LAM NATED M CROFLUI DI C STRUCTURES AND METHOD FOR MAKI NG BACKGROUND OF THE
| NVENTION 1. Field of the Invention Enbodi nents of the invention generally
pertai n twothe/dsekd of m crofiuidics and, nore parti culPariug004o3E91

| am nat ed, polynmeric mcrofluidic structure and to a nethod for nmaking a

| am nated, polymeric mcrofluidic structure. 2. Description of Related Art
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fluids is widely refer redMNAIEMICBORHHE STRIECTERES;ed and pot ent i al
applications of mcrofiuidi csz}]mgg}{ (ﬁjﬁﬁﬁﬁ\gAﬁIﬁgﬁOSi s, life science

research, biological and/or chenmical sensor devel opment, and others
appreci ated by those skilled in the art. A mcrofluidic structure including

a substrate having one } Pil ﬁ,?@ﬂﬁ&s or pat hways and a
cover plate or a secondq{)‘%é%%gﬂsiﬁggég esﬁwi h ui d pat hways that may or
m;t_y Isot lbﬁielderelm:Immmioned, may commonly be referred to as a mcrofluidic
chi p. Higlyint.rae?m‘.crof.luidic ni r I cal | ‘labs on a
chip'. Inor ggmb(?g]%legf}@ Pﬁi“a‘i"'fc‘“% eBeSra‘,ng ?rﬁlgn t§15 stra %Ilél{g?n@élga%faﬁg’l ass, quartz
or ds:jl i efte pavieulatiy and hgeotsl, pilgaeicnealilnéit stootpednidso bintetled forhi gh t her nal
an i mensi onal st gi lity and excellent feature accuracy. These chips are
typi cal I“;“/aif%t?r @H{a% ’ E@X‘ﬁﬁlc\%ﬂq &5t 'F'8ffed ni crof abrication technol ogi es
devgl Op_QdDEQK‘ipﬁ&ﬁoffﬂwﬂﬁ&DHﬂUCt or industry. However, the material and
production cgsts of the inorganic chips nma 0? cone prohibitivel.y .high
espddial Iy yfip e techolegyinf diapip Q{Imgm%)vql%%, E‘é’?%giwﬁﬁ?r}di G ﬁtmcalat‘lf%és 'r 't he
chi p hasyiigy ksretdash a8 Alréfuidits. a@irtdlioay andgaents bpPlidthadfbiiebgiical assays
were devel oped utilizing the surface properties, of. palyneric substrates.
The reséagltde direpssrdiagnegbilifetrionge leedehelis gm@é@ Oégl?gvggféws?rnor gani ¢
sur f acesyepau e S ofRrs3bgrebibied B thotd dMIANA He@ROUN Ce i nvestments. As an
alternative to inorganic mcrofluidic structures such as tHQﬁ,e referred to
A microfluidic structure including a substrate having one or more microfluidic
15  channels or pathways and a cover plate or a second or more substrates with fluid pathways
that may or may not be interconnected, may commonly be referred to as a microfluidic chip.
Highly integrated microfluidic chips are sometimes called ‘labs on a chip’. Inorganic
microfluidic chips having substrates made of glass, quartz or silicon have advantageous
organic solvent compatibilities, high thermal and dimensional stability and excellent feature
20 accuracy. These chips are typically fabricated using well-established microfabrication
technologies developed for the semiconductor industry. However, the material and
production costs of the inorganic chips may become prohibitively high especially when the
fluidic pathway(s) requires significant area or the chip has to be disposable. Inaddition,
many established biological assays were developed utilizing the surface properties of
25  polymeric substrates. The research effort required to redevelop these assays on inorganic
surfaces would require significant time and resource investments.
As an alternative to inorganic microfluidic structures such as those referred to
immediately above, microfluidic structures or devices can also be made from polymeric
materials. Polymeric microfluidic structures have advantageous low material costs and the
30 potential for mass production. However, the fabrication of polymeric microfluidic chips
presents a variety of challenges. For example, microfluidic chips may contain sealed
microstructures. They can be formed by enclosing a substrate having a pre-fabricated fluid

pathway or other microfeatures with a thin cover plate, or with one or more additional



i mredi atel y above, microfluidic structures or devices can also be nade from
polymeric materials. Polymeric mcrofluidic structures have advantageous
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network to one planer surtace, as the fluid cannot flow through the
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SPace. 4, uniform continuous sheets or layers between two opposing planer surfaces. This restricts

20  fluidic communication through a network to one planer surface, as the fluid cannot flow
through the adhesive layer, preventing the use of a more versatile three-dimensional space.

The use of a strong organic solvent to join two or more discrete plastic parts is a well

known practice in the art. In solvent welding, as this process is referred to, lamination
solvents work by aggressively penetrating the macromolecular matrix of the polymeric

25  component. This loosens the macromolecule-to-macromolecule bonds, uncoiling or releasing
them from their polymer network to generate a softened surface. When two opposing
softened surfaces are brought into close proximity, new macromolecular interactions are
established. After the solvent evaporates there is a newly formed macromolecular network at
the bonded interface with mechanical strength defined by the force of the macromolecular

30 interaction. Exemplary strong organic solvents used for plastic lamination include ketones

(acetone, methylethyl ketone or MEK), halogenated hydrocarbons (dichloromethane,

chloroform, 1,2-dichloroethane), ether (tetrahydrofurane or THF) or aromatic molecules
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20 Another reported technique suggests that the quality of a thermally laminated
polymeric microchannel can be drastically improved if the opposing substrates have different
glass transition temperatures. While this approach may provide a way to retain
microstructural integrity during thermal bonding, the success rate will rely on precise process
control. Consequently, its application to microfluidic chip manufacturing is restricted.

25 A recent publication describes a method of creating a plurality of relief structures
along the length of a microfluidic channel wall, projecting from the opposing surface in the
non-functional area of the substrate. Subsequent deposition of a bonding material fills this
relief structure, completing the bond. This method allegedly can increase the manufacturing
yield of adhesive bonded microfluidic devices. The significant challenge of dispensing the

30 correct volume of bonding material into the relief structures is not addressed. The necessary
control of the small volume of bonding material does not lend itself to high production yields.

In view of the foregoing, the inventors have recognized that a simple, reproducible,
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20  weak solvent bonding agent to enclose a microstructure fabricated in or on a non-elastomeric
polymer such as polystyrene, polycarbonate, acrylic or other linear polymer to form a three-
dimensional microfluidic network.

