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1 FINE LINE BONDING AND/OR SEALING SYSTEM AND METHOD The
invention relates to a method of bonding and/or sealing and/ or lining, to a
system for implementing the method, and to the bonded and/or sealed
ama/20e7mdined product of such method The method relates pFrpartiokasdiseo
the use of a microfluidic method of fine-line bonding and/or sealing or

lining by provision of a microgasket between two plies, especially of
dissimilar materials. The method is in particular a method of fine line
bonding/sealing on a microscale betweén two such plies, for example as
applied in a microfluidic system or for 10 production of microfluidic
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lining in a layers of material and especially between two layers of material,
and in particular an effective sealing bond, between two layers of material
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prevent undesired leakage ofgases or liquids at the bond or seal interface
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for dissimilar materials with dissimilar properties, and for example
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inserting an a layer, for example of adhesive, -
between two such plies, for example as applied in a microfluidic system or for
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10  production of microfluidic devices.

The problem of providing an effective bond or gasket or channel lining in a
layers of material and especially between two layers of material, and in

particular an effective sealing bond, between two layers of material arises

15 widely over a range of applications, materials and fabrication scales. In

particular it might be desirable to make a seal or bond to prevent undesired
leakage of gases or liquids at the bond or seal interface and/ or to make a
channel lining to achieve material properties that are not available from the

channel walls being lined.
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This is especially an issue for dissimilar materials with dissimilar properties,
and for example dissimilar thermal expansion properties. A variety of
solutions have been proposed. In some instances, for example, it can be
desirable to avoid inserting an additional layer, for example of adhesive,
between the plies and/or to ensure that a seal or gasket is precisely shaped and
located. To this end, a possible solution could involve the formation of a
groove in one or both of the plies, for example a groove in a first ply to be
lidded by a second ply, or a partial groove in both plies which forms a

complete groove for receiving a sealing member when the first ply is lidded by




25 between the plies and/or to ensure that a seal or gasket is precisely
shaped and located. To this end, a possible solution could involve the
formation of a groove in one or both of the plies, for example a groove in a
fwsi ply7isdagolidded by a second ply, or a partial groove in bath/psassaiae
forms a complete groove for receiving a sealing member when the first ply
is lidded by 2 the second ply in suitable orientation. Grooves may for
example be machined in the ply, or moulded in the ply at the time of
fabrication, using conventional fabricati@n techniques. 5 The groove or
grooves form a recess for receiving a sealing means, such as an '0' ring or
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recess gé%?’eépt%/&t\er{%%#gg\t/e gg%r%%i%dﬁle twoé%ﬁ%’s%‘:lgﬁgg\]e%mﬁmal
togé&hdcationdasbmigoedrientation. The two plies may be fixed together in a
10 suitable manner, and for example may be adhesively bonded together,
and in particular the sealing means may be adhesively bonded in situ
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requirement arises for rnicroscale sealing, Tor example to provide
micebctilee reall ketwiero s ite ipliesnithoffdicue vicdibe thediie is located
separately.fabricate Is,hegome increasi less. i
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diffiogétienianiptoent ddiffitativto [Boatevacelicatalyyirbe Fited ogether in a
rece which need to.be provided, and theprocess.canb .
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gropagEuiathéhplypaalipiemema largeibscalthetiviebt teamfied sealsitdowithin the
eit@e&eg'she invention is directed at the provision of an alternative solution
which 13°25 more practical at a microscale, where a fine line bond/seal is
required, for example on a scale where the recess to be sealed has a
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sealing, for example to provide a microscale bond or microgasket, in a
microfluidic device or the like separately fabricated seals become increasingly
less practical. Not only are such microscale seals difficult to pre-fabricate,
they are also then difficult to manipulate and difficult to locate accurately in
the micro recesses which need to be provided, and the process can become
prohibitively expensive. In addition, the techniques used to provide the

grooves in the ply or plies on a larger scale do not readily scale down either.

The invention is directed at the provision of an alternative solution which is
more practical at a microscale, where a fine line bond/seal is required, for
example on a scale where the recess to be sealed has a width of less than 1
mm, and in particular of less than 0.5 mm and/ or a depth of less than 0.5 mm
and in particular of less than 0.2 mm where prior art techniques are severely

constrained if not impossible.
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3 It is a particular preferred object of the invention to facilitate provision of

a bond between two plies where it is desirable not to provide a gap for any
adhesive between the plies and/or where one or both plies are of a
matenel@dhat makes other bonding systems inappropriate. Bt 18GB2006/004569
particular preferred object of the invention to facilitate provision of a seal

or gasket in a first ply, to form an effective seal when the first ply is in
sealing contact with a second ply, which can be fabricated in situ and is
thus 10 particularly suitable for small scéle and/or complex shaped
applications. It is a particular preferred object of the invention to provide a
bonding/sealing system and method which is conveniently applicable to

migrofluidic,aysiempraaelly SHRiPYRRIR aaRataf Bersiising JaRisRiss a
process for such systems, 15 and for example is appropriate to isolate

adjheBdt heheess i MiRs oFbfar itifefesibls mokdeopeRYide wisfnEor any
inveaHeave BdimlasaRChIRMAIARY YRRV Yr both plies are of a material

that makes other bonding systems inappropriate.

It is a particular preferred object of the invention to facilitate provision of a
seal or gasket in a first ply, to form an effective seal when the first ply is in
sealing contact with a second ply, which can be fabricated in situ and is thus

particularly suitable for small scale and/or complex shaped applications.

It is a particular preferred object of the invention to provide a bonding/sealing
system and method which is conveniently applicable to microfluidic systems,
readily employable as part of the existing fabrication process for such systems,
and for example is appropriate to isolate adjacent features in a microfluidic

circuit.

Thus, in accordance with the invention in a first aspect, a method of providing
a fine line adhesive bond (B) and/or seal (S) or gasket and/or lined (L) channel
(also referred to hereinafter as a BSL inclusion or inclusion) and in particular a
fine line bonding seal, between a first and a second ply, especially of
dissimilar materials, comprises the steps of: fabricating a recess in at least a
first ply; lidding the first ply with a second ply such that the recess or recesses
in the ply or plies form a fluidly continuous channel; urging curable material
into this channel so as to substantially fill the channel with curable material,
and in particular urging the material via an inlet and feed channel into a fluidly
continuous channel until it emerges from an exit channel and outlet remote
therefrom; curing the curable material in situ to form the BSL inclusion in situ

in the channel.




a fine line adhesive bond (B) and/or seal (S) or gasket and/or lined (L)
channel 20 (also referred to hereinafter as a 13SL inclusion or inclusion)
and in particular a fine line bonding seal, between a first and a second ply,
espaviaisaidissimilar materials, comprises the steps of: falptieaiEm®od/ 004569
recess in at least a first ply; lidding the first ply with a second ply such that
the recess or recesses in the ply or plies form a fluidly continuous

channel; urging curable material 25 into this channel so as to substantially
fill the channel with curable material, arfl in particular urging the material
via an inlet and feed channel into a fluidly continuous channel until it
emerges from an exit channel and outlet remote therefrom; curing the

curaple rial in.situ to form the BSL jnelusion in situ jn.t hed
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50.2pRRratle fuidlyieantionouschameelfinitiy thenbnans(es)damalingand the
them, m?y be of any shape in croés section including, without Ijmitaticcln
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liquid qr gas in the use of the device might be_jn.the range 5 tp 50 gm.
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In the case of a bond it is likely to be desirable to make the W%g as large
10as TogHatliehHEhEssn g dimessions 2@%%4@ Ldospsfeve
sea,lci(t)ﬁ%gﬁm.of the protruding gasket that is important. A similar

minimum of the order 20 pm might be appropriate but the depth of the
seal in the channel might preferably be relatively deep unless otherwise
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to5 be 20 contemplated. The width of a seal should

be thesasarrd 5 bond Heisdikeldakeiderisabiste maeksnte sodth 25038 a8
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created by a suitable fine line )

the height of the protruding gasket that is important. A similar minimum of the

order 20 pm might be appropriate but the depth of the seal in the channel

might preferably be relatively deep unless otherwise anchored (for example,

by feed/ exit channels ~ see below). A depth of up to 500 um (0.5 mm) can be

20  contemplated. The width of a seal should be less than 0.5 mm. Feed holes are

in the diameter range 50 to 700 pm, typically around 200 pm.

