- 1234e3e. a. ZZ[ |1~ 6,aTa},. 20 NOV 2002 M CRCOFLUI DI C ARTI CLES AND METHOD OF
MANUFACTURI NG SAME 5 Thi s i nvention remmmmm‘”ﬂmwm{ ofluidic articl es? 2007
he

nmet hods of nmanufacturing sane. There h ve towards reducing

si ze of inswiosseséat i on used for anal yzing, and, ot herwi se manppyhudbd g4 | Ui d
sanpl es such as biological fluid sanples. The*t educed size offers several
advant ages, including the ability to 10 analyze very small sanples,

i ncreased anal ytical speed, tFYHa&/‘HDFLU}DI% SBIGIES AND arount s of reagents,
and reduced overall cost. \METHGDRNMANUFACTHRBRINGISAMEappl i cations have
been proposed. These devices typically include a glass or silicon substrate
having a |ithographically patterned and etched surface provided with one or

fore strugtures fornfliginvedforfefaidftb HittoMiakasGéIBdard hlthéRfur e. Pl astic
substrates such as polyi m des, polyesters, and pol ycarbonates have been

proposed as weinufactipgsame. a need for pol ymer-based microfluidic articles
that can be produced.effjciently .in. co reci al -scal e quaptitie e.g., in
the formof aroll g }be_d'? h%fntffeflﬁélfw&l%wa‘g%erg‘g‘fcé’&ﬁ\?éizfi 0?315{}8?‘8 af"_é)“ performa
variety of fwe&d fopAfalyZifehntlibtherwi&d maapulhtipiuill viifpleOffch adBRM6glEaIgl Yy, in a
first aspect the invention features a process for preparing a nol ded
article that fluidsamnles. pthergducgd sizapffersseverahad vantages.dpduding t l§géo of an

| di ; : _ ¢ p ; . f1uid
P ocesat 1 SRS el Sl SRR A Easld b RE LB Al B Nealioll O 0L,
article is thgwuagAréigentsfdndreduted owdrall agt.sur f ace of the tool. 25 A

"mcrofluid processing architecture" refers to one or nore fluid processing
structures arranged VatigusflevicgafosmirreByid applicationshavehsen proppeadn These
Preferably, the. [ [ T . . ing a

di mensi on no %?5’3% @&&Cttaﬁgﬁl&glgdguat%%%%%}h@%}%‘ﬁegt?&é? W’R@% ét)h\ql)g#%ﬁ*cp d
preferably engagemednnd exhédssurface proetilied edthwne ot mordweruztutésrferrhinga (i.e., the

direction perpendjcylar to the plane of 30 the architecfyre). For purposes
of this i en‘Pl%‘?ﬂ,“‘ REQGpISHE 35¢ ‘@Gﬁ“f%bqq@“ﬁisﬁl?sgﬂeéis‘c‘,f:hrﬂsé’ebé@f‘i?& archi tectures

i ncl ude StrU%ayé%&rsi%h&ﬁ&xgearbsmstﬂaee e YRopoR@BasSivéiNg of microchannels,
fluid reservoirs, sanple handling regions, and conbi nati ons thereof.

SUHSTI T>J' TE SHEET ( FRhere i2@need for polyder-baxed mivpodgiddSddde By dasde/ | 1024 An

"open nmolding tqol" is.a | di ng togl that |lacks a.sealed cavity found in
ol osed ol ds, Padtped efficighiy i amsreiah salc BHgrulEn BNt om oBg rolf pond:
contact” it igndWatianbbaéleéthelyp@ilored & peMoinah vakietytdTPhnctions, asdisdihgie nol dabl e
material is defined by a line that npves relative to both the tool and the

ol dabl e ht eanadytical fynetinnse Mseerdinghy, in 2 fisst aweetthe mvartioarfeathres g pageess
crbossabl ¢ polt Tiuag st Guo U Bl bMish ol SERBPL IR AN B 1 e,
t he nol ded ar burfdce of an open molding tool into line contact with each other to imprint a
microfluid processing architecture onto the moldable material. The resulting
molded article is then separated from the molding surface of the tool.
25 A "microfluid processing architecture” refers to one or more fluid-
processing structures arranged in a pre-determined, self-contained pattern.
Preferably, the architecture includes at least one structure having a dimension no
greater than about 1000 micrometers. Moreover, fluid preferably enters and exits
the architecture in the z-direction (i.e., the direction perpendicular to the plane of
30 the architecture). For purposes of this invention, examples of suitable microfluid
processing architectures include structures selected from the group consisting of

microchannels, fluid reservoirs, sample handling regions, and combinations

thereof.

A

*G00002*

SUBSTITUTE SHEET (Rule 26)



| r anot her enbodi nent, the noldable material is a flowable resin 10
conposition. One exanple of such a conposition is a curable resi n2 0 NOV 2002
conposition, i ich case the process incl-udes exposing the conposition to
t hernmal or ac?f(???%# 43di ation prior to separating the nol ded arpﬁrpél’séwf’ro&?n
the nol ding surface to cure the conposition. As used herein, "cure" and
"curabl e resin composid iden moRGh@81"G5 2RRdIAiREeYl 1R 1RkE 8 sEhedQlpEr i zed
resin, as well as polynerizing a nononeric or 15 oligoneric conposition,

t he product ofoundirc¢losest melds,gar.enf sha typeuseddn dnje¢tionkneldinger noset resin. An
exanple of a preferr QU L es] ition is.a.photopal rizabl e
conposi tion which i sﬂuﬁgg%gé&%xgi‘l‘sﬁlﬁé&t %ﬂ(‘:% o"cl)tse}ts»llh(')cgp @8‘%@??’%?@5 di ation
whil e in cont apldabietrhatetidl isidfitied 9y 2 Uink ek moVeotdiiveas bothlthe bl and thewabl e
resin conposition is a nmolten 20 thernopl astic conposition which is cool ed
whil e in cont B@ldafletmaterd. nol di ng surface to solidify it. There are two

preferred mol ding prqGeqg ehnhdnshe 1A iAUEIE fud e i AARL GBI hal: 1S 2

fl owabl e resin conposition. According one preferred proc
f1 owabl e resi sulsaaeoJhe inderoflaid prodes<ing edhivetture paneth ds embostacent@thea 25
pol yneric substrate) and the_sugstrate and nnldégﬁ tool are noved relative

to each ot her SY§gof H Robmerisubsirte to Bembihe maldedartiglinosi tion into Iine

contact wth each ot hglanohBledifdaimenht mdlafbld WareidVgh RIWLHEIALE 10 wnich a

m crofluid processing architecture-bearing layer 1s integrally bonded to

t he pol ynd0i c cempstitiait. eOngrexaapbnef spcled eompaositimi diarcyrableaesia somipesitor, he

nol dabl e mat er.i alh. [ owabl e, resin. CO@FOSi tion involves introducing
£RROSRA

s a 30 fl
the flowabl e nB¥ ffl}‘cf"S?Fp‘ggipchﬁﬁ 1Btdss AGMBON o Bermaher 3Rt ng
tool. A separ ghfiatifil pHBé Separhling HRlRoIIEY artieledRIT tRaHoIding Ruifh@ b lcaivaRd e
resin conposition to create a two-layer structure in -2 SUHSTI1' LJTE SHEET
(Rul e 26) 2 COMKOAICD0AS Windd@reds 6 eure'PaY ‘egsblelresSincomppsitiond’ intlodof | ui d
processi ng architect.ure-beari ng substrate is i ptggrlal Illy%bonded to.the
pol ymeri ¢ sub<tPRFRnAIR AEEY PPY MR HES Bottt fPYRBCTNgR FORPIEEF & ¢ o
forma cougr |gigemeAY Comdsitibr, R pidducOdf whidh By it RecsSiilypa EloksImkealr €.
Preferably, the substrate is a polyneric substrate, The nolded article my
al so be provi deermgsetiesneApexample ohf prefrrrasqurahls tesial compasidion iiacr oopt i cal

el enents, and/ ] _ i . ] G e t S . be
i ncor por at ed ilﬁ{oédy\?é{@ég?g&g? b@gését?dn%gé?sr%% n% ?){?é)gl?l gg&?’l I |°? l§'g§¥° t he
overal | procesxtinfcaadiati@mywhie inwoetaet wiltethemhaldingaurfadeeri al is an enbossabl e

pol ymeric substrate, that substrate y .include the 10 m croel ements. Were
the nol dabl e mat eri al Angthsr exagmplgela H‘g‘gilbrl\e SR FOmPOsEAn isameken process

i nvol ves oﬁﬁbi ' Lo SSHRRSH |5l BB viiled Ny srate during
nol di ng, that %gﬁ%ﬁg#ﬁgegﬁgggt“?at emr%l?llays Q?Ec?l uc]glet ﬂggﬁxﬁgqgﬁe”ﬁﬂlggl t is also
possi bl e t o i nairfadeta dodidify @tr oel enents in the cover |ayer. The m croel enents

may al so be provided i.n the form of separate substrate referably a .
pol ymeric 15 substrat g;l]‘e’feﬁ‘é‘f twospfsgﬁaiamf ng H@cﬁ'ﬁf’ﬁ‘é‘df’%ﬁsf’ gre tg‘ﬁe process

is preferably gRfiagReRak Pl FPLNGNIDIARsH GRIPosTHIRY A PSRN IS ond el ngl v,

nmol dabl e material is continuously introduced into a nolding zone defined by
t he nol di ng t optocessritie flowableiresimeprpssitionds ndneduced emta 3y mpjop supfaceiofizo | i ne
contact w th |. I ri i f.pcrofluid
pr ocessi ngEgo B&E%ngﬁ)oﬁr?%%% rdé?éeurbtgtg?t?/ ?&?ﬁglc@ﬁ{oﬁ!\%&ﬂ@oﬁgﬁéﬁvg “))/ F%ﬁlﬁds t he
article in theofher eingahe tool and flowable resin composition into line contact with each

other. The net result is a two-layer structure in which a microfluid processing
architecture-bearing layer is integrally bonded to the polymeric substrate.
A second preferred molding process where the moldable material is a
30 flowable resin composition involves introducing the flowable resin composition
onto the molding surface of the molding tool. A separate polymeric substrate may

be combined with the flowable resin composition to create a two-layer structure in

-2.
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roll that includes a plurality of mcrofluid processing architectures. The
>roll can be used as is or can be divided subsequently into nultiplZ0 NOV 2001

i ndi vi dual devices. Additional polyneric substrates can be continuously
bonded t o woe9mséddcl e. Exanpl es include cover |ayers and | aperaisheanzag

m croel ectronic, mcrooptical, 25 and/or mcronechanical elenents. In a
second aspect, the invention features an article that includes (A) a first
nan- el ast i ¢ Whisb|amisrafluid prosessing arghiostung-tearing substrate dy inteprallyckondpdito i ncl udes
a mcroflui i hitecture (as defined above), and a second mmj or
surface; angw(ml’g' aéggggsr%gﬁegol ynmeric substrate that is integrally bonded to
the second naj or 30A subsfrateenayfbettoadéd toshe swhiet maice toffoem aeoverdagmbstrate is

capable of form.ng.a free standing supstrate_in the absence of the first

cubotrate. PYOTRE A NORDE LSS E BpORPo PItFRDl (S SURBEIF AL o and ol 5o
Drovidessa gERiribQlbsdEo MRy adicle hySR0 Ue DHEy GERRN bubeme 2 0 Nov
2002 WO 99/ 65664 PCTNS99/ 11024 additional features into the article such as

m cr oel ect r onicrocleptranioelpmental migrabtical glesrentse atdkien wicrora¢chanicals, t her eby

provi di ng deFi n, flexibili te%/' A."non: el gsti c'i dmateri.atl is a material having
nsuf i ci enflBIeREY i EFEMICHOAIRNLS Y REPFBRO[Aedn B AHEY RIS on nor mal to
the plane ofjidstatisgihe fleribfity bPtheGhverdl pfocessd U eRdmple] WherdhiRmsidhblect ed to a
cyclically varying force in the z-direction. "Integrally bonded" neans that

the two subguateriabss amembnssablepalymeris supstraie.dbatisubstratemayinchdpdieed to bei ng
bonded tlp;oﬁﬁgﬁogg:rﬂeg{s?r\vﬁe% e FndRAni §{e§i§ﬁl‘éﬁtfﬂo§~a%i‘e r%ﬂpi%ér:n‘égiig&gg%{‘” cle

preferab es a cove ayer ove mcro essi ng

ar chi t ect ur ghe pgridcess dwdlves aybihin the Fesirdoniposition With 4 polymerié substratsur f ace of
the first substrate, preferably is a polyneric |ayer. The article

preferably idvgingmeldispahapolysmdaicspbstais nay inshide themicresigmental It isaley or

i cr onechani galip@he TR e TR SGHAR RIS PR eDerriiichilfghdn flie 117t
substrate, the second substrate, a polyneric cover ayer, oOr a

conbi nat i on dldocsegqurbvidédninathé formcbfaspparite sulfstraier(peefidraldp afpolyimeries an articl e

in the farmof a ro]l  that, |nclude first polyneric substrate having a
first me}oor & ?‘1’%@(@“%‘Fr"‘a‘?mdﬁ‘i}‘{f&i%?ozdeglam%?-i ty of discrete microfluid

br ocessi ng ar chi t eciiyt dctds feferdifylsaiaie o odile s 3 BGAMMoITh LT f ace,

The article preferably 1 ncludes a second p neric substrate Integrally
bonded (as déédondidglybmoldable matdrial sewotmiouslyontreducédingo afnaidieg konest

