heweral categories of
dats rmneltanlili)u%a t 0N CAL LS4 A% 1 8isR ¥ tion a digital image file is
generated and stored in a computer or microprocessor, and noise reduction methods
are applied to analyze the raw data. These can include, but are not limited to, Fourier
transforms, wavelet transform, Kalman filtering, Savitsky-Golay smoothing, running
mean, median, and polynomial methods. In the case of color response, RGB values
over each sensor region can also be averaged. In another instance, selectivé? data
elimination can be applied where one calculates standard deviations within a smaller

area centered at each pixel inside the sensor element, referred to as subset standard

21



variations introduced in the manufacturing, storage,

or sanple application processes. Secondary effects can
wO pov705t5Be per f ormance of an array detecti on SPGI/ER2006/041352

These effects include noise fromthe array sensor

system effects fromenvironnmental or system

paraneters, defects caused during the manufacturing or
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capi by @b s fprdpdons fhatisee pasfde pesgarerthersenser Glaes thptyesult
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t he system can have el enments that~sense environnenta
prearatiinl depss sadh @sinchrioaratdust panvibles én theefinenFerdgn neaterials
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can be included to account for general system
caplh penget kegipns (ldhs spatighimitreatipachn he expleitedhfor noise reduction. A
: I Vi . OX] [ r tLon potential .. Ofr
Vo il AN, G35 he e BED LA plsgees, and an
algdﬁﬂhmgnaml@éamﬂi@d @b dtsbﬁmﬁla?dﬁﬂiﬁd%sgdaﬁéed\lﬁ}fﬂha]tdbﬁ&tsa|F09W§ample,
the systemto conpensate for effects not fully
aveisgpeidatteiart dngatiansof she RGR yalnesdpr thsoviole preagfdhnagnsor
eldphblt %feoﬁ}@fjcagaﬂﬁb@f V\%er@ﬁz? g@{h\émezfsfs%%veffg@y Ghd @8nda?d deviations,
system can be establishe
respectively. Then the RGB values from each pixel are compared with the set

averages. If the difference is greater than a pre-set multiple of the set deviation, this
pixel can be rejected from the set. A similar calculation can be used to reject a group
of pixels. Defects in the sensor elements may also exhibit unique color or/and spatial
patterns, such as lines and dots. Pattern recognition algorithm may be applied to
identify the defect regions. Additionally, defects in the sensor elements are not
normally distributed. The optical response from the defect regions is either greater or

less than the set average. Thus, normality test can also be used to reject readings from
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be rejected fromthe set. A simlar calculation can be

Cheseametyc dajacaalysis glgstithros hpiehsks nsaddp eoalyze¢ evarlpping spectral
| hi.bi ' | / and
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atterns, sucC
recognition algorithmmy be applied to identify the
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INfEEETFBAS BrOOI R t HESLWE BEYLT ¥gPYIR 40 Meagire RyAmg f define the
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.guality is.poar.and a, significant unt o ite

infeRecate stieR e 2igbien Fipssf s AP bt o Yhe Sfme analyre,
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Conmpensation for interferences can be nade if the

sep¥AT ar fegonuplutsd tonrevient Ene cpnergtreiiert ifaseaghrpnglyte among the

. i r.e O LT ] i e .

AR IAC O ol Sobbo e RPN {1 B por s

fromtthe depanedsimplattortike storedhaodeial THep6ereé Snddel $0builti fodin the
could result f rctﬁm interf eré)%nces, where these

resRAnETStOd temeBsordamsR 2 canpsod apylviesheries Y therermbinatias with
th B0 kABoARS G Bk, Whid} IR 1S ENRCRA ihRAGRNLes o Bftir different
levels. By capturing different sensor response at various combinations of analytes
and interferences, the model captures the response pattern over the analytes dynamic
range of interest. The tools for quantitative analysis of sensor films in their
combination include neural network, principal components regression, locally

weighted regression, partial least squares and any others known in the art.

Multivariate analysis has been widely used in analytical chemistry, especially in
spectroscopic analysis. One aspect of the present invention is that a systematic

method is utilized to simultaneously determine multiple analyte concentrations in a
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on the devel opnent of interference free chem ca

reagents for an individual analyte. Chenonetric data
wW@e@psi539 al gori t hns have been used to anal yzePCT/US2006/041352

over | appi ng spectral response for interference

reduction, and this has been described in the

Iiterature A three-part data generation and anal ysis

pr O eﬁ%é%s ga%'?}gt ' ﬁnt&g&g?ﬂz Gl Qi fose@ lfl%ﬁllé ﬁﬁb@i{tfo‘ﬁrpqg&lﬁes a

sensors to
sepmramy ebsiptikiag mhﬁﬁpleesehm etelnmtsdhht ae chqden 30 delcostatite the

. of the sanple. pa s include tenperature,
infidCgoa e AT B v T SR TS GSt frhs. The

seh§stRead fd'iz@d“éﬁ%%eﬁfb wiesEhsBr eRdRts Qﬁat lnfdt s‘i‘k&ﬁ%ﬁ[&?@emgned to be
speci es. Third, 'we design sensor I ms that réespond t

resfomsivanie veaterl gltmocetsatpatahtmterhalwé am s@e:dmi Ifer multivariate ana1y81s

[ e res h r.es fromthese .
o R85t G P ehE RO eedo o P i ERBE SR eieRPiale e
AdditioRaBh tl@%‘aytﬁatﬁﬁ@fﬂlm%ybteﬁﬁ R 1B0REreSRARE EBemichRs to be

can al so conpare response pattern of the sensor

usgdi and that grs in rﬁ@é@r@do@@ﬂiﬁlf)@ thedea) sesppwseaasisdel

The stored nodel is built fromthe responses of the

D&@lﬁ%ﬂﬁtdﬂ J)f'gHt Qltk 1151% rdbbs2 R0 iﬁh(?sgzlgl%ca{rg ‘T‘loﬁl?ﬁjmkﬁg lekamples

nati o I'tfona ponses o
oﬁﬁﬁsmmpﬂexi nEuteco LA pmteresjystem &rsfieg,ewhas differehieanalytes produce

infSEepRER EEDY Yol ' BRBFHH PRASN9HTS PRy Roa S g ectivity that

is Id@ﬁﬁéd‘ BY ﬁféﬁ%d yilahfc PRAR IS I Ratet BAnpIeS Fiﬂ{‘fsealﬁfiﬁﬁf&ftéﬂ by
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exist in a complex equilibrium that balances the pH with carbonate, phosphate, and
hardness concentrations. Phosphate can also exist in additional forms in water, and
again, the respective phosphate forms are determined by a pH, alkalinity, and
counterion balance in a series of interrelated equilibria. One can use a phosphate
optode to measure phosphate, but a phosphate optode may respond to just one ionic
form of phosphate in water, e.g., mono-hydrogen phosphate ions (HPO42') species. In
order to obtain the total phosphate concentration, the sample pH, carbonate, and

hardness concentrations must also be known. All the species in the water system are |
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and that would otherwi se not be needed as part of a
sinple, but |less accurate analysis. Additionally, the
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_change the pH of 1 Liter of buffer solution
illystrate onpoithe systéngaticefiethodsdlisadosad in thés inwerdloncal ci um and
magnesi um concentration, including nunerous forns of
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Systém esé cal cium and nagnesi um forns may
i ncl ude phosphates, and these phosphate salts are in

pleguidglDmipym W (whesodilié activity @ hedropéreioapnt ri buti ng
ions. The ion concentrations exist in a conplex

equi | ibri.umth bal ances the pH.wi_th carbonate, .
HE R T foar AU TaR ot b o G phedthe foflpwing
fﬂ?hﬁﬁmﬁﬁlst in additional fornms in water, and again,

he respective phosphate forns are determ ned by a pH
aIkaIin%ty, and counterion balance in a series of

HiQDerr Bl (@@t OFh@ia).i bri a. One can use a phosphate

opt ode to neasure phosphate, but a phosphate optode
r -just one ionic formof phosphate in

H‘&E@F:gigo(g%lgotﬂﬁhydr ogen phosphate ions (HPO4 2 )

species. In order to obtain the total phosphate
HA Y ehdatdranaquebes BBl abid, a6@AD@Ndk@onfigge base of HA(aq).
The existence of Bronsted acids and bases give rise not only to acidity or basicity of
the system but also to pH buffer capacity. The pH buffer capacity is usually measured
as alkalinity in the water treatment industry, and this is primarily a function of the

total carbonate concentration.

When a sample is applied to a pH sensor region, a pH sensing reagent such as a pH
indicator dye, referred to as “Ind” hereafter, interacts with the hydrogen ion in the

sample through equilibrium below:

Ind + H' (aq) < IndH".
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H val ue of the sanple. The indicator nolecul es
elemants anah fundtips) ofidbpth pH and alkalinity. A two-dimensional calibration

surface can be obtained for pH and alkalinity. The pH value of the sample can be

sa

-

determined using the measured alkalinity value and interpreting the sensor response

using the two-dimensional calibration surface.
Kinetic Response

Often, for quantification, a sensor response should reach a steady state upon exposure
to the sample. In practice, some sensors have a long response time and it takes an
unacceptably long time to reach steady state, and measuring the sensor response at
any single time may result in errors due to variations in timing. For a sensor array,
different response reading methods should be applied. For non-steady state sensors,

time-dependent measurements are required. Kinetic information can be interpreted
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di fferent spectrum and a change in spectra
absor bance indicates a shift in equilibrium which can
wo edozests3shi fts in system pH, and the change OPCT/H82006/041352
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apf aPhdnaphapi 00f eRbSE)LELANTR BT EHeBPhfs prfonce overan

a®AyPREponse.OPRe 3dmpled aM8 elements described herein show how each element

enhances the array performance, and how the combination of these elements produces

optimized environmental and biological measurements. Further, this enhanced optical

array platform is advantageously suited for non-laboratory environments.

In other aspects of the invention, internal reference materials are included as an
integrated part of the sensor array. The reference materials allow normalization of
sensor response to eliminate variations caused by variation in illumination, sensor
element quality, and environmental parameters. In addition, the present invention
provides solutions to specific problems associated with the digital imaging techniques

known in the art.
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as Show® ﬁlfrrlhdslpfeh lig.tlo TRicitop prves laysr 2 it 3 beps seadabdelydsgphilic film.
VRPN 90 05 TR, 4P bl Wl
layenvdeistd 018 mm thlck polycarbonate sheet with open channels 5 and rectangle
openings (i.e., reservoirs) 8 cut by means of computer numerical controlled (CNC)
machining. The bottom sampler binding layer 6 is a 40 Shore A silicone gasket,
providing seal to a substrate. Rectangle openings are die cut through the gasket.
When these layers are laminated to form a fluid delivery device, channels are created
between the top hydrophilic layer 2 and middle channel layer 4. The rectangle
openings of the channel layer and sampler binding layer define an open-bottom
reservoir, with the hydrophilic layer as its top wall. When this assembly is attached to
a substrate, closed reservoirs are formed and connected to a central sample entry port

through channel.
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Reservoir depth = Gasket + 0.78 mm
Reservoir length = 6.0 mm

Reservoir width =

5.0 mm

Based on this equation, one can design a device to allow all the reservoirs being filled
in a narrow time range although the distance of a reservoir to the central entry port
varies. If it is desirable, reservoirs can be filled sequentially by choosing channel

parameters according to the equation above.
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openi ngs of the channel |ayer and sanpler binding
| ayer define an open-bottomreservoir, with the
whyaropissd i c |ayer as its top wall. Wien this BEFERIDY041352
is attached to a substrate, closed reservoirs are
formed and connected to a central sanple entry port
through channel . Channel and reservoir paraneters
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data lempostpae chats th&’y deviertaHows sdefiverng tao lighiat satesle robaxltiple
In Exanple 1. The channel 5 depth and width are 0.33

reﬁﬁwmﬁsdmf@%umggaﬁlggt ively. The length and w dth of
reservoirs 8 are 5.5 and 4 nm respectively. The

Exaigle 81 Duterthimgioh ay elilofiné sorceitrdtionrina wht&Sampid hi ck,
adhesi ve backed, and transparent silicone r ubber

Sik pliring Joasi BV BT crfenbriaston b B e et b edylene sheet
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sanpl e solutr cont ai ning 100 ppm Basic
deBdnizednaster) evdswpottdl droedchefilaanfliewetet samplertas rimaved from the

films 1 minute after spotting. A blue color was developed as chlorine in the water

sample reacts with the chlorine sensitive reagent immobilized in the films. The image
of these six films was captured with Hewlett Packard scanner ScanJet 6300C and is
shown in Fig. 5. The digital file produced from the scanner was in the JPEG format
(67KB). The color depth was 255. The pixel resolution is 200 dpi.

The digital image was processed with Adobe Photoshop® 6. The film areas were
selected using the selection tools provided by the Photoshop software package.
Average RGB values for each selected color area are listed in Table 2 below. RGB
values for the white paper area of the image, referred to as Ry, Gy, and By, are also
listed in Table 2.
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co- pendi ng patent applications entitled
Sensors and Method for Using Same” filed on the same date as the present

application, and will not be repeated herein. Unlike chlorine analysis, multiple films
were used for determination of alkalinity of a single water sample. A 20 pl alkalinity
standard solution was spotted on each of the six films. The water sample was
removed from the films 2 minutes after spotting. Ten alkalinity solutions were

measured.

As shown in Fig. 7, the image of total 60 exposed films was captured with Hewlett
Packard scanner ScanJet 6300C. The digital file produced from the scanner was in
the JPEG format (48KB). The color depth was 255. Absorbance of the each exposed

film at 650 nm was measured with an Ocean Optics USB2000 spectrophotometer.
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The image of total 60 films was captured with Sony DSC S75 digital camera. The
camera was set in the automatic mode in which white balance, focusing, and aperture

were automatically adjusted. The glass slides were placed near a 40-Watt desk lamp.

Average RGB values for the selected color areas are listed below in Table 4. Unlike
the image captured by a digital scanner, illumination cross the subject is not uniform.
In order to correct this, RGB values of a white paper background near each film were

taken. Instead using a single set of RGB values for the white background in Equation
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re ner a , 90 .tg 145 pixels
shog/% in g lsl 1ncciecates tLat normalization agalgst an internal color reference can
effectively eliminate errors caused by non-uniform illumination when a camera is
used to capture the sensor image.