According to an aspect, the method involves the steps of wetting at least one of the
opposing surfaces of the polymeric substrate components with the weak solvent bonding

25  agent in a given, lower temperature range, adjacently contacting the opposing surfaces, and
thermally activating the bonding agent at a higher temperature than the lower temperature
range for a given period of time. In an aspect, the lower temperature range is between about
minus 10 to positive 35°C, and more usually between about 0 to +20°C. The lower
temperature range typically includes what is referred to herein as room temperature. The

30  higher temperature is above about +35°C. In an aspect, pressure is applied to the adjacently

contacted components to assist the laminating process. It will be appreciated that the higher



persons skilled in the art will appreciate. SUMVARY OF THE | NVENTI ON An
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enclosed with a polymeric thin film bonded thereto with a weak solvent bonding agent that is
thermally activated after the thin film is contacted with the substrate surface. According to
20  this aspect, a contact surface of the substrate or the thin film can be wetted with the weak
solvent bonding agent prior to contact. Alternatively, the surfaces can be adjacently
contacted and the weak solvent bonding agent applied to an exposed edge whence it is
wicked between the surfaces. The structure can then be exposed to thermal activation heat
and a compressing source such as a roll laminator for the bonding agent activation and bond
25  formation. This method provides one aspect for the realization of large scale microfluidic
chip production. In alternative aspects, the weak solvent may be applied via vapor phase or
gas phase condensation processes known in the art. Rather than cooling the solvent, the
substrate may be cooled prior to solvent application.
Another embodiment of the invention is directed to a laminated, polymeric
30  microfluidic structure. In an aspect, the laminated microfluidic structure includes a first
component having first and second surfaces and one or more microstructures, and a second,

. . ‘ 3
polymeric component having first and second surfaces, in which the second component is
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component of a microfluidic structure before and after, respectively, enclosing the

20  microstructures according to an exemplary embodiment of the invention;
Figure 3C is a cross-sectional view reproduced images of the structure shown in
Figure 3B;
Figure 4 is a diagrammatic illustration of a laminated microfluidic structure
fabrication method including an alignment step according to an illustrative aspect of the
25  invention; 4
Figure 5 is a diagrammatic illustration of a laminated microfluidic structure
fabrication method for a topographically complex structure using repetitive solvent
lamination according to an illustrative aspect of the invention; and
Figures 6A and 6B are an exploded assembly view and a schematic perspective view,
30 respectively, of a laminated microfluidic structure according to an exemplary embodiment of

the invention.



Al ternatively, the lam nated structure may include a plurality (n) of

pol yneric substrate conponents each having one or nore m crostructures that
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and advant ages of enbodi nents of the present invention wll be apparent
fromthe foll owi ng detai | eBEAASEEDAE IORCOBr ef erred enbodi ment's, whi ch

nmake reference to ﬁﬁﬁF@%ﬁ?@@mﬂﬁNﬁsw QSI.E MT%@@CR' PTI ON OF THE
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the inventi.on;. Fiqures 3A .and.3B are [ . S
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and af t esrm “peBpRat’] Metdryto sanarasslagldr kieuchire posttetidthavieg 2 awdopdi wejghto an

I mbodi nent , . ' ion: Fi LS. [ i
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di agr ampatyiferibdtion $éacadi. Ol eatedials @bimatig dndrhareinfréftiret to as tplatittir e fabri cati on
met hod i ncl uding an al i gnnment

TEUGE Lol 0 00 SLLSRIEIL FLSPSEcord M6 L0 A LS ViLigLbmugpect ©
Tt A UGB Aty o otnast s atenludabpsir)
aspect  dPEHR N pERTRSSHY LAl I gaTe 8 G POV ARG SR B BB s el y
vi ew andy;SeHeRk s P& BPBRhE ¥ MaRPeoriRRBAC W Rk dinthsidndlanm nat ed
mcrofluidic structure according to an _exenplary enbodi nent of
microfluidic network” refers to fluidic connectivity of at least fhree microfluidic pa&ways or
15  channels arranged in such a way that at least one of the three channels is out of the plane of
the component or in another, non-planer component. The term of “weak solvent” as used
herein refers to an organic solvent capable of forming a chemically bonded interface between
two mating surfaces under appropriate temperature, force (i.e., due to pressure, vacuum
and/or mass) conditions but having little or substantially no bonding effect otherwise. The
20  term “inert solvent” refers to a solvent that is miscible with the weak solvent but having no
bonding capability alone.

Embodiments of the invention are based on the surprising discovery by the inventors
that when a weak solvent bonding agent is used as a lamination solvent to join non-
elastomeric polymers such as polystyrene, polycarbonate, acrylic or other linear polymers

25  under mild conditions, microstructures disposed on the substrate are not adversely affected.
This discovery enables practical and economical fabrication of prototype as well as
production fabrication of laminated, polymeric microfluidic structures.

According to an aspect, the weak solvent bonding agent may be chemically defined
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t he i nventi on. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE

| NVENTI ON As used herein, the word "m crostructure" generally refers to

st ruct ur avofeatods®2e on a microfl ui di c substrate conponerCTWiSROD4a37bE havi ng
at | east one dinension in the range of about 0.1 mcroneter to about 1000
m croneters. These features may be, but are not limted to, m crochannels,
m crof | ui di c pat hways, mcroreservoirs, mcrovalves or mcraofilters. The

t er m " poheweR] = H ord¥ evhereto=alkherivrhspE R aH Gl aberer R =ghvhai 2851 havi ng a
mol ecul ar; yelghl. g Rk, i1§=§ﬁg§gﬁgggsgﬁt[y hi gher than the constituent nononers
and, which 1s pr oduced y a“polynerization reaction. All materials comonly
and herei n raftenativdlyt cheaseakpblasttingty heea aehericgl Bymulsefymeric materials. The
term"acrylic" refgrs to Acrylite(r), Plexiglas(r), PMVA or other trade
nanes of pol ynet hyl methacrylate. A "two-di nensional mcrofluidic network"
refers to flui d2c-@oriectivity of at |least two mcrofluidic pathways or
channel s that co-egst within a conponent or in the plane of a planar
conponent. A "three-dimensional mcrofluidic network” refers to fluidic
conngéct imhiteyRbf Haor R, edste R Fralel oi is pskhtiand R2 THaehRaykeroR tHk®eiss ar r anged
in such g way that at |east one of the three channels is out of the plane
of the & sr?'Btonent or in another, non-planer conponent. The term of "weak

sol vent" as nsedatheleitie wedkeobehtongrhave gehwinicad Girmelatofcapabl e of forming a
chem cally bonded j,nterface between two mating surfaces under appropriate
tenperature, force|(i.e., due to pressure, vacuum and/or nass) conditions
but having littRie—or—&ubstantially no bonding effect otherwi se. The term
"inert solvent" refers to a solvent that is mscible with the weak sol vent
but havi ng no bondi'ng capability al one. Enbodi nents of the invention are
based ORyHeRERS IO B wigrdR sCisebyishysehbhe i nventors that when a weak sol vent
bondi ng agent is used as a | am pation solvent to |oin.nonelas: ric

pol yifer s suc i aRarficlar apRFrl e Weak RSl BYKIREHESH &5 eﬁ)(rzl Rgfrg' (r‘fllcﬁ@?&rﬂlgﬁseaar

pol yner s,epneekolnt thabRRAIL) 089 in MaGhiosichetisty a8l dhappplediian. itiel@dbstrat e
are not adversely affected. This di scoYer enabAe§ Pr.f;lchti c?l agp econom cal
fabric atm]@gﬁblgwnb,V@@eéla%@ma@ts\%qqulelgé)ptwa properties. Acefoniirile has a Tavorable

dielectric constant, solubility parameters and low hydrogen bonding ability, which make it a
useful solvent for protein and DNA sequencing. Acetonitrile, however, is not typically a