T T N NN R R T
} Pflsfdgﬁ bgt Pgﬂtmgzewnﬁ teiBldabla YiidterR® Rt@6hté 8 plhfity of AicriBhiaprsidsfigge of the
20 architectures. Preferably. the continuous process yields the article in the form of a
roll that includes a plurality of microfluid processing architectures. The roll can be
used as is or can be divided subsequently into multiple individual devices.
Additional polymeric substrates can be continuously bonded to the article.
Examples include cover layers and layers bearing microelectronic, microoptical,
25  and/or micromechanical elements.
In a second aspect, the invention features an article that includes (A) a
first non-elastic, polymeric substrate having a first major surface that includes a
microfluid processing architecture (as defined above), and a second major surface;
and (B) a second polymeric substrate that is integrally bonded to the second major
30 surface of the first substrate. The second substrate is capable of forming a free-

standing substrate in the absence of the first substrate. It provides mechanical

support for the first substrate and also provides a means for incorporating
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2% The article preferably includes one or nore mcroel ectronic,

mi crooptical and/or mcronmechanical el €ments. The nicroel ements ndy) MY 2002
included in the first substrate, the second substrate, a polyneric cover

| ayer, or a WOYAI6HGHIi on thereof. In a fourth aspect, the i nveRCTRISIFHO2M4Ur es
an article that includes (A a 30 first polyneric substrate having a first
maj or surface jthat .includes merofluid .. rocessing architecture (as
o 1 neq abov ey SEuttia B e stoh S onicrosfoRE BRERBRE W Smer 1 ¢
subst rat e. Thfics@féhanicalkidnichis teacbyaproviding desippflesibilipce that is -4
SUHST>: TI JZ' E SHEET (Rule 261 =~ 2 0 NOV 2002 WO 99/ 65664 PCTNS99/ 11024
integral |y bonded (aé ‘depielastic’amateap! is 8 material Bavipg inyuffisient elasticity inf  t he
first substr ; c IR ' Itlll%% re

m cr oel ect ro?ltlhgz'eql‘?re@%én @g'éﬁ%%ég\?illg{ ‘é?i*?{é‘ing’. ngegb[%g%\ﬂgeh%s e *e??(g?&ésngosecond
maj or sur fSacegumyb oit vatvesehanshbjeetedito atcgclicilly varytmpidres i dierzadieectisn.capabl e of
formng a free-standi ence of the first substrate. In

substrate in the apbs
a fifth aspect, the i"ﬂ'g‘iﬁﬁ;]goli’f) ed i means t%?}é"r‘ﬁ‘f"(ﬂ“@mf%ar? {’I‘E‘}dﬁeége‘élyftprst

pol ymeri c subé{?h%hﬁr.m%?&ea td Haﬁ%garﬁdcermr?ugﬂ A firdridiate kil Sudh dUa61 O | U1 d

processing architecture (as de above), "and a second major surface that
i ncl udes one adhesmwe.e m croel ectronic el enents and a via extendi ng between
the 10 first and secqgpd nmjor surfaces of the substrate. In a sixth aspect,
the invention featured'®4H ?P‘iegqr%bll' Hﬁl‘q%helca&iayemveg‘tm%% "bUP_bH‘éri c

subst r at | f1avhifeQinfl s Hite BRI TRk A8y ek Bhich R W Bonded To Shfitstfface
processi ng architectfure (as defined above), and”a second maj or surface; and
(B) a pol yner ofthe divstsubsinpes;, preférably av@polymgse layec| udes a first major surface

overlying the 15 fir maj.qr surface of, the substrate,, and a second maj or
surface that incl ude:hl?ri’é“g? PWE‘?’@&W Yles pg PIOMPEE mic frNGnd a via

extendi ng bet Wﬁ%oét%l.fah&_%? mAGEImESLARE] dBherts SThe Af@SelGhedtdmag By er | ayer.
In a seventh aspect, the invention features a nethod for processing a

m crof | ui d samsleded himthe; firet subigentq, dhe sseend sibsitatea potymasicecover layes, drar m of a
roll 20 c?gprisi ﬂ\ﬂﬁ first pol ynmeric substrate having a first mjor surface
t hat i ncl udes °8‘“§ e} }F§f°8'f di screte mcrofluid processing architectures,
and a second maj or sulmfaaGRd afpelt, it ihoshtioh Teat@escaratle in theFaRwbea iolit 0 one of
the mcrofluid processi r}_g architectures; and (c¢) processing the sanple
(e.g., by analthatingdudena figstpolyanericiybstrai Ravinechiirst Wlodé‘éffﬁﬁé%%ﬂﬂcil@e&?ti cles
useful for pr I : L I: fdyl can be
conti nuously 8’?‘%@%2’2 d(()sﬁrege ?b@?@?gﬁgﬁ aer Il%E@EAg‘(%%dﬂ%ﬁ?éﬁoﬁeﬁ,gﬁ& mof a

rol | good whi gbcandmmdjer suefade.| Thesdrticle grederdbliyancdided a sédvad ipolymagicadbstrate be

used directly for processin flujd sanple, e.g., in_a reel-f1o-reel
conti nuou éopr dﬁ'ﬁg’é“ﬁ?’ %96 of (ﬁgd‘%}ﬂeg @l"?‘ﬁ% “QR‘G S¢qonq gﬁ’ﬂorfsf‘{ﬁ“if q?ﬁi.ﬂ%ﬁré‘ac h .
m crof | ui d progegsshdITIRY GRbdEGbiEARe ANEpdtNESr BRAMR ATty SAb&rafAR! at i ons.
30 Alternatively, the roll good nay be separated’into a plurality of

di scret e devi abe absehdeodfithgfirstisubsaateur e.
The article preferably includes a polymeric cover layer bonded to the

{

first major surface of the first substrate.

25 The article preferably includes one or more microelectronic,
microoptical, and/or micromechanical elements. The microelements may be
included in the first substrate, the second substrate, a polymeric cover layer, or a
combination thereof.

In a fourth aspect, the invention features an article that includes (A) a

30 first polymeric substrate having a first major surface that includes a microfluid
processing architecture (as defined above), and a second major surface; and (B) a

second polymeric substrate. The second substrate has a first major surface that is
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The manufacturing process offers significant design flexibility, @iVl a
nunber of processing steps to be perfornmed in-line. For exanple,

m cr oel ect WOA965664i cr oopti cal , and/ or m cronmechani cal el enePEBUSLNVI 1024
readily incorporated into the article during manufacture in a variety of

di fferent ways, .inclydi a rt aof the substrate bearjng the mcrofluid
[\)FOCGSSi ng ﬁ%?liygﬁna?%&gggﬁ‘b‘gﬁb%% 9 ﬂl"os&?&?“dls‘ﬁﬂ‘)grr s:urgpe 8@‘*‘8&{%‘ of a second
pol yneri ¢ subsirh! shdiaNeCsiidahajr QRNLE that MclildBs SeTinické thicr¥alebitisc desi gns

i ncorporating these mcroelenents are also possible. Miltilayer articles

are readi | yelsmeptarand a aian extandinghetwenni the first prdosseens majos siirfaced efithe¢ y versatil e
t |1 f ti f 0 f . diff e i . i
 ohi t act ur Spnd FhsBeie AR ORE Blostaret BB L R - BaBiBEG: o B f or m

.numner ouss f upgstrarsn tHer®bdnde BOthefflst sakampd. e, capillary array

el ectrophoresis, kinetic inhibition assays, conpetition imrungassays,
enzyme assays, nucllBiadifiasgedtshe invention Katures appEicleBay inglydes afyrst

conbi nat ori i . ol di ng process
enabl es t he%%ltyg%g? gﬁl}%rﬁteo O%ggir@%f @g@?%@@ég@g ﬁg@?%ﬁﬁ%@ﬁﬂ?ﬁs havi ng hi gh
aspect rati praessinvparcldtecmra@p definedathooe)f aalt aseeend miyossurface that n, provi des

structures exhi piting i nproved, speed and resql ution. For exanple, the depth
of a i cr ocABERASS oBSfr 'ngf«}aﬁcrwcgmmc(s?mﬂma&ﬁ Ri Rexiendingsbetieenthe r ochannel

wi dth.  Jgch frGhaSENa flaforGaffals of dRGubgratOnst ruct vertical Iy 20 tapered
inlet and outlet diffusers for a piezoelectric valve-less diffuser

m cropunp, or used Ina sixtbwaspest.sheimvensionfeatures awarticle dlnt indludss (&) ¢t r oki neti ¢
focusing. Signlarly, .the w dth.of hi gh aspect, rati o, m cr.ochannel can be
tapered at dunoruberirnBaeialivea s i SEPEE s B bedn GRHBRA0 ¢ or

provi di ng e';ﬁéée"sﬁk%ﬂl@hiité‘ct&@gﬁ defiféd shove), tnd & sekbSPmRRS SuiPdce; 4 (ByREr bot h
the depth and width of the 25 microchannels to provide a constant
cross-sect i dipdymericesoverlayes| The gaverjasiey includepmBrshimel o perdace swerlying e

eri nmet efr.. f [ ' | ,area or
por i mot o, e PESERFRHECERe Shodidf. ERLTIERA SRBESRRER I PelRkf Rt
vol t age gr adhetmicheRd@brit tlehitats adalvia Olteriditey tebacenahe fifst add Red nant |y
el ectrophoretic flow or_ el ectroosnotic flow, thereby providing optical

confi nenent Majof yirfagesfithe eryieelayPe det ection without | oss of resol ving
power. This structu L 1.di t Liap .bet ween | ow
aspect ratio and hi g‘ﬁa g@ﬁg{gﬁd g‘r’%’?’ﬁ&ylﬂv}ﬁgotnl%ée}l\ge?éF}%.t@dhtf)gﬁ%g%%@gta ratio

i nj ection temirofldidisanpie diat irvludes (o) phevidiag hntrcicleGn SleHomh 6f dfdl SHEET (Rul e
261 2 0 NOv 2002 WD.99I1 §5664 P /US%Q/,llO 4 zones, m'c&owell reactors, or
pi ezoel et r i COBRTISINE BAISHRANYDEriGSYRsHAE heyag a brst sairshefRqethatteclydes 3 vi ng
pover. It ispila3iey BOASr&E il NRIENBERsihYRrchitdclre€ ahd NsecBh& idfdpannel s havi ng
different depths.” This feature, in turn, may be exploited to create a

m crof | ui di cswfased (brintroducing s thicrpfluidisemplgtistoroac ef thBawanefleidairotehsingiept h

di fference, fIHj d. i n_on‘f rmof .the rel altivelg shal lov¥ n‘icrq hannel wi ||

not cross t h&CPHTEIERAPY (5} PERFFasing he sipps (o8 DY MAGHEDE STTR'Y ¢ he
relatively deeper mMTHeaRatiog prdvidedpbFafrit ARicledtussfalfot pdessih@ge yar i abl e
depth feature is also useful for preparing post arrays for corralling probe
capt ure Beadanalyziag) mlﬁwﬂmshsam}ewgatrm be Fentingousl predyced gnial commercial

si mul t aneousl| rattin r r L Ui le to fl ow
freely. Qhersgafléejg'ttg%‘té%"vgﬁaﬁt%(f{éﬁ? gééelgé% ngéaﬁ:\a/de}gf%dgg S\%l“?(f e apparent
fromthe fol hemdled) Tiesol ighbd can I8 usel dirputisffor processing a diuitesaintld, egl,é0h, and

fromthe clains. FIG 1 is a schematjc¢ drawing of a continuous "cast and
cure" pr ocesdeel-to-reel continuous process involving injecting a different fluid into each

microfluid processing architecture and then performing multiple operations.
30  Alternatively, the roll good may be separated into a plurality of discrete devices

following manufacture.
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| .S for preparing a mcrofluidic article. FIG 1 (a) is a perspectéﬁg
drawing of a mcrofluidic article prepared according to the proces RMWZ
in FIG 1. FIG 2 is a perspective drawing of a continuous "extrusion
embossi ng" prYR&¥ES684r preparing a microfluidic article. 20 FIRET/UPM1024 3
perspective drawing of a mcrofluidic article prepared according to the

process shown in FIG | ' ' A Sec

enbodi ment of a contigﬁeo?}glll l&%%grrldtg?lgﬁegg%%ggéﬁgﬁcagg%é(%’lgégle? Lbrlﬁtgfgnﬁgir}ﬁ%g a
m crof | ui di ¢ arruntiee of pro€essidf adeps ® @ peefoaparin-ire. dfonexargplef a m crofl uidic
article prepared 25 accordjng to the pracess shown jn FIG 3. FIG 4 is a
per spective dr‘%\ﬁ[oﬁgfcﬁf’m& PHFIPUEH RN Ffoaﬁcgafﬁwfiemawaﬂ g?(f“raégi' on

enbossi Ng" Pr qQa&igoraR iMb WA darifd mhRithdtindiif a%Pii:t?lg?difFe'réﬁémfﬁ g is a
perspective draw hg of a mcrofluidic article preparéd according to the

process shéwn includingas part 8Dthe khstratei bearingstbi evierofloiddressissing erfchiedhureydsh

enbodi nent of a _caqntinuqus "extrusion enbossi ng". process for epar,ing a

i orof | ui di o dPrQAsoverdeieendr e pt of Spgepnd polymiris gubstras njegratl bohdigso v
99/ 65664 PCTNS@4dbkfark, MafouPddigns SncBrpdfiting Adsk i crdeRiNeRd aff aldh passibRS | ui di c
article prepared according to the process shown in FIG 5. FIG 6 1s a

per spective dr Mulnlgyerfariaclesnre readidyipreperadbas welle embossi ng" process for
preparing a mcrofluidic art.icle. 5.Fl| .6 i S ers tive drawi ng of a
mcrofluidic article %gm%ﬁg BEOCEP &t ﬂ@?‘ﬁ"‘%&%‘@%@é&“@ﬁﬁm‘i% HEG 6.

FIG 7 is @ Persigs of Ulfend Widon el proceSssalciaidedt BBy ns.OfAcé‘ofaﬁ% trate
enbossi ng" process for preparing a mcrofluidic article. FIG 7(a) is a

perspective dramiclescaf bamanudaciined tapesfoanmumieroysfuncioasl induding.doxdi ng t o t he
process shown in FILG 7. FIG 8 1] chepatic. drnawi ng of a cont.i nuous

P ocese forn, blbairicsaditiiaftay BireBodholbll RRbinRRT RsSls ufehliot °1's

| ami nated to aiminGhcdkiayk,Enayhé hdseps Hideibadd hpBrididRiona8éa9s,fcell lseiingg nol di ng.
FIGS. 9(a) and 9(b) are cross-sectional views showing a mcroflurd 15
processi ng ar chembipaigrial ghemisinygand glectroghremawgiaph¥d with a cover |ayer

provided wg h m cr oel eleldliing o AR Unible 1 Brephfitdh of RfferdfiilordteSsif Nemat | ©

drawi ngs show ng representati
architectures having high aspect ratio and variable aspect ratio features. This, in

turn, provides structures exhibiting improved speed and resolution. For example,
the depth of a microchannel can be varied while maintaining a constant
microchannel width. Such microchannels can be used to construct vertically

20  tapered inlet and outlet diffusers for a piezoelectric valve-less diffuser micropump.
or used to provide electrokinetic zone control or electrokinetic focusing. Similarly,
the width of a high aspect ratio microchannel can be tapered at constant depth. The
resulting structure is also useful for providing electrokinetic zone control.