Example 6: pH determination by means of multivariate calibration

t

A pH sensitive film was deposited on a polycarbonate sheet. The film contains pH
indicator dye bromothymol Blue and other additives. The pH standard solutions used
in this example were prepared from sodium carbonate and sulfuric acid solutions. A
glass electrode, calibrated against two pH buffers (7.00 and 10.00 from Fisher

Scientific, traceable to NIST standards), was used to measure pH values for the
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are rejected anong a 2700 pi xel area. The R-squared
value of the calibration is 0.9930, which is
W@ e@niosiseant |y i nproved conpared to 0.9886 obtBCTES2006/041352
with un-filtered RGB val ues retrieved using Photoshop
CS. Exanpl e 8. Kinetic Response A polyner sol ution
cont ai ni ng nol ybdat e sensi ng reagents was prepar ed.

stagﬁgrd%siaaﬁ% gslfcy{rea{bg%% lﬂ%‘hggfsithgqoa@ sl YEREDPOIRY Bogen

eet usl m appl 1 ca e pol ycar bonate
joms ubiityateefileentcartd Tiqtid j2OxiBA potensivlsi pAlkalihigy wiak knessured by
.sensor film o& each st.riB was cut and renoved, which
tityagipr agginss ad- 5 NEUHHHIC ARG SPIUERRt on the strip. A 200 nm
deep, 6.5 nmw de channel was built using a glass
A8b :}@gﬁﬁ\{kﬁ oFODE sBhERH shRBBR wWaQ sEA¥A orl A8 K6 THRRkmbRe was
forma ui di c assenbly. This assenbly, a Canon Li P
refi0vataiur @ minats, andlibe spotiedoirgdowas drist ynalmodey Glaw obpirflow.

) el ' :
i fisPact Ghe 0P SR00 SwaR D et SopbOBTIElY Rl wio

ustdM CRHCEE 80 B/ S A8-bit] dolBriHsdIgRth 1300 dphapatkil rédplution.
capillary action. Imges of the sensor filmwere

Thecignaige &ide wes savied in theamgampressedWHEF forraas) Ehotophanyis was used
| i.ned.at =3C Ly El iy i
o5 12 GG RS TE 2RI UL o Pl v

avarhabd SIver fa0l 0Episer sqespessesd ahihehspostedraréarpditeafillowing
part of the systematic nethod for g,l nmul t aneously

qusatitrRuada eesan a3 2 AeNsP [SFROTSH K qHaBd oﬁa’g’aﬁf‘o@gﬂ in this
invention. It was found that the initial sensor
res e an uf Qs filmis a function i

Rye n‘gg rait E?tfé)exp‘ﬁeéir n(g{)éﬁv e%@‘ﬁ'&x ““we normal i ze t%féuagggggr
response after exposure by calculating the ratio bel ow
to quantify nolybdate concentration: R MO = (R G -

Ta€d eXpOSed/ (RF'G - B/ G uneXposed Equation (6) Table
7 Kinetic datCalotansliysieef tigitplanmpes fos ERamplgfantity i s

P%n! ﬂtt@d—%—%, fu Utiop.dcf e+ %i_pg.le’. Yrtike T8 onse
: ini nexpose N L Xpose on
the. L lgil tﬁgi’%’sorl—geam TS, TETE SERSOT §SPOTSE dS™| Ry
s et Y abtove dpess o 75 &ad e3Pl @laau] (764 T aBher | 0.3705
gABONT(I 10alES T 0 | ncyaease I7v.oxednbogow| tid.st | hesl.7i neass fliot3gos
0.0f tlhie24 ast f ouf9496i nit §6.91or| 16%30h | iE¥Per HtHr e BE-&
9.36n HiB4 19 92.97 175.08 | 158.03 | 120.91 | 166.85 | 127.96 | 0.2917
9.43 103.2 93.95 17648 | 15921 | 136.19 [ 173.50 [ 128.34 | 0.2778
10.18 100.0 93.67 17633 | 158.83 | 12532 | 16597 | 12532 | 0.1106
9.80 303.2 93.84 17633 | 158.82 | 124.92 | 169.49 | 130.35 | 0.0376
8.94 311.0 93.23 175.63 | 15826 | 11649 | 165.61 | 129.50 | 0.2447
840 303.6 94.13 177.03 | 159.34 | 11552 | 165.44 [ 130.51 | 0.3045
7.97 301.8 102.17 | 178.73 | 158.17 | 101.40 [ 161.05 | 134.05 | 0.3293
7.08 308.6 93.67 17633 | 158.83 | 12532 | 165.97 | 125.32 | 0.4150
7.04 510.8 94.91 17601 | 156.53 | 118.66 | 156.56 | 116.85 | 0.3617
8.18 516.8 95.42 17631 | 156.27 | 100.98 | 155.56 | 125.36_ | 0.1884
8.54 506.0 98.57 17733 | 156.99 | 102.86 | 153.85 | 123.80 | 0.1933
8.84 490.0 94.21 17545 | 15548 | 97.51 15432 | 126.18 | 0.1634
9.12 504.0 99.25 17738 | 157.83 | 95.49 158.61 | 135.89 [ 0.0755
9.48 500.0 101.78 | 177.08 | 155.51 | 86.71 150.73 | 133.38 | -0.0062
9.63 492.0 97.58 176.17 | 157.58 | 82.32 151,37 | 13821 | -0.0286

The sensor responses are plotted as a function of sample pH and alkalinity in Fig. 12.
It is clear from Fig. 12 that the sensor response is a function of both sample pH and

alkalinity as described in the above section. It was found that experimental pH values
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0.4{%8S  USE[hpk § Mot THPE SENMSOIT AR T NMT T€SPONSH;,;  MeLEDS
03BAVE €eni g6 On naxi nsgsat 467, —and 0634njgs The LEDs
0.181#d phottvds odes wer|g.4bi xed on |tawe separ at ejd.®ri nt

0.188r cui t| Wohrds. The 8@Pint circift# boards -

. D e SHB fie o k14

15 SN T AN i SR § AN M
-O.WCHUI ysogb;lGHITUC‘f TS Ist CUACUAIU‘LTQ!"‘@‘IIUU W C III C ] ) ]

0. By O0E AT Tgh.qo A 3. O T gigt er —sanptg gontarnr Ny
Pardrdeteks@or IdMlioPPRLBREGUEST UM WasS T1rst Tntroduced To the

LG

0.04331

] Pie sensor |at3sor banceaat 530nm
10834Anm (IRY-0UEs neasu’dd93 ni nutle®0?3¥t er ical LW

introduction. It was found that the ratio GRis

E;lahﬂ)?g b, Wo}sre] Reduction

A0sanpl e lextry port.

Several solid sensor films have been produced with defects that were caused by
undissolved reagents of the sensor film formulation prepared from a polymer solution.
Some defects were introduced in the film preparation steps, such as inclusion of dust
particles in the film. Foreign materials could be deposited on the film during the
exposure to the sample matrix. A digital image provides very high spatial resolution
on color intensity distribution over each sensor region. This spatial information can
be exploited for noise reduction. A variety of data analysis tools can be used to
reduce errors resulted in by the film defects. This example demonstrates a simple
statistical approach to reject readings from the defect areas.
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respect to magnesi um concentration in the sanple. The
calibration curve is showmn in Fig. 23. W also
waele@clossed sanpl i ng met hods and systens for del POBDBI0G6/041352
controll ed volunes of fluid sanples to sensor arrays.
One application of the present invention is to provide
nmeans for delivering controlled volunes of liquid
[ t
A R Pl Fpepl £ S 1 e
13| nAshsepaticlef mdmatqdrbybthepafemmbe apmbec 830, on gisitflo in this image.

@Et le% ;{E{,?ﬂggﬁe‘g ﬁ"toglgglgtfdoﬁ alrzl%%gfno éﬁ\sgagmclg aré shown in

. 8381126 GFER VAR dveratd dWeSthe BaHobhdenddtirktioa atedized to
005/01 11328, the disclosures of which are all hereby

calqudase Por sansor teppanse.e rfoncemplicit e n5¢ erecdimeasional\faia in this
exe Jé)gé%ré F&% tﬁrelq&? e%du(t:ttbgl RE @ﬁg SgWé\:Iﬁ}és? gllilﬁﬁlgtef l'“rages and

stﬁﬁtlﬁfﬂ dld"l/@ltﬁ))’ls bEMid &at&ﬁﬁmspsaﬁfegf foAR( SrawvdhBl G‘heﬁ,rmé fefigt those
structure |ocated in proxinmty to an array

POipfa vidha Ideyiatiem JTam Jhe sehavsiageegicaiss thasc atrgersetnmalﬁple of the
sté‘ggg.ﬁ& § & fion TEHSEP Vﬁﬁ%ll% &g% dSSHnHQIIdLHe%laB%ﬁ %}é &lculated

sensor region to Interact wt
fremmiteds éﬂdludingmbldusttmms into the sarrpl i ng syst em Fig.
24 shows an exenplary sanpli ng system 240

AR AR R dl w30 Stindia BB w ek Ry S caloulate the

stitdaf@ldelibtiohs SANERS wheli SSorR 4dpionshe BRAS We tagnleRS standard
244 may be integrally fornmed with the substrate 242 or

devigfiope wdthimpa sealleraren (sr-pixel eitrle shasenfonthis qxapple) pantered at
ﬁe i ?1y Sfogé“éacﬂﬁ}’or%mgf ;6”:{ Zdhﬁeo tl:l?g 5’%5&@‘ 1]%5La€32 frofPthese

a reversi hesi ve. e exe

czﬁc&ﬁzﬁidn@g Ity slegmnth 2t ﬁéﬁicdnhﬁedSﬁrtB@ﬂfOth@gdeb simul’(mde wgaem&d
exposed to controlled volumes of sanple fluid in each

reseryvoir 25 il stratesth I t
Figr 16 R aIco BT g Sobe CHERER SO g dHEgmss Prepared
fibasE ?)MBIHe? sgﬁ%on%hﬁﬁod’%htdlﬁh g icHlcivd® redplBsi®sa§é.r AR film was

resefvoir structure is dipped in a sample fluid 260 in
pmp@ted on@ tolydarbeaete shest ayitho film @Eplwatm%ﬂw dilmgp dsp some
d}(eh%ggr?%alﬁ BoNg)é‘ﬁl i%@F H%r h%;gitssurgl%%cgrﬁfy digéi%u{eﬁ 4cHR \{ﬁg eﬁfir%r@ilm,
barely seen by naked eyes. A digital image of the exposed film was scanned with
Canon LiPE 80 scanner in 16-bit color mode with 300 pdi spatial resolution. The
same equation as used for pH calibration was used to calculate the sensor response.
The data filtering methods described above (2x standard deviation) was used to
rejected data points originated from the dye aggregates. Generally, 90 to 145 pixels
are rejected among a 2700 pixel area. The R-squared value of the calibration is
0.9930, which is significantly improved compared to 0.9886 obtained with un-filtered
RGB values retrieved using Photoshop CS.
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the upward arrow), a controlled portion of the sanple
volume is maintained in each reservoir by the surface

wo engioms3nf the walls of the reservoir, even tPoUykopéet1352
reservoirs 262 are oriented substantially vertical to
the surface of the fluid 260 when the substrate 242 is
rennved In this exenplary enbodinent, the reservoirs

B y &q{ with an attached reservoir-formed
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242 as descrlbed above. As best shown in Fig. 27, the
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L erial that is
dekee tlo%é’ff %3(1@ IF %Pﬁgggdfs glo 1rn EEIS%%O act with the
subst rate. Fig. 26 illustrates an exenplary tree-type
It stasufotnd ehdt ahe fimitialogbasdri iesponfe bF ah dmsmpqsleésﬁllﬁnrism ﬁlnction of
fluid entry port .12 to nultlple sensor

i on
tepPistirea RSy BOYTiFRr ¥ OTH S OB AEPLOGeF xpasure by
ca%%ﬁi;ﬁﬁ%ttﬁggatﬁybeww ﬁﬁq@ahhfy‘ rﬁglybﬂ‘atE BSnRhfratidi@t many

fferent nethods may be uséd for noving the fluids

throu h the sanpling systemincludin
(R%G B/(})e,qx:lz/(R/Gq B%G)unexposed Eq%atlon (6)

Table 7

Kinetic data at three temperatures

Time/s [R | G 1B | Ruo
T=4.5°C

0 198.71 81.40 65.34 1.0000
21 185.96 87.22 84.94 1.4146
68 179.06 88.60 88.85 1.6092
112 173.74 87.29 87.22 1.6530
170 171.18 86.73 86.79 1.6839
221 169.87 87.04 87.22 1.7255
294 168.82 87.03 8733 1.7498
486 168.50 87.36 88.05 1.7792
612 168.62 87.68 88.51 1.7933
T=25.3°C
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el ectro-osnotic flow, capillary force,

el ectro-wetting

(wherein electrocapillary pressure is created by a
w@eoewdostssve |iquid that shares a capillary w tPCHUS2006/041352
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during the liquid exposure. To accommobdate the
T} MRl AT RO, G SEnC At flsmical sensor
reast@ssl heawsensonaeiposse ay défined sthoue tdoeenotangadiea lpbgieau. It rather

intact, during the nmeasur.enment. process., In further
cogliplics € 1BFrerRAIMREE SRR [RGorldneH, 11 Rb thislish 104 2Py for cach
tepSlafife bRChEH8Sn 8. @pt i cal array platform conprising

di verse chemcally or physically responsive sensor

materials in_a formof water-swellable filnms or/and
Tekangr setesispdiag fom thisgnsteady il wepense maycrat @ ¢ largaserror.