15  solvent of choice for organic synthesis due to its limited solubility to many organic
molecules. In fact, compared to many ketones, halogenated hydrocarbons, ether or aromatic
molecules, acetonitrile has very limited ability to swell polymeric materials. As such,
acetonitrile is referred to herein as a weak solvent. Since it is used as a bonding agent in the
various embodiments of the invention described in detail below, it represents an exemplary

20  weak solvent bonding agent for laminating polymeric microfluidic structures. Thus the weak
ability of acetonitrile to dissolve a plastic surface makes it highly suitable for laminating
polymeric materials such as polystyrene, polycarbonate, acrylic and other linear polymers.
For example, microstructures disposed on a polystyrene substrate that was treated with
acetonitrile at room temperature for at least several minutes did not exhibit any noticeable

25  feature damage. Acrylic and polycarbonate have been observed to be more susceptible than
polystyrene to acetonitrile, but this increased susceptibility can be controlled by applying the
acetonitrile at a lower temperature or, alternatively, by using a combination of acetonitrile

and other inert solvents.



production fabrication of |am nated, polyneric mcrofluidic structures.
According to an aspect, the weak solvent bonding agent may be chem cally
defi ned a80:26104822C- CN R2where, R = H or R, where R =Ppalriyskooan3i7sl absent ,
R2 = Hor R where R=alkyl or is absent, and R3 = Hor R where R = al kyl
or is absent. Alternatively, the weak solvent may have a chem cal fornula
of: HR2-CGCN R1 where, R = Hor R where R = alkyl or is absent and R2 =
H or R wherEigRe= iBusayies the physicebstabitity okp elyaiatens aybgtrate prd dpeegietedol vent nay

have a chenl rgs%a?w%?%ﬁ%'sed% RetorfitritdN TdstMifoStrudRirest 00 r;a"ﬂgi frifhere R =

al kyl or“T's absent. a particular aspect, the weak sol vent bondi ng agent
i s acet abgut i5lte SpAdesion ahd agpeoximatalyi@pman idépgh woteveplicatetian ling thiclel y used in

e L S Lo PR S L s 1 v
di el ect ficacsomEtlantposse) Figinki IByshpas ankiage sf tackst wivdsyrdetuge Hbandiedg
b ol s o 57 PO R oot g,
synt hesiegddihe td theiabdodifrild 4t@6bns Rhripliahiré Jor banifimey Thegashesigptiecul es. In fact,
conpared to many ketones, hal ogenated hydrocarbons,. ether. or. ar tic

mol ecul @gstoniiids et P@'Oﬁaéefvl?ﬂ%ﬁu‘]eicﬁ‘isf"éﬂlyafﬁtlf:‘?agl} SP’E@%W%EPO BP?B’gtH?c

mat eri algt mfFostCiires.

10 An apparently unique feature of acetonitrile lamination is that this weak solvent has
remarkably different solubility strengths at different temperatures when used in relation to
polymeric components of microfluidic structures according to embodiments of the invention.
Although it is well known that the solubility of most inorganic or organic substances
increases as the temperature of the applied solvent rises, utilizing this solubility variation at

15  different temperature for controlled microfluidic structure solvent lamination requires a fine
operating window. The substrate must be able to withstand solvent treatment at room
temperature while increasing its solubility sufficiently at elevated temperature and pressure.
Acetonitrile used as a laminated microfluidic structure bonding agent provides the required
operating range in contrast to all currently known strong organic solvents that are generally

20  used for solvent lamination.

An embodiment of the invention is directed to a method for making a laminated,
polymeric microfluidic structure. Figure 2 illustrates an exemplary two-step acetonitrile-
based weak solvent bonding agent lamination process 200 used to fabricate a polystyrene
microfluidic structure 9. An exemplary first component 1 comprising a polystyrene planer

25  base plate that includes 1 to n microstructures 2 is provided at step 225. An intended contact
surface 11 of the base plate 1 was wetted with acetonitrile at step 230a by dipping the
component into a solvent container 3 containing acetonitrile 4 at room temperature.

Alternatively, as shown at step 230b, the acetonitrile 4 can be sprayed via a nozzle 10 onto
the intended contact surface 11 of the base plate 1 at room temperature. A second component

30 5, shown as a cover plate containing fluid communication through-holes 6, is provided at step
235. The cover plate was adjacently contacted with the surface 11 of the first component 1 at

step 240. The microstructures 2 and the through-holes 6 can be aligned by sliding the cover
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acetonitrile is referred to herein as a weak solvent. Since it is used as a
bondi ng agent in the various enbodi nents of the invention described in
detai|l bewvowpodw3epresents an exenplary weak sol vent beoaiusgoagssti f or

l'ami nating polynmeric mcrofluidic structures. Thus the weak ability of
acetonitrile to dissolve a plastic surface makes it highly suitable for

| am nating polynmeric materials such as ) r bon , I
and ot heR 1Pﬁ‘é§%°nﬁ6f‘1‘fr19é?esplat?8’fv’€%<‘éﬁ%t@ fhbriods FecrsPly GesBateton a
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feature actfcvmfg%lﬁ witiger Befingeecommiesrd by @apliss aflae h@l‘ﬁ@%ﬁé@?%‘ﬁ@%‘rﬂv@éﬁ dnpe nore
suscept i Lys sed
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acet oni tand the rolleeSt m cr ostructur es 100 ranging fromabout 2.5 to 5nmin

size, and ap oXi ely ept h were repl | Q 1 ck
pol ystyrene eé% egon t‘fl? boﬁflwgmfa,&% ﬁlcc):m\/\gluéﬁc ?trr?a&trae é:?& ?(%gl 1{}(133&5%%'{9 $ 0
m crost rauaynﬂe@pog&@haaam;oandtmclbmeamt dThetrmcrbﬂrueKméAnfehe fiugureed 4r8 shows an
i mage of the test mcroggruct UI;}‘PeS é@ ]@gi{ered {6 ?w I Fi

e aceto ile. Figure
1C JRowensntnieguinyss peeruse i ALt 0V S Hsb e Ve Eh oabi i o ¢ he
acet oni tijid £isal 10N FATRSSrEdcbhiBstiafl in YhiBhikg tha@@@fe&hdp&sddo Tsé met hat
acetonifrile treatment at 'room fenperature caused any not i cea 1bsurface

det er i oméats dis aofmm aicl palystyrerersybitiaise {Ihe gdcrofiydic pathmays ¢ Yeu g g 8at ure of
acet oni tyd rgcéséﬁfésgﬁﬁe'd%ﬂoéeswlﬁf@Feretnlaé & MEak 25 elurRRBANARE 3BeRAKaRkky di fferent

solubility strengths at ferent tenpératures when used in relation to

pol yner iimagss hpbnemtdafiof enﬁogmétheum@w@ugiﬂqm&w&% vigdewngtienefiths Bbodi ment s of
the nvelété? and ﬂo‘lletch%ygﬁb rds ec‘ﬁ@él% N3¢ Eaatcréslg%eéf%élhlww stnof nost
|norgan| B or “or ganr ¢ stances 1hcreases as the tenperature of the applied
sol vent entlogsl paﬂ)lwab/l Sulstpntisllysnogthutaly Idefoymationicapthondigensierel dliestation inper at ur e

f trolle fl
oper ot r5oa aaie HiRetnElf s Sk SpRaRd b Rl QR SR SRRUEEDOT, (il et

at roomare also retained as there is no observable cracking or other material damage. .