The recess in at least the first ply is conveniently created by a suitable fine line
technique such as will be familiar from microfluidic technology. In other
25  words, the recess is formed in the manner df a microfiuidic channel. The
recess is formed in at least the first ply initially as an open recess structure that
when closed with a lid (that is, with the second ply) forms a channel either
alone-or in conjunction with a complemetary recess or other structure such as

a mould projection structure in the second ply. Once the channels so formed




technique such as will be familiar from microfiuidic technology. In other 25
words, the recess is formed in the manner of a inicrofluidic channel. The
recess is formed in at least the first ply initially as an open recess structure
twan wbressalosed with a lid (that is, with the second ply) fornrachzunsedsseo
either alone or in conjunction with a complemetary recess or other
structure such as a mould projection structure in the second ply. Once the
channels so formed WO 2007/066110PCT/GB2006/004569 5 are filled
they become inclusions that are either Bonds, seals or linings as above
deflated. The fluidly continuous channel may further include or be in fluid 5
conwsufiltesichewibeeomridnelvrions ohel asdsibechresanseals freligings as
alsqgeferged ioas holes or vias, and/ or feed channels/ exit channels as
above described, together making up a fluidly continuous path for the
insertion of curable material at an inlet and feed channel. The exit channel

andyquties allews forexpalingin fomythe firidierontipraus 6hapaeias fluid
well as 10 providing a visual indication that the channel has been filled by
Turablemvaieadrmisbeaddidinosld adramithians creatingl shmnsls the dasies also
ChapeiRl Qe oh N F004HR F ReldeSARIEINOURPRHAMAN B8 above
fabricated as above (as _ )
described, together making up a fluidly continuous path for the insertion of
curable material at an inlet and feed channel. The exit channel and outlet
allows for expelling air from the fluidly continuous channel as well as
10 providing a visual indication that the channel has been filled by curable

material.

These additional connecting channels (ie feed and exit channels/ holes or
vias) making up the fluidly continuous path may be fabricated as above (as
15 open structures converted to channels via lidding) but will more usually be
formed directly as closed channel structures within or through a single ply. In
particular, feed/ exit channels such as feed/ exit holes are fabricated in or
through a ply to complete a fluidly continuous path between an inlet and an
outlet via a fluidly continuous channel fabricated in the above mamner as a
20  lidded recess in at least one ply. Feed holes are conveniently in the diameter

range 50 to 700 pm, typically around 200 pm.

The expression microfluidic channel will be understood to define or describe a
channel dimensioned for a microfluidic application. Microfluidic channel
25 forming techniques suitable for use in the presént invention in all materials
(e.g. polymers, metals silicon, glass and ceramics) include precision
machining, precision ablation using lasers etc (but could include nanoparticle
ablation powders), lithographic etching such as photochemical etching and

micro-moulding methods including injection moulding, casting, embossing




15 open structures converted to channels via lidding) but will more usually
be formed directly as closed channel structures within or through a single
ply. In particular, feed/ exit channels such as feed/ exit holes are
fawicateddnor through a ply to complete a fluidly continuouscaadis2006/004569
between an inlet and an outlet via a fluidly continuous channel fabricated

in the above manner as a 20 lidded recess in at least one ply. Feed holes
are conveniently in the diameter range 50 to 700 gm, typically around 200
um. The expression microfluidic channe? will be understood to define or
describe a channel dimensioned for a microfluidic application. Microfluidic

chaslIdng JATkigRe SoRmEnE sSEthablenbptochomigad sHatuht RIS ftc-
all HAIGHRR AL PONMEED URIRR) %P asR AR SR'GURIERbIBS BIOGias or

precision machining, precision ablation using lasers etc (but could include

nantSearaEIexiinthaanshh waresialivn Biasnied é%gﬁﬁ’ﬁb’sﬁlﬁ‘cﬂl‘é%@d channels in or
phoiaeheRicahe IS*ﬂBQbQM'IHH i eyl inometadai eaing g sHeMso be
mouldlng casting, embossing 6 including reaction forming such as
phcﬁm@}’ﬁfbal curing, imprinting etc. Mechanical methods such as drilling,
for example for through holes or vias or feed or exit channels, especially
fabricated directly as closed channels in or through a single ply, and

millfateraptiange Matenti Huldicatiom e G0/ AR 52 slbwipitsred. microfluidic
Integnationahiatent iy HICAORMNA2004(Q22 Daai s e Ramigialiagin of

system WhICh mightbe of relevance here, both as a general illustration of
microfluidic channel forming and as a possible application of the present

10 invention, comprising a three dimensional sealing microfluidic network as

described herein in combination with the three dimensional use network such
as described in W(02004/022233.

The fluidly continuous channel thus preferably includes one or more channel

15 sections intended to serve a microfluidic or like function in a device together

with connecting channels within the structure for example comprising vias as
above and/ or feed/ exit channels at the inlet and outlet. These connecting

channels can be advantageous for a number of reasons.

20  The connecting channels when filled with cured sealant can form “plugs” or

25

“anchors” that will aid retention of the bond / seal / lining materials in the
supporting substrate. The distribution of feed and exit channels or holes is
likely to be particularly important in the case of embodiments where the
method is used to produce gasket or sealing and lining materials as on the
whole they tend not to provide good adhesion to the channels walls as they are

designed to provide non-stick reversible seals.

W02004/022233 refers to complex microfluidic systems. From this can be

visualised applications of the invention in its most complex form and this




microfluidic channel forming and as a possible application of the present
10 invention, comprising a three dimensional sealing microfluidic network
as described herein in combination with the three dimensional use
neb\wosk/sdsety as described in W02004/022233. The fluidly oatijgeesis/004569
channel thus preferably includes one or more channel 15 sections

intended to serve a microfluidic or like function in a device together with
connecting channels within the structure for example comprising vias as
above and/ or feed/ exit channels at theinlet and outlet. These connecting
channels can be advantageous for a number of reasons. 20 The

conhigitiightshaunibis \bbmﬁﬁlke”dﬁhﬁtfmeﬂlmbnhn@ﬁﬁfmghlgoﬁhgsiﬂ@m and
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likelsetwites paaiguitrgtivrepios tphvwirpitng chx@“miten‘lid@dﬂmm where the
method is used to produce gasket or sealing and lining materials as on the

25 whole they tend not to provide good adhesion to the channels walls as
Stheyheeude sif) mmdtiplp ronéde amgttwtsremdrsﬁsleclmalsfeé’dm@hhghls enable a
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of mult mIets and ou ts and agsociated fee chann nable (ang

of mg{lerlalﬁoeoe Aiclo paroces Z r%gr?aa%ncatlc?r{ al %ggcfdg}nd
examplgtieddpuguisesetic gels, meltable paraffin valves and pneumatic
control gases, as well as liquid samples and reagents for synthetic and
analytical purposes. 10 The feed channels to the seals, bonds and linings
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exam the s gme side. the edge.or 0 e of the eals
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gases, liquids, gels to soft elastomers or rubbers through to hard polymers
(filled and unfilled) and inorganic glasses and silicon and metals and

15ceramecdetiii edﬂSﬁl@fiﬂwm@Jmirﬁena@mdl fmm@ﬁneﬂsrmﬁbgs ‘Hiffeidhtor
sections of a microfluidic ¢ ults to be line % énot lined V|n linings with
h
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electroless m Fstal platl%% Or for cyeating plies that are bonded and
elseNPERIIA IRESHSF ARfRElFRRRY LIS G5 Bifbvable substrate.

20 The use of multiple inlets and feed channels enables different sections of a
microfluidic circuits to be lined or not lined giving linings with different
wetting characteristics or surface chemistries or catalytic properties including
metal coatings formed by feeding solutions for electroless metal plating. Or
for creating plies that are bonded and elsewhere plies for demountably sealing

25  to a removable substrate.