. O I . .

r s SRR TR Bl RD fEERORARY BERREY SRR inetc
mpdsarcntas t¢ qoanidathe afatyee torcetuationonit ig fonnditsa, thel éft@cépts of

aﬁd interference_eff,ec{?, conpensates for nultivari arthe

th inepra giveh shovie & Jig-s 1% are ¢ diaparafingfjorh of tespperatypyy Thus, a

mBfRUi 418 2 aBorafbie M RnS ¥B WRIB! t%xaﬁ)@}ahﬂé ahé thd8erBP $Qponses at
array response to the optical detection platform This

seyembéposire simesraraindepandbd veoaiie,rie duitablenfor inetypa o€ sknsor.
data acquisition to provide tenporal test analysis

that can further e ce overall arra esponse.. The
T%OrSF av < Iaé?rérﬁ?lé 1aae\§/g£|at§8 Oarﬂ Oéli?df] rego X et I10~1‘1a1ny Statistical and
mathematic models could be used to interpret the kinetic data presented in this
example. The methods include Kalman filtering, least square fitting, and other time

series prediction tools as detailed in analytical literature.
Example 9: Sample-volume controlled sensor array

Fight magnesium sensitive sensor films were screen printed on a 127.8 x 85.0 mm
polycarbonate sheet. A sample delivery device, similar to that described in Example
2, was put on the top the polycarbonate sheet to form enclosed channels and

reservoirs. The sensor films are 4 mm long, 4 mm wide, and about 0.01 mm thick.
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how each el ement enhances the array perfornmance, and
how t he conbi nati on of these elenents can be used to
w@e@doss3opt i m zed environnmental and bi ol ogi caPCT/US2006/041352
measurenents. Further, this enhanced optical array
platformis advantageously suited for non-|aboratory
environnments. Another aspect of the invention is each
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A dedtomenadedid EED/[Botddiedecarfayudetectial wascnsed demasior die sensor

Gy Rbite. (Gt LEDY B SHSIOBBRTER oo bird Uo SRR m. The

LEDELIRNbRot6@88s: Weld Mexedtw satteéd paReditcu@d bdab®. The print
i nvention is each sensor elenent is exposed to a

cirgwit bewtls wereshatd pearallel inside oiherctosule vawersbie sensoneriay pesembly
' [ f t / and
a%hﬁf’ él}s?‘g?dg%no al%%@vv? | |ﬂ?ﬁm§ir3b? 8%‘11‘%‘%?3-“1% 'a?ﬂabl e film

Because of the controll ed sanple vol une, the cheni cal
A BeBge ntater ismnplea:ohtahrtmg @3 ponsld ppm mhagnetinen yeanbrsatinteniuoéd to

t he qpti cal upo teraction Q er wiwth the
th%éq‘i% cRFoRYht The %@nsg s aQcerAY |5é8%|({}9r§% ‘dﬁweawred
%ﬁésaéﬁerss gﬁfj m%ﬁﬁéifo%mel@ tas Bahd Mok e F&%‘bdG}'R % likdr with

strates single-use or disposable test array card
re@ectabsmagrxeﬁemc@nc@rmraasn dn theskmpte. sThsstatibtation corysris showp in
erse chemcally or physically responsive sensor

F1g|%v3»

ms 3 in accordance with an exenpl ary enbodi nment of
the present invention. The sensor filnms 3 can be

Wehldietdso semphieginetdod® and byssdngador Welivetingajongellal wflumes of
one or. nore filnsdepending on the desired fidelity of
flyid sepRley 1 TRPIAERYSh p@@gﬂnglmeom && thsrpretpnf jnyention is'to prov1de

e
didkisg.M&Rodd fouprodacing senddruimdiy< o ebiiced kijskd avd dascribed inateveral
ofco%? p?lgr gzlitlel%ne%%hggtgongsfs (rerer:galtrgp etl?.S¥ Bgtent Application 2005/0112358,
U.S. Patent Application 2005/0111000, U.S. Patent Application 2005/0111001, and
U.S. Patent Application 2005/0111328, the disclosures of which are all hereby

incorporated by reference herein.

In accordance with exemplary embodiments of the present invention, we provide
sampling systems and methods wherein a fluid sampling system is comprised of a
removable sampling structure located in proximity to an array of chemically sensitive
sensor regions located on a substrate. The removable sampling structure permits each
sensor region to individually interact with sample fluid introduced into the sampling

system.
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test array card 9 using the locating holes 1. The

delivery device 10 transports a controlled anount of a
wo p@paioshssanpl e i njected at the entry port 12, PEI/US2006/041352

netered quantities, to an array of reservoirs 8

t hrough channels 5 radiating out of the entry port 12

to the reservoirs 8 in order to effect a chem ca
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mayaiad) te the syhstrate 24, (s wrampleebyrateysrsible adhesie. e fhe geemplary
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safi SRRl 20 Wfl B8 0ok Pr LA VP RO S MR WBthmes
of sanple dluiccn edchenaivoins of wal |l s of the reservoirs 8.
The hydrophobic walls of the cylindrical vent hole 7

.are_critical . tq.keeping th e fl.uid contained.,i
i 2SS 1 JYERERR AR otohirtnPhie S SBKRRE 242 and
atthdnel dedb@ldirerap. dRYisa6wh Sn FR) B tthé Quitktibid 1 rds@lvairi swRcfue is
the horizontal plane resulting from conducting the

dinped du pspmple BRd 209 i ardey topath each 1spereeir £62 agth srsample yolume
evi ate .Sl i | . l,. L

of 1554 28 etdby Vb T2 RN A Bph PR ighly AR @ indicated by

thd hpﬂvﬂﬂcarfdﬁd)j ¥ eg%trcgmdi Petieoof E@Lﬂraeq)lé volameds cehateined tid each
an exenpl ary enbodi nent of t present invention

resseiRd AV | he cBges densiomof the wlts" ot e Eepepvor, rygR though the

reeRITRAMD e oAGTEL ¥ﬁbs@aﬁti§10§ (Q8cd td 4 LReRR RUNECALNS 60 when
ot her comon pol yner wel di ng net hods applied to bind

the subsap @42 it snwfved.hén this exearplargenibtodinend, be fresctvoims 1292 may

creatjng,a hol di and .cant ai,ni ng,.wall for the
be i Bilh SnrrppEhisrasos Tooud B RHE ek et e afhged to
thd subfirate DY ROBREAD&] Hoget i c material (e.g.,
pol ypr opyl ene, oriented pol ypropyl ene, polyethyl ene
terephthal ate, and the like) that has a nodified
Asfiegt omin ip &g ot t Bepsesentdarenbipn glsgsentsmplaiey pragiding means for
_ oP b . i )
OcfDEAHLE B EE IRl 38 B 1 SR ekl i
disked3v edl'é demhbmstrateofluidaletiverytto aaDVIY,eCD] Rgpdraiud® CDpodouble-
the top of .chapnels 5 and wells or reservojrs 8 .a
layep By skt Op G oS W0l SYSaeS: HF ARtk kifegapler
dePRE Sh&VB irf F’ig.ciﬁ Brel BreSik Pustiatelis @hedgt WheRlih theWubstrate is a
reservolrs that are

DVD disk 281 comprising a plurality of sensor regions 244. The device illustrates

the use of individual open or partially closed reservoirs 262 on top of each of the
sensor regions 244. The exemplary sampling system therefore takes the form of a
DVD disk 281 enclosed in a disk case 282 with sensor regions 244 and a fluid entry
port 12 located in the middle of the disk 281.

As shown in Fig. 27, the sensor optical disk such as DVD, CD, Super-audio CD,
double-layer, blu-ray disk and the like is contained in a jewel (i.e. disk) case 282. The
optical disk 281 is assembled with a detachable sample layer configured in
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connected to the entry port 12 by shall ow grooves or
channels 5 cut into the plate on the top surface pl ane
wo@Roof7losisad ¢ channel plate 4; and a bind | ayer PCHUSIE1352
to attach the bottom surface of fluidic channel plate
4 to the sensor array plate (not shown) - the bind
| ayer construction being either a screen-printable
acé&h%%e\«m QU biﬁlmt@ dhadigsda¥e 28?@&1’(&% 2 BlGIQhd layer that
It cone sheet with the property of high wettabili
seu/ep tsteneeaesidiad watst from @f: dishebetarg imtiasuremeantn dihe ;bll@ttneg Inyer
n.the fr st arr
is RrgE A FoaRpels R 1 FeRaRls e Bt R8h Sortact with
theaumeaents in the fluidic delivery device, for
instance, the bind film6 and the O-ring 11 that in

one enbodi nent are conprised of doubl e-coated adhesive
Figagfelstrgies a8 xprplate eabmesiveioiasiipgoqustion 1gé uid samples

fréf 'Ejgﬁ]ﬁnén%ry ]% orl 78 t§ Ligbie sgﬁéo!r\f $x¥nsd§3!4 ?ﬁe&&PU&% [prality of
exhi an-insignifica fem caf Interference’ with
fiditie chaspdnse bfis théersiood (bly thbenwkillal inAtheest et manysditthrent

m3BPon Bk aved Mmeunb e fubabiuel dhe buihlipeotystop including
el@c@l%e&ﬂcﬁlcswwbéﬁllﬁﬁleff&ﬁé ectidcBolVdtting ZGVI&P&H" @EEtrocaplllary

interferences. I'n andt her enbodi nent of the fluid
prefssiioy &sr Vededflh}’eéi condictve iliqyid thah Sbam |aa¢ap;llaejosmﬂberﬂonﬁned

teri h hobi c. at cen
infiarfig, iapidl PushpoRe SRR aN v GE ipe By Brpgients in
ca@ﬂbén@é()c e8geneié HeldsDisegiRddirediqd floe, edticfa¥e P&isiont hﬁ"caplllanes
spills over the top due to a splash or tilt of

chemigadiycmedified énsfa@éhueé@trpehmméalmﬁreb (redex- b‘Fta’ﬁeSW@CtB@tS for
B30 e i DY MBS iR U e Yponing

spiangliquids), anlvarfasealerdy gradi2n@nahd/@whibinationnthereof.
increased and uncontrolled i ntroduction of sanple
fluid to lurali reservo f on1surface vent .
I i agerptogt! B0 S dRLentgh A ACRE o CRFGNIgR In efection,
treRANNE Bmkioh el G SRTPARIcE bEhthlYsi Mt ANsUndeRSdd that the
reservoirs to others fromthe surface route and down
preseat veventinn|cag e appliednte diffesetitntones of semsor taseys &!nﬂaf};ﬂn be
eﬁa%e({ (& SE hgwIsLa uOI}‘ glo%tlrgu%luls Vsl eS (rjn?eas uer Séé W?SC%(?%%‘CA@O} array
oﬂei’dtﬁanedﬁdofﬂaﬂ@nt cantmpéiﬁﬂmeﬁfbefore and after, or only after the sensor

elements have been exposed to the sample liquid. In the continuous mode, sensor

array operation and readout can be performed during the liquid exposure. To
accommodate the different modes of operation, the sampling layer structure may be
removed from the substrate before measurement occurs, or the structure may be kept

intact during the measurement process.

In further aspects of the present invention, the total analysis system includes an
optical array platform comprising diverse chemically or physically responsive sensor
materials in a form of water-swellable films or/and water-dissolvable films or/and
water-leachable films. The system produces an optical response proportional to the

desired chemical or physical parameter, provides secondary effect reduction from
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fluid sanple is allowed to reside in the reservoir of

sanple fluid interacting wwth the sensor el enent
walenorogpsshe nmeasurenent, i.e., the neasurenent PCHUSINE041352

"wet" as the reaction occurs or proceeds towards an

equilibriumIn the above enbodi nents of the test array

pl atform wherein the test array card is conbined with
nois'ae dbted, diddt ﬂff&fféf@ﬁaé oM Ecoifienided 16 ARASIAKARE Hieractions,

he covér sea I'm may conprise transparent materjals

acecmmtshbr test agray mstory, ané rpmm@emfrefeh@w@ Sustem tp |cglnhraﬁeﬁh¢ $RESOT

wavel ength r 0 res s absor be |
g SETHORGE (gt DRGSH! dsERPE HatloPmt o By Cma dikt gpfaf Eh be
coﬁib%f%%ﬁh an-need gath Qc%mﬁ%md pidvideugpbiag tdsh m@d{msﬁlat can
hi s conponent reference now to Fi gs.

ﬁnth@r duhanati evesalingitay gespensec e TR gIrey slsmeats éeSPnbﬁddh%rem show
ho\)\% Qgee n?e% ?tegha%lcgst @@%HS;? Bér oﬁrﬂ\ﬁc{; Sl AW @Y CGI%[)E‘I&&OI% of these

e Cover Tayer roof port
eldniénts €&HT MY Nsed &ﬂdpMdﬁée hpitiesized ae‘rd/nf)nmlafnﬂag aride biological
fluidic channels 5 comrupi catj ng Wlt the entr ort .
measuregentse Hyyther, thip gnhange %a{ iy pla %Pﬁéﬂ??‘%}é‘%“dﬁ“m‘i
fopﬁgﬁ la%P%}g eRvitdHSenta0b- ¢, the combined fluidic
anne

t array 13 may conpri se sensor elenments 3
di sposed within the reservoirs 8 (Fig. 30b) or the
Asghgoaspetteot thes nsrenmn lire eakihs pansen] elsmenh @r bt dnexposed to a

e of th oV, 30¢ The s
copfafiehfatbie yifme T difStu SiddneR et B Rsd pyrein
fop ﬁféttﬁiﬁbgd]ﬂ and@osa SN Sanmhld lh(friilﬂi ke thehanoe klchats tﬁﬁtrlayeqil&ed to

is nmodified to include a plurality of wells 8 inste

ad
effert 2 Hhesuighl nepstiorrhebkcen sho samge dguid andthe saneor lemeftc The two
de‘ﬁbggrns\e})steﬂlsa%u Crﬁbetéizlg%o&% E?la%;pﬂiiwvﬁgécﬁ ﬂﬁf 5 H@hvegy device

oir di men 'm nat e the ne
aridod dip-dwlinbhskd iwidi6 dsliviee db{mee e Bosh mhn: flowdgddliverysdgyaneatod the

test array card 9. T ,advan uch enbodi
PP Enien pegeate OhBepg Cam R B EYIEH e G Sorgprising

otti e 8396 M Reht Qéschﬂgdﬁe%&h array pl atformto generally

ree conponents, nanely: an Oring 11, a cover seal
f|Im2 and a nodified fluidic-channel plate 13 that
Anothenuaspectued the inwentiooris aeh sepsonelesmanblie cxpased 1o w gamiralled

seigie PR Rl s BF oRERRCS i b RN G P2 Whler REcBARE B BPana

whiyeissalyablatiiif R)r/hﬁkﬁﬂ/atbﬂ-léabﬁaﬂb@ ﬁIrﬁmB(e'bauSe ,of thiet dtblnﬁolldétbsample
reservoir 8), Is the case for other_ enbodine

vodene,rthe gaem@plg,eggents in the film responsible for the generatlon of the optical

signal upon interaction of water with the sensor element stay in the sample volume,

providing an accurate signal measurement.
Test Array Card

Fig. 28 illustrates a single-use or disposable test array card 9, also referred to as a disk
or substrate, comprising diverse chemically or physically responsive sensor films 3 in
accordance with an exemplary embodiment of the present invention. The sensor films