A beneficial aspect of acetonitrile-bonded lamination is that the process according to

20  an embodiment of the invention allows substrate alignment for structures containing multi-
component layers or fluid networks constructed utilizing both the cover plate and the base
plate. Unlike conventional strong solvent lamination, which tends to penetrate the polymeric
substrate surface aggressively and create a tacky bonding surface within seconds of solvent
application, acetonitrile at room temperature exhibits a very weak power to soften the

25  substrate upon application. When the acetonirile is present between the mated surfaces, at
lower temperature prior to thermal activatibn, it functions similar to a lubricant and allows
the adjacently contacted surfaces to slide freely against each other. Upon thermal activation
of the acetonitrile and application of pressure, the mated surfaces form a substantially
irreversible bond.

30 The alignment aspect of the process is illustrated by example in Figure 4. At step 400

polystyrene base plate 12 containing microstructures 14 and alignment keys 15 is wetted with
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tenperature while increasing its solubility sufficiently at el evated
tenperature and pressure. Acetonitrile used as a lamnated mcrofluidic
st ruct ur ewbanab/oage2agent provi des the requi red operati ngPcangeomn3izzont r ast
to all currently known strong organic solvents that are generally used for
solvent | am nation. An enbodi ment of the invention is directed to a met hod
for making a |l am nated, polyneric mcrofluidic structure. Figure 2
il u;st r atasnitaite @xmmteamyratmmsﬁtSelpaté@@tlmwratsmh asislgsraiieduelane s8I Plafondi ng
agen tion race; rofluidic
agent 1 37LAL 80 P AREAS on%a?lgngﬁl?q 15a9m§g£ﬁé FekR ﬁg?@%}lﬁgé%’lsrlg/g? 1g1t;e§1r o e
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acet oni f?efgaggs(m%ﬁlgﬁls g%ys ?Brbc} frjg:;t% esﬂgeoaﬁ g%(gﬁ%em?éggﬁé%i Vent cont ai ner
3t COBtzggﬁbemglya@eﬁ Qiahllarmha&edflatah eleogied empgretuet anderesAlre én"rraahmrt/gdry)d @as shown at
step

aceto i 4 ¢ e ed Vi 8, 8 N0z g t he
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t hrough-holes 6, is provided at step 235. The cover plate was adjacently

cont act gedrtigiletly béfweenationc®tor 2033, Thedhgrmakyctivefingderaprratureds ahopepbosln. The
m cr ost rlég‘-r’(;“' M €3¢ r{zx%?r@daﬁgoﬂgtstoﬁél%%g g{&% @neccl% Qﬁly%bh@&@djcéﬂpoﬁéﬂtgﬂong t he
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t he msselﬁﬁétyhegalﬁﬂ@m I&rbcezélére upto aﬂioetpl@ﬁ()moteh:arta;sbelmbbtyve@lG)B)Mmt:ed atop a

hot plate 8 at 40-45 activate the acetoni ile bein
cpnpresslg’dftrﬂg}ve coppFgsEion ?meff%&eﬁ?fﬂla? é‘pﬁ?c(g%selssg:mmn/éséec%%ﬁtt &ntudé in ggout 1 ]
m nute fon lammérmmb&e@bleﬁhpmss ismadt hi ckness to yield a finished,

| am nat ed m crof | ui di t h . The
and yield may O‘E‘éat‘lolf’rﬁl g\???di E’ﬁ%ﬁgq%’fcﬁ‘ﬁa fe;%t?z}‘ﬁgﬁsg%}l@glg%ﬁ%evg%mg% mﬁ?rggsgi(%?ugl Irt)%ll

| am nat Qpp licatitEe SithNarPb eeweldihdiioRaltpriplea el warl (POB) task irewhich thehe
acet oni tr| | e- bonded, | am nated mcrofluidi.c structur&l‘% set forth in Figure
3 wald an@riyedavierrannalsrse soh phenithont pleciue cesH VN & PARelR8t r uct ures 2

of the ﬁ;faﬂﬁ%w&@o SinBbterds GA didr wltﬁo@@hmm@&wi@ﬁtwamaatmplezoo to | COOMM
in wdt 30mm deep. The base plate 1 is a | nmmthick rene

ol
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layers at the crossover section and be joined by vertical fluid pathways to complete the fluid

network.

20 Figure 5 illustrates an embodiment.of the invention directed to the fabrication process
for the formation of a three-dimensional fluid network microfluidic structure. The illustrated
process utilizes a three-layer substrate, two-step weak solvent bonding lamination process. A
first, polymeric base plate component 21 is provided that includes microstructures 25 and
alignment keys 23, which are produced, for example, by direct machining, hot embossing or

25  micromolding. A second, polymeric cover plate component 22 having fluid through-holes 26
and alignment keys 24 is also provided. At step 1000, an appropriate surface 38 of the first
component 21 is wetted with weak solvent bonding agent acetonitrile at room temperature.
The second component 22 is set atop the base plate 21 such that top surface 38 of component
21 and opposing bottom surface 42 of component 22 are in adjacent contact. The stacked

30 components 21 and 22 are slidingly aligned aided by the alignment keys 23 and 24. The

structure is then laminated/bonded at elevated temperature and pressure (in the ranges
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plate 5 is a Immthick polystyrene substrate. The m crofluidic pathways 2
were encl osed by the process described above with reference to Figure 2 .
Fi gures 3Woane/@B2are top view i mages before and after eotiussingsirhe

m crofluidic pathways 2 via |lamnation of the base plate 1 and the cover
plate 5, respectively. Figure 3Cis a cross-sectional view of the enclosed
pat hway. Substantially no pat hway deforrrftl er .di rre
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the process is il trated by exanpl.e in 4 t
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escri bed above. cover at of t sane_.n ontaining fluid

| oadi ng 398BRY sVhigh "dﬁéabé}f’?t&ﬁ‘i‘féihfger% elf??ﬁlg Hb‘ffaﬁg@ rB%u‘ltel‘?g B&g e 1|2 in
adj aLent , 4N ﬁ%&d@& dﬁ’fé?cﬁlté%nelgbﬁc}ﬁh@ﬁkdgﬂleﬁt‘ésﬁﬁé)btyieﬂ@odsﬁvem i gned at step
420 using the al |gnrrent keys 15 and 17 to E&fg t he al |%ned assenbly 19. The

al i gned misgsientyre 34 i consideaably Horizompicaisd- a{H WPEIHCLERBR S ur e and
pressure h@ﬁcu@e Alaalct cr&%\)epﬁ]ath@éy, él%@sovér%b)ﬂo&ﬂrd&ﬂlré B‘4 g edabrs Shegnedtafm nat ed

mcrofluidic structure ) | ary es of the tenperature of the
appl i ed thceppsnflyidingtavods él @@p@aé&tmnélw@me ane138 ! 1?%5156%%}?’3tf?"\‘7@“9‘5®f@n nor e

isolated fluid segment 51 in two-dimensional space as shown in component 21. The utility of