" In accordance with the invention the curable material is curable in situ within
the channel such as to form a BSL inclusion such as an adhesive bond and/or

gasket or other seal and/ or channel lining. Because the adhesive bond and/or
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In accordance with the invention the curable material is curable in situ
within the channel such as to form a BSL inclusion such as an adhesive
bond and/or gasket or other seal and/ or channel lining. Because the
aslbeswadsornd and/or 8 seal forms in situ, the scale is limited ooz /toeseo
process used to create the recess. The BSL inclusion can be formed very
accurately as part of the fabrication process for fine line devices such as
microfluidic devices. 5 There is no requirement for the fabrication and
handling of microscale prefabricated se&ling means, such as microscale

'0' rings. Forming the seal and/or bond and/ or lining instead in situ is

mudRah&rens s 6t Serrsasiscimitad sohiebidhorrecass weddagsreate the
relafgsessheppedd MatRitaliakle- 7o fhmeacheyd QEEIsBMPINCPAIRNGS the

itself both in a first alternative to the provision of adhesive bonds, in which
an ddbrasaionrosetsfes dnadingderissnaneioan aipreiidie ¢se be
cured in situ to effect an adhesive bond, and in particular a sealing
adhesive bond, between the two plies, and in a second alternative to the

proiBRIR & anErdsenany Seatlsr fluieatianaanshbandling misapryosealsepre-
fUSthHﬁEﬁ?é&’%ééiil}’ﬁ Mehods it sé’i%epé/sé’&iea@m%(%%F%’h%%&g’%dseal

finished product will'include the first and second plies adhesively bonde
anceBgtfsrhendasd/ ssdisingoipsteed by siBdnsurhmesepreatstlis the sort of
INVeRiop o AASHATRR MATIDERINE PUF-2r AP asachi LAl
microfluidic device. In accordance with the second alternative of the

method, a seal or gasket and/ or lining is disposed within the channel
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ply. The seal or gasket and/ or lining does not necessarily constitute a
borriiogsienl ofrshsatesidienids. tie crhisleansadbrsposiiioiniegubed into the
selegiathie 'g%ﬁf‘géﬁ EH@%&@?%% B%R!aRdA (RSN AES DY RIRBGSSond,

rather than sive prope
and in particular a sealing adhesive bond, between the two plies, and in a

second alternative to the provision of a non-bonding seal or gasket in at least

15  the first ply.
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In the first alternative of the method, it is evidently apparent that the intended
finished product will include the first and second plies adhesively bonded and
optionally also sealed together by méans of the method of the invention for
example in that the plies are composed as part of a microfluidic device. In
accordance with the second alternative of the method, a seal or gasket and/ or
lining is disposed within the channel defined by the recesses in the first and
second plies, or in at least the first ply. The seal or gasket and/ or lining does
not necessarily constitute a bonding seal, and materials for the curable
composition may be selected relative to materials for the plies in relation to

sealing properties rather than adhesive properties.

In accordance with this second alternative in a first optional configuration, the

resultant device may include the first and second plies, with the seal or gasket




WO 2007/066110PCT/GI32006/004569 9 produced in accordance with

the method being disposed therebetween to serve as a suitable seal or
gasket and/ or to line the channel in at least one of the plies, for example
iwthabthweples are composed as part of a microfluidic deviaeTényeason4sso
this second alternative the method is not so limited. In a 5 second optional
configuration of this second alternative, the resultant device may

constitute a seal or gasket provided in accordance with principles of the
method of the invention in just one of ti¥e plies, designed for use with the

other ply removed, and with the seal serving as a seal between the first
bageodiycad dnaar catditimeal Bhbberatetho ddogstmdoposith thescbabreptytangrve

Droyaitinie 10 contact againsh e, sealineflect s sealing Sngagements He
this option, a bBase ply,Tor examplé the first ply, comprises a part of the
evehitsal fde\ézerple thetbiheholylitsr axacopipdbedsacpad pif aconopeideitic
a mould which is removable to lea 2al or gasket and/ qr
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lini IS option, In an embodiment of

5 thesenetiiodptiorah etndigtisati onetli dbiofstwonihgleenedive; daskesubtadf device
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lined recess.in situ in one of the plies, and comprises the.above .
o (OTCHALE B el AT Daiea i aciniaance Wil MBciptes of the
pliesetivd vfthednecatimalmjugoske bt plidisnidgsigmituforitsie wite tessther
formed in one,of the plies, and.optionally 20 theteafter formi roduct
R e S e R
seahonditisivabbffabisraisdal hegfistestivthemiti ahel sy sexbridemght into
substratet. In acc%éql%an«:ﬁ wi tr%is r%r ferred embodiTent of the method,
the BAE ARSIISH™E SeAL LB G St %"B%%‘%%W he base ply and seal
intended to form part of the final device, but the upper ply serving as a
removable mould. This has particular adyantages,,especially in relation
S ot PRt e D A A BTG hom DAL e T ot O the
strectntasi adeviceatad thesbth 1§, for example the second ply, comprises a
mould which is removable to leave a seal or gasket and/ or channel lining in
situ in the first ply. To effect this option, in an embodiment of the method, the
method is a method of forming a seal or gasket and/ or lined recess in situ in
one of the plies, and comprises the above description basic method with the
additional steps of: separating the two plies so as to leave a seal or gasket and/
or lining in situ within a recess formed in one of the plies, and optionally
thereafter forming a product by bringing that ply into contact with a secondary
substrate such that the seal or gasket effects a seal between the ply and the said

secondary substrate.

In accordance with this preferred embodiment of the method, the basic method
is used to form a preform, with the base ply and seal intended to form part of
the final device, but the upper ply serving as a removable mould. This has
particular advantages, especially in relation to certain microfluidic and like
devices. Because sealing and/ or lining structures are created in situ in the

first ply, the secondary substrate, which serves to lid the first ply to provide a




first ply, the secondary substrate, which serves to lid the first ply to provide
a WO 2007/066110PCT/GB2006/004569 10 final device, can be applied
purely mechanically, for example by being brought into intimate sealing
emgagevmeniovith the sealing structures in the first ply. This pifexsB2006/004569
significant advantages in certain circumstances when compared with
applying a lidding ply by a thermal process. For microfluidic 5 applications,
it might be desirable to provide, within what will ultimately be sealed
channels or areas within the microfluiditdevice, areas of particular

activity, for example particular chemical or biochemical activity. Such

prinéiplesloviibbe oanll ke capnliodhensiylconpmdraaalivh ot exsorlp phycibeang
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1M gdiéneg ofetyr{lgem(itga%%, the removable ply surface serves as mould
surfaCERRICH i€ no?spreseng“ln the final device. 25 Accordingly, it can be
used to impart structure into the seal or gasket to add

It is a particular advantage of this method as a method of fabrication of such
devices that it allows, in accordance with the specific refinement of this
embodiment, for areas of particular chemical or biochemical or like activity to
15  be provided on the surface of the substrate of the base ply, for example in
channels or areas defined by the seals produced therein, after moulding of the
seals and removal of the mould ply, but prior to lidding with a secondary
substrate. Thus, such active areas may be provided after any thermal
processing has been completed, and when only a mechanical lidding operation
20 remains, so that even thermally sensitive active areas will not be damaged by

the final stage of fabrication.