3 can be grouped into chemical or physically similar sets of one or more films
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In yet another enbodi ment of the test array platform

a nol ded plate designed to contain an Oring feature
w@roovhsossopsi de repl aces the cover film 2. ThePOFUBI9g6/§41352

cover plate conmbination retains all the venting

features and hydrophilic bottomsurface of the film

Thi s enbodi nent all ows reduction of conponents to be

de@?:ﬁ(ﬁgg logdtg}g ] t{iﬂéﬁtbnﬁfog %l TRALY rgsg)gﬁieaﬁkb’ﬁ' the use of outlier

ency. I n another-e ment the total analysis
clByishtem ortshgisfidalliydirecesehg ulthy intbvidud il iespodetsachabl e
fromthe test array card 9. Wthin this enbodi nent,

the test array card 9 is dried to the extent that no
F%%%%P%“W*ﬁF@V%Foplets remai n on the surface of sensor
elements 3. The test therefore consists of an

Figdsh fiuepabs ARsRIII St RRicehertRittan bt aligiddeind as@imbiéd 1o the
are filled and adequate tine is allowed for the sensor
test] @reyneasd i usingdbe lqaating holegile ddici debivryndapiese 19 dransports a
S rated fromth r r S t §0;
CHRFHE FAYHEF B, et §, B Bubesul 1904
qudinfifi@s, tdvn Aesl ofiredeevdis@ethroligh chamelst ndiatiag ent alitbpbmtysport

on the surface of the sensor, elenents, are, preferabl .
1D e BeeriRS Wi ATHCTAR hisSop BasicarEattioB Vet e Sradle fluid

arid] th8¥ersBf Qef.né?é 3: Sdbesh {Héltcgll.t e 288Li6% Eﬂe%i@i%\dieﬁ%rgl @evice

nmeasurenent o e sensor el enent re_spor_lses. ’
prokhakadoar sidéwallsofnd Ihes ranfbafiheereserieirs ath theetest array card 9

absorbent, materjal w.l | hav controll ed range of
IS, e hEHOUE 19 ] s o0f CF the JReiong SRprRey & gy ey has
citQftrULhNEo18D 3 WA tvieRNaif BliEAME rédefitdind a8 ARACAE Yilled with sample

effectively renove the sanple fluid fromthe surface

ligidt HBhes weng drole neatenial s digmetes and cdepsh arryovfrgEed (tagpeilate the
eformati.on t he h . n
G TRBHRE L ol YOPERGR! o RrRfy R ASECHS Etudlled
dlfrllle%#lisi@hﬁi (aﬂﬁhlils\/éff tite g@SSﬁVGE‘S SJI Slh]lca hy«_digphtﬂjée :w!allsmg/thalcybndr‘mal vent
referred to as a detachabl e f| uidic-deljvery system .
helpbarenesifical i dicepiRe|the -Seaakee}&ulﬂwﬂﬂ%%fo}nc tieoiperver | ven in
ir{sgl!n@ésew fhe GRIAER i@r?%%bi@é isséiﬁllj‘e&% R 1Y rel fEBUb @REhorizontal

erepht hal ate, polycarbonate, polystyrene, poly
plane tdsylting Mietnn acndplctingthepotapetemegheoretypimally peaghytop sarfaces that

RSP G EP PG SEOUe 1807 S 2B R0, | n thi o
exenpl ary enbodi nent, the present invention conprises

RRIfEONPIaBa0 N 5. 1, an exemplary fluidic delivery device configured in
accordance with an exemplary embodiment of the present invention generally
comprises, but is not limited to, four components, namely: an O-ring 11 with an
adhesive or other common polymer welding methods applied to bind to components
of the delivery device and effectively creating a holding and containing wall for the
injected sample fluid; a cover seal film 2 fabricated from a hydrophobic plastic
material (e.g., polypropylene, oriented polypropylene, polyethylene terephthalate, and
the like) that has a modified hydrophilic bottom surface by means of coating,
chemical treatment, surface modification and the like to create the roof of the
reservoirs 8 and material removed in the roof to create air venting holes 7 on the top

of channels 5 and wells or reservoirs 8; a fluidic channel plate 4 with several through-
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hydrophilic surfaces in contact with the fluidic

channel s and sanple reservoirs connecting the two in a
weonriosnieus si ngl e plane form ng the roof of tPET/US2006/041352

channel reservoir structure. The two sidewalls of the

channel s, the channel floor and four sidewalls of the

reservoir are generally surfaces of a typical plastic

thitkddds & ?Qﬁlﬂ%ﬁt t@%ﬁga‘fét et b Isggf t@%eﬂé’@'x@@ér{f&ﬂ; 9f that are

cont ac from these wa does not provide the
conmgtedrie dhecergiyl pat §2 byrshalavo gdlowvsaolf ¢hainolel$ 5ot inte themi@te on

theI {95‘ s%gfég% ]ra]ggqlfl § Iﬂ?}ﬂ]éca Fﬁﬁ%‘&%’l{] Qﬁ% ép &Plae Ch Eady.ﬁ gfﬁ%nﬁ(’jtgd % Sttach

theSHétfcﬁ‘ﬁ QuiPicel T i@ hahrdl Plad 21t thesdnbért artd ]%luﬁr(ﬁﬂtt shown) —
t he channel and reservoir construction an dr aw

the biadflaydr ¢osgimetien bping aither & BeraeiepEnteblsradhpsve @ dﬂlﬂ?& -coated

rea, ropel t eflow h
adfisi GRERE s SRTILRE bl Wk Mo fhR I o SAREGR| dposited
onOcHéinS\@dm bRt flligicrchseiel piate 4boog tlieh@ed topfsurfddeeofitheiiedt array
is rapidly drawn to accunul ate al ong the roof and

cagkBwn down into the reservoir with the help of gravity
force and capillary forces along the edges of the

Aﬂo?ﬁ‘e? cf o%"@l}ﬂ n?veﬁlmﬁ‘l By m&mﬁdnteﬂts% tﬁehﬂtﬁdﬁtﬁeh@éﬁ &ice,

he co plate 1s qualifi'ed by requiring the
for:mﬂtaaoet, t}mﬁghé filro Gomndathe fCering 1Y thawe pnet mraboditnsot arg@omprised

.e ef erabl e | ower
of g BnEE L0 SadiBr e Plaf g prcsreng o ArleR db; By g, other
coffffonbiay @f RN tiafdic ABNES deticd RhegiaradsHivkn ii@fificant chemical
Therefore, to overcone this characteristic, the bottom

intstfefeacewith thawespange @ﬁthq sewsos slearents, | Adhssiyesin wich applications
t 1&;?4)? (ﬁ:)gl%lp%y& %g{ﬂ egf L F—X}gge%pgdﬂe Kes UE ﬁﬁ‘ eemﬁé 8f the

Ymodit I cation sur ace ¢
adhésad SYBtn isputtredtocamimniyg, chétmcahmfafeeences.
pol ari ty-enhanci ng net hods. The hydrophilic coated

ST MHTEA LTP RN RN TR

ab@?xb%taﬁk{t@ﬁ&laﬁﬁpiéslh))ﬂrwﬂ%icdﬁsthé QenRAENd 36 BEAXBPMiliE Qowitds the
di c channel plate by incorporating an adhesive

outergtizdetent This allowskngrekcess water injagtedpntad the epbrstronigthat spills

B A TR AT

to Dt dderibed bylth®Worduk lnpated4l. fTﬂlmmgﬁmzésganyHamyseszctedl smple
advant ageous to have a filmw a high contact .angle

flwid Sememinpirpst ophe tweotihs wee%ﬁl@ 8@11& resyHingap 1%@@8@ and
ulcBRAING i 850ABR W 538pﬂelﬁu1qe[8 "€ Plurality of reservoirs from surface

vent holes 7 or possible cross-contamination through carryover of reacted sample
fluid from one or more reservoirs to others from the surface route and down the vent

holes 7.

In one embodiment of the test array platform, the fluidic delivery device is combined
with the test array card during the measurement. Within this embodiment, the body of
fluid sample is allowed to reside in the reservoir of sample fluid interacting with the
sensor element during the measurement, i.e., the measurement is done “wet” as the

reaction occurs or proceeds towards an equilibrium.
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General ly speaking, the greater the contact angle, the
better the ability of the fluidic delivery device to
WEe@vests3e he water in the reservoir from seepi PQI/U81006641352
the vent hol es due to manufacturing variations in the
vent dinmensions, or spatial variations in surface
properties of the polyner film or incidence of tilt
to. t t -arr Vi ' t i ;
i fl Pt §5bo el AL I8 thal M RbrPARULATRR teff AN Ward is
cobrbbesdvoiti theRafidie deligradevite daringihe endagatement thelvover seal film
Fig. 1, the cover filmcoating is a blend of both .. .
Ry, ERTBRIe SR e ABHEEAY 80 z&l&tia\f@lmmg‘r iBIFosRY oF the spHeee light in
! | o light is
LR R T e B LG i L
incidémeramthei snsoecpliments tod assksrtb|tensmg through the thitlgieag ef this
with the fluidic channel plate. Although it is
o tent to use a hydrophilic/adhesive coated cover
filmthat conbines hydrophilic and adhesive properties
With rbfReene@ HpaNe Pigg. S0 c, Ahoftidio@nilink dedice g \cot@rise & fluidic
may be desirable in sone enbodi nents tqQ produce a
chayipl ale Hiastaghpdrtadhe tpt arsheprd > adarcin Bigoveg layger 2 forms the
Leul gr ' C r ' i
roBFBbH iy shPblS s erhates PRI G ARiLE SHlanncls 5
con@atnicgthgplvah ¢he drryt frirs 12 egdediby iotrings1 L (ier 3020 dItematively,

pol yvi nyl pyrrolidope has. been used extensively in the .
o e P SR s n S B SR ¥ i) e
seasr G fidnts @%gﬁ?%?%thiﬁ@l% fekdrl6iES8 (higksot) e tH RAGSH dinents 3

exanples, th | ow ng exanples are included to
mdyg be disposetl @ntthebdstopa surégsg lof thewiovet pyest2 (i 3pekesent
invention. It should be appreciated by those of skill

in the art t t he, techni ques. di.sc '
Th siaire St oY BT S el HECRARELAGh Sstem and the
cdibih&e fluive Blﬁa@lhai te@tnﬁratygus icmodifizdaoriséldés egldrality of wells 8
~constitute exenplary npdes for its _practice. However,
instad ef Brougbrihickpessopeniaes oS pataete findiy ghnglplpet that forms
¢ @fﬁ?&xﬁmusdéﬁph O&ERRir, @ﬁh%%b%gﬁn&ﬁéals@@ﬁ%rfame §ed 1 a bind
e nmade I n e specific enbodi nents which are
lagtess6 Isise theaads 56 Idrigenbisepanata tést leerapcasii 9 The adeaniage of such

ot B ISR 0, L1 18 S 5 YT g o
th¥itER afra$ ipldioP 80 LBA@ABLHréd 6B chR2kBAelN ad Oling 11, a cover

sol ution of pol yvinyl pyrrolidone &PVP) overni ght at
sehD &lm 2h enm@mod,ij%/@nﬂniéi@-channel plate 13 that includes wells for containing

the sample fluid. Within such embodiments, the sensor elements may be placed on

top of the sample fluid (i.e., bottom surface of cover layer 2) rather than on the bottom

(i.e., within the reservoir 8), as is the case for other embodiments described herein.