It is also possible to taper both the depth and width of the

25  microchannels to provide a constant cross-sectional area or, alternatively, a
constant cross-sectional perimeter. As a consequence of the constant cross-
sectional area or perimeter, the resulting structure enables achievement of a
constant voltage gradient throughout the length of the channel for predominantly
electrophoretic flow or electroosmotic flow, thereby providing optical confinement

30  for single molecule detection without loss of resolving power. This structure is
also useful for providing a transition between low aspect ratio and high aspect ratio

structures (e.g., high aspect ratio injection tees, low aspect ratio probe capture

-6-
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mcroftuid processing architecture designs. FIG | 1 (a) is a top view, of
flexible polyneric substrate featuring a 20 plurality of electri c'bDIWV 2002
conductive traces and contact pads. FIG 11(b) is a top view of a flexible
pol yneri c wo'bpéseqat € featuring a plurality of mcrofluid preegasdd1024
architectures on a major surface of the substrate. FIG 12 is a top view of
the substrate shown in FIG 11(a) lamnated in registration to the
\substrat e zdnssymicrowell@eactors, of plezogdectritdriveelemenshwitheutlossofa pol yner - based,
m crofluid processin rchitecture-bearing article for processing (e.g.,
anal yzi ng) elﬁ?‘&@‘&?ﬁ%ﬁi" OEVé Q€T and a continuous roll-to-roll process for
nmanuf act uri ng t he g aiseIpbssikPe & SHepae twe Hiersdctinf enipfoekamelshagihgr red to as a
"continuous cast and cure" process) is shown in Fig. 1. Referring to Fig.
1, a fl owaBifferenpderties: a1y featses in tus. Imayshs explnited te greagagniseafiuidice 30 resin

ot ol b, e ERPHAE sbiilel fefed B R ol BrBigh STl e e R o

26) Z U by oP00 ZeI MR eDOsHai 6w mitioEhdnBilllibd 4rdsx atnihessecfiorbutlésahl e
materials for substrate 14 jnclude pol y(nmethy] net hacryl ate) pol ycarbonates,

pol yest er s bulferds pwrogrerddate theselavyelydegper spjroghannebiodirisiee thebl e resin
conposi ti oRS .06k Hd ?&?w ; ymnet hyl
met hacryl a’?@fl{s%ﬁg ggﬁ#ggb% o) aﬁéétg&i ‘%Eﬁﬁg‘g‘ssmgﬁé%‘ﬂ%‘?@% éﬁt ?rar?}(')s?fEESL Exanpl es
of suit abl eopiitihgprobe caitanedeadsah anléninengassay @trivelesc aoidt issays Wislezoi n et hyl

et her d benzoin isopropyl ether; substituted. acetophenongs such as
2. 2- di dBhy SRABREpBHERBINIaE Se detner ieen and B A rni 0 TRE ¥ phenone, and
di met hoxyhydr oxy ac@fhepfeaimii@ind admtdgesbBlie alvieRAok 841PbS appardht Hdm
2- met hyl - 2hydr oxy propi ophenone; aronatic sulfongl chlorides such as
&y

2- napht hal dhefollowing deserintion iof theipeferreghempoediments thereofostidfsem shech as

1- phenyl - 1,C aﬁ‘%ropanedi one- 2( O et hoxycarbonyl) oxinme. Qther ingredients

whi ch may b ﬁborporated in the conposition include nonohydroxy and

pol yhydr oxy conpouRK®)! ik RisetRifatipideawige of Scontin@sils 'Rastand culeOpgeesti ng agent s,
pignents, fillers, abrasive granules, stabilizers, light stabilizers,

ant i oxi Wanti6r pepanedgaisrefluigisatiicly agents, flatting 15 agents, col orants,

bi nders, bl owing agRetits i 4pabSAGLabAR &Y fideuaturdachapida ol ass and

ceram c beads, and reintorc materi al s such as woven an on-woven webs
of organi c aoordingao geeprocdss devm infdG&i h 10 and substrate 14 are brought into
contact with the n?k#‘ilrgg surface of a noldi nrg. tool, 16 for ipprinting a
desired mcrofluid AFergediye dravipg abe eeTHInYOpS EXHUYAR INgur f ace of
resin |ayer r%@essfo?p?é]ﬁ% h hiGofluidio arfi®kdi ng tool 16 is in the formof a
roll or endfess belt tha% rotates in a clockw se direction. However, it may
al so tak® the for mFYE. 2(akigkipaspéatiak deavdng ef a miroffuiditi andcle prsiparedy be

prepared usin varj ety of st erd.pg,t echni ques, including | aser ablation
_mastering, 3(f°§5‘$'?%‘8 dbee '*fefﬁs F‘lq(?wrfb‘,n I‘lplﬁ(')%'ol i t hography, x-ray |ithography,

machine 25 m|lingFi@nyl isg perbpatlve diawiiRbof sechif dribadiénttdfe desired
m crofluid processing architecture. The particular architecture design is

sel ect ed basemtinypisn extrdsionembassingherosess &¢r RrpRaEme aaicepftuidie article. j nt ended to
f R t alyj i A d 11 (b).
The desi gne’i ol uad 18" SERERMEReaNE NG of it @RuialChdlye plopalt 20, 20, L)

chip (FR§. aeoding e procedsahowwihBIG8is chip (Fig. 11 (b)). The
architectures feature various conbinati or}s of .mc¢rochannels, fluid
reservoirs, and sarfgfe4RSHBRISRSEHYERIAYING 0 PrlirdiemBedimsALOfARONtROUS ndi vi dual

-9 SUHSTZTLT&%J@?F%S %Eﬁiﬁ% rngges%%,g \ABQ.P% gg%gg\?gﬁéﬁagm PCTNS99/ 11024

m croarchitec ruct S (b) are
representative of tHifi d6d)ish peesyecivesdrawing of amistotluididanisle pfépargaar t i cul ar

di mensions for an iven chip nmay Yy, Resin layer 10 is brought into Iine
contact wit HCEH nﬁ?ﬁlﬁ%@*é&ﬁ&%éﬂﬁf@-m ding tool 16. The line 11 is

defined 4py the upstgrram;edethepatic alwing S fourtR cABEIINRNES 4 &InBhidg to both
tool 16 and resin layer 10 as tool 16 rotates. Substrate 14 remains in
contact wi t Hextession dnabyossing'Oprasess fog prepating a ouerofluidic artidesur f ace of nol di ng
tool 16. Any excess resin is mnimzed, after which tool 16, substrate 14,
and resin layer 10 are exposed to actinic radiation froma radiation source
18, preferably in 10 the formof ultraviolet radiation, to cure the resin
conposition while it remains in -7-
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contact with the nolding surface of tool 16. The exposure tinme and dosage
| evel are sel ected based upon the characteristics of the indivi dZJﬁINUNé@Q%n
conposition, _incl lélg]i ng the thickness of resin layer 10. As shown in Fig.
(a), the resAP5%% oduct 20 is in the formof a two 15 | ayePCIfRp/11024
featuring a polyneric substrate 22 bearing a plurality of mcrofluid
processi ng architect gpgss@fis ; | I owi ng
nol di ng, the sheet mbeégflgfemﬁ%&yﬁwé%ggﬁg?mfﬁgﬁoﬁﬁmfﬁﬁlﬁgjpﬁpgreg t he
product in thacoring toftheiprootss shownlin FiG.i5s al so possible to performthe cast
and cure process usi rﬁ a .t her mal Ie{ 2&) cur,agl e resin qorgﬁositi N as,the

mol dabl e resin conpodiDi B & PETSREANYATRW IS of aLgpHRUOUS( SYDRIRtE BNDPSSHIgat i on
(e.g., a heat ploaésp Yor prapdiing alhrfofRfdit Bhield. adi ation, is enployed. In a
variation of Fhls process, a nolten thernoplastic resin is used as the

nol dabl e r¥esin conpodilEi &48) isprrerspspinetrawing obf mikeofhuihe aial¢ prepared i s cool ed

25 follow ng cant Act 1t Be %lcé 'sLXwérir?H@r&t han cure) the resin. Mcrofluidic
articles may al'so prepared according to an extrusion enbossi ng process.

Various enbodi ments @Gt Miisa peregertise dawingsfwietshddngtodimer of Refudkkd®g t o0
Fig. 2, a flowable resin conposition is extruded fromdie 12 directly onto
the rotating SWPeER" Brocsss far prgpareg a mirreflwdictatigler esin is brought into

line 30 contact with j . Of Log::00l. 16: exanpl es of
suitable resin corrpoinEItE’? Zﬁisﬁ%‘f}%c??f{‘{]%g%h@t°§gﬁjf‘ gb{}g{lé'?%lrc#aqrfgfr rabl e,
and ther mppl aatdogdih® s the pescpsssshoivarin FI@sKri bed above. The line is defined
by the upstream edge of the -10 SUBSTTnTf E. SHEET (Rul e 261 2 0 No v 2002
WD 99165664 PCT/ US99/HlfhB4s » schemagin dravingef 3 eansinpous Rrecesy{ds prapering® and t he
resin as t ool n?i@:ohﬁfd% %ﬁnleeﬁvﬁx Wedve lﬁg&'i%%ﬁ)\?&& tbea ﬁ\?c?wl\h& Q‘Qhﬁéc?lﬂ'g-(:t s a
single layer article 26 1nthe tormo sheet teaturing a polyneric
substrate 23 Ilbeaidgmybsirgp¢ follemwitg/mofdimg. cr of | ui d processi ng architectures 24.
The sheet may be take n a,rqll (not shown) to yield the 5 article in
{he form of & rol i gobe efs) ahabbmtpsrSeiombyids Ynaamyrroghd ne
extrusion g m%&e%@éx@ﬁi@&ﬁxr@%@mg dibdttale combifsd WitRWRold? l@egprog?ide@
polynmeric substrate 28 is introduced into a nolding zone defined by tool 16
and brought i rwith mjoneclecstoniccalergntyy t he rotating nol di ng surface of tool 16.

substrae 14, Non-opt 1ot PORRTA00 afisetu MpGobh il (e auRE | 7
f1 owabl e resi niafiuid pioceslingaschirerd deignabove) is extruded fromdie 12

onto the surface of substrate 28 opposite the surface of substrate 28 in
line contact with theFHdldi@1ds atamview obe fleyible podymesis swbsigate aturingaenbosses

a plural ity OprlE?gﬁngdel 'tcﬁ;]o%ﬁ%%ﬁjcﬂge EOLAFEHUEPadN O the surface of

substrate 28. su
FIG. 11(b) is a top view of a flexible polymeric substrate featuring a

plurality of microfluid processing architectures on a major surface of the substrate.
FIG. 12 is a top view of the substrate shown in FIG. 11(a) laminated in
registration to the substrate shown in FIG. 11(b).
25 The invention features a polymer-based, microfluid processing
architecture-bearing article for processing (e.g., analyzing) microfluid samples, and
a continuous roll-to-roll process for manufacturing the article. One embodiment of
the process (referred to as a "continuous cast and cure" process) is shown in Fig. 1.
Referring to Fig. 1, a flowable, preferably essentially solvent-free, photocurable
30  resin composition 10 is extruded from a die 12 onto the surface of a continuous,

flexible, optically transparent substrate 14.
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15 article, as shown in Fig. 3(a), is an article in the formof a two-|ayer
sheet' 30 featuring a polyneric substrate 28 bearing a plurality dfy KOV 2007

m crofluid processing architectures 24 that is integrally bonded to a

pol ymer i cwa9956@2 fornmed fromthe resin extruded onto sub®POTAISSIPI®24

Fol | owi ng nol di ng, the sheet may be taken up on a roll (not shown) to yield

the product in the_ formof,  a roll good..20 Fig..4.illustrates yet another
\cari ation of the eXfAMRlssHfsy %Qaﬁ’&agrfBE%tb§trgﬁ6 c*"rﬁicFi g. 2. As shown in

Fig. 4, a %b&xﬁ@éhglnﬁé%ﬁacm&e §é&$&ﬁt&a§ol%&@§.hh&€olaﬁﬁue§. Exdanfpidst uded from
t'he

die 12 ont rotating surface of _r_m] ding tool 16 such that resinis
br ought i ntof shitable photrcacblaviesin compositons inclydsalkylecrylaes andd di ng t ool 16. As

inth f ot di ment in Figw 2, the.line is defined by 25
e, upst r oaEARNAtEH (P ITRHEY LRSIy SPE oSt e Birs So. and ¢ he

is introdu into the nolding zone defined by tool 16 such that it
cont act's t lenzas methybethendridebemeoin isoprapyt ethers sithstintadeacgphensingsisichhe

material s di sed above,in t ontext of substrate 14. .Non-optjcally

t ranspar entas?&Eégﬁg{)&cempe%nggf%@rngtgagy-%wger}yz-i;Hhtepﬁaceg?plgp?x}echbd is in the
formof a tdm.ei_heyﬁiyds@?aéet&ﬁaeﬁ@gt; wibstithtéd a1phaasls Suchid St maihgl-28 bearing a
plurality of mcrofluid processing architectures 24 that is integrally -11
SUBSTI TUTE ISRy grepipphengne; aramagicNalfordehlopides 9uh gsgaaplhalengs09111024
bonded {p p r bstrat . L.ow 0l di 0G5 t. 4y be taken
up on al_tor ol %?’ll%ﬁ@tmg%@\%h@dt%o&agﬁﬁ {)ﬁ@eg%g%éﬂhgh{lﬂg %’g’?’%ﬁo (?na irTgI | good.
Fig. 5 illug-ethbgegcaponyBiorinte rOhebindrediznts wiiiclamap be incotporatedinahsi ng
process. As shown in Fl%th, a . flowa Iew‘%%l n conposi.tion (as descri bed

above) is 5CQMRasitigadnglidsmenchydroxyng pelybydraxneqrmigpuads.thixatreRic nol di ng t ool
16 such th s .t TNl i { (AR ating surface
of moldi ng. TEsafe hastcizeRt Wightnihg Menks, BRI, A e et e 5 The
line i s def stakitizdry, lightstabibizersantiexidantafflovhagentsshadymgdigemsfattingg ati ve to

both to 16 and the re.iga tool 16 rqtat.e. dgiti. nal resin froma
second ¢ e ﬂﬁ?“fssc%l%af‘[?d@& ‘Efﬁ’ts%o‘f’wg ABERI “B&‘C‘aass B ?r}?“geéniué 13415, i t h
nol di ng toognaaﬁandﬂe%ie%ﬂdsmﬂr%mbﬁg nhaterfald 3ih haW6Vertdnditoh&vdiéni N t he

formof a sheet featuring a polymeric substrate 44 bearing a plurality of
m crof |l ui d pebrelwanic antinorganicfitess. 24 that is integrally bonded to a

pol yneri c substrat 0. g0 e 40.
Fol | owi ng nol di ng, e‘%%gl L(ﬁ%@s%ﬁ%tga?ﬂi %éﬁ%\ﬁxﬂﬁ%&@@ﬁ%t&ﬁ%ﬁ@& & hown) to
yi el d the pgedacelofiamdldiag tevl 16 @ér imptiatihg @dexired hiicrofuidl procegsiagi bl e to form

addi tional polyneric |ayers by incorporating additijonal extrusion dies.