In accordance with this preferred embodiment of the method, the removable
ply surface serves as mould surface which is not present in the final device.
25 Accordingly, it can be used to impart structure into the seal or gasket to add
functionality to the seal or gasket in the final device. For example, the ply
sérving as a mould surface may incorporate structural features designed to

operate in conjunction with a substantially planar surface of, or




functionality to the seal or gasket in the final device. For example, the ply
serving as a mould surface may incorporate structural features designed

to operate in conjunction with a substantially planar surface of, or WO
20026066&10PCT/GB2006/004569 11 complementary struchdreientei®gsso
on the surface of, the secondary substrate in the final device. In
accordance with this preferred embodiment of the method one of the plies
is 5 a mould surface for creating structural features in a seal to be formed
in the other ply. For example the mouldldurface might be a microrelief
element described in Patent publication W096/35971 together with
mettruglenanikiygantexi oatatssl oo shemmitenesyta thelscopnsiaeysobstEte in
em@ggﬁﬂgp é@féé‘pould surface incorporates projections in registration

with and projecting into so as partially to fill, when the plies are brought
together as the method is practised in use, the volume of the recesses in

thegagc%%ftcgW%&&@fgf&&t&gﬁ%ﬂﬁh&{%ﬁaﬁgﬁé i 8 thE plies is

recess in aselp y Wi annel means therein. Such a structure 15
Smightohald sunfite rBarge atiagpiicatiorsl. featuesampiesaalniiybe ifpatfedtin the

ena er reat migrofluidic, s . ickoflyidi |
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diffelesatibed tio Ratehapaidicfhind SVED2613 58 Dettigetharrwith linebiasts differdang

secfi s.% ed Wlﬁc? ore than one type of material giving for example
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sections 20 with different wetting characteristics or surface chemistries or

surface coatings. Additionally or alternatively, a mould surface might
A SO SRR B SRS A e
whandjeetjstissimmedistiagion with and projecting into so as partially to fill, when
the plies are brought together as the method is practised in use, the volume of
the recesses in the base plies, such that the resultant seal is formed as a lining
of the recess in the base ply with a channel means therein. Such a structure
15 might have a wide range of applications. For example, it might in effect
enable a user o create a microfluidic seal and a microfluidic channel
simultaneously. The use of multiple inlets and channel feeds would enable
different sections of a microfluidic circuit to be lined or not lined or different
sections lined with more than one type of material giving for example sections

20 with different wetting characteristics or surface chemistries or surface

coatings.

Additionally or alternatively, a mould surface might include recesses in
registration with the recesses in the base ply or parts thereof, so that in the
25  vicinity of these recesses in the mould surface when the plies are brought
together as the method is practised in use, the resultant seal projects above the
surface of the base ply. A variety of structures can be created in this manner,

in particular projecting seal structures which can be brought into engaging




together as the method is practised in use, the resultant seal projects
above the surface of the base ply. A variety of structures can be created in
this manner, in particular projecting seal structures which can be brought
imto sgaging 12 contact with the surface of a secondary sylosteatend/@4569
final device, for example for microfluidic applications. In accordance with
this aspect of the method, where one of the plies is a mould 5 surface to
create structure in the seal created in the other ply, a wide variety of very
small scale structure devices can be eriisaged, including for example
devices in which the moulded seal forms an engaging seal to a second
surfemgactovitinthe sedhed ofiarssedatachanitstetorinimfiartdevitaetpr example

Vo'%?m%?&’fﬁ;?%&ngﬁ’gq%%@ﬁsmulded seal itself forms one or more

containment surfa evices 10 in which the moulded seal can be
deformed to constrict or control flow of fluid within a channel, and other

devices Jora %”\gu Oiﬁ%‘%%gé‘&d&%{‘%&éﬁl%ﬁ, '?9%?1@%5 B ORR RSB uId
alternative em%o iment o e method the mould surface may 1 comprise
sparsaffiexiblereatstttoirthin thdekdhcassodiutithe witietipdyba seigdyvaritty of
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the se}-’ll sfflructure clean prior 10 removal and use cﬁeﬁiie ase ply in
conglemtés nnwithichsthitahmbéebeed fpsubstrateagiagedat of asec@lAurface

device thus comprises at least gne ply formed in accordance,with the . .
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within a channel, and other devices for a range of microfluidic and other

applications.

In one possible alternative embodiment of the method the mould surface may
15  comprise part of flexible mould tool that is left in association with the base ply
until the point of use, and thus serves as a protective film, for example to keep
the seal structure clean prior to removal and use of the base ply in conjunction

with a suitable secondary substrate at a point of use.

20 A device thus comprises at least one ply formed in accordance with the

foregoing method, in contact with a suitable secondary substrate in use.

A device may comprise two plies formed in accordance with the foregoing
method. That is to say, the said secondary substrate is also a base ply as above
25  in which a sealing structure has been moulded in accordance with the method,
the formation of the device comprising the steps of forming a sealing structure
ina ﬁrst base ply by applying a mould surface as above described, forming a
sealing structure in a second base ply by applying a mould surface in the

manner above described, removing the two said mould surfaces, and bringing




25 in which a sealing structure has been moulded in accordance with the
method, the formation of the device comprising the steps of forming a
sealing structure in a first base ply by applying a mould surface as above
desanimdsfarming a sealing structure in a second base ply \yrapglyisgoasss
mould surface in the manner above described, removing the two said
mould surfaces, and bringing 13 the two base plies together. The method
of the invention will allow various complex complementary and

co-operable structures to be built in thel@vo seals as required. 5 In
accordance with all alternatives, the curable material is any material

curdisehiro s plismyosaihasie cthingetheshsfitbmiaveniigplavilliellow various
Pregilex & A DRy e iheamRIb GuaRleJigbhaHIAR -8 R d keals

parti r UV curable, or themically curable relatively or by catalysis or
otheswisgizeihpted to cure in situ over time. 10 Precise material selection
will be determined by the material of the ply or plies in which or between
which the seal, gasket or bond or lining is intended to be created in use. It

Swilllal socenddnes deitentl altewiatiyas; the ¢nteblgeuatgniicistiory imadeciaatarable
per 0 the first ngd plies. o
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adHesives applivation tsrenvisaged, and relatively less adhesive properties
are required 20 where the priority is sealing, and particularly so between a
curable material and a ply where the intention of the method is that the ply
is t@teeise matarthbsededtiansw ibahénde teminddbyatimonidesialfat thdqly or plies
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is to create a permanent bond between the first and the second plies or to
15 create a seal or gasket between the first and second plies, or to create a seal or
gasket or lining in a first ply from which the second can be removed after
serving as a mould allowing the first ply to be used with an additional
substrate. Clearly, highly adhesive properties are required where an adhesive
application is envisaged, and relatively less adhesive properties are required
20  where the priority is sealing, and particularly so between a curable material
and a ply where the intention of the method is that the ply is to be removed
prior to use having served as a mould surface, for example, applications where

the device is to be used with a disposable substrate that has been substituted
for the protective mould surface.

25

In general however, suitable materials will include various curable fluids,
where the single component or multiple constituent, which can be cured in

situ, in particular liquid adhesives and curable liquid rubbers such as silicone




where the single component or multiple constituent, which can be cured in
situ, in particular liquid adhesives and curable liquid rubbers such as
silicone 14 and / or fluorine containing rubbers, UV curable rubbers,

o erethanas, acrylates and the like. Systems based on silpxa@2@ER04569
particularly preferred. The curable material is urged into the channel either
via an extrusive/pumping 5 force at an inlet, or by application of a suction
force at an outlet, or by some combination thereof. Substantial fill is

usually proven by monitoring the escadé of curable material from an

outlet, provided the outlet is suitably located. 10 The fluid channel forms at

lea®i% hoaipAi MR IMRREhaHe MY Qb e RAbE GRS,
twoahesdhen aaadly Sasambiaded be N piesateqrihriudefingrtiered.
shape of the BSL inclusion which is formed in the channel zone. At least
one inlet and at least one outlet are conveniently provided into which
curphiecmantsialAane NesafituRddiiendl GhrpRes mesieuiiviPudiing
continuous with the bonding or sealing zone channel may serve as inlet

andfBroatiaR dRishra PR rRREaHom Of AntreiiRuRIcH GthePeHERS. SR ome
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a plurality of bonding or sealing zones to each other in fluidly continuous
mafifiapPtociliswahle smalatishcBon creanBHess aKigrdrithe lipktisbrgssuitably
angleyieqals between the 20 plies and/or in the first ply. Such inlet, outlet

or linking channels may be in any suitable orientation within a ply, for
example being formed to pass laterally along the ply surface, through the

10 thigHREASiaf s BLY-1BFIR SPTBSEY IRRISiROMIRNRR ARINGY 80 Y CHABhel zone

suitable orientation. 25 The method is described at its most basic is used

in #etheriatagaseanti e o) ipetwben snaqbs assrmbledriidigaitadlies
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formthe two plies of the final device. For example, for microfluidic

appfieatiohtlaeshigie intetiaad ableast voadutiel sreseeirecaisatly prpvidadipto
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plibentingortenlingroatasdéofimidly serve as link channels to link a plurality of

bonding or sealing zones to each other in fluidly continuous manner to allow

w

the simultaneous creation of multiple fine line bonds and/or seals between the
20 plies and/or in the first ply. Such inlet, outlet or linking channels may be in
any suitable orientation within a ply, for example being formed to pass
laterally along the ply surface, through the thickness of the ply, or in some

suitable combination thereof or other suitable orientation.