20  adiscontinuous fluid segment in two-dimensional space is described in US Patent
Application No. 20030156992, entitled Microfluidic systems including three-dimensionally
arrayed channel networks, incorporated herein by reference in its entirety to the fullest
allowable extent. Figures 6A and 6B illustrate exploded and assembled views, respectively,
of the microfluidic structure resulting from the fabrication process described in association

25  with Figure 5.

In the case where the microstructure(s) in a component is small, e.g., having a depth
on the order of about 5pum or less, and the planar width of the pattern is large, e.g., 1mm or
more, and in addition the enclosing component is a thin film having a thickness of about
200pm or less, the lamination force applied to the component pair may cause the upper

30  component to impinge upon and bond to the lower component causing blockage of the
pathway. One way to prevent this problem is to control the presence of bonding agent in the

microstructure(s). If the applied bonding agent is not present in the pathway during thermal
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particularly between about 0 to +2C0C. The thermal activating tenperature
i s above about +35C. Exenplary amounts of pressure applied to the
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that i nQIeudB@ltmhmro@ﬁfordetisl’v&tBI 1a5wathbw@1mforkeeqfa 12@jd isridiracthr e pr oduced,

o BB S A TR RS B LG TR 8 oo

al i gnmengyrck @yshe al‘éak&beﬂioﬁ@e&h@yindﬁﬁmlo%strﬁét&ﬁ(slUﬂﬁs pleshompipr @prbe at e Sur face 38
of the first conponent sol vent bon

d t Kk
acet oni tgplogedo CP%%%t]E’%W?Pé‘rSQfVG?tém Yel*ﬁéhvgsaé%aé &‘88%%W89ﬂte‘§1§d clér%g‘é‘f %t op the

base pl az&@pr@wéuszyuﬁghtfoﬂ@& tﬂ&&o%%sﬁ@fé@céﬁa)e%fna?&fmﬂﬂmeneanll tﬁﬂﬁboﬁﬁp@m ng
bottom surface conponent are in adjacent contact ﬁ“ﬁzt acked

conponenths splventayid g@?f%}yéo@ﬂ’ieéﬁlhg 1@%‘1"?"9*??@‘8“8 itRfeyLEiptasfac 3111?16 nt keys 23
and g4. %ﬁs’&&iﬁ{% Ufife sbgleﬁtr&%‘ sdlﬁéq] veatyesd hansed iah 18 BMAdsadcthRReviag ure and

pressure (in the rangesdescribed heréin above) at step 1010 to produce the
| over | ethebolydnt foobmain@nly iaghsayrss petpgen the @tmswes thdpes in %Pﬁ‘idefob B8dnt 29,

| nel uding. a. DLkl 'lwhg SHEMRStrLs of B Qahntk e Wadiidnalbhabgent keys

32, is provi top surtace 43 of assenb dy is wetted
wth prior to solvent exposure, the solvent can then be introduced to the exposed edge of the

contacted components. The solvent will “wick” into the area where the components are in

20  contact while the microstructures remain solvent-free.

As disclosed above, the acetonitrile bonding agent requires thermal activation in order
to create a bond between the polymeric components. The requisite heating can be provided
in a number of ways. When the heat is applied to the components by positioning them on a
heat source, the heat must be conducted through the components to the bonding interface.

25  This method, while simple, may not be amenable for applications where the substrate is bulky
or there are fine structures sensitive to the solvent treatment under thermally activated
conditions. Another method aspect that provides the necessary energy at the bonding
interface without significantly heating the substrate components is referred to herein as
solvent-assisted microwave bonding. In this method the substrate components are prepared

30  for bonding as previously disclosed. However, instead of conventional heating the bulk
structure by contacting a high temperature source, the assembled component pair is exposed

to microwave energy. The microwaves energy is predominately absorbed by the polar

13



weak sol vent bondi ng agent acetonitrile at roomtenperature as descri bed
previously. The third conponent 29 is then set atop the assenbly 28 such

t hat top worb@aoa3®? of conponent 22 and opposi ng bott ompsunfsaaa/04379nf
conponent 29 are in adjacent contact. The stacked conponents 28 and 29 are
slidingly aligned with the aid of alignnent keys 24, 32. The structure is
t hen | am nat ed/ bonded at el evated tenperature and pressure érn t he ranges
descri beavénemelequlapwirkqut affecting the botkplasc perapnicst sitHeiuienhBEhatipgigi onal

m crof | f FBE SRS el Wi GHOBSPN ShrtidhIGNPEdfilGE Ur es 34
and 35.Bv&#%%ﬁtg¥%yﬁé%%§ﬁggﬁgﬁﬁ€?ostructu?es é4, 35 d g l'iver flurds across
each ot kiaratiwist e the hertids eree opadle ta badurfpce residcted. uAkigreatiyalyt Be sEUGERET at ed by
t hese t SOV Er t t Rdoridr BNeafdl Stinctly
differ e\rQ/Ob éor laroné%ag]\ggb& Qf?ﬁ ‘E:’%g(ssy {Vg%tbgﬁcgﬁ%%epgﬁ or m@eog b)g/j lPlernc oé1 ing two

st r apghtsoledmaapmeicstia?dc and 37, which are fabricated at different |evels of
the mcroflu structur.e s Hidaf er ent
channel s or tﬁ%ﬁﬁ@?“@gﬁﬁgﬁ?mlmﬁﬁ%mgﬁﬁggagg%@gégg?mﬁﬂg%%g%rugture 34 s
consi depaitdtedor fie ofpphds oftlmetration andidistisiont & ipn@itdided teberxhasticuct i ve

fluidic craossoyer, ath cro vVer,. cro ruct I I a
segnent °bf° t%‘ﬁrﬁ EFUG V%)ﬁ?]e Rigt rl?l%ls 0%68 f%aﬁ?‘(#]ﬁg&ggarrr%a é‘ﬁ’z 38 and

| eads t @odsitte anfgﬂBéﬂt@élaBbfve &Bchuﬁgoﬁaiseiderfdedltlﬂt &egmabf ﬁleinwemtldrm di nensi onal
space as, shown in conp@ﬁar E ﬁ% of a d ntanuous fluid
segrint limHted fet Ry this dete escsrt?ge%b‘ft§at ‘ersbé’ Céﬁmisr?p‘?ﬁ AT Appl i cation No.
20030156992, entitled Mcrofluidic systens including three di mensi onal | y
arrayed channel net wor ks, incorporated herein by reference inits entirety
to the fullest allowable extent. Figures 6A and 6B illustrate expl oded and
assenbl ed views, respectively, of the mcrofluidic structure resulting from
the fabrication process described in association wwth Figure 5. In the case

where the mcrostructure(s) in a conponent is small, e.g., having a depth
on the order of about S5mmor |less, and the planar width of the pattern is
| arge, e.g., Immor nore, and in addition the enclosing conponent is a thin

filmhaving a thickness of about 200mmor |less, the |am nation force
applied to the conponent pair may cause the upper