Al t er nagPveRichitecturepgitern ento g subace @f fisihlaxst 19p ASSpeYVRIRF e baneldte nay be
used to co- gxhnyqe; i 116ss!bRY Bt rothiBs MGlcIGRWiircEiGPdi ment ,
articles rrag&gemgéragggé gdéﬁbcgagggéggédrlatse 20 eﬁ%ossi ngc pr ocessfr.e GAEEp

i | 1 ustrat ed Howelvey it B3y alssiakgthe, fommbhas sylideica skesve. afte malding tholonmht i nt o

| ine contact with | di ng tool 16 to.formthe mcrofluid gcessi ng

ar chi t ect ur é’ed’f%ﬁ“ﬁﬁ?"’@ﬁg‘(aﬁ‘@tys‘lﬁr‘?ﬁgémgftec{pﬂﬁlug‘% “}déﬂgel?sefﬁg{af‘?’he 11 is
formed by thﬁasteﬁingr S6GionMadimiliig, bhGtolidhfaBRTXa8PRtHRErapHPShiciR 48 and (b)
the nip forned between roller 50 and the rotating surface of nolding tool
16. Opt i26nalmijling: end soribb@. A6beassr paiteen of the deringd microfluideproceasingig a

m crofluid prqcessing architecture pattern. The resulting article features
a substrate *}’i%%}feﬁté"ﬁa plurality of mcrofluid processing architectures on
both of its major syhépafiSular fcifiteitife ddsidn id selédt@) baséd@pdnaheltidsire@ product is

a single layer article 52 in the formof a sheet featuring a polyneric
substrat e 48%msesionrvdhich the artigld is ynterided o peréorny: | Repeesentatinesiesigns arechi t ect ur es

24. The Shees}o%ﬁv gggégﬁg)?lbl@) 2 ({)fl'l'he(@egltgn? &%K‘,{Bé a%gm}gétﬁ{ogx atssga?f article in

.resin ag tgﬂagto}&tiﬁteﬁ.aﬁﬁhﬁléstoﬁstiﬁabi@aﬁotbinmtm@in%maer&anmll ¥BsisGesabstrate 34
e

t he form of
30  chip (Fig. 10(a)) and a ladder chip (Fig. 10(b)) and an electrophoresis chip (Fig.

11(b)). The architectures feature various combinations of microchannels, fluid

reservoirs, and sample handling regions. The dimensions for the individual

-9.
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Fig. 7 illustrates a variation of the enbossing process illust r af 8NV AR g.
6. As shown in Fig. 7, enbossable substrate 48 is brought into |ine contact
with nol di ngWod8165664 t o form the microfluid processing archit BETHS89/11024
directly on the surface of the substrate. The l[ine 11 is forned by the

intersection of (a),the up tream d t\r 8 a

formed bet vveeﬂ“?é?%lell& cg'ﬂ gmﬁfsggo‘glﬁdloé)'ﬁ U@@F@E‘E@%ﬁ ?egfcéérg%.“ the
rotating surf%ﬁ;apamﬁeﬂswnmeﬁcmﬂ sud® chipsl OBl gercdlidr dimemisnstfoPagbish t hat
it contacts the surface of substrate 48 opposite the surface in contact

wi th the nol drlig mayr¥ai¥e of tool 16. The resulting article, shown in Fig.
7a, is a two-layer ar i f
pol yneric substrate %é ?A ﬁyérqo'pbltongm]lﬁm lmerpf) RIM:cr ol?ﬁ’ 81589%%%?@?

ar chi t ect us es mAdihfiddol i16. The Egeral ls)deﬁmdh)dthéﬁlparqmi gdgerofCesﬁubﬁdrrmtaﬁd54 The
sheet may be taken uyp. on a rolld%not shown) i g the article in the
formof a rol Im‘g’S%EFla‘PGI‘PQMhH@Ol |aBd Fe§in hazéerdmsc%l Jotaies; fubstteddf a

"bl ank™ t hat asserrbl e
an operabl e m?%ﬁgpfuﬁnéd?gggggﬁ H@x \}P?E%éﬁﬁttércqohﬁﬁts?lg@%ug%gé gﬂgomﬂ}%

separ at e covenodidgerAryexcessvesin is@sinintiecdyafterobhivh thobl Gsabstiag14, and resin
architecture- bearl ng layer., In this far the@gew ce is seful for

processi ng (elgyer 16AmM ?‘PP?FG)‘O RSO RHAn SomHA reiation SIS % prederablydn cover
layer are lﬁapQEé ﬁmﬂfoffu?ﬁ' idle l’gdlglll(H‘LQ) &r@ie réﬁﬁk dﬁPochH\vfsnF}@lt RrfedifN i d

processi ng architecture- ear| ng substrate. tion, ey resi st
degrading in tdomaptrw&bﬂmemiﬂ:mgeaxjmtaf taldh. &"he bxpdsareginge/aridoduishge lenedd f or

sanpl e anal ysi s, r ef er abl nimze b roun | uor escence and
absorption; tHEF ‘fcl‘?éf <§ X‘i" gﬂaﬁ%ﬁletrlsgfﬁ %Cﬁg '@é"é&i?ﬁ TRHETP MRS By i ce is to
be used in corlhé;n@*hg(mem&heg‘blop%ﬁﬁgﬁaqg based anal ytical techniques. 25
The cover |ayer may take the form of ynmeric substrate that is bonded

to the ni cr of I UI d pr oéésibpwglmfléhl(?b&qrﬁﬁéﬂwfpﬁgc@grlﬁ indhe frmeafa twabst r at e.
Ex | |
i o T R

effected usi ngpxacdssmgslwtﬂeamsm im@ﬂt}hlamdveto(mbgratem Following molding,
styrene- but adi ene-styrene bl ock 30 clxg1 ymer adhesjve co rcjially

avai | abl e f r onthsgleet maxdertaken ap 9B sirphh 19t showndia s the g wthef?epo#;eu

adhesive (e.g %Mdene vi nyl acetate adhesives)) a patterned adhesive, or
a t her noset adla‘|e5| (e.g., epoxy adhesives). The adhesive -13 SUHSTfI'LTfE
SHEET (Rule z61 2 0 It\ﬂs@léom@ﬁblemémﬂrﬁﬂﬁﬁmsm GBS rotess DRidg aaherinally ai d
down in th attern. suc g occur s at di.screte

f d
| ocati ons g% orm Fé‘? SMPasHiogiay « @ldgtﬁ%%skg IROSUPRAN WNIEREAE A i ng or

sol vent wel di ngo‘;r&eomwal ka'ava%ng §.£& héa( 1dnth)! Rtheltiah ablinit thdpitRRSSS NY
architecture-bearing substrate gi d cover 1ayers such as gl ass cover \

| ayers may be empldyed wel | . In addition, the cover |ayer may be part of the

anal v cal nst e o A S R bR PO SR RTESCY,

Fig. 8 illustrates a nga o)
m crof luid proefiddbldresin@dinpasitior. enimwmmmsuhsureaba aﬁéresﬁﬁns%h&w in Fig.

8, article
25 following contact to solidify (rather than cure) the resin.
Microfluidic articles may also be prepared according to an extrusion

embossing process. Various embodiments of this process are shown in Figs. 2-5.
Referring to Fig. 2, a flowable resin composition is extruded from die 12 directly
onto the rotating surface of molding tool 16 such that resin is brought into line

30  contact with the rotating surface of molding tool 16; examples of suitable resin
compositions include the photocurable, thermally curable, and thermoplastic resin

compositions described above. The line is defined by the upstream edge of the

-10 -
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10 64 .is conveyed to a |lam nation zone | ocated downstream of the nolding

- ‘'zone." The | am nation zone includes a flexible, polynmeric cover sulysg gy #(p8
on aroller 66. Wthin the | am nation zone, cover substrate 58 is |am nated
to articl ay@4g/ksssaveen rollers 60, 66. Al though all of the agawsodernyi bed
articles feature a single substrate 1 Swith a plurality of mcrofluid
processing architectures on one or both of its major surfaces, it is also
Yossi bl e t orepm@pémva? refative tp ot taol il 6 gnd theaesin ag togl Hhrosales t Asshesvnhonded

t oget her. eto
substitute aq:nglaz\(c?f ﬁ‘ﬁ%c’gmhg%gdsﬁ?ﬂw% smgé ag%:'ta%ﬁée]ggggé %Hﬁ%ﬁn %}%F g for the

cover subst featufing h(pW(ymeﬂchlg;tra& 232!£barmg a plurdlity bﬁﬁﬁ@‘aﬂl\md pemtsnmgs may be
sel ectively deposited on portions of the mcrofluid processing

ar chi t ect ur aghitestuges 24y heﬁgeqt maérbled?ke%‘tpf(’&l@emgi(“%SBPUBh‘&riﬂ%‘F‘éhe Deposi ti on
may occ e r: qmenufacture or in a subsequent operation.
" Exanpl egg of hé@ﬁ‘%h‘#ﬁﬁ@g&%fbﬂ%’% t echni ques include vacuum sputtering,

el ectron beam depodig.i3diustmadsuhother vhejation of e exaumiorcérabossinl pragesy 25

deposi tion. The |nor anj c coatl ngs._nmay perform a i,ety qof functions. For
exanpl e, t h&heyuin, r\@% b Shewn ia £ B2 mlxmsa%éurgsﬁéteﬁﬁ Ansediipty aof t he

mcrofluid H{o?cﬁﬁﬁddlgieﬁﬁm%t%ﬁf H ShdBrodght idtB1iRY @orﬂb& va{hQHP%tétﬁ f €

properties. cation of certaln coatings may facilitate w cKing a sizing
gel into thmor\dmg surfweméﬂogl . SuitaBe mdtexidls foylsobstmies?8deciudetho@onduct i ve

coating may, be,u m el ect.rodes. 0 i aphr a for piezoelectric or
peri st al 9| c dﬁ%fﬁlbfié’ %ftsf‘ te i Nen- ?J%‘H:Gﬁég' Bﬁ’ gg‘i’ﬁr‘l‘tﬁ%’e‘% ent
out gassi ng fa@'iaveﬂpw mmmﬁnwﬁ. odifio)@s dEJ&h@E@I\WE?@QXtmdeB“&mﬁUHﬁE‘ TIJZ'E
SHEET (Rule 261 911/ 65664 PCT/US99/11024 It is also

possi bl e t o os téesurfeéc 9f ﬂ@p@%ﬁ 28 pppasiathe supfae Qfgrubatatfp?fb'malme dohtaclonpat i bl e
o chi toct ur SME ploldie GRfe YPGRELES MRBIHIERY R oBEsRaRbAl S b aoore "

det er m ned paicioflui Socdsking aichiteetiereO©bntd ki shefdey of sabgratedmil PRedsilngont act

the 5 mcrofluyid processing ar chitect The article preferably I ncludes
one or n‘ére aﬁﬁ"ﬂ? é‘éPl&}YWGrF‘B: 3(#) BB G LlJ‘?:%!PI‘ e&m%w&mhmapcm el enents

as well. i e traces,
el ect rodes ect 9 (g%gépmbrgnﬁgctggﬁgg%rﬁlﬁqmp&ﬁ nts, ﬂfhu?d) g%%’t cally driven
E;(Jrrpsl and ¥adr01&te¢tuﬂc@ 2|41tl|m1mhtegtallgr’o_endimirtol daqjolmatcdmrewmbﬁ)dcd feoml tiehe | idke
a es of m.cro i.cal e|lenen ude ui des vvave ui de
et sy EHRRrrd OBloaTbif: 18 Eolowite waltin e et il beiken e

el enents, so}jd (ﬁ&t%‘h@wh) ﬁ%el&%ﬁﬁé‘dﬁc@ﬂﬂh@?&rﬁ%ﬂ%ll g@@&i the |i ke EX&WD' €s
of mcrorrechanl cal elenent's include filters, valves, punps, pneunatic and

hydraul i3 routi ng, El&zl%lll\l&rmiekﬁﬂ annénenvarmem efribmestmmn ¢rabassingncor por at ed
in the cover suf f ac [0CESS
prlggéé shov%\ Bﬁé rzat %gnn D) dg gt 43, ?\;vgl% %gsgl c%mpos 10

|
.architecture ing sl nmeric P?ate bonded to

the mcrofl uue:kcmssacabsﬁe)ngemabd fremtdic £2 bmanhmmm@snnf@deexf nfuldi@g edirbi nat i on
thereof. The m croel enents serve a vari et%/ of functions. For exanple,
w

m cr oel ect r ohd suchithatsssinsis breyghtiglodlinesontact with the revatingsusfacg of moldisgsr poi nt s