25 The method is described at its most basic is used in the bonding of and/or
sealing between two plies, and in particular two plies of dissimilar material. In
this simplest alternative, the two plies may form the two plies of the final
device. For example, for microfluidic applications, it might be desirable to

bond and/or seal a quartz ply to a ply of polymeric material, the quartz ply




5 continuous channel comprising a plurality of bonding/sealing channel
zones at the interface of a plurality of pairs of plies fluidly linked into a
single continuous channel by linking channel means through the thickness
okthav@liessmay allow a multiple plurality of plies to be bondedtsaatingly4seo
bonded simultaneously. 10 In the alternative, one ply serves as a mould
and is removed in an additional optional method step, with the seal and/ or
lining being left in situ in the other ply which is then brought into contact
with an additional substrate in the final Hevice. In this alternative, the
mould ply can be of any material suitable for 15 the mould application
wheervsgnacomdostiddfwirhrseetbageipiples dhitbe dnvention ganbeateatiily
in the, b p ich ful in | [oR Wi iSsimi
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20GadEhEoRTH./GB2006/004569 16 A typical channel is 0.4 mm wide
10and 0.1 mm deep. The channel may be open, as in the first example
hereinbelow, or form a fluidly continuous closed loop, as in the second
exdmte hiteginbieqvond plyirgrmicesiiaitiotkhndjisestaotador irata thdditional
channel allows,small, accuyrate and intricate channels tq he.readil '
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seapytevhizleieates ibrsiighb givesmting tvichplie sdatitiomafmebstratetingble final
seals to be created.in one of the plies.,1Q The invention is particularl
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ply dlygaiiyato seedadasyPRubkbetsysham is alsaedingefuthehethdond bonding
strength between the material of the ply in which a channel is formed and
theRRHERUPRY a base ply is weak. Fine line bonding can be used to bond
together plies with difficult surface profiles, and for example to bond
cylindrical surfaces. 20 In accordance with_ a further aspect of th .
20inv DS Rseriopr sidhe sBehigemalsir): 2rdiek ﬁ?féz}%rqmgdgb‘?o@ﬁ are
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as a microfluidic activity (that is, a plurality of microfluiclic channel

poffREY i shmpRekeOWe fakasbeEcraithy BHRtRIJUS thehsrifable means.
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seal in a base ply and then bringing a secondary substrate into sealing contact

therewith, the base ply and substrate are urged together in like manner to form

a device in use.




WO 20071066110PC T/GB2006/004569 17 and having at least one inlet
feed channel and at least one exit channel, with BSL inclusion structures
formed therein by curing of the curable material. It will be appreciated that
teonamtiageeiof invention can be used to produce 5 useful pro@uetsyubi@aseo
fall into three basic categories. In the first category, the first and second
plies together form the device in use, with a bond and/or seal being
created in situ between them in accordance with the method. In the
second category, the second ply is a refhovable mould, and the device is
a preform comprising the first ply, seal in situ, and mould ply left in situ. In
the AQ:gpicalcebagoey i fydfonm ofite a;ed:@nbl outedosp- h"abm@l@amlmmrdbe
ply removed df.w e for ed.b '
sea?r%gn tontac wﬁ% e %%1 ?e grrei}%u stré C(l)%harﬁsﬁe1 omp gg%%lgged
haw«s@naslhpthqﬁn@dimmpldﬂmtembahmnents may combine more than
one of the above device principles. 15 Thus in a first alternative, a
structure is provided comprising at least two plies, wherein a seal and/or
5boddsimgﬁﬂactetﬂhhidﬁwemhmm1m¢opﬂéxibamahadmm gdhamsehigll, accurate
pro d att el terfa tween the Iles ViSO re
her%?(rjﬁ]z esr}é faﬂarlca eléﬁ e s.urfaflc%l(())(i‘oats ‘l%a ?(15 é%gél?h%%curate
p|leﬁa(2%ﬂﬂﬁeﬁalﬂmﬁ3hagdtblam heibg sudatedntinlbytdillsetvigesuhedtwo plies
material as above des r|b d |n ar |cular b adheswe which
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structure is provided comprlsmg at Ieast two plies 25 Whereln a seal and/
anpel Ilnln is cre te S|tu in at Ie ne of tf}i Rdx.?s é 1es in
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effectively by other methods. In this case, the curable material is a curable

adhesive. For example, if channels are formed in a non-stick material, the
bonding will bond the top ply directly to the base ply. The system is also
15  useful when bond strength between the material of the ply in which a channel
is formed and the material of a base ply is weak. Fine line bonding can be used
to bond together plies with difficult surface profiles, and for example to bond

cylindrical surfaces.

20 In accordance with a further aspect of the invention there is provided a bonded
and/or sealed and/ or lined product which comprises at least two plies at least
one of which has been provided with a bond and/ or seal and/ or channel lining

(ie a BSL inclusion) in accordance with the foregoing process.

25  The product preferably comprises a plurality of channel portions having an
activity such as a microfluidic activity (that is, a plurality of microfluidic
channel portions) fluidly linked into at least one fluidly continuous channel as

defined in the context of the invention, for example, via fluid feed channels




least a first, base ply, the said sealing channel being substantially filled by
cured material cured as above described in situ, with the second ply
remaining WO 2007/066110PCT/GB2006/004569 18 removably in situ
Rowings&aMes to complete the mould volume during fabricagefdB280bni6%s69
alternative a structure is provided comprising a first, base ply 5 provided
with a recess at least partly defining a sealing channel in which a seal

and/ or channel lining has been moulded in situ in the manner above
described, and from which the mould pl/has been removed, and a

secondary substrate in sealing contact with the base ply. 10 The recess is

forred hathemalst ofainlirtfididibachehaod as kast engestitishapnel, with
initially as an open re ina ne.nly e iclby
cont g IR AT A e R et
non-mechanical process, for example involving application of light to fine

line,pregisions, such preces includi S lating. or,etchi
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fluidly separate, or be fluidly linked, allowing multiple su ..
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desgréffedn Thmpristhicttis firetfphaliyad micitof|aidicodektpljnldfainkeau. In the

bontgiaI / sealed 25 structure preferabl inaud s microfluidicly active areas
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defiratbbydseald indevice formed by bringing the base ply into intimate sealing
contact with the secondary substrate. Of course, complex devices having
multiple plies and/or multiple components may combine more than one of the

above device principles.

15

Thus in a first alternative, a structure is provided comprising at least two plies,
wherein a seal and/or bond is effected between the two plies in that a sealing
channel is provided at the interface between the plies by provision of a recess

as hereinbefore described fabricated in the surface of at least one of the plies,

20  the said sealing channel being substantially filled by cured material as above

described, and in particular by cured adhesive which may additionally have a

sealing function.