In yet another embodiment of the test array platform, a molded plate designed to
contain an O-ring feature at the topside replaces the cover film 2. The o-ring / cover
plate combination retains all the venting features and hydrophilic bottom surface of
the film. This embodiment allows reduction of components to be assembled to two

for increasing manufacturing efficiency.
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t he bonding of PVP to the polynmer film and makes the

surface hydrophilic. This coated fil mwas used in
wWEk@cesws9 t he cover film2 in Fig 1. The fl ui dPCT/US2006/041352

channel plate 4 was sprayed with a 3M spray adhesive

and the PVP coated filmwas |lamnated to the plate and

using other elenents of Fig 1, a test array system

iy IR Rk 32 ghe Y o Y SRR BN Ry i 10 s
detadhaBleMiim aeatestdriaglcyed. Within thiw enitydiirapit] ihleQesfc bﬂa\y &{rﬂ 9is

shown in Fig. 33 using Acgid ‘g‘i §>80 dye neasured usi_ng
diigfotn theapxtanintbat nesempls pidpgiopletsy fengiy qugthe surface of sensor

elﬁ@éﬂs BNOHk tedReRENE chisdsts BFM aﬂ@hgﬁeg gﬁ&rﬁfﬁ%?tei)t whdrein after

or bance neasurenents collecte seco
theireservaitseatr® fllsd indadeguite menciisfatiowed lier thargiser elements to react,

R RN TEW N o
sA10 'RAD TP fhe r&efbirs Thaspr@hs lafaytddls 4R ﬁ&?%@ﬁace The

i Nncrease i n absorbance either were not connected
re@tmnelwat@r denletsi on dhe asnefacmfof tthe S'evsmrcdamnltsmbrrpreferably
did no effectlve the PVP .sol. ut, o

Prncg aP”r?@ V%lg\/aé’r alspybep e. Os“’ #?er TEADY S R @t%’ﬁ%‘?ercaallmo the
d@adtihgQfevice Q‘oﬁﬁ%@fenﬁe:‘lﬁ bﬁﬂﬁb s&isop el¢mient re@fonkdde A characteristic of
enbodi nents descri bed herein, the gal( astic is chosen to

t%%e@mdlesn@Sﬁw fhexshsprbeimateriphy il Bave 2 qqatrelled range, OBﬂgface
t f. I 1l
Bt OBy TIPS Iy kil i
capaciop ao uettdctil etly pﬂeﬁio&e Ctha sahple Hmid drsh dbe @drfa&x aﬁnhe sensor
am c absorb

: d
elf%’i}i'ﬁ@'iés gnﬂ&ﬁ”;ﬁri@%é{é ?alrﬁ é%fd égatt% at 4e S @“& gsrﬂa? gensor

clRhenRROWReRt oqﬂréﬁlﬁ Fﬂ%ﬂi reﬁ-fo@gle ST dlf)JclelllJbQ&d‘i‘ful&B @elivery system
assenbl ed sanpler with a water sanple. Here, dynamt

distlesadbhercm mapgaleg bma@fqmdft@r aed ddachableufuidicdmdivery system
Ing(i}atlon ki netics of the assenbled sanpler. In these
nts the image in Fig. 3la of a dry assenbl ed
sanpl er was taken as a reference, and the i nages shown
Hiytrophilie-Caitdit HydvepRotiakeverdtilngl/Hlhter ent st ages of
filling of the sanpler, respectively In this

| uat f f di I
evg cg\?lgilgggt %lgsetrgs?nrgp ngagog?g]y; n(etlh\}lliene terepﬂtio{atee ;e>o ycar onate,

polystyrene, poly (methyl) methacrylate, polyethylene, polypropylene, nylon, ABS,
and the like have contact angles with water ranging from about 60° to about 110°. In
this exemplary embodiment, the present invention comprises a combination of
hydrophilic surfaces in contact with the fluidic channels and sample reservoirs
connecting the two in a continuous single plane forming the roof of the channel-
reservoir structure. The two sidewalls of the channels, the channel floor and four
sidewalls of the reservoir are generally surfaces of a typical plastic with contact
angles about 65-90°. The combination of contact angle from these walls does not
provide the required capillary force to drive fluid flow from the fluid introduction area
through the channels and into the reservoirs. The importance of the hydrophilic
surface of the cover film/plate is that it augments the channel and reservoir

construction and helps draw the fluid sample into the channels from the holding area,
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Exanpl e 12: As shown in Figs. 32a-c, dynamc

absor bance i magi ng was perforned to eval uate the
wep@rasisen ki netics of assenbl ed sanpl er wi th BEnES2006/041352

el ements that provide controlled | eaching of reagents

into the controlled sanple volune. Here, dynamc

absor bance irmgi ng of operation kinetics of assenbled
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o PRl s BBt TeraelY e et Lo ASkrets S 0] Msferdble lower
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SEER HER Modroafiule "GRG TR ETE B rePBL BT ol Hldhophitc

surfi@e by3Ray bNsurhics pﬁ?’ﬁbeﬂ ahdddficatipf) fefadekE&niehl treatment, surface
i ndi vi dual sensor enments was eval uat ed

cedting) eraveigeapslamiypenbapginemgdoiyery Figs. 34a, 34b
illustrate yet another enbodi nent of the present

Th@‘ﬁ?fﬁltoggfi ﬁéa i og%%lg'ﬁlnf b %ﬁowl?i‘llﬁ F1§4l? ris ﬁnr%ﬁffnlﬂgﬁuﬁﬁ from

a suit ic materi al I'I cone
Ardhcqmvasrm:seanlni Indes ARERYwWRI 9012810 IT“hzs ﬁlhamdvanﬂagamslsavrpv@es for

cisg ety p & ABURe Fhifiet pife logorpfioRte S 3fheiidierediont in
tHeesiknP ot ﬂfeaﬁyd;spme%ﬁﬁﬁg Byplivattb ade-sidte b tHeMehcRRIgOfi A, The
punching, cutting, drill gt% and the like. The di ameter

bagkinghBlm ear be 6i \rasle(mﬁ dlmsafoemed by lmexirugion, blewpiiHay or film

cﬂt h HB%eth} {t kg]a? eédﬁo W&ka %ﬁ‘[’l c%ﬁ e such as
Spol 3857 WIR SR g

ne capaC|t e reservolrs

pﬁl@prdp@leﬁé tv&ﬁdﬂedompniebet subst aadle rmg@@fmmnﬁmut 00-110 degrees.

met hods i ncluding, but not limted to adhesives o
Generally mRgakugn thecgreates theecontagh anghe,i the %P@%r th%e‘al%&y fmﬂ*@rﬂuldlc

dbt & Oven® tHewAREL iR thd 13L&AvEr Foftiedpin %H{@ftﬁgg t hol

tE‘ger}ganﬁfeet gﬁters the relservoit'rs n H]I:ég %l'ag . f)%noes
drnetvouadufadtutitgevamigphein the vent dimensions, or spatial vanatlons in surface
properties of the polym'er- ﬁhh, or incidence of tilt to the test-array system during a

measurement keeping the fluid from spilling out or over-dosing to the reservoir.

Referring again to the embodiment shown in Fig. 1, the cover film coating is a blend
of both hydrophilic and adhesive active ingredients of the type available from
Adhesives Research as ARFlow® 90128 film. In this embodiment, no additional
binding material is required to assemble the cover film/plate with the fluidic channel
plate. Although it is convenient to use a hydrophilic/adhesive coated cover film that
combines hydrophilic and adhesive properties in the components for producing a
fluidic device, it may be desirable in some embodiments to produce a hydrophilic

surface by using an additional step particularly in the cover plate embodiment
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contai ner, surface tension of the reservoir walls
results in the isolation of discreet volunmes 372 of
W@ 200phs0sBN t he mask reservoirs. Factors that | PQEUS2006¢41352
uniformty of sanple delivery include reservoir
di anmeter, reservoir depth, mask surface energy and
mask withdrawal rate. Exanple 13: Fig. 37 illustrates
des&oeaeioqs Q%%pl%esath% 3&9%19 ﬁﬁﬁ |WM? EYO%‘g' fé&tu?é?lnﬁl'a&u r &l this
in accordance with Figs. hi s "Exanpl e
regird, ¥ upsndersteod sigat \pmbyvimyd @yufohémwharlwnaxsed \mien@wlﬁen the

RS Voo PRRE Strsiom membaBe g 81168,

were punched in the PDVS mask such that 5 nmm di aneter

Like k}&spmaard&lg%x@dm@g the'lfbﬂoﬁml’gfekﬁl&b&s 35:91n\131uﬂl§t1 tut denadisttate the
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was quant an anal yti cal ance
tecladques biistoveartl i gu tlat inventots) end ethily ene d)esenmideredams cumtitute
n.are

oxeRiplash s fory retetgy ohero ias SEskalt eyt SR g ot

th@ SdhiMBRERsurk! aﬂ)lﬁ'eéiﬁt@%ﬁtt Ry tdRale e"srlﬁnrl?esﬁ{aﬁé"lﬁ AR Sfecific
4 can be nodified to |ncor{)orate bot h hydr ophobi c

eralmhmwis optich jace disalos¢dand istill exbtain a ke enisdilarerssulpfwithout
qne of . t he otentlal causes of degraded
deggﬁgﬁgé%ﬁ%ége Sgﬁ?e%{f t BT ‘tl?/ was identified as addition

i sol ated sanple droplets initially |ocated on the
E:tm@ble)n)@tobl c mask between reservoirs to the sanpl e nass
|l ocated in a reservoir. To mninize this phenonenon,

orti.o so the reservoir rrakcnbe dified to
%?E%ﬁ‘ Wo‘f‘lgbﬁ‘i’a}t‘?cﬁ‘”& R R A R i Faspjogked in a
19%55«31uu%§h>f oulaaﬁé I@)a&fe?xﬁ a&rcﬁt:edrﬁa/héaba Sromotes

|t|onofat|n drop |cf|Im380tote
thp émdmguq‘f BPéR Ko dhe ph rfﬂmc@dnmdkﬂ ﬁa&tsucﬁaceahydmphﬂlc This

e RGP R PlaBf B egBr A 2 o T8 e plate

whBd PR Wiftga aMlS(}ﬁ‘ﬁ? pHIRRIve dheTheOPVPIE3REH 3@l Was laminated to the
surroundl n% the i ndividual reservoirs. Droplets

platsiand asing qtberglanere ohlh Lt hies sy syatea incegeraigigrthe fluidic
coQ/glak)v%s? ?O(RL %hq“hgyfﬁfl{?%j B&Aﬂl@s 5?@4 QBiFs ﬁlf thteht@stmgl s%/gfém using

are re
PVP coated polymer film for hydrophilic flow are shown in Fig. 33 using Acid blue

80 dye measured using identical number of LED-PD pairs at 630 nm wavelength.

The profiles shown in Fig 33 consist of absorbance measurements collected at 6
seconds time-intervals from a time before the sample was injected (no sample in the
cells) to the point when the cells were completely filled (showing an absorbance of ~
0.2). The profiles that do show an increase in absorbance either were not connected by
channels or were in an area of the PVP-coated film that did not effectively coat with

the PVP solution.

Since the cover film/plate is directly in the optical path of the sensor system for

several of the embodiments described herein, the plastic is chosen to be suitable for
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Exanple 14: Fig. 38 illustrates the performance of a
sanpl e delivery device configured in accordance with
wWOoe@3/05B@3n-b. hi this Exanple 14, the substrat BCBES2006641352
made of pol ycarbonate while the reservoir nmask 354 was
produced froma 1.5 nmthick sheet of PDVS. Reservoirs
352 were punched in the PDM5S mask such that 5 nm
{e S r e e r
trzgls%prg?t ﬁ%rn{}ﬁiageovigrg{é’gv& ?hgrge gf th?h?teﬁﬁ?e 51%8%(%1215% ot the ﬂu1d1c
déviceathhtol degichable,f apelymplitat (f@fmsOﬂﬁansI[hentFtBI\@aq;as ﬁlm/plate can
nodi fied wwth an air plasma to produce a hydrophilic
algq,bq ensiderpdex posed areas. The tape was then renoved to
produce a nmulti-functional surface. The substrate with
n@gh@d mask was vertically dipped into a vessel
ai ning deioni zed water and then rapidly w thdrawn
( ~2.5 cnms). Water isolated in individual reservoirs
Asvabowu am tigsi dla-di dynagmic anhsmbmceamagmgaﬁc@eratwnt Ijgetics of the
descr i.bed onf| urati.o h
asgefil eq_ pampl Ea%gl r“%lsell}l c{’ffellenp stggesro\éf?{elﬁg %?ﬁfofsrs%g@r%e\g%pler
witR RrWaleCsdaiplé.t Vesd, d4nbifiic a%h@ﬁat@ﬂe&ﬁiagﬁ@dx/ﬁ erforined it@ ksaluate
and nethods for_ rapid fabrication of microfluidic
thgepriaien kinstiosaldenisemiled smplcs odn fhiet TFEUBRBENS tpiaage in
f
<, 1) SRR S it S, SO UE SAAURE s s
1n§<lg$ é&db+d3were(t$kmm dsffaéﬁtlsmgeyobﬁllmgtof edsanipdareckspectively. In
met ho el ect.r o- osrmt C. punpi ng, and
thiy e%‘fa?‘@ﬁlﬁﬁﬂr eRErOrMeRCe 91c r18$HV?§)“aFch‘€ﬁ%fn ey s evaluated
SifRNARGLSY. t o each other to forman interconnected
channel network. Further, for sol ution-based
chem stry, the channel networks may be connected to a
Exanpled2of reservoirs containi ng chenical
reagents, products and/ or waste to forma mcrofluidic
o - . of e
ASFULFE in ERRIAR, RrbBRABGrte (RgE e JREShfed LG the
opedticar kmetlasmf‘mssreml:ilmsmﬁpla‘rmiﬂy sérfsoneiemesﬁs rhlyit grovide controlled

m ni atyri zed device for plicati S
les?lav%gf epEents AP e soRFollicsample vilkimy. | oﬁﬁ@m apsppance

AgE L5 UbhforBMESS: ofddEdre® Qﬁﬁﬁ!‘éf e s‘hBﬁ/nddtfdﬁﬁ’éI@ﬂt stages of
reagents may be brought together in a specifi

filisguelitbe assemblall sampler Wihedwater saraple. fidie laft- t0p and left-bottom

q a:qleag %gﬁ ﬁ%q[}]xel%g{) g%ar %g %%c dlge not g:ggtélﬁloyet EcgrLélglgentg gelln%nthgrefore
siRive & Vel i fvethl waterOfilling ki sl amhe rightidbrgd right-bottom quadrants

of each Fig. 32a, 32b, 32¢ also contain replicate sensor elements and show a very

uniform water-filling kinetics and reagent-release kinetics. Because of the controlled
sample volume, the chemical reagents in the film responsible for the generation of the
optical signal upon interaction of water with the sensor element stay in the sample
volume, providing an accurate signal measurement. In these measurements an image
of a dry assembled sampler was taken as a reference as shown in Fig. 32a. In this

evaluation, performance of individual sensor elements was evaluated simultaneously.
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For exanple, electro-kinetics may include
el ectro-osnosis or el ectrophoresis. FIG 39A
WO bdoos5053¢ es a cross-sectional view of a stackpeyus2006/041352
arrangement 110 of three |ayers 112, 114 and 116 that
formthe mcrofluidic device 120 as illustrated in
FIG 39B. The stacking arrangenent 110 includes a
.l st substrate 112 having cavities or mcrofluidic
D%%%%%%Fﬁggk?grns 118 defiging one or nore of the
plurality of mcrofluidic channels. Depending on the
Flgmtﬂlaj 34b likewate tybeanmitier efribodiant ofi theneksepaidventisn. 1A8 shown

e f d th t |
ingBibe o5 gt ACHIKCRIBLS oL gt 38BN, TRl RL (5 grsilicone,
é@{éﬁb Nghd ROAKE) WD H@l%@ﬂﬁ)z’ act @b 84Fh res‘;‘ems N9 podi@&RA on top of

cro form ng, or conbi nati ons ther eof In an
a etmnpﬂeaaﬁﬁ @mtnmingsmspr fitres. e The eessuiloirs 342 én themiask Addiean be