in the tool 16. As in the case of the embodiment shown in Fig. 2, the line is defined by
25  the upstream edge of the resin and moves relative to both tool 16 and the resin as
tool 16 rotates. At the same time, a second polymeric substrate 34 is introduced
into the molding zone defined by tool 16 such that it contacts the resin. Suitable
materials for substrate 34 include the materials discussed above in the context of
substrate 14. Non-optically transparent substrates may also be used. The resulting
30 article is in the form of a two-layer sheet 36 featuring a polymeric substrate 38

bearing a plurality of microfluid processing architectures 24 that is integrally
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20 m.crofluid processing architecture can be designed to el ectrok'z)p%'gg ly
drive fluids through the architecture with a high degree of control. C

m croel ectrogj nts can enabl e operations such as el ectrqki i
injection, c g?”?éé%xea ectrophoresis, and isoelectric focusi n%%ﬁ% as
nore conpl ex operations such as delivering precise anounts of reagents to
one or nore saomled thpolyhichg silsfarrst. Follbainganpldingaticshsetmdibeaskenapi | | ary
array el ectrophoresis and conbjnatorial] chem stry. Mcroelectronic el enents
that contact CRarell (Aoyshewmde yisidine “(jh‘é‘dh‘ig‘m‘o‘ffrﬁra £80%r essabl e
electroni ¢ matrix fOrFiE.r§ﬁlu§!rﬁ£9yé%'aﬁ&théx%?ﬂ§brdﬁhérﬁ of @h EkmicH erfflRLiAEd

bi ol ogi cal species such as cells, nucleic acid fragnents, and antrgens. 30
M cr oel ect r onipoocesse enghownhafig Sna flowablheesin ednapasition (padescibddaboyr)iint can

|so b d to detect i | ect r.ochepi cally, .- 15, SUBSTI.TUTE. SHEET
(Rule 7615 ehrigs o 3R Gt oGl Esiriies 85 mhisae (8! FE BRI SGLT bl o o
design mcr oelbgagg]m htd 1A cotRach Aith G oRdtingtsBade dfinfblding to N 8MAs8n the

m croel ectroni enents can be designedto lie in close proximty to the
m crof | ui d pr cessdfithgembedimentichawa in high 21 theline sedefipethbp thewpetdeanvedgeat and
cool fluid sanples, .or to establish different erature nes t hr oughout
the mcrofl ui é“W%Bé‘B@F}?&%‘}CEWF é%g?}béq lggéﬂag}b@r&w ap F{)o{ E&Ff)ﬁatgsre used to
support ther meAddisial REin 6t lalsecbnd dieP]siekBhdcdsnts thehayds oPfeRindfiRbhthdicat i on
of nucleic acids and conbi natorial chem stry experinments. In addition,

m cr oel ectlOoni withemelding ol 18.ng in close proximity to the microfluid

[ hi be desi f ' d AC
pedance changes. usel I BN RLERe g bt B AR B R e

separation sysfegiltind RpbEnitie salsvarted4 Kbafih@h pliiral WR Y microfl BidPrReEsiigS

m croel ectronic) mcrooptical) and/or micronmechanical elenents into the
microf | uid prodekitchige atis pnegralbeonded ip apelymeds substate 44 Sommed fromhe

m cr oel ement s ' : [ : . ' [ bonded
fo substrate chenfgkRRRERARLEde; PR Holdyhe et Y 601ty e

m cr oel ect roni wlighetrshoiva) iosyisld okeprodudtiigthe f&faof arvdl gbold) It iCalée podsityeer 70 i s
bonded at one surfacg to the mcrofluid processin (gr,chi t ect ureheari ng
surface of sub%tipmpaddigonafpalymegic ?XeEﬁW‘ﬁF%%’s"‘s‘Pﬁgd Henal pxty &hown in
Figs. 9(a) and 8| Iaquiﬁgq i ; Il L and a
m cr ochannel 35‘%@%{5&' ayere%ehgi[gﬁﬁdrg’gﬁggzélnggrtlétié géaelqll)lf%gﬁ%(gg??e\z}govi a 76
in 20 communi cet-extrudeimiitiplepotymyric 1@yers.hat terni nates in a conductive
circuit trace 78. Trace 78 agts a n el ect rode for applyin voltage to
reservoir 74 to dri ve(ifllyﬁf 28’,0&5?' e'@%ﬂ‘ﬁmg{\f‘ém{eﬁé’?a&W,prfﬁ%@h‘gﬂﬁs‘fﬂ%

ni crof | ui do@r oe@bsedsitg pro&eds.t AS llikRated\in BBOKA sirpl&;iethboSKable subdtdte/s3 igBy be
filled with metal to forman electrically conductive "bunp” 80 in
communi cat i on \krqughtiatpdingsiontagywitly molding kst 16rict fosm ﬂﬂ%mqu%ﬁﬁ processingg

m cr oel ectroni tS i gle, i : OV] 10 i ble (
pol ymeric subst% chltggg%éir?rieﬁ gn {shgs}lgécteo ﬂg é@@%ﬂ%iﬁ@“@oﬂ%?ﬁ@%% rﬁ%agces
(e.g., traces rimesedtionrnfta)ckelpstrgarh @édggpbdfcsubsitam 49aid (djithemip foompdr |
conductive silver-till f)d i nki or conductive c .bon-uéléd.i nks), argg t hen
form ng the m &eByeenrellesShand theqgtatipg pirfase ofme took 18-t GRitenglytratler 580
substrate. skxangh fsveof moldirdedRtBeStitaRhs @ nGeronid ;Hg@esﬁhgﬁﬁzhﬁ@c%% pRgghi n Kliun
et al., US 5,227,008 and Gerber.et al., US. 5, 601,678. The substrate

t hen becones t Hhemesmitisfg article frapressasubgirate baNinga pinrdity ebmicrgflwid prrcessing. - 16
SUBSTI TUTE SHEETgéRutI e 26??0}1%{.[)? N{Q\/ 20 2esV\D 9.9/ 65664 PCT/ US99111024 The
mcrof | uid proctBReHYTes PRI B AIREIPIESS or ned in several ways. For

exanpl e, the conducti vaskhasem¥Ear 68y tetedudify bdidd & S4iREE l3teartiely 5De
brought into contact with a nolding tool having a nolding surface bearing a
t

pat ter of the indkg form ofpshest faaruingraqodyagritgubstens $bearing apbiraliyiohg t he
AR B 1 eﬁ'?\gc@djﬁ§Fo%k§§ﬁ1§,fa}r{]i}n§htﬁres94. TRE Lt Ry BRI Lp o Q&l@(ﬁ@é trate

i s enbosse mcr processi ng ar ar e e
surface as the gRWYE yivla the &€6le in thedoini 8f£rallaidodr N and nol di ng surface are
desi gned such that the conductive traces mate with appropriate features of
the mcrofluid processing architecture. It is also possible, using the sane
nol ding tool, to enboss the 10 mcrofluid processing architecture onto the
surface of the substrate opposite the conducktliwve trace-bearing surface. In
this case, the non-trace bearing surface is provided with a series of
electrically conductive vias or through holes prior to enbossing to |link
the conductive traces with apprgﬁﬁg é£%+wes of the mcrofluid
processing architecture. 15 At ?bﬁ%ﬁ%# ﬂgn%%%sible to bond a
separate pol yneroonechani cal elenents to the mcrofluid processing
architecture-bearing surface of a polyneric substrate using, e.g., a

4 a N o o o, e



.

-
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'substrate having mcrofluid processing architecture on one surfaceggem}v 2002

inserting electrically conductive posts or pins through the opposi
surface; sddoveseéd vely, a z-axis electrically conductive adiggasgssniry be
used (e.g., Z-axis Adhesive Film 7303 conmmercially available from 3M
Conpany of St. Paul, . The article can 5 then be pressure nounted to a
kircuit board. In Hig Zillustrates aghriatinnsoftheermbessing nrecess dlustraredindipct i ve

P orof Lui 0 & A8 Seuiti TP oh bobereal 8 budierl S bra RISV CofliEviif g an
el ectrical eEMRLCobIOTS to Yoim tHeGhidffluidprooehsingraréiitet iR digectiondiet i cl e with

‘microel ectronic, 10 mcrooptical, and/or m cronmechanical_ el enents involves

taki ng a posupfese pEthe substratgt dhrdine A isdosned byithe ipteseetian ofgaktheni t ect ure on

.one surf | fg%%ﬁgﬁg‘%?geofﬂ shb&?até‘?g%g& (&) Ehe%% ?A:ﬁﬁhrdeﬁﬁée}#ol‘fe?gﬁ lbgiesi /e netal

traces hi's sur I'ng conventional ne position and
phot ol i t hogsezpiid polymefinsubseste SFhaad dietrotiag sudycelrd nuddidg tawl pér f orm a vari ety

of procedures) incJuding.1l5 anal ytical procedures. ol |l containing a
nunber of dgg%ﬁ'rélee44df E?sgtl“?'l?fi&“g} %@%E?%g‘%ﬁﬁﬁf‘#@ﬁ‘ﬂﬁ@ém Zi:80%"F’t‘3§‘é"cI directly
in a conti nyRUGH&ShHcbRadiSth Mt AfidiRg sBifsR ke 160 this process, the roll
woul d be continuously fed to a m croffyl uid sanpl e di spenser which would

i nj ect a microfl ui Fheaegulting articetshewn i Eig. Faris atwo-dapchamickerisfih thed
processing architectyre. The resultin l,es woul d tm e. processed 20
e o 1o St el g o PR et Aol A s TeatRy o Pl oL B REET o *F orm o
number of i pelickistiprciRViuFRD4HAtli M r{IB bdhded tda polpaeHdsubsaess. The

i nvention wll now be described further by way of the follow ng exanples.

EXAVPLES 25 Tz shest may beyaken up anatrell (ratskown) tpiyiald thegeticle briheformaf aa nunber
of m crofl Uirgll ngoqcessi ng architectures, were prepared using mcrostructured

ni ckel tooling®in the formof an endless belt. One of the tools was

desi gned to have t heollowdnginolding the aetetsisig tir folh o€ a 'blask "ahittcan Be Shown i n
Fig. 10(a), while the other had the pattern shown in Fig, .10(b). The

t ool i ng IRas ehedapdy s ke-ueallepand %%réi?- apasse @y opsrahle mickoidsupstrate to

proouce e SSLRRANRLL bt erlif il ol sgengd aeao (o
SUHSTI TZTf E th¢microfliid peocBing arzhiGchitd/bONZ 13Y0r 9t diidaiodm RET A¢e8ds 11024
useful for processing (e.g., analyzing) microfluid samples.
Materials for the cover layer are capable of forming a fluid-tight seal
20  with the microfluid processing architecture-bearing substrate. In addition, they
resist degrading in the presence of reagents such as buffers typically used for
sample analysis, and preferably minimize background fluorescence and absorption:
the latter feature is particularly useful when the device is to be used in conjunction
with fluorescence-based analytical techniques.
25 The cover layer may take the form of a polymeric substrate that is
bonded to the microfluid processing architecture-bearing surface of the substrate.
Examples of suitable polymeric substrates include polycarbonate, polyester,
poly(methylmethacrylate), polyethylene, and polypropylene. Bonding may be
effected using a pressure sensitive adhesive (e.g., a styrene-butadiene-styrene block
30  copolymer adhesive commercially available from Shell under the designation
"Kraton" rubber), a hot melt adhesive (e.g., ethylene-vinyl acetate adhesives), a

patterned adhesive, or a thermoset adhesive (e.g., epoxy adhesives). The adhesive
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then used in a continuous extrusion enbossing process to produce a%&bgz 7
as follows. Polycarbonate pellets of MakrolonT"' 2407 available fr ‘19 '
Cor poration of Pittsburgh, PA were cast onto a heated m crostructured

ni ckel 5 toolweg9/6i664 ace containing ribs that were SO m cr onmetBIBUSMI11024nd
nomnally 64 mcroneters wide. These ribs corresponded to m crochannels in
the final nolded artigcle. The ribs re arranged in.such a y that they
connect ed sevePay b§ ‘?é‘gﬁi%‘? F'&‘?‘F form Qi Ratters sye a’ﬁh%‘f"a“lg Qcghrs a\gﬁﬁcr&[e
mllimeters | Nodl e bRsuBaloR). Hdtingindy Ab BSerhddfedlbyAilinklAR br soiy N Ce!
tooling thickness was 508 mcrorreterg and the toollng 10 tenperature was
210C. Ml ten petidogrthooesee layer dirdactppethamicrefloid peSsing srchidédturerbearing t he
ni ckel tooling in the formof a line of contact with the tool surface at a
pressure of apPPo¥i'fately 1.66 x 10' Pascals for 0.7 seconds to replicate
the patterrs on the to®jgRWoheciByerERichas BRES cdver fapérfnidg vehBed &PVAIEARed
pattern, additional polycarbonate was deposited on a continuous polyneric
substrat e | ocaadsiticrh theecovsr kayer maydbe pagt afale anglysicalingrimantation veigpwhigh nat el y
103.9 m cronetg%s.. he (%anbidw%tbi o cgf the tooling, the substrate, and
nol t en pol ycar ARHR° RS EREhIOEEG with air for 18 seconds to a -
tenperature of appr oxiFipt®ildsfed prefefred aleyhodl thboaddivg 4 fvepRy¥Galhesshe to
solidify. The resulting nolded product was then renoved fromthe tool
surface. 20 ExEngp8uid prh@esmg)mcg@ec@geaeqrmgexmteeﬁﬂ Aeshomadn &'ig. Bearticle

t enper at ur ¢, of I . i.ql ™' DR
101 from Rohm 3%259 ﬁéngg&ggg&gﬁ{'%%fg?g@?dﬂﬂ% Et\)/-\%‘rag&éc}g% ?’\?gdrﬂé@é&%i ir\?}l?di ng a
| i ne contact ofanfiahtjorezong Inaliidel atfleribly, pélgmetio obvenguistrae S8empeyoliendee of 271
C and a pressure of 1.1 x 10" Pascals for 0.7 secqnds, Coincident to
formng the re i“B&t‘*&d‘aB‘é@ﬁt"@F‘ﬁf’"eaél%W?‘éh?HP‘eégl‘Wdﬁ‘B% weﬂe%gﬁwsyn was
deposited on a gt kg gus pol yneric substrate |ocated above the tooling
havi ng a thickness of approximately 212.1 microneters. The conbination of
the tooling, the polynaltheughdblsifiti aboverdesctibed artitlesfeaBe a single substrate