In a second alternative a structure is provided comprising at least two plies

25 wherein a seal and/ or channel lining is created in situ in at least one of the

plies in that a sealing channel is providing at the interface between the plies by
provision of a recess as hereinbefore described fabricated in the surface of at
least a first, base ply, the said sealing channel being substantially filled by

cured material cured as above described in situ, with the second ply remaining




accordance with the invention, to form a microfluidic device. As used
herein, a microfluidic formation may comprise any known element of a
microfluidie system, including without limitation an active device unit, such
asEBaote110 19 heater, cooler, analyser, detector, mixer, pPERGEE§89506/004569
separator or the like, a fluid function unit such as a pump, valve, filter or

the like or merely a fluid channel, chamber or manifold to complete a
particular microfluidic circuit. Multiple formations with multiple activities

may be provided in a device. S In partid8lar, each formation preferably

has a generally planar sandwich construction with the two plies or has ply/
substrateably abo\etdebevingd stefiedn fotheongiciwidhd ayrsldneoiiee cArEReS
sezjsb}ri\ert?(i)n in accordance with the invention defining a fluid channel
andor chamber portion. Thus, in a 10 preferred embodiment the device
comprises at least one sandwich layer defining in conjunction with at least

one seal at least one.enclosed fluid channel and/or. r, PO W
T ARG A e A R LAty
sincprpoidtdomthhindiwchlenst patis/defiinghastabing shdonelcd whieh a seal
sandwich layer or additionally or alternatively,may be provj dHBSQ h
surf3& 8f a%%%egéqﬁ%%%son&%ﬂn%g}l:{ogr?yc\l/vi%ﬁ the Il{}?jlitlggontmuogs%ove
chaiwelitedremidhfronnvehichrthieteotddiply, brcbeememintat, and/asecpiadary

apertures and their associated.feed and exit channels to the seal/ bond /
Iiniﬁé%%?edfléﬁ?i%ﬁ?%a %1‘3’ {ﬁe%f%ei&éﬁ é\ig holes or vias are 20

preferably provided within the sandwich structure to effect a fluid
and,out of and throu%? the device.. -ee %‘B‘ReFXdE above

1Oconl:ﬂ]?gni(:ation in o he device. Feeg
chahtfe &R dth ?ﬂﬂﬁ%dnc R ABAREC AL hOtEEBrVias may
conkepithidy teinyitisasiasepanacuesisifoantzstiast pip, aldkedughferm the
single, ply, and for example comprising holes through or along th )
ALY SABHOBE S R TRR ) SSHRE L W D ol B by a non
meghRhisat{lrgeessssulth asanplodofdiagoipptitesion \WAdigh to fine line
photoimagable epoxy being mqst preferred, or provided with ¢ ically
s R A R el
15materials might include epoxy glued PEN laminates. This gives good
resistance_ with good fabr{'cabili ?f fluid char@els an c({1gmbers. In .
sarfypigsality of such seals/bonds/imings may be provided between each ply in
an adjacent pair and/or the product may comprise multiple plies, a plurality of
pairs of adjacent such plies being provided with such seals/bonds/linings.
Where a product has multiple seals/bonds/linings the channels into which
20 these are formed may be fluidly separate, or may be fluidly linked, allowing
multiple such seals/bonds/linings to be formed simultaneously in the manner

above described.

The product is preferably a microfluidic device in that the bonded/ sealed
25  structure preferably includes microfluidicly active areas or structures serving
as microfluidic formations, for example within regions defined by seals in
accordance with the invention, to form a microfluidic device. As used herein,
a microfluidic formation may comprise any known element of a microfluidic

system, including without limitation an active device unit, such as a reactor,




5 structures, cover layers including fluid inlet/outlet ports which might also
contact fluid in use are also preferably fabricated from materials exhibiting
good chemical resistance, for example epoxy or other plastics such as

pelysthmratherketone (PEEK). Alternatively, materials may e-given/o04569
suitably resistant coating in such areas. 10 Additionally, any materials or
layers might also be modified for specific properties, for example for
transparency, for electrical, magnetic or dielectric properties, to provide
mountings for externally mounted microffuidic device components etc.
Metallic layers may be provided or incorporated, for 15 example to serve

as DeURt ROIET . BRslyaehe SEeCtRTo TS BIAREBALL SEDHRIET <ot Pirtbkst a

iIndigighah CRMAP AN IBIORL *aaﬁiﬁn?jﬁ%ﬁ@ THREHPahEC Y YNGR fluid
example regarding transparency, structuraf strength, chemical resistance
etc.chamnpinatiomber arareakifolhdy benglstefor poticplgr suissefuedia circuit.
aCCR&Hﬁ@?@ iR R6 'BRafRE SXANRLS Gilledin a device.
microc mié}g reactggﬁﬁglg}g#e@:% to ﬁs!é%éﬁégt}zet te pl)olfyrﬁlearl theg%cig
Soptically transparent to enable easy inspection of the fluid path and/ or to

allo e aqgi(g[' ih | arent or sparenhatvich
othgi;l \ng\ﬁe engfhgi%g any p%@%oi%v%?ﬁ%&% errgfglg(lj?a ﬁg\ﬂgver thata 1
readipsinmitisevpshy ther with gbes! aratepaplricyubsiratearso abeistatnswibed
widg %ﬂiesc?%%%?cﬁﬁg ol ﬁ}ﬂﬂtﬁfé'geﬁp%méégx%b'&a&%hg GLdo¥dance with
available. By adopting a composite approach a substrate ply can be

the invention defining a fluid channel and/or chamber portion. Thus, in a
10  preferred embodiment the device comprises at least one sandwich layer
defining in conjunction with at least one seal at least one enclosed fluid

channel and/or chamber portion with microfluidic functionality.

Active microfluidic elements may be incorporated within the channels and/or
15 chambers so formed in the sandwich layer or additionally or alternatively may
be provided upon the surface of a base ply in fluid communication with the
fluidly continuous channel therewithin. In a complete device, one or more
inlet and/or outlet apertures and their associated feed and exit channels to the
seal/ bond / lining and/ or other linking channels such as holes or vias are
20 preferably provided within the sandwich structure to effect a fluid
communication into and out of and through the device. Feed and exit channels
and other linking channels such as holes or vias may conveniently comprise
closed channels formed directly in or through a single ply, and for example
comprising holes through or along the thickness thereof. Such linking
25  channels may be formed via a mechanical process, such as drilling of through

holes or vias.

Layers or materials which contact fluid in use are preferably fabricated when

necessary from chemically resistant plastics material, such as epoxy, a




readily formed comprising a composite structure having areas of a
transparent WO 2007/066110PC T/GB2006/004569 21 material (not
necessarily exhibiting high chemical resistance) where required, and
aveem@fodscivemically resistant material (not necessarily exhppitiang0igho4seo
transparency) at least in regions where solvent contact is possible,
preventing contact with the less resistant transparent substrate material.
For example a 5 basic structure comprises transparent material but in
which inserts of chemically resistant m&rial are included in the substrate
in regions where solvent contact is possible Alternatively a basic structure

of chietitaihgablsistauxmdehigl witst piefovedinsargrovidanspitte mhemically
materj il serv e%%[p‘ pecific.areas. with, ofher lami
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Some SHD: DUlimeY 8%1%%@%“;&@1 USRS IS YU CRSRRENgUREH ch
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Snclettingyiest wovémlmato iteh:dhen fleis antetoutid eporttrerelialbovight also
described, that.are capable of providi 0 A fluig e
Othcé?nperltca e%Prué fSattred 5t Sgp g‘\an%réds ﬁ?ﬁéﬁg%&dl’t%rg%i Eg%%%é#g%%gng
by aakbgsheitictherdisstassignfof aspagtbeoffxprores$ha0 pastics such as

accordance with a furth ct,of the,invention, an aratus. f .
e e R Te e SR Rl A RS B B8 o sy
creatgistamicassimgdhleach arvasply as hereinbefore described, in particular
4’n the manner of a microfluidic recess, a means to cause a pair of plies, at
east one of which has 25 such a recess, to be brought together such that
the rektisotad)yfonmy amabaiiielaslhpesiniibte desdibaenodifndafu fepecific
urging curable_.material inta the channel so for e%_tlo ubstantially fill. .
BV B ARG o O M AT e it
sucprageitiés; o Ppeeeaidenciamtagps foerattymally mounted microfluidic device

components etc. Metallic layers may be provided or incorporated, for

15 example to serve as a conductor, resistive heater or otherwise.

In practice, different parts of individual components might have different
functional requirements, for example regarding transparency, structural
strength, chemical resistance etc. Combinations of materials may be used for

20  aply/ substrate in accordance with the invention.