14



conponent to inpinge upon and bond to the | ower conponent causing bl ockage
of the pathway. One way to prevent this problemis to control the presence
of bondi nyoagewi43922 t he m crostructure(s). |f the appli edThseaung7agent i s
not present in the pathway during thermal activation, the upper conponent
will not bond to the pathway of the |ower conponent. The upper conponent
will lift back to its intended position when the assenbly returns to room
t enper atWie dainThere are a nunber of ways in which the acetonitrile bonding
agent cgn be mani pikhated ahQidhoute! @MRghbon of two conponents wi thout
deform ng the ‘enc osed m crostructur e(s). Wien the base conponent

cont ai ni ng t hérsrcenpstenticyingdis pnd sscondoutfhees, wheseie atrleast enegithe t he cover
conponent .. t he ce bet t Y PI be on the

or der ofsmg cgmncég%taomfcfﬁglreln& Qrfhﬂg[ﬁér;@lewgﬁgﬁgsggé?@%nélﬁgbglzg% %C of the

m cr gst muadriat;@sd i.e., about | mmor nore. It is well known that the

capillary force of a liquid is indi i I . bt h of the
gap the 1i quflae“’logcfi’fplomn?eﬁ'ﬁ.coqqﬂﬁnsen aé’i;ng%{\f\%t%?cp%g&gd#fg%g’rw%eg%flIla Ef’;lér%yt orce in
t he ar edirktandechahseficé bxhe sdeoid@mponmostiixadly atteps] to ohkios thelheqvodrenrth can be

exploited to _contain the weak, solvent. only to the areas.o .sfructure
i nlto endecfgftéPrf‘i?Sr? ﬁﬁ&mﬂgmﬁ?‘ée\?f’5??3?%?“’%%90@8%}@ £ %eélét\ﬁ\/\}ﬁeé%%lg%?lgqn% can be

sprayed agbidths SRtakantveanditt RefecroMianlyettric Thepaehisent wi || general |y
conpletely fill the void between the substrates, including the

m cridstructures. The solvent can subsequently be suctioned fromthe
m cr ost ruct urgs nliGaNhinR skri@usf viem 1,twhefedihk Bodihg/agetit it bextaniteiks bet ween t he
substrates that are intended for bonding to occur. Alternatively, if the
opposi ng surfaces of the substrates are put in adjacent contacted prior to
sol vent £XPOFHYE GicrbAGIdRAUANe F8Rint NS heRSn BbbRHMERGNT 9 a iauex@osed edge of
the contacted conponents. The solvent will "w ck" into the area where the
conponeracstorifrde pifl @oREAEAVehi | e the microstructures remain solvent-free. As
di sclosed above, the acetonitrile bonding agent requires thermal activation
in order to create a bond between the polynmeric conponents. The requisite
heating €an e priovfluidis stmctarerad ploian 1.orheygisy the polyesrie gempraghts ineludsal i ed to
t he conponent s I.tioni : g : ] t be
conduct oy PHSatoBREH s AR w3 AP AL A E e pf RS anGUS

linear polymer.

20 5. The microfluidic structure of claim 1, wherein the first and second surfaces are

substantially plane and parallel.

6. The microfluidic structure of claim 1, wherein the first and second surfaces are non-
parallel.

25
7. The microfluidic structure of claim 1, wherein the second component is a thin film.
8. The microfluidic structure of claim 1, wherein the microstructure is a microfluidic
pathway.

30
9. The microfluidic structure of claim 1, wherein the microstructure is a
microchannel.
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This method, while sinple, may not be anenable for applications where the
substrate is bulky or there are fine structures sensitive to the sol vent

t r eat mentwondevossdrer mal |y activated conditions. Anot her pogtuseah4msyyect t hat
provi des the necessary energy at the bonding interface w thout
significantly heating the substrate conponents is referred to herein as
sol vent - assi sted m crowave bonding. In this nethod the substrate conponents
are prepared for bonding as previously disclosed. However, instead of
conventy pnal rheAldithidi Ik oPUEHIL WhEeRMnE A AELDE ida iighrelsemmer at ur e
source, the asse ed conponent pair is exposed to microwave energy. The
m crowaves energy i s predom nately absorbed by the pol arsol vent nol ecul es
wi t hout .affegtin . I (I & a hitusvaigat i ng the
bondingl'nter 5@%0@p@ﬁ§ﬁ%5%ﬁ%@ﬁﬁgﬁéfﬁgyﬂﬁaﬁﬁgéﬁﬁﬁﬁﬁgﬁtes_ This method is
partscul arly useful in situations where the heating area needs to be
surface restyicted.. A.ternatiy, t : nelgdiepr | am nated
by the weak IW@W“@&%%T%%H%%%I% lh&hgﬁ%éhg%gpggggéﬁ%@%%ﬁmaktegol vent
application. The foregoi ng description of the preferred enbodi nent of the
invention h been presented for .the nQose N ' nd

descri ptl?’-onéﬁfetmicgofﬁﬁﬁc ftﬂicﬁ“ﬁ%%fgclﬁngqb‘évgégi glzess'?f(\g/@ cl(())lrnp'%J I?) E@Hut@ &taﬁe i nvention
to the prigefsgicpehiadiss/lestshe obhayirsro fecasitsuda®sand variations are
possible in light of the above teaching. It is intended that the scope of
the l0nvention be linited not by this detailed description but rather by the
cl ai ms gppengginhesmide WeuctlrabBlaifh. 1, forhrisinpat datalityof ofitrostaicerestiv aict ur e,
conprising: a first conponent having first and second surfaces, wherein at
| east orestome phide St PR ESORGRAMPIBYS, i crostructure, further wherein the
first conponent is a polynmeric material; and a second, polyneric conponent

having first and second surfaces,, mhergin,on of thF fi%ﬁ%.aqg second
surface 16f t Bee wissefhudie sipsone Af clpim k% wherpip ablepst dwR 8t P PYFYSLY ¢ he second

and i 1 sliAUALRGE Hl iddiRohdll. conponent, respectively, by a bonding agent,
wheréin e bonding agent 1s a weak solvent with respect to the polyneric

components. 2. The mcrofluidic structure of claim1, wherein the bonding
agent | Sl6gcetrger1 {nricrré)ilhﬁdic structure of claim 1, further comprising n additional laminated

polymeric components each having first and second surfaces, wherein at least one of each of
the first and second surface of each n™ component is fixedly attached to a respective second

20  or first surface of an immediately adjacent component by the bonding agent.