pol y( et hyl pet hacryl at e, s.then,cooled with air for 18 seconds to a
Permerat ur oot PR BiRrly B picsalfaepramasystile il opfer SOtk of 1 major

pol y(met hyl met haghoes st %)aléd)po%gbledbg arthaia@.&uitﬁﬁ%ﬂagé}b deshich’sQBkuaies Was then
renoved fromthe tool surface. - 19 SUHSTITZJZ' E SHEET (Rule 26l Z 0 Nov
2002 WD 991 6566wndagiogsher. 1Quewaytopmgsiuse suchp mpltirlayared asticleayud beow- cur abl e

bl end of : L ght J . ' i
e o o oy o b e Rk R SRE AR 3R FPRIAL 15 A o 9™
wei ght Phot onershibéiidsdshowh iBlRea@®xyet hyl acryl ate nononmer commercially

avai l abl e from Henkel Corp. of Anbler, PA), and 1 part DarocurTM 1173
phot oi ni ti &%r (C ba Adbinfilgeinorgagiccoatings maxbe slsetivelyedrposited opporiansnd was

t hen | am nat ed : iy [ l.e L been heated
to 66 C and a s‘ﬁg%%g}oﬁgg pgrﬁ%&% %ﬁﬁgt&k@%gﬁsygg’%g%tlgte%‘av%ﬁaggﬁfej from (
Gener al El ectrimictsvhpnnedd. Pepidsitionehay,ocblk eithetan-link dutingohanufestugroatin an
"Lexan" ). The resin thickness _was mnimzed using a handoperated ink

rol ler. The restoBRGMARCRICT gxwgle?)?%%‘é‘éﬁf)ﬂe%?sﬁ%ﬁ\} _ W“B‘g‘lnf’l“%&acﬁ‘é\%lsed at
7.6 nmeters per ﬁu&b‘ﬁﬁ.%ﬁé&ﬁaﬂ Bedin b&,ﬂ,@mbﬂ,ts%nﬁiohme%tishr@ym &leni@Paor D' | 2np
supplied by Fusion Systens, Inc. of Gaithersburg, MD) operating at 600

15 watts/inth tdepositient he resin. The cured article, featuring a mcrofluid
processi ng architecturesbearin olyner substrate int ally bponded to a
pol ycar bonate substr at g{hem%rg?rﬁgﬁoa}ré%wgap?rf%ihzgne?yocgtﬁ?n%?éﬁpf ¥ 4 20 This
exanpl e descri beganigle thé &fx@hasd in@y bOtised téVinkreasd the ﬁ?&oﬂlﬂl&tiﬁﬁoﬁtﬁ@hﬁt{wﬂ\ﬁda

pol yneric substrate bearing a plurality of mcrofluid processing

archit ectures i Brogessisigrasehitgeture or tpdmpreie high demparatuteropestiagy iApglication of
m croel ectronic

certain coatings may facilitate wicking a sizing gel into the microchannels of an
30 electrophoresis device. Conductive coatings may be used to form electrodes or
diaphragms for piezoelectric or peristaitic pumping. Coatings may be used as

barrier films to prevent outgassing for applications such as gas chromatography.
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ellenments. A polyner substrate | 14, shown in Fig. 11(b), having multiple
‘cross 25 dogbone mcrofluid processing architectures 116, was prep?uﬂ Vﬂﬂm
nol di ng a pol y(net hyl met hacryl ate) film (DRG 100, Rohm and Haas) in a press
usi ng a nNWk¥W656&H di ng t ool prepared foll owi ng the general PETAESAUUNM set
forth in Exanple 1. The tool neasured 16.5 cmby 19 cmby 0.5 mmthick, and
included five different cross-dogbopne.m,crofl uid processin rchitectures
116, as shown in Fﬁd?‘ alse pgss! %Bo_s%%ﬁﬁvqu ARROsHdcags ’il?‘@og’(%ll pgragqse br ought

i nto cont acdjodnipatiBRGda@idiCindthe fiké 6B RaAbLY For@énsed hetmrfstidd pr essur e of
3.5 x 10b Pascals for 15 seconds, after which the pressure was increased to

6.2 x 106 Mereeassing prshitectyrsy iAdigrnativaly, hesematerials ppy SedemusitedinR BBIEET (Rul e
261 20 9 4 99( f t t
R Lt et M ar Lt

. for a peyi oglicedfluld proeessivipsarchiteetuiesul ting nol ded substrate 114 featured
five different cross-dogbone m crof|uid processing architectures 116, each

havi ng a | ong chanri®F apgprefesply inchidghoneprgnors muFeleetEniy a short channel
5 nmeasuring n V@ﬂ“ i i | uid reservoirs
measuri ng Sm?r%gqprt\ilc [ gnﬁ‘éfﬁgfl&r@g?%gﬁhael C aén‘ﬁge Swg%ﬁaﬁﬁgﬁ gr}’eofsfer voirs were 50

m cr onmet er sméteeglectrbnie dlementsiinchide eofiductse ttadek salertroties. tleetrodedialls, of t he

channel s, haying widths of 64, 32, 16, .8, and 4m crqQneters, respectively.

One ni | | i mefusroRgating elements) @F“{Sﬁﬁ'&g'wré"eﬂi’é‘ﬁm&PP‘fY%&FSt hrough the center of

each resgrvQi LAl ' : : 0 Fig. 11

(b), bezfi ngﬁ‘go%%%?dzgﬁc%‘ éﬁ(bf? sﬁ?@ﬁ%%& ’oama?ﬁ%: !‘?%iﬁ?){agg’llegrarogr@ S, %ésa 51pr epar ed
“as foll ows. elampotsymaiudécopsicalevaveguided, alaveguidadatdii?a meflactideelemantsdesi gnat i on

"Kapton E") was vapqr,-coated with g tie-Ilayer of.chronme oxide which was

t hen vapor - ot %"&F"s)ﬂ tham spliffers, lSﬂ%%%‘PW‘&fQﬁSW‘*JW%bWTCCAaB‘i‘ Hﬁ?@ﬂrsci rcuit

board transhgd theqikes ExampRs bPRi@orhechahRAM cl&ReH #lubld Gilters Ndp@Res) NJ) under
t he designation "Press-n-Peel ") was then used to pattern m croel ectronic

circuits onptinps, popweaticang hydraubic youtingearfdghe b nbhetmisraelamentsomay be ' s

directi ggs .The r s‘gl tlilhg squtraegtg 100f cor}l eineg ﬁi.%( i dent i cal

m cr oel dtt 1 SIOEPORTFL I the save st BsrrTactiotae Mo Mt BlCFRINR 1y conaucti ve
copper trace@fchiid@urebiRafingsutistigte! dnrddftiohdOpolyherid Nubstrdt@bstideatedei N @ cont act
pad 112. 20 Follow ng patterning, the exposed copper was renoved using a
copper et chintigrofiiidproqussing architecturerbearing aubstigte oragombinationthersedl using a
chrome_oxide et chanyy ot ligmbi@0HER vifed) 5f rullBfonk CFBYAHIR N0 an acet one
wash. The resulting copper traces were mcroneters wde’with a 5 nm
squar e cont anficrogkdtraiiic eleeneparthgthedialcontabt witlbflGidlas pardtidarigdintviasthe am nat ed to

substrate 114 tq create the m.crofluidic article 118 sho in Fig, 12 as
foll O\A/S.Z%SUB%‘P RT96CS51T4 aéﬁg:ﬂ%‘fq"%&cé“ ¢ designed tﬁﬁkﬁrg%%%m%@“feﬁlﬁ%ri cate
i ndi vi dual dgaugkthe afchiettite With AN Rpfde @ doeeShdtEmichRfect8id3 t ape

~available from 3M Conpany, St. Paul, was patterned with holes to
correspond talemends ¢anginable @penationsrstich as ¢lpatrakingts injesgibarrapitiary of | ui d

processing 3 rchitecturne 116 . .mc i d processin rchitecture 116
has then T arfsapEaorpdS s foblripicTRORL B SLH BoR AR ohprfihle Sotf

ci rcui t - beardsiglifering précisdmmdunts of rédenzad ek o hbreishapleihandlidgttdody ocessi ng
architecture face of substrate 114, allowng -21 SUHSTffLTTE SHEET (Rul e
261 2% Ndvrm@amsmlemﬂhm?m?qmgm%aﬂwmmn copper traces
110 and the éﬂemis‘g?f eservoirs of the mcrofluid processing architecture.

Lam nation was eifréected using a nip roller to provide |ine contact

| amination of the twWicfo¢hsiroitekemehtsahatesnlatt th@floidenayfdlse b desighdd ol e 118

was then used to denons l'at e electrqkinetic,inpjections and . electrophoretic
- S separati ong’“&sanfaémeé%g.e aVfctropic MAtHX fordrcsdicig glecirophpreti¢ sartiag el 6 was

; : Ioloceigdvmwt Lh thr 304 D10 EYE R spBUES &fch GOELIT, Ructdic actl Ga@Rdy bhd hffihy 01 I Was then

30 Microelectronic elements that contact the fluid at a particular point can also be

used to detect species electrochemically.
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m cromol ar fluorescein indicator dye dissolved in the sane buffer. Vol tagﬁﬁl
were applied to the four reservoirs by connecting contact pads 112 248 thV
conmput er 10 Yo ed voltage control circuit. Myvenent of t ent
i ndi cator dye vmgf‘ﬁ#(l'ﬁ' the fluidic channels was nonitored usi ngggvr[‘glg@gﬁ)

epi fl uorescence mcroscope (Leica Ine., Deerfield, IL) equipped with a CCD
camera (Panasonic CL R¥alsaRABRMb Aediffinfdrédiathertd that &&AcUHEact tNd fluid0or @

pi nched sanpl e injection, voltages at the four reservoirs were set to

provi de vol t agéorgramplenmicroglentioniceelemetsganlbpidesignedhollie, in gloge proximity to

reservoirs toward. .an Wast: servai Thi faor.,a qgood flow
of fl uorescei edvéctrw%ﬁ}p?é}céésiw@}ngct&gessgﬁ t\gg]ag ﬁ}eﬁ :lgﬁaﬁb%eﬁ\ggsﬁ?@géf tee and
into the anal yiugd yusdies, be®adsiablish differhOembbrairéfodey itireligHoupihe tnlierotRRAr at i on
channel and fromthe buffer reservoir created a trapezoidal plug of about
18U pL of fI udressssnsarshitestyrenSuah 20Res, imjuens arepised eesuppagt dharmaleysting hi s pl ug
dawn the 20 s . ALl I i i.Ng: vol t ages such
that flow msqgﬁ%g&lgﬁ%‘%{}?g&ﬁrsgm Sh@%%ﬁ’@ﬁ“?‘é&?%&ﬁﬁgk%gw%gﬁ?ﬁe separation

channel t owar colibénatéridl ehémisey wxpetimefitst lghddither, wsicklebtrormic elefirhR I¢ghig Was
observed to npve down the separatign channel. The exanple was repeated -
usi ng a m xt uri@ close praxypiy tathe migrafluig negessinpaychitectyte sancbgsdesigngd it i on of

t he m xed bol ' [ ' .

el ectr ophor et .L@"g g%%?%?ﬁ%%%gﬁeefégq@%&%&g{gﬁné%?%@goré%grgg% %ﬁahft&s BeeT

(Rul e 261 10 _ microfluidic3tfarationNydémuopi sodwoa pres ai na o~ aaE~ns Bppl ow
pros wok al ai ue papl ow, pi ss 8uprr8‘§l§§ o~ Loud uoil sippa gal as qf uoilisodwa
pys a' ul sodxa 8ui sudwoReESEnsverabditierent Wpyide iNGOEPURS SREFRRISFEOMS0qd 8 :
SaSJdu) Ca u01 ] = A& Bl shmidh A = mbbrafRhid nPeeeali~p~0aakE
ssaao~d t ¢ ~%&ju&hﬁ§gahm%§ﬂg£%§% gﬁgmg%l egaﬂséhﬁg‘?‘éﬁ}‘ ?) lcr)evrxloﬁlggp?fg%é_)a~an\ls
papl ow pi ss 8uarchissase-bearingatiaiesn Fop psample;| tieemiayotlementamay be inmorpdaratedinoa
pi ss 8ui sodxa 8msudwoa ss ~d, pi §S_,uop~sod ui 5>, al 8 sasi |.dwoa
Lop-s~i woa ul s SEE BB hbieh]s Hhen pondeg 1o plbsfiate o8 a5 desebed by, Sych, )

- uoui sodwogs Ui gparrarig@hendnvatving afittdeRardniddemvhtd iSohaih PipsUo@PsHa gb). suns! a
o~ 8ypi oaas ssaao~d d -g |uawal a | Eai usqaaul oz'iul E sasudwoa | acpsn~
ansqgs auacu~jd&PVa]‘ kﬁyefs'ghﬁlbo?ﬂﬁ@ appregvriacaiortes micsoflwd ipprcessing aychitestuse-y - c .
yuaud, ~a ~candQz= e OTY 3" - = oqma

pi Ss ui ai aum Zgﬁﬁﬁgaggc ui g]it’%*ggeswgﬁgé? lg]logl ﬁ#ﬁ?éﬁ%&%ﬁ:ﬂ%ﬁ}%ﬁ%@%ﬁai W s
sasudul oa JaqufRigs. Hapasi9(b) mclades-andnizt pos IngvfhuiPreservoiri7aganda m-l a o;

8u, pl oaau ssaaosd a~sqgns apaw-l od ussoqul a us, sasydnpa Tua~$cu

al g~Pl om Pres FHEE WCQ%I@VS&WJQ?SQ“'% %éfzﬂ"‘fal_@ <8 Vi sing| ol g
ata~$ papl gy P@ﬁﬁtg\%\i&‘iﬁ {vth réeBoft 72 (R RirtbhesRRA conduRAUS citciittraces.

coi saantp 's Buu~Bg noal od pun~an>~s auo ~sea] ~a pma hod Pm ~ auo ~I ~8
8ai pal au, tu~sdraa-7&-actyais an 8lessadedbrappiyjag avatage @ reservoimdAspdoeaBuid) @~nns
pams~noa- has auo ~ssal =s 8u ,esq al a~l 8.PaPl.om ~ 8nml 0, .~qa~q~, pus i eua>BU
al gepl om Pi ss 6?@8"%%@8"’%@?‘? _“éﬁggﬁaﬁ)ﬁa PHIfGEE %’élﬂfgmrﬂnf‘gg??é"“. | a~0
tiasa gq-, ns ~a$hP%%?dﬂ\?ia%mab‘befﬂq!eﬁ’wmdi@QQo?&Jn?’ﬂxél@e‘-iﬁfﬂly%&ﬁﬁ&WvélW pne

i suaasm al gspl om a~g~ "8ai 8nuq’ (q) - -. =a~n~s $n Ploia
"bump" 80 in communication with reservoir 74.