RS rePo Aol AR, AEE: SRR Rl i (il The

digmegt bAtR r@s]e?vdmy(\#hﬁﬁ 416 gumebﬁéﬂratrzg pBMbinEAlwith e, thlckness of
sem conductors, ceram cs, glasses, silicone, fuse

the jmask Alefiganfezsamply velame @pacyne tha TR e oThe mask 354

m::}gc hfa%ghéﬁj_ﬂg’fh%ég%@a?e Vl? f frﬁﬁlb\éggf; Qﬁ%géjl(n@?{gl Biltsno'ﬁi}ﬁlted to

adbheliyésmtdoyformmal fuatacyl at e), pol ystyrene, pol yet hyl ene
t erepht hal ate (PET), polycarbonate, polyvinylchloride,

AR B Sy a0 0 TGS S0 B R ia s

3TRURS badhpld laﬁte?snt@e ReBOMAn ISR 84. 11Hon -lr_aﬁo@aﬁ Qﬁriﬁle sample
substrate 116 may or may not include mcrof

cagitaineTe Sunfedet tensien o€ ;ﬂem msngou'nwallﬁe regeldd im ﬁleelsshape obfdiscreet

5Ty 1 5F Wl ' LIRS B ey o

saffl¢ Helovery i‘rﬁiLﬁletrBS’eWtﬂfldlahﬁtdi’ Nes&tdie depdnaskt h&fa@e lef¢tgy and
materjial 114 may be produced by nethods, such as, but

mag withdrawalrate f oani ng, el ectrospi nni ng,
sel f-assenbly, burn-out, sol-gel, reactive gelation,

E£ Lijye vapor s|nter|ng, mel t down, extrusion, or

i nations thereof. The porous naterlal produced by

such nmet hods may be i norganic, organic,

Fi}gol%ﬂnélﬁusumw biie dperfrmeneehiofiat isempler Hekivay . destidee configured in

exainpl es .of .t he, poro rial ncl ud ous
EPREPe 24wt o 1S uR Sarts TR o HERe BROGVE made of
pcﬂz&a‘fm{ateﬁwﬁil@ &feses@mipﬁﬁsmmwa@ gfodusdd fr6@nel b e thick sheet
eets, rubber foam sheets, or conbinations thereof.
of polydlmethylsﬂoxane (PDMS). Reservoirs 352 were punched in the PDMS mask
such that 5 mm diameter holes were produced. The substrate 350 with attached mask
354 was vertically dipped into a vessel containing deionized water and then rapidly
withdrawn (~2.5 cm/s). Water isolated in individual reservoirs was quantified with an

analytical balance. In the described configuration, the delivered sample mass was

29.4 +/- 1.7 pg, resulting in a reservoir-to-reservoir reproducibility of 5.7%.

In other exemplary embodiments, it is understood that the reservoir mask 354 can be
modified to incorporate both hydrophobic and hydrophilic functionalities. In the

embodiment of Example 13, one of the potential causes of degraded sample mass

52



Further, the porous material 114 may be formed from
either a single layer or may include two or nore
WO 2002050564 t he porous materi al hi this enbodi PERUS20061@41352
two or nore |layers may include different porous
materials. Referring nowto FIG 39B, a microfluidic
device 120 is fabricated by using the stacking
nt . . ) i 12.
roffo AR s MRLERE G Mo Bl Aol SUERRL Asayyfontcd
oA Wyd@photis smask betweerdesavoirned theraemid wiss. lodhel in a
fabrication step jnclude conpressing the stacking
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maodifcgitmocinntengenerdied pp tioaisddiere of althihltydaophilon 610380 to the
both of the first and s nd substrates 112 and. 1
SR R R e R g
colfindshdnP feesentfBley | & fﬂ&%ﬂlaﬂ' sgasPl Relueensdiigor idcdirs by
and second substrates 114 and 116 and overl appi ng Wth
meihtrining pdfydiiphipbicapgion dnmsdiatedy purton@ding the éndividualrreservoirs.

122 of. the mcrofl uidic channel. patterns 118 to, form
Dpfes il S el o IRpJRRb] PR, R iy he
hyldesphiies Rdions B tHelrddskiand bierembeed By gradftyt he

m crof l uidic channel patterns 118 experiences little

or qo conpression force. The porous material 122 in
Exampledda 122 is configured to allowa flow of a fluid

or sanple solution there through. \Wereas, the porous

FigRi8r iiflsirddd thd phprALER 526 dhSpRSadiRe) V&%&eae&lﬂggred in

contact with the first and second substrates 112 an
actai@anges withnffigs s¥web. byin tthie Exapiple d4pihessibsteate3d0 beasomede of

rel ativel epser than the [ QuUS terdal in.the ar
p TPl WDt i bR BroBicPL A sl R A e
of HIbW. tRBersairph 62 setdihinehed i@ the PIM$ iask sdvhah@!s mm diameter
t hereby defining the m_crofluidic channels 124 and _.
hleseeistnraduacde Theuresrsvairsoiere depporgribuovsted; widh 9 mm diameter

pi@éeg o@hd itgiaﬁoﬁ'%f] BEkRe %ﬁiﬁéaﬁoﬁ.n%e%w ﬁ?ﬂnodﬂied with an air
porosity of the porous nateria 47n the
plaseonpresded 4 dyidoophjlid sefaceaine axpoded rmgasbe The tape aragethen

of from ahout 30 rcent .to_.abo 90 percent. ver,
remae%&wgﬁw orulthBngimsh stk orthesub ity Fahyg sk was
Vé%%%ﬁll%i}bﬁédanoad"%sélfcofltraﬁﬁ'i‘lg?‘@@b’ﬁizgcpw%f geMheh Qap@9Uhithdrawn
(~2.5 cm/s). Water isolated in individual reservoirs was quantified with an analytical
balance. In the described configuration, the delivered sample mass was 27.0 +/- 1.2

ug, resulting in a reservoir-to-reservoir reproducibility of 4.6%.

Also disclosed are materials and methods for rapid fabrication of microfluidic
devices. The microfluidic devices include one or more microfluidic channels, which
are configured for applications such as chemical separations, chemical extractions
(such as affinity or antibody based methods), electro-osmotic pumping, and
electrophoresis. The microfluidic channels may be connected to each other to form an
interconnected channel network. Further, for solution-based chemistry, the channel

networks may be connected to a series of reservoirs containing chemical reagents,
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percent. Further, the porous material 114 may include a
non-uni form porosity. For exanple, the porous materi al

wda 007080539 ncl ude non-uni form porosity al ong t heCT/E829061041352
of the mcrofluidic channel. In one enbodi nent, the
porous material 114 may have a gradient porosity
having a gradient along a direction of the liquid
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a physical sheet-nodification step. This step

Forrrxpaplee slepie-kinielirs may indude slecposaiosis 9e elegitphosesicof
the naterial over a predeterm ned thickness of the

Fii@ 43@; ﬂhus rhids aan%%gk@sfecﬁ ik &5&11% gﬁ%fgem%h?rl @ lof three

ssu1ecte to a chem cal sheet ati1on
lagéred.12,Thlb amsd ép6 thatl iférne thenmicertlvadic cleerce dAD apribpetratddas FIG.

e of the surfac f. the material ove . -
380 406 sk e RRPER TR L Oopedrs Tbbrybahate rjgauving cavities or
ni@6flhiiathhik] %ﬁt%}ﬁs PI Y g Y Jr'n%}etoﬁ" ﬁ{ésgﬂ@r"ahty of microfluidic

properties to the species in the sanple solution,
channelk ﬂepensllngwavmﬂvghnathealms& dtel mwd@f&uldimhn@ieé patgerns 118 may

o} e SRES P50l PP 4 RHGEAL b htud s s o

etbddsinge iHREGSH hﬁdldirfg, d}ﬂioﬁlith@hlﬂws, thengedt ewxhiagd] Meset , micro
t he porous, materi al be functionalized with

foaﬁlﬁm:. BF F@flblné%‘faﬁﬁh@fegf airi BrErenpiY S8 1%\%@3 the substrate
| i
1@‘0 ré‘%‘fa%‘é {)‘? Hsé t5‘19t ng%rgm&r}@‘ Bﬁ e?xgé(])é{yc%pw leGal rﬂﬁlaﬁyﬂuldlc

exa rous mater
cHna]nAelnmtterrrscl ]L8d e A@ﬂeﬁmﬂvélyb thessubstrate (AR ymey ur[chhienpiﬂymer-based

mat r hi s enbodi nent, the.conbjnation

e} SemiIEBH e EntPr Beiseh i dEs ot pLiSe, witpagioon, or
céBhhafsetheRdit de Nonf kit CotiaNaelor MW GB-bRCH | hbRESS may
include SU-8, cyclic olefin copolymer (COC), poly(methyl methacrylate),
polystyrene, polyethylene terephthalate (PET), polycarbonate, polyvinylchloride,

polydimethylsiloxane, or combinations thereof.

The stacking arrangement 110 further includes a porous material 114 and a second
substrate 116. The second substrate 116 may or may not include microfluidic channel
patterns depending on the desirable shape of the microfluidic channels in the device.
The porous material is configured to allow a flow of a sample solution there through.
In one embodiment, the porous material 114 may be produced by methods, such as,
but not limited to foaming, electrospinning, self-assembly, burn-out, sol-gel, reactive
gelation, reactive vapor sintering, melt down, extrusion, or combinations thereof. The

porous material produced by such methods may be inorganic, organic, polymeric,
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functionalizing the fluidic channel by neans of gl ass
surface nodification nethods. Additionally, the porous
woraioenseBd 114 be functionalized by enpl oyi ng oPET/082006/041352
nore of an electrolyte, an ionic solution, an
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operation of the m crofl UI dic device. The rel ease
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cdiftadt SHBARE £k Gn & BEThE %bs'ir?iég §0% and 1 16, is compressed by the applied

pressure and becomes relatively denser than the porous material in the area 122. The

porous material 114 in the area 126 may not allow the sample solution to flow there
' through, thereby defining the microfluidic channels 124 and preventing the fluids
from seeping out of the microfluidic channels 124. In one embodiment, a porosity of
the porous material 114 in the uncompressed regions, i.e., area 122 may be in a range
of from about 30 percent to about 90 percent. However, the porosity of the porous
material in the area 126 may be in a range of from about 70 percent to about 100

percent.
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upon interaction with an analyte solution that is

flowed in the mcrofluidic channel. In applications,
WGEemh/oss3det ecti on and sensi ng, the physical, PCEDFA6/041352

or biological properties of the fluids may be altered

by interacting the fluid with the functionalized

porous material having various reagents. Subsequently,
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na %n side by side and generally may not m x except
]nyﬂﬁt%? diffusion. It should be appreciated that
since smaller particles diffuse faster as conpared to
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applications, as will be described in detail below. In one em odlment the porous
material may be functionalized with an appropriate organic stationary phase to
provide enhanced partitioning in chromatography applications. For example, in one
embodiment, the porous material 114 may include glass fibers in a polymeric binder
matrix. In this embodiment, the combination of glass fibers and polymeric binder
provides a glass surface available inside a fluidic channel, which facilitates

functionalizing the fluidic channel by means of glass surface modification methods.

Additionally, the porous material 114 be functionalized by employing one or more of

an electrolyte, an ionic solution, an antibody-based solution, a chemical reagent, a
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the fluids are separated at the outlet of the

m crofluidic channels 124, nostly smaller particles
wowuastsave diffused into the other fluid. SucPCEHUS2006/041352

separation techni que nay be enpl oyed to separate bl ood

cells fromplasma. For imunoassay applications, such

a technique may be used to separate large interfering
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this feature may facilitate transfer of fluids betwe
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emitting material may include a chemical reagent enclosed in an encapsulant. The

chemical reagent emitting material may be configured to release the chemical reagent

upon interaction with an analyte solution that is flowed in the microfluidic channel.

In applications, such as detection and sensing, the physical, chemical or biological
properties of the fluids may be altered by interacting the fluid with the functionalized
porous material having various reagents. Subsequently, the fluid may be identified
based on the altered properties. In one embodiment, a temperature or pH of the

sample fluid may be altered by a chemical reaction with a reagent incorporated into
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mcrofluidic channel. In the illustrated enbodi nents

of FIGS. 40A and 40B, an alternate enbodi nent of a
won@rosdsed di c device is illustrated. The devi cRCT/BS2006/041352

i ncl udes a substrate 130. The substrate 130 i ncl udes

cavities or mcrofluidic channel patterns 132, which

define mcrofluidic channels 138 in the mcrofluidic
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the smaller particles may diffuse into the parallel ﬂow stream. Consequently, when
the fluids are separated at the outlet of the microfluidic channels 124, mostly smaller
particles would have diffused into the other fluid. Such a separation technique may
be employed to separate blood cells from plasma. For immunoassay applications,
such a technique may be used to separate large interfering molecules from samples,
thereby allowing relatively more accurate analysis of analytes. Further, it is also
useful to allow intermixing of fluids containing antigens with those containing large
particles with immobilized antibodies, to let the immobilized antibodies react with

antigens, and to later separate beads from antigens through sequential microfluidic

washing or extraction steps.
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m crofluidic device 136. In the illustrated
enbodi nents of FIGS. 4 1A, 41B, 41C, 41D and 41E, an

w@bdoensEse enbodi ment of a microfl uidic devi cepdBBS1086/041352
illustrated. FIG 4 1A illustrates an expl oded
cross-sectional view of a stacking arrangenment 121 of
three layers 123, 125 and 127 of the mcrofluidic
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Inethib Qi seraret, entbodimiéms of FLGSI 40AC hadnes, ah3altdrinté BRbbEgicanof a

139 may follow the steps 131
microfluidic device is illustrated. The device 136 includes a substrate 130. The

substrate 130 includes cavities or microfluidic channel patterns 132, which define
microfluidic channels 138 in the microfluidic device 136. As illustrated in the
stacking arrangement 128 of FIG. 40A, the device 136 further includes a porous
material 134. The porous material 134 is positioned on the substrate 130. In one
embodiment, the porous material 134 may be subjected to chemical and/or physical

surface-modification step followed by fabrication of a microfluidic device.