17.  The microfluidic structure of claim 16, wherein at least one of the first and second

surface of each of at least n-1 of the n components includes a microstructure.

75 18.  The microfluidic structure of claim 17, wherein at least one of the at least n-1

components includes a plurality of microstructures.

19.  The microfluidic structure of claim 18, wherein at least two of the plurality of
microstructures are inter-connected.

30
20.  The microfluidic structure of claim 16, wherein the first and second surfaces of each

of the n components are substantially planar and parallel.

16



3. The mcrofluidic structure of claim1, wherein the bonding agent is a
m xture of acetonitrile and an inert solvent. 4. The mcrofluidic structure
of cl ai mwpO 20évar48922 t he pol ynmeri ¢ conponents include at pceastooanss7of a

pol ystyrene material, a polycarbonate material, an acrylic material or

anot her linear polynmer. 5. The mcrofluidic structure of claim1l1, wherein
the first and second surfaces are substantially plane and parallel. 6. The
m crofluidic structure of claim1, wherein the first and second surfaces
are nonggr al el 1cx7o'ﬂu cf'ce tIrHCﬁl?é)§ cllldixg 16 @ﬁe‘fréiﬁ'gﬂérfﬁstgfld SdcBhdbulfacedgemhn the
second on&nt} th mcrofluidic structure of claiml1,
wher ei nof ﬂhenmmpmhﬁuﬁmbﬁantsllaphnmaod ftlnlih@l‘ wehepin gyt agd seeRad FHIEFST | ui di ¢
structur f cl ai 1 vvher tructure is a mcrochannel.10. The
mi crof | ﬁf‘ﬁ tsotnFL?g)[ O&% %areﬁon%%ggl nthe microstructure is a

m crereservoir. 11. The m crofl uidic structure of claim1l1, wherein the

m cr ost ruct u crova 12. Th claim1,
wher ei n2the {Er]i‘eC’P’(%O?fP‘lrlpd? ﬂf‘g %OBCIW ﬁﬁr%r qugwsfﬁlleur%’ltl%%%; ?j(fjfﬁltlj(?%: structure
of cl ai ?htjlway\/ner ein the second corrponent includes a mcrofluidic pathway in
at least one of the first and second surfaces. 14. The mcrofluidic
structure of claiml1, conprising a plurality of mcrostructures in at | east
one of bhe firhShickstthiGesOntire ONPEREIT Sherdid theinierasirestoeliva ticodsimebt ur e of
claim14, wherein at |least two of the plurality of mcrostructures are

i nt dP-connected. 16. The microfluidic structure of claiml, further

conpri sipng n @dditianlc dasrRarerii 07 WRfdiCthe atifrosiictuse mach havi ng first
and second surfaces, wherein at |east one of each of the first and second
sur f ace mfrogegerkioin conponent is fixedly attached to a respective second or
first surface of an inmediately adjacent conponent by the bonding agent.

17. The mcrofluidic structure of claim 16, wherein at |east one of the
first and.sedbanicrofluidic structure of claim 17, wherein the m1crostructure is a microvalve,

15
26. The microfluidic structure of claim 17, wherein the microstructure is a microfilter.
27. The microfluidic structure of claim 1, wherein the weak solvent has a chemical
formula of:
R1
R3—C—CN
20 R2
where,
R1=H or R, where R = alkyl or is absent,
R2 =H or R, where R = alkyl or is absent, and
R3 =H or R, where R = alkyl or is absent.
25

28. The microfluidic structure of claim 1, wherein the weak solvent has a chemical

formula of:

17



surface of each of at least n-1 of the n conponents includes a

m crostructure. 18. The mcrofluidic structure of claim17, wherein at

| east onewof20tdma3at | east n-1 conponents includes a pl uralritsgooafn3379t

m crostructures. 19. The mcrofluidic structure of claim 18, wherein at

| east two of the plurality of mcrostructures are inter-connected. 20. The
mcrofluidic structure of claim 16, wherein the first and second surfaces

of each Wfr%he n conponents are substantially planar and parallel.21. The

m crof | uidic stguch R Mhefe!redlAidPor iVARERI 4t he first and second surfaces
of each of the n conponents are Substantially planar and further wherein

the first and S¥toHdrsRuwleeeB =ofikder iseébssit.one of the n conponents are
non-parallel. 22. The mcrofluidic structure of claim17, wherein the

m crostructure is a mcrofluidic pathway. 23. The mcrofluidic structure of
cl ai /i 129. wh&heimerofddivistnaiee ofickur b vitsren i siealcsrdypithas axhemithle
nicroflq%q%ﬁa§§ructure of claim1l7, wherein the mcrostructure is a

m croreservoir. 25. The mcrofluidic structure of claim17, wherein the

m crostructure is ﬁinicrovalve. 26. The mcrofluidic structure of claim 17,

wherein the nic&pg&;gﬁkure is amcrofilter. 27. The mcrofluidic structure
n the

of claim1, wherei weak solvent has a chemcal formula of: R1 R3-C-CN

R2 where, R = HoH R where R = alkyl or is absent, R2 = Hor R where R =

al kyl or_js absent, and R3 = Hor R where R = alkyl or is absent. 28. The

nicrofld?ﬁ?% structure of claim1l1, wherein the weak solvent has a chem cal
R1=H or R, where R = alkyl or is absent.

10
30. A method for laminating at least two polymeric components to form a laminated,
polymeric microfluidic structure, comprising:
applying a weak solvent to a surface of one of the at least two components; and
adjacently contacting opposing surfaces, including the surface having the applied

15  weak solvent, of the at least two components.

31.  The method of claim 30, further comprising cooling the one of the at least two

components prior to applying the weak solvent.

20 32.  The method of claim 30, further comprising thermally activating the applied weak

solvent after adjacently contacting opposing surfaces of the at least two components.

33.  The method of claim 30, further comprising applying pressure to the at least two
components while thermally activating the applied weak solvent.

25
34,  The method of claim 32, further comprising aligning the at least two components

prior to thermally activating the applied weak solvent.