25 Another method for incorporating microelectronic elements into the
article involves providing a flexible polymeric substrate bearing a series of
electrically conductive traces (e.g., traces made from nickel, gold, platinum,
palladium, copper, conductive silver-filled inks, or conductive carbon-filled inks),
and then forming the microfluid processing architecture on a surface of this

30 substrate. Examples of suitable substrates include those described in Klun et al.,
U.S. 5,227,008 and Gerber et al., U.S. 5,601,678. The substrate then becomes the

microfluid processing architecture-bearing substrate.
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E-sasudnoo ~eq~ | oop Bn, pl omundo ns p~ sul al gsplouz3o ~Iddas ~ 8ui ptnoid

* (s) r8u,s,ldnpa al a, ue papl oul B BuuEdaid io; ssaaold d ai panre~a 25 NOV 2001

| sy~y~ toot ~oN o t 2 0 NOv 2002 WD 99/ 65664 PCTI US99/ 11024 9. A process
accordi ng wo 9g/kss64n 6 wherein said flowable resin conpositi GrCIoUSPIIRES A
nol ten thernoplastic conposition, said process conprising cooling said
conposition prior to separating said nolded article fromb5 said nol ding
'surface. 10. A prothesicseiiid progessing asshitesius manpe fosmed in savewdiveyhg sai d

fl owabl e reg] OS] {18 ' bstrate,
and rel ati vg{’{}xgrr@% hg‘%ts?g?dgmgg% g%%r‘lﬁghg%%@ﬁcg? gﬁgﬁgb%é‘f?eodh W%Pﬁb‘a ool to
bring sai d ihteaontht witida awiding toolhkdvig a asiding aurface bedring d puterr ofike cont act
with each other, 11. A process according to claim 10 wherein said polyneric
substrate fassYeskmicERflyid Piogs e aren GumEsONBNInG ths RBREMERSOcESs * A process

_accordi ng tpGhabm My, %‘g%lﬁi\ﬁp%%rﬁa&%X@%s@hﬁte%‘@xﬁ%s@&&ﬁfb'iﬁl'?ﬁcr conprises a

m crooptical elenent. cess according to clarm 10 wherein said
pol yneri ¢ smissifhud professingarchitectpreiangbe samd srfaneshthaiconductivetrages. 20 14. A

roce accarding to claijm#§,.co I sing, i.ntrodugci.n aid,flowable resin
P ommos t 1 ont s patert i o RiTE TP e debBhed e IBL LR FobiiO ATt o ai m 14
further Conaaatwm&pafa%gm%e%&ewmefxﬁimm@pra@e%&m?a&me&hki on to a

pol ynmeric substrate. rocess according to craim 15 wherein said
pol ymeri ¢ subst r at & isalsp possibde, asini ¢hessameonoldimgdoa| remhoss 8@ 17. A process

accordi to.clai.m 15 wherei,n said pol.yneric strate conprises a

i or oopl  aiiscp Qi pfocesSig s ikeSiien opf e aecs FhIFE b e SPFRET 2002 o
991 65664 PCIdndadBlekradebeakihg srfide0 IR Hfis 3456 Othé howHtrhée BdafihfsdiPacehier ei n sai d
pol yneric substrate conprises a m cronechani cal elenent. 19. A process

accor di ng t providgd with arsgriesefielectinglly spadycHvhvpner thraighbolesweripctosubst r at e
conpri si ng ] i . sal q ticle. 20. A process
accordi ng tgmgq)sgi;n%‘ﬂlﬂgl% [l%%o%t%nﬁgﬁgéegﬁtﬂ agnlp ﬂoéﬂgé)cngﬂﬁtg;eg Oggfcymeri C substrate
conpri si ng aidfofltidppidessing tidteeuke.t 0 said nolded article. 10 ' 21. A
process according to claim1l further conprising bonding a polyneric
substral® conpri si rijtemativelyoitischessipledp bendassparatepalymerigsybstatcarticle. 22,

Bupereess 2HERld il BofbAl MhiliaBect Aid/or IHERREERSRPLILILRA theD 0001 10 2

substrate to sa artic o0 forma cover |ayer overlying said
m crof | ui d microflesdiproressinhartitactiurebedtihg sarfpcecdf agwlyamerar shbsteaté asing,ai m 22

wherein sai %.g?,%bp%EtE%EE a&%si crz Isn?c Sthaz.it tl?eo é%gﬁétﬁv% t?alégssr%zru%tvﬁih appropriate
features of the microfluid processing architecture.

20 It is also possible to introduce microelectronic, microoptical, and/or
micromechanical elements into a separate polymeric substrate that is bonded to the
microfluid processing architecture-bearing substrate following the processes
described in Figs. 1, 3, 4, and 7. To accomplish this objective, a flexible substrate
having a series of electrically conductive vias and bumps on one of its major

25  surfaces is used as substrate 14, 28, 34, or 54. Microfluid processing architecture
is then molded as described above on the via and bump-bearing surface of the
substrate.

It is also possible to introduce microelectronic, microoptical, and/or
micromechanical elements into a separate polymeric substrate that is laminated to
30  the microfluid processing architecture-bearing substrate subsequent to molding.
Another method for equipping the article with microelectronic.

microoptical, and/or micromechanical elements involves taking a polymeric
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20 24. A process according to claim22-23 wherein said substrate further

conprises a mcroelectronic el enent. 25. A process according to cld kLAl -

wherein said substrate 25 conprises a polyneric substrate. 26. A process

accordi ng twod9%se8422- 24 wherein said substrate further conpPCTASIHI1024

m crooptical elenment. 30 27. A process according to claim22-24 or 26

wherein said substrate furﬂh r_conprises, a m'cromechf?mi cal.element. - 25
igroftuyd G

SUBSTI TUTE SHERSHaishAVINgg BRI NBFES IR W O PREREACHERY 1N5HYNE 1024 28.

A process acGictidafly cBndilcaidhosisCatHmd thidtgh GRS posindisirface; aliBinb@eHI,iand
nol dabl e material into a nolding zone defined by said nolding tool and

cont i nuousl| y Zeaxise)eetrically aondutive agdhasingl mayhbeousefl fe g ¢ éraxischdhvesivh Fimi d

nol dabl e mat egqi,al _to cr. | bV~ Of i CrQf |4l SSi

architectur eg'f.wg c%m‘%‘%&%@gﬁﬁﬁéﬁr Wn%m?%a |°£$&1%E%§'f‘wgroﬁ¥1 q@gﬁf%uci ng
sai d arti 6l e théh bdprebidmoiinted o dircu@tridaids i1AQ variplied 6 thisypredessyi cr of | ui d
processing architectures. 10 30. A process_ according to claim 28-29 further
conpri si ng coteqricadlysopdustine Poris or RiBS AaE be inserieskthraiieh aconprlaverng a

m cr oel ectronj : [ : bl : ing to
Cl ai m 2630 rOp RS EE il A oo BRIAE RGN Seprtle mbuPREREPIVSRERF "0
substrat e conglédtdcdlgomneatian.oopti cal elenment to said nolded article. 32. A
process according to_claim28-31 further conprising .continuously bonding a
pol ymeri ¢ substrate OGhARAEsTARetbod o8 eqpBRIRG Hhecatticle Vit reisEasleciranisai d nol ded
article. B | c1aj X | 81 ng

conti nuougfy @6%%%55*‘@@ yngﬁ}gecglg%lg%lfé}iétﬁé&t%o%g%qvgg %ﬁgéﬁ’%ﬁér% etoforma
cover |ayer ossirate haviagntdcroilaidgirbeessinpachpssire @nane birfacef andelepositng34. A
process according to_claim 33 wherein s%i d pol_yméri C sg,bst rate further
conprises a nf @psEn eEeledirallyoaduative matal trces ¢jfastlx oglodBis drriretusing| ai m 33- 34
wherein sai d polARsF mdly SURSHIbRURA bEb R0 RRRRILARTRE, M Cf 0opt | cal

el ement. -26 SUHSTTTZrfE SHEEP fRu e 261 § Nov zooz WD 991 65664

PCT/ US99/ 11024 °, 36.Thk aniiclesonay beesed do perfarm avariaty 8Bpragedntessiecindingi d

pol ymeric substrate further co I ses .a mcr rre%h nical .el gnent. 37. An
article cé)ip.r qul%(bc:al Brofgyre: #} E@I[’c gaﬁglgg 3&_&‘1“@’?’ dﬁ%? mi'"eﬁ@?; rate .
conprising (i bm%g;sm(gsémmwcmesw BCed Bﬁ&cutynﬁlatt@ﬁﬁn@um&l.qﬂeul prols@cessi ng
architecture, arid (1i) a second major surface; and (b) a second polyneric
substrat e t hatAccerding tedhiaprogessothe sef! wouldchetontinunvslyrfad bra migrofhié of sai d
first substrat
s

gmple dispenser which would inject a microfluid sample into the inlet port of each
microfluid processing architecture. The resulting samples would then be processed
20  (e.g., analyzed) accordingly. Alternatively, the roll may be slit to form a number of
individual devices suitable for use in a batch process.
The invention will now be described further by way of the following
examples.
EXAMPLES
25 Examplel
Two separate rolls of film, each containing a number of microfluid
processing architectures, were prepared using microstructured nickel tooling in the
form of an endless belt. One of the tools was designed to have the microfluid
processing architecture pattern shown in Fig. 10(a), while the other had the pattern
30  shown in Fig. 10(b). The tooling was produced by excimer laser ablation of a
polyimide substrate to produce the desired pattern, and then electroplating the

patterned areas to form a nickel tool with the indicated pattern. The tooling was
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. 10 sai.d second substrate being capable of formng a free-standing substrate
"in the absence of said first substrate. 38. An article conprising?@ NWrigil

pol ymeric substrate conprising (i) a first major surface that includes a

pl ural i t yWeX99mserof | ui d processing architectures 15 and (i PETASS¥UOHI naj or

surface, wherein said article isin the foamof a roll. 39. An article

conprising:, (a) first neri.c substrate co r|S|n i) a first mjor
‘surface 20 thepdise ‘?H’cﬂ‘i?d‘é@ s?‘/ﬁxHPB‘PPG OSSHEIILESSH P BIdYf taé‘é‘%l‘?fr"’é, and (ii) a

second mej gpiewy. face; and (b) a second polymeric substrate conprising (i) a

first major surface that is integrally bonded to said second najor surface

of said first subsRelpeasbenatt gelieys (éfl\émczindmr%ﬁodlavsldﬂbﬂca&mtl\mayconprl ses a

m croel ectr n| c ele via 25 ex rst and

Second ) SromqRCEP it A b s ST P EPF SRl ot r at e bei ng
. capabl es5of halinF sieface thea@magmglmagweutwmm&netersttmarﬂh&ﬁxﬂﬁﬁw4 said first

substrate. 40. An article conprising: 30 a first polyneric substrate

conpri si ng micyometgrs pide. nhliese rigsiedraspondad to migraehannels inghefisalanelded

SUBST: LT B TR Sersatinbdd i P 5BEShabReBiso Bitiled SRl Bhas Pl o4
conpri ses ahaiwdres0 antrometess allane dtmidireters\h diametanddagctbéinEigoresai d first
and second rraj or surfag_gs of said substrate. 41. An article conprising: 5

(a) a first!QenapddPity 6 Bickak tgoling-thickaess gvasiSP8 micrometersagdghe Wolingce t hat
| ud d
L0 o SRy 2L AR RS Sl cromrtegan TR D

first major
' surface oveddlivered tethiedickiet toolihgiirothp faroests ling aficohtattewithuthe tocd surfédei ) a

second mgj or, surface .10 that S a mcroglectrgnic elenent and a via
ext endi ng b@t%%sﬁ“@é’ifap?m?‘g?méﬁgp@ gﬁ&)aﬁ%cﬁ’ §h §°o‘Fp‘é‘%i‘? EEover | ayer .
42. An_arti shRmPGEAE dd) Subficet |@imdident fokHinpRe re‘f;ﬁEB?éd &m@& addigypl | ayer
overlying said mcrofluid processing architecture. An article

accordi ng tml¢¢miquwm@slwdmuaor:oonmmus|pagy@rer@csnbma@elgcaaeqoahoycrer| c cover
| ayer. ant i ¢l e ace ocla 2 rein s quer | ayer is 20
bonded f S@edoqlmg VW&] gﬂﬁsggt%pp(g?xnglg]ﬁy}w&pl%rgg € 45. An article
accor di ng t gorfibiaationdf thd toMlifg,&hé\sibdirsle mnarrmllewpémamms wagtmﬁchl tecture

i ncl udes structures selected fromthe group consisting of m crochannel s,

fluid reser gelebwith ainferl dseremdsig o tesppentiyre OJﬁapr@émtﬁaﬁﬁar@ therebher eof . 46.