For example, in the case of a microchemical reactor it is beneficial to use a
substrate polymer that is optically transparent to enable easy inspection of the
fluid path and/ or to allow measurements and/or is thermally transparent or
25  transparent at other wavelengths for any purpose. It will be understood
however that a readily available polymer with good transparency that is also
resistant to a wide range of solvents used in synthetic chemistry is not
generally available. By adopting a composite approach a substrate ply can be

readily formed comprising a composite structure having areas of a transparent




WO 2007/066110PCT/G132006/004569 22 In a preferred embodiment,

the apparatus further comprises means to remove one ply from the other
ply so as to leave cured material in situ in the said other ply as an in situ
seal nogmsket, and optionally further means to bring a secopda/yB2006/004569
substrate into intimate contact with the said other ply so as to effect 5 a
sealing engagement therebetween via the seal or gasket and form a
device. Other preferred features of the product and apparatus will be
understood by analogy with the describ&d preferred features of the

method. 10 The invention will now be described by way of example only

withnastsidrncotadigssesly rxbibitine Mebovhpaisahtesisaver)swiewhrgiired,
Figure 1 is an example.of:a fine:line.bondingi
i e SRR, SRR R RATRIRGAY (ifing bigh
sinﬁtags‘paeehhcg)tniﬁdaxt iliz:crogﬂamwlwm ol .¢nt/@ntitﬁ¢ﬁ As\poRsbS mgventmg
adhesive chaangldy assc'%ai%‘éal%otgélfs' %@s’t?o@ﬂa%%@ﬁﬂf afliesMmple a
bonc(im Ww P

Ing With a remote adhesive teed; Figure 4 is an example of a
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the ipvention; _FEigure 5 is,a plan view cr, l.i :
o OMREL LA R GRS St R RS ATE i rogions where
structivealtfeantres i poadeely leradtincdycortissicestmitture Mfveheiwically
shown b Seclion.(02.8) a1 QI Vs (8P BEISINg 105 QHiPServe the
flgwgéS R oWa g hdar bond plan view and in Cross section. A
micsadiaigiarpbsenSddfiohichs sadttowthéil fonetitmatitye silé midackeatadily
in a lower ondeql‘plg/ (14), to effect a bond with an upper bonded ply (16).

1I$°0.4 mm wide and 0 1 nun deep, and is created by a
suitable microfluidic or like technique as above described.

As used herein, microfluidic will be understood to refer to microstructures
having at least some sub-millimetre dimensions, microstructure in this case
being used to refer to any of a variety of well known structures in such
systems, including, but not limited to, the channels and chambers hereinabove

described, that are capable of providing passage or storage for a fluid.

Other preferred features of the devices of the invention will be understood by

~ analogy with the discussion of aspects of the process.

In accordance with a further aspect of the invention, an apparatus for carrying
out the method as hereinbefore described comprises a means to create a recess
in at least one ply as hereinbefore described, in particular in the manner of a
microfluidic recess, a means to cause a pair of plies, at least one of which has
such a recess, to be brought together such that the recess(es) forms a channel
as hereinbefore described, a means for urging curable material into the channel
so formed to substantially fill the same, and a means for curing the curable

material in situ in the channel such as to form a seal and/or bond thereby.




WO 2007/066110PCT/GB2006/004569 23 To create the bond, adhesive

is injected via an adhesive entry hole (17) at one end of the channel, until
such point as it exits from the exit hole (18) at the other end of the
ahanoelodiis should guarantee a reasonably consistent fill.pThr:aekvesiieso
is then cured to create a fate line bond between the plies, in this 5

example by exposure to UV, although the particular curing system is not
specifically pertinent to the invention. Figure 2 illustrates an equivalent
system to figure 1 with an alternative gé&&metry, in that the ixdcrofluidic
channel (22) filled with adhesive forms a 10 closed loop. This example

crebtespefmotdtethbedinsis dbe (AN HPHaVB PR S ARFARS A dGiReVe
or gther featur i is £Xe0RIR Meenihekid éih
is aﬂ’é‘S&’%ﬁ‘l §]t]%%le§ ?%%%Bf?#]%%%% channecf%bﬁg,ﬂ éﬁﬂ;dﬁ gé%gdhesive exit ”

holpl§28} islispeitdseahorgaskete #oh Onrdenly \Etheb e i S508 2

injected o the.sl %{mﬁ' RRINGAS KR baEeply Yo Hosefrect
exit %%18%%38%%@‘%%{ i?é?ésona §y§§ﬁ§istent fill of the channﬁe}‘.’ The |

sadhesighiig thgagemet therehephetenavimibisineabengagketans duasi A6
provide a remote adhesive feed, for example to bond through multiple

plies. An illustration of this is given in figure 3. 20 In the figure, a small
recOthgulprefzpredy fi@t)ris sifothe podust aadaapretates FebnbsiEMgTEiRed by
further, plies. .T.he banding is agai &%gegogp‘ﬂgm%‘ring,
geo%%gr%’awﬁs}i%l aiare grfl%gﬁi ?géur}rrgd%gcompnsing a suitable 0.4 mm

wide, 0.1 mm deep channel formed within the upper surface of the base

10 o 0 SOV G Hacrord 5 P4 BRI A Bthence o
adhiigivesring @47 thadbcorthaayiaghizsviagsn iy ¥265kind an adhesive exit
(27%‘ig\{1vrg 12950231:{%?(2%1]@?5 &1;1/%562 1r01é5 /@o%ﬁl?g ifhecordance with the principles

of the invention in which the channel is open;
Figure 2 is a similar fine line bond in accordance with the invention in which

15 the adhesive channel is a closed loop;

Figure 3 is an example of adhesive bonding with a remote adhesive feed,;
Figure 4 is an example of a microfluidic channel with an almost sheathing
gasket in accordance with the invention;

Figure 5 is a plan view of a microgasket seal in accordance with the invention;

20 Figure 6 illustrates examples of structural features in a base ply formed in

accordance with the invention, shown in section (6a-¢) and in plan view (69).

Referring to the figures, figure 1 shows a linear bond in plan view and in cross
section. A microftuidic channel (12) which is shown filled with adhesive is
25 created in a lower bonded ply (14), to effect a bond with an upper bonded ply
(16). The bond channel is 0.4 mm wide and 0.1 mm deep, and is created by a

suitable microfluidic or like technique as above described.
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To form a fine line bond, adhesive is fed remotely via the adhesive entry

on the underside of the base, through the link channel into the adhesive
ring, and then via the second link channel to the adhesive exit, again on
thvungaiside on the base. As before, as adhesive passes fpemdBe@H04569
point, this gives a 5 reasonable indication of substantial fill. In accordance
with this example, injection of adhesive is not limited to direct injection into
the bonding channel zone itself', but can be injected remotely. For

example as shown it might be desirabléo inject adhesive from the 10
underside of a base. In the alternative, it might be desirable to injec

the Torssats, hethvade ateseive isiigelykpiacay afbraive satoehaly ﬁé%‘r%néme
that the ringiple.aldinking chen ?)%Jﬁlﬁﬁylfi beiusaddpdlowipdbesiUB )t the

injected through the thickness of multiple plies and/or to link more than

onevthttieuideof iheostams sEhusRoNd iy s ipRAGHRIRI RRpent Bl
inj efh%da%%%t?s ykn Bl Olne R RAC shAMER SR HHEARIRRYHY this

Figure 4 illustrates an example of a gasket seal in accordance with the,
inventioplorhyedincsie e SUdh altheghnbeqmtiodan CHERESEEF R olfnot
a stron i e GaRe %%ﬁlﬁgﬂ or fluorinated rubber sealants that
startg ggq%%tﬂlg'v?z%%l |quﬁdqsﬁbéfore they are cured by a generally slow
chemical cure but can also be photocured. The material is selected for its
seajant properties. 43 iystaleskin ihe e & schabanneliithininbi@idve
anzlg‘?ll gas%gtlg%%%%%?w% tlgr%gt\%%%% ar%I shown. The channels are in close

progauinetherf| didt e mzordlurdiespeannel @dafilkask vwaith: adhgpies forms a

protected from | kéﬂ&&p}%{ggﬁg@&%%@ﬂ%& pelsxiny Q\é&r@zﬁo\%ich may

prOX|mSﬁy of O almost s Ing gasket 33 throughout its length.

have microfluidic circuits or other features as desired. In this example, an
adhesive entry hole (27) is disposed at one side of the circular channel loop,

and an adhesive exit hole (28) is disposed remotely therefrom. Again, UV

curable adhesive is injected into the entry hole until such point as it flows
freely from the exit hole to suggest a reasonably consistent fill of the channel.