The device 136 is formed by compressing the porous material 134 against the
substrate 130. Upon compression, a portion of the porous material 134 fills the

microfluidic channel patterns 132 in the areas 140 to form the microfluidic channels
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and 133 of the first and second substrates 123 and 127
to forma three-di nensi onal continuous mcrofluidic
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substrates 148 and 150 i nclude m crofluidic channel
cpoas-sestingaliviiew, Heom egiden of 86 staskihgfarrapgernent 121 of FIG. 41A taken

along line 41B-41B. As illustrated, the first and second substrates 123 and 127
include microfluidic channel patterns in the form of step structures 131 and 133,
respectively. The two substrates 123 and 127 may have similar, complementary, or
different step structures, illustrated generally as 131 and 133. Further, the stacking
arrangement 121 includes a porous material 125 positioned between the substrates

123 and 127.

Compressing the stacking arrangement 121 forms the device 135. FIG. 41C
illustrates the front view of the device 135 and FIGS. 41D and 41E illustrate the
cross-sectional view of the device 135 taken along the lines 41D-41D and 41E-41E,
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FIG. 42 represents an alternate embodiment of the microfluidic channel 137 of FIGS.
41C and 41D. In the illustrated embodiment, the microfluidic device 143 includes
individual microfluidic channels 145 that are formed on different horizontal planes
defined by the steps 131 and 133 of the first and second substrates 123 and 127. The
microfluidic channels 145 in the different horizontal planes may not be in
communication with each other. In other words, the microfluidic channels 145 may
not be continuous from one horizontal plane to another. The microfluidic channels
145 are formed by aligning the substrate 123 and 127 with respect to each other such
that the porous material 125 in the regions 147 is under little or no compression force

when the stacked arrangement having the substrates 123, 127 and porous material 125
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185. Subsequently, the products 182, 184 and 186 may

be separated at the product separation stage 187 by
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mknb@@g%gggohmxbaﬁ device 162 via the mcrofluidic

channel 166. The conpatible medium 188 facilitates the

segregation and distribution of the three products in

Fit ddetlastitepctimisseileidisrhanyed 1 46 baripe e, pareies watepalk 11 disposed
witBAl 44 Ha%ﬁ}g f)l&r!eé 'rltg%.t eﬁlgtlﬂﬁr u%’iH Cc%‘ﬁlnf%is t%46 Ji§ ﬁisgpggét?egv&een a

to enter the"mc | uidi ¢ channel o be C
fimssubstrats 44§ aad a 3edoindckbstia 150e Bdily thedfirer xdake su¢ord adbstrates
90, .the rest of the undesired by-products get
! oﬁfrde_i?@an%éesm@ﬁwélqﬁl@%& RAtigmS etr ae98 1 Sprip i the
midiGHITHTe Dbt 6. B %b&céaogsthé %Bhﬁ)‘h%% tﬂé/liéﬂaﬁs HlaReta1 152
192. Although, not ilTustrated, the system 160 may
dispasedhmsideribe ande 156 depeasicncss lesaerf magbessiondorcesiand therefore has a

bot h. The detect t he f.eedhack circuit be i
e SCLTEREH B SO SRR pElh T B
Adéidinkly, EHeepREDDSH fiEME poftitd JraRe Paflus Gdidiihl t15Y dIPYsddsin the

configured to ad{ ust the amount of reagents entering
argth & Soriaes argayithian theenareseini@her @etre sucippy 1 thitheraly aflowing the
0% O bkl iflofiol B! iRRidil Bl BVERL L ON MBY 1 NC] Ude
conducti ng o- anal ytical "assays, such as pol ynerase
chain reaction (PCR) at very small volumes to increase
FliChed4 phediratss 4 haystemasd 6@ ysnoying o maédtodlmidib eleaivound2. ofIn an

material .and r ents n ed. For exanple, the . .
ATETSY PR En T e L5 ) OhGh GGl 07 DRRAGS SicRlgindustry,
whlh rély DnngntheGP ahdbdreéhify of ehiisal AERA afHeYsfn 160 provides

bi ol ogi cal cells, such as viruses or bacteria,

sheetpaadappiénizetionnsiyele Utimes, oindi isovagtusifectivendye to the much lower

euticals. nparcotics, Of icides, .or. ..
B TR PR SRR o35 g or o ranee
ofckemiralgl owar fhar ekgeivtrs, andrdinttn®| Vskalypedugh Sdi¥ice resident
chem cal warfare agents. In one enbodi nent, DNA
acfyai¥frent si zi ng and sequencing on capillary and
capillary array el ectrophoresis

Usually in conventional batch technology, validation and optimization of reactions
tend to be the rate-limiting step. However, in system 160 auto-optimization may be
carried out for biological assay or chemical assays. Additionally, the amounts of
material generated by the system 160 may be increased by providing a parallel set of

the microfluidic channels.

The microfluidic device 162 includes microfluidic channels 164, 166, 168, 170 and
172. The microfluidic channels 164, 166, 168, 170 and 172 may include same or

different porous material (not illustrated). The reagents, namely reagent A
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m crodevi ces integrated el ectrochem cal detection, and

amno acid chirality analysis. Alternatively,
wepdvomsesent s of the mcrofl uidic devices of theCT/US2006/041352

i nvention may be enpl oyed for synthesis. For exanple,

the mcrofluidic devices may be enployed for carrying

out various synthetic methods, such as flow injection

re & ﬁ HOA (A rE%g%%ﬁ‘ﬁ Bei%?)fésé}ﬁéd bRw1s&d 1f7$ O¥Ye fed in the

eactiong, or segmente eactionS. Further,
mmro:ﬁlmﬂ]lcwhdmml dé4/ jof ¢iee mivyofhedierdelioy 462 ﬁ]mpug‘bﬂﬁunlet ﬂ@8 Once

) actio nt heti ¢ ana

R S B SR N e SR KA S 45 Sl 39 howea 1

reB@T 8 Ghdibated B?%ﬁd etdfife rvitkd1a80 Guifp YHiEBiesctionl ided 7C76tb form
ol ymers, such as DNA or RNA, sem conductor

po
pmémj@ 482, 8hcmd 186t @ nredust formatiop staee dBés Additianglsit although

Ad
N N e

18912k sequently ath@i predudtd U32]i1843AdTIISE. mﬁObe exmppe® at theeroduct
proteins, peptides, nucleic acids, such as DNA or R
sepasating stageol bl DY ABsing SPRATatORotegHes e as chromatography or

At ic £C n [ S,
elges I Cl e ai}n ngiﬁ es&!aﬁgﬂ% Q{@ﬁ ag}tﬁg #O%&liﬁhg sgﬁﬁt |e)é%1uswn
clrymetuptapitiy mg; ibh @hmrmtmgfaph}d may devémpleyetk soc séplaEte dizopwducts
urtggr ({ nal.ysi s gone b he m&ggfl ui di ¢ devi ces |
18y 188 @14 hkfo- ¢ Petl??t’é’ll e §CCTIPIRES IS 0T 88
eléétﬁcﬁ%re%fs@ﬁ@y beFéiﬁﬂB%d totseﬁaraee%@%bawé cexlagy @ﬁ& 186. the

nmbodi nent s "di scussed above may be enpl oyed fo

det ection applications. In these applications, the
Swipsenesitlyi thec swt@b@r%yts:bwenb%y 18A mppder gipended in a

pégbi &%8% 1§{3 Qﬁt%du% n ﬁ&e&%ﬁ&s t&P ¥7 a me%&}‘mdlc channel

roscop travi O I'e spec roscop

164.uqhe 361@;)@&1)16 pedivm 988 rfymhﬁ&ﬁane sgeegation (aﬂﬁ)d,lstﬁbllltf(ﬂlCQf the
enhanced Raman spectrosco net al enhanced

threq pFpdects Hrredgeianiped oy nsn@é?r exHPplsy 08 copetible Lsgdinm 188
fa{tcﬁfé{étgg gfé 61}9&&&{ PSLARY an@'186 mflemﬂeqﬂ&nsmﬁae%mﬂev 172 to be

Ications, the mcrof di c devi ces nay
cdbepiad ah asyeat o FolonerEpwtedtHyas&r@]@e oumer {180 sandEkergst ef the

uxﬁe%{;?@y—%o%@hsi&%?&?%%ﬁ{l oﬁ‘tzs%cél'thes nﬁgrrolﬂulde ¢ dgv%ea &F %rough the
microfluidic channel 170 as depicted by the block 192. Although, not illustrated, the
system 160 may further include a detector, a feedback circuitry, or both. The detector
or the feedback circuitry may be in operative association with the microfluidic device
162. In one embodiment, the feedback circuitry may be configured to adjust the

amount of reagents entering the microfluidic device 162.

Other applications of microfluidic devices of the invention may include conducting
bio-analytical assays, such as polymerase chain reaction (PCR) at very small volumes
to increase the speed of these assays and to reduce the amount of material and
reagents needed. For example, the microfluidic devices may be employed for DNA
sizing, RNA sizing, separation of toxins, separation of biological cells, such as viruses
or bacteria, separation of molecules of inorganic ions, pharmaceuticals, narcotics, or

pesticides, or separation of synthetic polymers, or separation of chemical warfare
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Vernon, IN 47620-9364) was sandw ched between four

gl ass m croscope slides(Corning dass Wrks, Mdel
wQob7psesech that two slides were positioned onPEHUR2006/041352

side of the AZDEL conposite. On each side of the AZDEL

the glass slides were positioned such that a 1.5 mMm

gap was created to forma fluidic channel. The AZDEL
ageMPeRd b &o@ﬁg@&%ub@_&hﬁaﬁicﬁma&m aBérA$ SInded@ibodRhént IDNA

mm t hi ck. The sandw ch structure was then conpressed )
fragiment sizdeg ané ssReASinge snotapilroytangocaniidary agrchye logiophpresis

temperatures .o bet n,t tal plates Reqi
il on el Ra Rt R it g Bl S
t hi ckness. Additionally, the conpressed regi on bonded

AltdieatiyleBs senfodtirends [0ELthe anityd ffidic ndevices e futhiet invee@nondy be
where pressure was not applied (fhe regions |ocate

sl 1R syrghgsis; f or (8 angples eénﬁcaaef@vcﬁe\éfé@cwax FPwleyed for

caﬁgﬁté &H%heﬁgﬁ;gﬁﬁe_tf@ xﬁét%hé{'so?}‘f af %W“ﬁli]e Bn! alglla}é/%fs F 8d:Bfhuous

|G 43. di mensi ond the m cfofl channel
floso réaptimes] pudsed flow memctions,. 6r segnodmigindow taactidriss Further, the

miGHE ST a o P D BT PSR e g RGP Aghthetic
anHo'Wd@,S RAEH a8fsnidiUinfbiedulsobd madrgﬁlimisﬁsoglEuahﬁweuﬁE@@nﬁArcotics,

owever, in conpressed regions the AZDEL Superlite
peslimigrssi Dathetie polypmeess sbiglagicah polyekisessichbf a9, BB\ ngn RNA,
c ffectivel Ling.the mcrofluidic
o e R R o U BBl S8,

channel. Simlar results have been achi eved by the
Adititiqurafly sthe miofo flaxDEHevi cesposy dlso be emphiyed dbrymrasconecemtation or

sheet s conf ai ni ng .m cronachi ned channels. Wile the
eXfrAHAR: ae aﬁ/&fg lséea%ﬁewoo@am?ﬁ bk aﬁarmn’cf% RoRiREERS: gRptides,
nudleid a@ﬂ%{ sicl 1381 DR, H#MRRIA, Ofox BIED WHSIBBRAS celld, %Bfﬂéhﬁ ions,

be readily understood that the inventron is no
pheimdcentical omelgcties]i sarbeiss dmeldsulds,mentpestididgsherolecutes may be

i nventd on can be dified to incorporate an u r. of
xlAHES e Sy, BY RintSiad, s PEGRGHE SpRls faREly Fove
Futhed figeamists diie Hiehehateraideassntdanay batithditiede RE&ved or

commensurate with the spirit and scope of the

timepased,i s amayersteadyisigfe, while the nicrofluidic device
is described in conjunction with separation,

R e PP AR LB (AP b0 ciscoSBPM L Dfhay be
employedt fpr idetectimy apppichii@nt i lnnthedeeappliaations, the microfluidic devices
may be employed in electronic spectroscopy, vibrational spectroscopy, microwave
spectroscopy; ultraviolet-visible spectroscopy, fluorescence spectroscopy, Raman
spectroscopy, surface enhanced Raman spectroscopy, metal enhanced fluorescence
spectroscopy, near-infrared spectroscopy, infrared spectroscopy, or combinations
thereof. In these applications, the microfluidic devices may be coupled to one or

more of these spectrometers.
Example

A glass fiber composite, AZDEL Superlite, obtained from GE Plastics, (Mount

Vernon, IN 47620-9364) was sandwiched between four glass microscope slides
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m crofluidic channel is enployed. Additionally, while
vari ous enbodi nents of the invention have been
waele®ensised, it is to be understood that aspectBCDUS100€041352
i nvention may include some of the described
enbodi nents. Accordingly, the invention is not to be
seen as |limted by the foregoing description, but is
(Rl L SR A 2R atPad (12 IR R el e olf bt sice
of nthasAZ.DE§. eompbesital | Op edchbbide ofi bal AGDEIhém ghilss slides were
anal ytes.in a fluid, said nmethod.co ising th e
pogfiondd Sindfusg LS Bl et Bt oRusE GFRGY BBl hahny Thf RZDEL
SupeARO lcoRipBERNEifoct 2AE Nhé s SHASOweRd NPT tHiEISPOTKE Bghdwich
o at |east one of said plurality of analytes;
strpetovd Whhirencompeestedoich ogeratespraysuresod abelt 200 tpshepd elevated
i ont j ; lVer | I :
b e 2BPC SRR o T TR R b B B vl appticd
undefvent irddiiction & faciarsd. r adiRnally ahe comptessaintegion bonded the
recqording said response into a digital record; .
glass shde é\ingEIs sandwaskyingo, png waibr BegIghy whete| nTeSSHEF was gt applied
| 0
oft ERHR0 DGR b8 (D T A DaSIRRY bRlC A OB bpd thus
fomhat ei micsafluditetlianecli agilbiseped anpFliGs e. prldei diiegsians of the

del j very, devi ce _.conqpri Si a plurality, of ervoi.rs
MR BRI SO T e daEBt  dt bivshPusnngl, B S Ghplng) the
cotl k€ niatdirlal BhviAS MR bRéNEb& MAMRE PoRMidr iR fretdind i bulk to

pllurality of hydrophrlic fluidic channels, said

allomariire | teanbpdrh (P fc Srds c theeh dbe thee evicrodlvitlie edhenndli r Heweyer, in
sai.d entr tQ_t.ranspor ont.rall I
cobbriegfi el A4, L ETERG Il SRl s

offEBY Al ¢4eh, thately dffbdtinelyysediivg the rhidrdffiedic charpkl ®i prgveat any
cover layer attached to said.delivery device, said
fld\fEanspery dyutsaderbis shapeh pyipylar jresplist havgplgeanaghagveg by the