2 m cor oal cclpnk UhhRefbalf uf ot HFESLRUGH AoBEd pafe WM 207" °°°

wher ei n sai geradvied ¢lom thenddisurfasepri ses a m cr ooptical elenment. _ 28 _
SUHSTI T%STE SHEET (Rul e 26l 2 0 NOv 2002 WO 99/ 65664

Exampie 2
The tooling used in Example 1 was heated to a temperature of 199-

207°C. Poly(methylmethacrylate) pellets (Plexiglass™ DR 101 from Rohm and
Haas Co. of Philadelphia, PA) were delivered, providing a line contact of polymer

25  with the nickel tooling at a temperature of 271°C and a pressure of 1.1 x 10’
Pascals for 0.7 seconds. Coincident to forming the replicated pattern, additional
poly(methylmethacrylate) was deposited on a continuous polymeric substrate
located above the tooling having a thickness of approximately 212.1 micrometers.
The combination of the tooling, the polymeric substrate, and the molten

30 poly(methylmethacrylate) was then cooled with air for 18 seconds to a temperature
of approximately 48.9°C, thereby allowing the poly(methylmethacrylate) to

solidify. The resulting molded product was then removed from the tool surface.
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~cT~us99n ~0~4 | 48. An article according to claim37-41 wherein said
article further conprises a mcronmechani cal elenment. 49. An articl & 0 NOV 2001
according to_claim 38 wherein said article further 5 conprises a second

pol yneric suﬁ'ﬂﬁéﬁ?“l ntegral |y bonded to said second major suffFaiS9YII0%4,; g
first substrate, said second substrate being capable of formng a
free-standi ng substrate in the absence of said first substrate. 10 50. An
article according to claim38 further conprising a polyneric cover |ayer
bonded to theﬁzsianm_jraj or surface of said first substrate. 51. An article
according to claim 38 rei.n sai.d.mcragfl yjd ssing architectures

i ncl ude structures sef® ﬁtéﬂ’lélFtcfﬁﬁilf‘“‘é" W&]ﬁgiﬂﬂg?ggﬁ%nﬁg Y Y§18% cr ochannel s)
fluid reservoiphplontamob es {’hi\fkgbk)“dﬁaér?&t&ﬂﬁgorrx%ﬂé'orﬁﬁx@md!@tdv@ﬂﬁ)lé fiemeof . 52. An
article according to claim38 wherein said article further conprises a

m croel ect Poni Ide eem: of Ambiss, PANn 396 parts by weight Bh‘ﬁ@mﬂ”élo&ﬁ (8-38 wherein

sai d artlclef D b artpcle
according to cl? ai m}}:’sg‘%’wgpr&el nﬁgrg?x{a@r(\t ﬁ%Féelzﬁ uarvt%hgﬂE keﬁgg %

m cr omechani caAmeleerman)‘, and b parDarichdd 1103 pmmaaﬁarr(gltaa mldiﬁ@efsl ui d sanpl e
conpri si ng: prOV|d|n an article in the formof a roll conprising a“

first polyneri %"’@ﬁ%‘g‘ﬂ rl”.ﬂ( WebPrsPared. the(l;]Wdaw?ﬁ then laminated befveen- e topht
 ncludes a bl Uigliled if Fbxgapm A ol lerPh 33 6B 9CInG BishAi LD STnAMK L 1) 2
second mgj or sur ace ntroducing a mcrofluird sanple i nto one of said
m cr of | ui digor opcﬂgmrhsrgxa&r(amxtabtetfwmﬁi;enembEleétﬂc EoHSAT Rittsfidld, BHAEGrdet Biel e 26)
2 0 Nov. 2002 WO 99| 65664 OCeSSI ng .said sanple. .-30 SUHSTI TZTI'E
SHEET (Rul e 2 giradsderigoaiony’ Kan The resin thickness was minimized using a hand-

PEU A AN AR QiGN B TR M w080 O oA pof et FU A AY- A

%p%/z{ }/ql igb\ }/\] ca&d]sczbz]tda(] maiecRx} cuhwe perehtha lulgl]J g\a@m&] ohfayvidleddmp['Di]lemp ca] ca]
ca] ca] ca] ca] ca] cal.ca] call.calg; alc:allc: al .
dEZr Pl +| } xsni dl‘gﬂp},ﬁf‘gbﬁt‘% b}c" g’}“‘&i‘]‘%ﬁﬂ cgl}(g%{]@ésjbc"% MRxoperating 2 89 ca] ca] caj ¢

a] ca] ca] cajsa] Gaitgakchad 6@k @Rl reahC The alie@htiole PRAMPIhPEMM cAuid processin

{val gb] X] ] ca] ca] ca] ca] ca] ca] cal] cal] ca] c( a] cal] ca] ca] ca] ca] ca] ca] cafca] ca] ca
] ca] ca] ca] ca] caicbugatuerpdwepird pelymer sibstrate integrally bonded to a polycarbonate

ENEDE" D" " " #o## VRV &CR&&EZ' ' smgb ca] ca] caU] cal] ca] ca] c
a] ca] ca] ca] ga] %&!ﬁ iiﬁ“c‘é(%%éﬁ"&%‘]"%?&hﬁ“&g‘% 231] E:a] (r:rg] 1:?;] I:a] I:a] I:a] (l:J]a] cg] ca] ca] C
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a] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]cal6 YA

; d; 5 <0<=>J7>>?V??727=
a] ca] cg] ca%gaU] cal ca%@a%c‘g ? %%cllg lﬁ r‘é 3 ‘?%a?ﬂca'f*lcg ﬁ%gaﬁkgmggg%%
BCC6C| DDDEEEEEF@%F&H é‘ﬂmBls\mB‘beél-M]g]a]pm]m@]Gfar]ncmﬂca] pra¢essinga) cal cal ca]
E?Lci&gLﬁﬁLg]p@pg% Ca olrjilbclggd with 2 %oly ert su stra (%aa]“cral]gcg c(x;& e%%oglgl GOHHH J1,
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10 A flexible polymeric substrate 100, as shown in Fig. 11(b), bearing a
plurality of microelectronic circuit elements, was prepared as follows. A
polyimide sheet (available from DuPont under the designation "Kapton E") was
vapor-coated with a tie-layer of chrome oxide which was then vapor-coated with a
2 micrometer layer of copper. A printed circuit board transfer resist (available

15  from Techniks Inc., Ringoes, NJ, under the designation "Press-n-Peel") was then
used to pattern microelectronic circuits on the copper-coated polyimide following
the manufacturer's directions. The resulting substrate 100 contained six identical
microelectronic circuit patterns, each having four electrically conductive copper
traces 110. Each of the traces 110, in turn, terminated in a contact pad 112.

20 Following patterning, the exposed copper was removed using a copper
etching bath. The chrome oxide tie-layer was then etched using a chrome oxide
etchant and the transfer resist was removed using an acetone wash. The resulting
copper traces were 500 micrometers wide with a 5 mm square contact pad at the
peripheral tab.

25 Substrate 100 was laminated to substrate 114 to create the microfluidic
article 118 shown in Fig. 12 as follows. Substrate 100 and substrate 114 were both
segmented to fabricate individual devices. A piece of double-sided adhesive tape
(9443 tape available from 3M Company, St. Paul, MN) was patterned with holes to
correspond to the fluid reservoirs in the cross-dogbone microfluid processing

30  architecture 116. Each microfluid processing architecture 116 was then laminated
to a circuit on substrate 100 such that the circuit-bearing face of substrate 100

mated with the microfluid processing architecture face of substrate 114, allowing
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CCCC6C Cofg 10:0dtrolled voltage control circuit. Movement of the fluorescent indicator dye
within the fluidic channels was monitored using a Leica DMRX epifluorescence f
microscope (Leica Inc., Deerfield, IL) equipped with a CCD camera (Panasonic CL
354, Panasonic Industrial Co.. Secaucus, NJ). For a pinched sample injection,
voltages at the four reservoirs were set to provide voltage gradients from the
15  analyte, sample, and waste reservoirs toward the analyte waste reservoir. This
allowed for a good flow of fluorescein dye from the analyte reservoir through the
injection tee and into the analyte waste reservoir. A slow flow of buffer from the
separation channel and from the buffer reservoir created a trapezoidal plug of about
180 pL of fluorescein solution at the injection tee. Injection of this plug down the
20  separation channel was effected by switching the voltages such that flow was
predominantly from the buffer reservoir down the separation channel toward the
waste reservoir. A tight bolus of fluorescein dye was observed to move down the !
separation channel.
The example was repeated using a mixture of fluorescein and calcein.
25  Inthis case, injection of the mixed bolus down the separation channel resuited in

rapid electrophoretic separation of the two materials.
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(109%& () - &10‘V&nilhbﬂwdﬁ3(&sﬁﬁg archxtectm'e pattern including at least one structural end
point and at least one structural portion having a dimension no greater than about
1000 micrometers; and
(c) separating said molded article from said molding surface.

2. A process according to claim | wherein said moldable material

comprises an embossable polymeric substrate.

3. A process according to claim 2 wherein said embossable

polymeric substrate further comprises a microelectronic element.

4. A process according to claim 2 wherein said embessable

polymeric substrate further comprises a micreoptical clement.

3. A process according to claim 2 wherein said embossable

polymeric substrate further comprises a micromechanical element.

6. A process according to claims 1-5 wherein said moldable

material comprises a flowable.resin composition.

7. A process according to claim 6 wherein said flowable resin
compesition comprises a curable resin composition, said process comprising
exposing said composition to thermal or actinic radiation prior to separating said

molded article frorm said molding surface to cure said composition.

8. A process according to claim § wherein said curable resin
' composition comprises a photopolymerizable composition, said process
comprising exposing said composition to actinic radiation prior to separating said
molded article from said molding surface to cure said composition.
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10. A process according to claim 6 comprising introducing said
flowable resin composition onto a major surface of a polymeric substrate, and
relatively moving said polymeric substrate and said molding tool to bring said tool

and said flowable resin composition into line contact with each other.

11. A process according to claim 10 wherein said polymeric

substrate further comprises a microelectronic element.

12. A process according to claim 10 wherein said polymeric

substrate further comprises a microoptical element.

13. A process according to claim 10 wherein said polymeric

substrate further comprises a micromechanical element.

14. A process according to claim 6 comprising introducing said

flowable resin composition onto said molding surface.

15. A process according to claim 14 further comprising bonding

said flowable resin composition to a polymeric substrate.

16. A process according to claim 15 wherein said polymeric

substrate comprises a microelectronic element.

17. A process according to claim 15 wherein said polymeric

substrate comprises a microoptical element.
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21. A process according to claim 1 further comprising bonding a

polymeric substrate comprising a micromechanical element to said molded article.

22. A process according to claim 1 and 19-21 further comprising
15  bonding a substrate to said molded article to form a cover layer overlying said

microfluid processing architecture.

23. A process according to claim 22 wherein said substrate
comprises a polymeric substrate.
20
24, A process according to claim 22-23 wherein said substrate

further comprises a microelectronic element.

25. A process according to claim 24 wherein said substrate

25  comprises a polymeric substrate.

26. A process according to claim 22-24 wherein said substrate

further comprises a microoptical element.

30 27. A process according to claim 22-24 or 26 wherein said substrate

further comprises a micromechanical element.
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10 30. A process according to claim 28-29 further comprising

continuously bonding a polymeric substrate comprising a microelectronic element

to said molded article.

31. A process according to claim 28-30 further comprising
15  continuously bonding a polymeric substrate comprising a microoptical element to

said molded article.

32. A process according to claim 28-31 further comprising
continuously bonding a polymeric substrate comprising a micromechanical

20  element to said molded article.

33. A process according to claim 28-32 further comprising
continuously bonding a polymeric substrate to said molded article to form a cover

layer overlying said microfluid processing architectures.
25

34. A process according to claim 33 wherein said polymeric

substrate further comprises a microelectronic element.

35. A process according to claim 33-34 wherein said polymeric

30  substrate further comprises a microoptical element.
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major surface; and

(b)  asecond polymeric substrate that is integrally bonded to said
second major surface of said first substrate,

10 said second substrate being capable of forming a free-standing substrate

in the absence of said first substrate.

38.  Anarticle comprising a first polymeric substrate comprising (i)
a first major surface that includes a plurality of microfluid processing architectures

15  and (ii) a second major surface,

wherein said article is in the form of a roll.

39.  Anarticle comprising:
(a) a first polymeric substrate comprising (i) a first major surface
20  thatincludes a microfluid processing architecture, and (ii) a second major surface;
and
(b)  asecond polymeric substrate comprising (i) a first major surface
that is integrally bonded to said second major surface of said first substrate and (ii)
a second major surface that comprises a microelectronic element and a via
25  extending between said first and second major surfaces of said second substrate,

said second substrate being capable of forming a free-standing substrate

in the absence of said first substrate.

40.  An article comprising:
30 a first polymeric substrate comprising (i) a first major surface that

includes a microfluid processing architecture, and (ii) a second major surface that
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(b) a polymeric cover layer comprising (i) a first major surface

overlying said microfluid processing architecture, and (ii) a second major surface
10  that comprises a microelectronic element and a via extending between said first

and second major surfaces of said cover layer. !

42.  An article according to claim 37-40 further comprising a cover
layer overlying said microfluid processing architecture.
15

43.  Anarticle according to claim 42 wherein said cover layer

comprises a polymeric cover layer.

44.  Anarticle according to claim 42 wherein said cover layer is

20 bonded to said first major surface of said first substrate.
45.  Anarticle according to claim 37-41 wherein said microfluid

processing architecture includes structures selected from the group consisting of

microchannels, fluid reservoirs, sample handling regions, and combinations
25  thereof.

46.  Anarticle according to claim 37-38 wherein said article further

comprises a microelectronic element.

30 47.  Anarticle according to claim 37-41 wherein said article further

comprises a microoptical element.
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1094 } & (9 - GXimyEises b g@cond polymeric substrate integrally bonded to said second major

surface of said first substrate,

said second substrate being capable of forming a free-standing substrate

in the absence of said first substrate.

10 50.  Anarticle according to claim 38 further comprising a polymeric

cover layer bonded to the first major surface of said first substrate.

51.  Anarticle according to claim 38 wherein said microfluid
processing architectures include structures selected from the group consisting of
15  microchannels, fluid reservoirs, sample handling regions, and combinations

thereof.

52.  Anarticle according to claim 38 wherein said article further
comprises a microelectronic element.
20

53.  Anarticle according to claim 38 wherein said article further

comprises a microoptical element.

54.  Anarticle according to claim 38 wherein said article further

25  comprises a micromechanical element.

55. A method for processing a microfluid sample comprising:
(@)  providing an article in the form of a roll comprising a first
polymeric substrate comprising (i) a first major surface that includes a plurality of
30  microfluid processing architectures and (ii) a second major surface;

(b) introducing a microfluid sample into one of said microfluid

processing architectures; and
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