35.  The method of claim 30, further comprising sliding the at least two components into a

30  desired alignment after applying the weak solvent and adjacently contacting opposing

18



formula of:where, R = Hor R where R = alkyl or is absent, and R2 = H or
R, where R = alkyl or is absent. 29. The mcrofluidic structure of claim1,
wher ei n twe 2omak3®el vent has a chem cal formula of: H RPCT@S@M4iB33MEre, R
= Hor R where R = alkyl or is absent. 30. A nethod for |amnating at

| east two polyneric conponents to forma |l am nated, polyneric mcrofluidic
structure, conprising: applying a weak solvent to a surface of one of the
at | easturfages of tepbleesitwo carpdnetl§-acent | y cont acti ng opposi ng surfaces,
including the surface having the applied weak solvent, of the at |east two
conponents. 31. The nethod of claim 30, further conprisin coollng t he one
of the 3 | cEstmdthwel cfolpoAfihe coroprising adigping thegt i TR SKTRPCYSHIO 32. The

met hod of claim 30, further, ¢ S Vo daeddiNabhtaginche appl i ed
weak sot Q/eéﬁ?@%lfgtn er htap&jloélcézoeaf‘?f’ 1y&%§g%?§%%%ﬁ%%g%§%rnagﬁsurlg’aces of the at | east
t Wo T ongposing surfad8&s of Theat vatthred cahpaieatism 30, further conprising applying
pressure to the at | east two conponents while thermally activating the

appl i ed weak solvent. 34. The nethod of claim 32, further conprising

al i gni ngy.t herRtmdteabsf clav 30 onposie thesvepk savent bastasbemise] praglepfiat i ng t he

appl i ed weak solvent. 35. The nethod of claim 30, further conprising
sliding thet'at |east two conponents into a desired alignnment after applying
t he V\/eamse&-ve:lmt and adj acently contacting opposi ngsurfaces of the at | east
two conponehts. 36. The method of claim30, further conprising aligning the
at |east twf conponents into

where,
10 R1=H orR, where R = alkyl or is absent,
R2 = H or R, where R = alkyl or is absent, and
R3 =H or R, where R = alkyl or is absent.

38. The method of claim 30, wherein the weak solvent has a chemical formula of:
H
RZ—'(II—CN
s R
where,
R1=H or R, where R = alkyl or is absent, and
R2=H or R, where R = alkyl or is absent.

20 39. The method of claim 30, wherein the weak solvent has a chemical formula of:
H
R1 —(I3—CN
}

where,
R1=H or R, where R = alkyl or is absent.

25  40. The method of claim 30, wherein the weak solvent is acetonitrile.

19



a desired alignment prior to applying the weak solvent and after adjacently
contacting opposing surfaces of the at |east two conponents. 37. The method
of cl ai m80,20aa8e22n t he weak sol vent has a chem cal forouits2aio3ztere, R
= Hor R where R = alkyl or is absent, R = Hor R where R = alkyl or is
absent, and R3 = Hor R where R = alkyl or is absent. 38. The nethod of

cl ai m30 wherein the weak solvent has a chemcal forrmula of: HR2- GCNR
1 wher e41.R A nidttod oRmalingrdaminated [pPRiymege nigoRKdis siructaig LORPTISING or R wher e

= al kyl Orpm%ﬁfﬁ %.qﬂ'%t cPf’ﬁ?on }I; F@tﬂ?QQn@gec&ll(?éuﬁag’& wl‘l‘é}&%l%’c Rask B sreak

oI vent has = Hor R where R
= al kyl theruifgeainskdes a dBrosFhauneintibad vdered @i firgoompanentds ppelEeak sol vent

S acetonj[trllle41 A nmet hod of making a | am nated, polymeric mcrofluidic
struct ufé&® 80rrpr| sing: providing a first conponent having first and second
surfaces, whebeiimgat lebﬂasbcondl,epoblﬁnetlh eomporeaidesingfictadé sccandiueteesst r uct ur e,

rg;ts[] e;W gg{gel e f%& fﬁ% seé:8 QNG ol f?fstpc%% nlt‘fs g@ﬁfe‘a lydthe ﬁﬂard vi ding at

_ onent havin second sur aces
wher e :j ng@d’éﬁecﬁﬁb a}rb@eétlvfei‘sécoaﬂ dndBeospposing shmfaee oﬂthd: mOrid gostposaponent i s
I ntended to be 11 Xxe
applying a weg/k solvent bonding agent with respect to the polymeric components to
at least one of the first and the second component; and

10 adjacently contacting the opposing surfaces.

42.  The method of claim 41, further comprising thermally activating the applied bonding

agent after adjacently contacting the opposing surfaces..

15 43. The method of claim 41, comprising applying the weak solvent bonding agent at

approximately room temperature or lower.
44.  The method of claim 41, wherein the weak solvent bonding agent is acetonitrile.

20 45. The method of claim 41, wherein applying the weak solvent bonding agent comprises
spraying the bonding agent onto one of the first and second surface of at least one of the first

and second component.

46. The method of claim 41, wherein applying the weak solvent bonding agent comprises

25  dipping at least one of the first and second component into a supply of the bonding agent.

47.  The method of claim 41, wherein applying the bonding agent comprises adjacently
contacting the first and second components and applying the weak solvent bonding agent to
at least one common edge of the adjacently contacted components.

30
48.  The method of claim 41, further comprising aligning the first and second components

after adjacently contacting them, after applying the bonding agent, prior to thermally

20



attached to a respective second and first opposing surface of the second
conponent; applying a weak sol vent bondi ng agent with respect to the

pol ymer i cwoanonsaes to at | east one of the first and tireTaASe@ad3zonponent ;
and adj acently contacting the opposing surfaces. 42. The nethod of claim
41, further conprising thermally activating the applied bonding agent after
adjacentl contacting . th 05|ng surfaces.. 43. The nethod of claim 41,
conpri sid W@Béﬂ?@ﬁ@“ﬂﬁ@“&@%ﬁ‘%%lvent bondi ng agent at approximately room
tenperature or |lower. 44. The nethod of claim4l, wherein the weak sol vent
bondi ng agent is acetognitrile. 45. The hqod of cl ai 1,.  wherein applying
the weak9sol VEnMeHoAaf Hgimgl Airthehramarsiog a@ 5% Gyt ﬁ%énﬁﬁﬂ‘lﬂ "r?alp%% ont o
one of the {4 e{cﬁﬁtlyadaﬂtaﬁﬁe‘gomslnSdé&“cfraﬁﬁ)lﬁﬁg @b bbﬁﬂﬁg agefe of the first and second
conponent . é The met hod of claim41, wherein applying the weak sol vent
bondi>ng agent conprises dipping at |east one of the first and second
conponeny, | ml{ﬂe %eﬁﬁ@%h&aﬁ’ﬁ 4, tf@rt}ﬁ?&gﬁﬂ?gmégﬁﬂymg‘ﬂ)?essu-wﬁ) B bhRskdalirfedeai m 41,
wher ei n applying t ondi ng agent conprises | acently contacting the
first andtwedpnehtycapesstedcempensniggptizg @ﬂleﬁéal vetign pliap bondigdiesy- agent to
at | east one common edge of the adjacently contacted conmponents. 48. The
nmet hod of claim4l1l, further conprising aligning the first and second
conponents after adjacently contacting them after applying the bonding
agent, prior to thermallyactivating the applied bonding agent. 49. The

met hod of claim4l, further conprising aligning the first and second
conponents after adjacently contacting them before applying the bonding
agent. 50. The nmethod of claim4l, further conprising applying pressure to
t he exposed surfaces of the adjacently connected conponents during the

t hermal activation of the bondi ng agent.
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