. g . : y
co?ﬁ?ésgﬂ)iﬁo RjeC I‘A\az;ﬁe}]?L ‘ g(lglfl osite S BESREN .a?gl\ﬁlgatg% el Q?e%fs?’ lQ:'}(/)ﬁt%mmg

cover er conpri si ubstanti a
mivyainahivedicbatres om sur f ace for

While the invention has been described in detail in connection with only a limited
number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to
incorporate any number of variations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are commensurate with the ‘spirit
and scope of the invention. For example, while the microfluidic device is described in
conjunction with separation, detection, pharmaceutical applications, it should be
appreciated that the microfluidic device may find utility for any application where a
microfluidic channel is employed. Additionally, while various embodiments of the
invention have been described, it is to be understood that aspects of the invention may
include some of the described embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.
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providing a hydrophilic roof portion above said
reservoirs to facilitate transport of said fluid to
W@ a00d/0563%€r voi rs. 3. The nmet hod of claim 1, whePE€l/DSHaé/a1352
substrate is a single formed structure conprising a
plurality of reservoirs, a sanple entry port, and a
plurality of fluidic channels connecting the entry
WRY ik ofQnSfdsd reservoirs, said method further
conpri'sing the step of providing a cover |ayer adapted
to cover said reservoirs, wherein said sensor elenents
CABVINi sposed within said reservoirs or on a bottom
surface of said cover layer. 4. The nethod of claim 2,

e T A % SRR AT b
ang}ytéghlﬁ a”ﬁﬁiﬁ,oﬁid’fnefﬂoﬁ: cg}l%risfn%rthé‘%p§@ﬂ?p” sing the step

renmpovi ng excess f fromsaid delivery device
after said delivering step, wherein said substrate is
pravibing, a GobstBupeomarising aCPluralivy wif ssehsoy ealgments poéaghr sayd sensor

di sk. 6. The nmethod of claim 2, .wherein said delivery
CIGTREH e OB p ot A e 6L S5 DAY B ABHAIS el y
associated with said entry port, said o-ring being

pfadﬁmg?g 1Rt BRSAER BULE TS ditebtiflg idht 0B ishidSebe elcnitfits:
top of sald deltvery device. 7. The nethod of claim i,

further conprising the step of providing a disk case
defiverieg oietegeh quasnitids efidasd flaidgp eatlesad sensar elemehist r at e
is a DVD, CD, Super-audio CD, double-layer, or blu-ray

i sk. 8. The method. of cl a furth ising th
aielle grrepmoges BOMH ot FREPRSver Lo rempve excoss

fluid fromsaid substrate. 9. The nmethod of claim 2,

redbyif ﬁicﬁfés?o&@?iﬂa%ﬂ Sigitdl@ecoa®i | | ary channel s adapt ed
to transport said netered quantities of said fluid

fromsaid entry port to said reservoirs by capillary
proegsgimg\spidrbigital traeordsandof wi cki ng materials or punps.
10. The nmethod of claim2, wherein said delivering

o SO} kRl B bt B bR Ae in s
flgigectro-wetting, therno-capillary punping, magnetic
fields, surface directed flow, electro-chem cal

2. The method of claim 1, wherein said delivering step comprises providing a
delivery device comprising a plurality of reservoirs communicating with said sensor
elemeqts, said delivery device further comprising a sample entry port and a plurality
of hydrophilic fluidic channels, said channels being connected between said
reservoirs and said entry port so as to transport a controlled volume of said fluid
between said entry port and said reservoirs, said delivery device further comprising
a cover layer attached to said delivery device, said cover layer comprising a
plurality of substantially hydrophobic vent holes disposed above said reservoirs, said
cover layer further comprising a substantially hydrophilic bottom surface for
providing a hydrophilic roof portion above said reservoirs to facilitate transport of

said fluid to said reservoirs.
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control, nechani cal devices, centripetal force,

surface energy gradients, or conbinations thereof. 11.
wab@7nostsbood of claim 1, wherein said deliveri nBCHUSI06/041352

conprises providing a delivery device nounted to said

substrate, said delivery device conprising a plurality

of reservoirs communicating with said sensor el enents,
3.5ai OrfLRRINAI SScIRR N9 widARS Ssldt:AbiteacHy & sthed@fhRd structure

volume of said fluid when said device is dipped in
caapribing niplyraiyi of resseoirgia sanyde regirsidapt, ead taophvedlity af fluidic

sai d sanple volunme in said reservoirs by way, of
chagpels ceonOEFELo GRS o8t Ry Fue F%se\""’é’h%v 14 ryathed frther

. ] | .
ol 15 oo ST« So0U R0E sk 52506 O Rsersoe,
whérdindsaié akflsos Ydéasts o disposeg: wahiadagkd reseevoign®r b ianbottom
a plurality of sensor elenents, each said sensor ,
susfagerofisaid éeysraiaig to at | east one of said plurality
of analytes; at |east one |light source for directing

4.I g h’htleo %&hg‘@' oqB 2l 0%, %rﬁﬁ né(?%gpr?sir&f ttlg{ tes?ipn?{;%glglcg& said

det eCti ng a response 1rom sal ens

sl e ffm FHaRslivds eeide hReCARY@livesiag Gepesponse into a
digital record; an inmage identification algorithmfor

identifying said at |east one anal yte based on_ said )
Sdi gi The megwdref; claimsdf furliecoreprésing e sapzeft 1egipving excess fluid
oS IS oblitd bR Sl S BRI, S BARHESs o

DY) | UB! StigerRHRY €D, ﬂ@@ﬂléilaf#eﬁsoﬂﬂu@@i skl uid to each
said sensor elenment. 13. The systemof claim12,
wherein said delivery neans conprises a delivery
6devi Ehe othedi ofi alyjma pivherain said dalivessdevicsi fugther comprises an o-
.communj.cating wth i d.sensor el enent.s. .sai d deliver
riE PPl R wif sFIGRIS diort sEnt e ohie bl 15 wbsord
exRlely fbill tivat QpilRYNEPBRIthp 6f §divbdliverghanipe! s, said
channel s bel ng connect'ed between said reservoirs and
said entry port so as to transport a controlled vol ume
7Tof s&hel nfethadgofhddaine énfustied cemprising dha stepr@f eEavdding a disk case

r rv.oirs. i ljver ' i Si .
foree?lc osfrjlg sg’l’d s%gst(rjatg,ewhereem%al es\ﬁi)gt?atg &Jsrztl B%;D ,CBBP rS'uBérgﬁdlo CD,

double-layer, or blu-ray disk.

8. The method of claim 5, further comprising the step of providing a blotting

layer to remove excess fluid from said substrate.

9. The method of claim 2, wherein said channels are capillary channels adapted
to transport said metered quantities of said fluid from said entry port to said

reservoirs by capillary force without the use of wicking materials or pumps.

10.  The method of claim 2, wherein said delivering step comprises delivering
said fluid to said sensor elements by way of electro-osmotic flow, electro-wetting,
thermo-capillary pumping, magnetic fields, surface directed flow, electro-chemical
control, mechanical devices, centripetal force, surface energy gradients, or
combinations thereof.
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a cover |layer attached to said delivery device, said
cover layer conprising aplurality of substantially
whyaropisebi ¢ vent hol es di sposed above sai d r eBEr/USI00E 041352
said cover layer further conprising a substantially
hydrophilic bottom surface for providing a hydrophilic
roof portion above said reservoirs to facilitate
tra ' Uj i VQi i
Uy ot Ripull Tyl b floich, S8 QhESRiR (g Somfies Jivitins o
ddliveryedesite unbunted conpaid ssubstrate plsaidalieliverpf davicee comprising a
a sanple entry port, and a plurality of fluidic, )
PleRbRH OF JeesYHEBC EORBURIGAtR (With said sepgprselppents s §3if grepavoirs
' t LA .Sl :
o) Bt G Reo e VB e SO Rin o AR AR bt in
safll’ €lutl, Syaab esheiMoii i teighdapi&d 6 \niiiiitainOsai@ Rampleotdlaite in said
surface of said cover |ayer. 15. The systemof claim,
1eseIVoifHhbY Hial of suidacgdensiarr Yheresdid deyies isaiamaved frgahaidkfuid.
to said substrate. 16. The system of claim 13, wherein

152, nhHt Lo U5 AELA B g Byl g romic

ar@Bhésviarayfheleviag®syswnh bempaanRr i ses an oring operatively
associated with said entry port, said o-ring being
adapted to absorb excess fluid that spills over the

a sapstigfe semprisiag ja, phuyalis\ofc gensaig elemeatss yegele rpaisk serisey glement

13 wher ej aj ubstrate. | D. CD, Super-audio
rewnd%tﬁlaé?ﬁagty‘gg,osf rgl%tﬁ I -aﬁ%}'ygfoe}%gﬁ ©19. The syst em of
claim 18, further conprising an optical drive for

atqemnbond Nt Gosk dorr EiSdRONS Gight\hid Shitl sembod cli@ldnwer y means
conprises a disk case for enclosing said substrate.
20. The systemof claim 19, further conprising a .

a getgeter myant jarr datepting mplrspise dxam spidi nsqroplementy, said detector

mEEHARE 1o e SFioVP R Rl R B an S Anspor

said netered quantities of said fluid fromsaid entry
arpimhdget idemHicdtio® SRovitinn Sobideaafing adiy af ddaseond hmdytt takel on
use of wicking materials or punps.22. The system of
sayd digitpligcorgher ei n sai d del i very means conprises neans
for

a software-based optimization algorithm for utilizing said digital record to produce

an analysis result; and

a delivery means for delivering metered quantities of said fluid to each said sensor

element.

13.  The system of claim 12, wherein said delivery means comprises a delivery
device comprising a plurality of reservoirs communicating with said sensor
elements, said delivery device further comprising a sample entry port and a plurality
of hydrophilic fluidic channels, said channels being connected between said
reservoirs and said entry port so as to transport a controlled volume of said fluid
between said entry port and said reservoirs, said delivery device further comprising

a cover layer attached to said delivery device, said cover layer comprising a
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delivering said fluid to said sensor elenents by way
of electro-osnotic flow, electrowetting,
wo b@rososeapi | | ary punpi ng, nmagnetic fields, sup¢EHUS2006/041352
directed flow, electro chem cal control, nechanica
devi ces, centripetal force, surface energy gradients,
or conbinations thereof. 23. The system of claim 12,

pl ﬁ[}ﬁbf‘su%@ﬂagnag@l Hg)ﬂﬁg@hgﬂgﬁ\%ﬁ ﬁ&@?ﬁisé g%g LY@ T% 01rs,esaid

evi‘ce nount rate Ivery ev

covenayesi Agtieer plompising aofsubsearialipi hydroptilit Mbatin ngrface for
W th said sensor elenents, said reservoirs being
prayidinged bydropbiii roef aogmpab@w @aldrﬁésqsfwls%tcufamlm tygrepprt of

pped in said fluid, said reservoirs
s ‘ghﬁlé‘qa rs%?%{ogfsmal ntain said san‘pl e volune in said

reserv0|rs by way of surface tension when said device
14.s I'EMOYBenh 0O 0lagai 12, fheréln said substrate is a single formed structure

comprising a plurality of reservoirs, a sample entry port, and a plurality of fluidic
channels connecting the entry port to said reservoirs, said system further comprising
a cover layer adapted to cover said reservoirs, wherein said sensor elements are

disposed within said reservoirs or on a bottom surface of said cover layer.

15.  The system of claim 13, wherein said delivery device permanently adheres to

said substrate.

16.  The system of claim 13, wherein said delivery device detachably adheres to

said substrate.

17.  The system of claim 13, wherein said delivery device further comprises an o-
ring operatively associated with said entry port, said o-ring being adapted to absorb

excess fluid that spills over the top of said delivery device.

18. The system of claim 13, wherein said substrate is a DVD, CD, Super-audio
CD, double-layer, or blu-ray disk.

19.  The system of claim 18, further comprising an optical drive for quantifying
said response, wherein said delivery means comprises a disk case for enclosing said

substrate.

20.  The system of claim 19, further comprising a blotting layer to remove excess

fluid from said substrate.

21.  The system of claim 13, wherein said channels are capillary channels
adapted to transport said metered quantities of said fluid from said entry port to said

reservoirs by capillary force without the use of wicking materials or pumps.
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22.  The system of claim 13, wherein said delivery means comprises means for
delivering said fluid to said sensor elements by way of electro-osmotic flow, electro-
wetting, thermo-capillary pumping, magnetic fields, surface directed flow, electro-
chemical control, mechanical devices, centripetal force, surface energy gradients, or

combinations thereof.

23.  The system of claim 12, wherein said delivery means comprises a delivery
device mounted to said substrate, said delivery device comprising a plurality of
reservoirs communicating with said sensor elements, said reservoirs being adapted
to receive a sample volume of said fluid when said device is dipped in said fluid,
said reservoirs being adapted to maintain said sample volume in said reservoirs by

way of surface tension when said device is removed from said fluid.
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