The adhesive is then cured to complete a fine line bond.

It can be desirable to provide a remote adhesive feed, for example to bond

through multiple plies. An illustration of this is given in figure 3.

In the figure, a small rectangular top ply (21) is shown bonded to a base (23)
comprising two further plies. The bonding is again a closed loop adhesive
ring, geometrically similar to that in figure 2, comprising a suitable 0.4 mm
wide, 0.1 mm deep channel formed within the upper surface of the base
material using the microfluidic or like techniques already described. However,
additional linking channels (23, 25) respectively link the adhesive ring (24)
fluidly with an adhesive entry (26) and an adhesivé exit (27).




WO 2007/066110PCT1GB20061004569 25 Figure 5 illustrates another
microgasket seal, in this case providing with the clear intention that the
gasket seal is created in a base plate by lidding with a ply which is
imendenhéerserve as a removable mould and also, prior to rencweakas®@4ss9
protective layer for the formed seal and enclosed channels. 5 Referring to
the Figures, a base plate in which the gasket is intended to sit is

fabricated from 3 mm thick acrylic into which has been machined 0.5 mm
wide and 0.5 mm deep grooves registe%éd to alignment pin holes as

shown in Figure 5a. Vent holes and injection ports are drilled, jntq the
strikeufertoraiioe BnesPRdeadhealinS 15 GRIARER WAt GRS SRERIP™
holgs, api RS R TBreHR 6 MAGhiBREIOIRO Yek iniau erva dRejeNERgdaing, and

Figure 5b, a part is fabricated that defines a microgasket protec

jon )
laydhamotiitberiseeendrbwnchammghie Sie W?&Y@r%&s&%ﬁ%@ﬂlg‘%‘ﬂd@md@
defined wita lthagraphye M tNRIREISL passds wide AedezR polsees gives a

defined in alignment with the grooves in Figure 5a. The curable PDMS is
Sinjerstexdmatd atieditationais sresttadiayiblinging the structures in Figures 5a

and 5b into aligtunent to create the microgasket within the channel.

Because of the conformance of the channel, by virtue of the %lrooves in_.

bothusartardamanevith thiskaemilpdrietsisnahadhesized orehdmiisd i direct
In QTR SRy l&tfetg‘(?ﬂﬁﬁ? %ﬁglﬂl%? ’Zq;i?eﬂﬁégmeﬂﬁ‘loéﬁﬁ %riﬁj@:ﬂ@d/ geffiotely.

o,
retaujgC as a protection until immediately prior to use, having previously
serfed xdeihe Mesgamﬁsm@hﬁ@nséﬁmes&vr@@%y@ﬁmgep#Eﬂé%téhe

10° GRRIGHLAPRORSKE! BLAINR HARRAI AL AAHIEB Tglen from the

amage, dust and the like. Immediately prior to use, the surface layer is
remopesidentutndvasbebtass emotelaprgeh Jkeavibralsgrie mrpeesisied gl the
a S%%%rclzg(?l@/ 5F m& %ﬁa%%%&rse %381[9@% 3Rl dsYie8ive to injected

through the thickness of multiple plies and/or to link more than one adhesive

ting or other structure fluidly, so that adhesive could be injected to create a

15 plurality of fine line bonding zones simultaneously.

Figure 4 illustrates an example of a gasket seal in accordance with the
invention formed in situ. In such a case, the seal doesn’t necessarily form a
strong bond as in the case of silicon or fluorinated rubber sealants that start as
20 flowable liquids before they are cured by a generally slow chemical cure but

‘can also be photocured. The material is selected for its sealant properties.

As illustrated in the figure a fluid channel with inlet (31) and a gasket channel
with inlet (32) are shown. The channels are in close proximity. The fluid

25  channel transporting liquid / gas is at all times protected from leaking
(regardless of circuit complexity) by the close proximity of an almost
sheathing gasket 33 throughout its length.




26 In accordance with a preferred method of fabrication as above
described, one of the plies serves as a base ply in which a seal or gasket

is created in situ, the other ply serving as a mould surface to develop
swocturadd@adures in the said seal or gasket, and in particulacstaeialosseo
features which comprise recesses 5 below or projections above the level

of the surface of the base ply. A few examples of such structures, merely
illustrative of the complexity that can be created and by no means

intended to be exhaustive, are illustrate#fin Figure 6. In each of figures 6a

to 6e, illustrated in section, a base ply (51) is shown into 10 which a seal
(52F i hécusisaricarpibarcovicoraskoktiaple imsbingase inveridig with the

eac . {di ' ifdd} :
ot e e D O oL ich o
strudyirediiab tis fonrtendes résuieare steusturssoyablst theudéaagd23lpg, prior to
defini iehi ' Ng ateyi , 15
alth%%gfw tﬁg %%ﬁg%%{%c%g %{r%gﬁ%?sﬁ%%% %?éﬁ S iHéruél persor%vﬁiﬁ%ée%dily
Sappreciate the shape of the channel therein by observing the shape of the

res al structure | raGt i | ich:s -
o il o TR T T R e L SR
a clisiiedttg4srorh s seal dldckhastpbctiorie (BBChrbjschiernabeckingd @emm
of the base.layer (51). In such structur. n.hr i i .
IS S0 DS iR ol SRS Helh Rt BTN, DR OIS R in
thaFigarsesd.(5¥ebbivksraad tnjtetion podiscse ardleddata iiersrufdiee for

ch 5 A similar structure is shown in Ejgure 60b.wyith i Jmer
10be?r%sﬁ}éedlfléea{elﬂﬁeagt?lt?ctumrege%ﬁﬁ?ﬁ%hfuvﬁ%@ona?it&lyk%%#?p?g}%nc%?r% and
(53jhmretinte thesmachimethgracsteanndligbdy fdthin a recess in the substrate
(51). The only difference in this instance is in the shape. 27 A similarly
functional alternative structure is illustrated in Figure 6c. In this instance, a

paiReferirgses Fighee sdbsteatpah1jsaratmioatiel dhaithde@ales (36)microgasket

protection layer/mould strip as shown in Figure 5b. The microgasket profile is
15  defined with lithography, in this case 0.5 mm wide and 50 pm deep defined in
alignment with the grooves in Figure 5a. The curable PDMS is injected into
the channels created by bringing the structures in Figures 5a and 5b into
alignment to create the microgasket within the channel. Because of the
conformance of the channel, by virtue of the grooves in both surfaces, the

20  gasket projects above the surface of the base layer.

In accordance with the intended use, the flexible mould surface layer is
retained as a protecﬁon until immediately prior to use, having previously
served to define the gasket structure itself. The service layer thus protects the
25  protruding gasket and enclosed channels from contamination, damage, dust
and the like. Immediately prior to use, the surface layer is removed and the
base plate with sealing gasket brought into contact with a secondary substrate

as desired to form a microfluidic device.




which project above the surface of the substrate (51). Again these will
define 5 and seal a channel (54) in the final device. In the alternative
illustrated in Figure 6d a sealing material (52) extends across a substrate
swioaoe7(@BE)1and is provided with a projecting portion (53). 18dT/GBN006008569
an example of a device comprising two substrates prepared with seals in
accordance with the invention which have been brought together in a
complete device. A first substrate (51) has been provided with a seal in

the manner illustrated in Figure 6b. A seZond substrate (55) has a seal

(56) provided in a simple recess. The two substrates are prepared in

accapdRfreEdpacRitrithe RetRoabpathadgivishrcstionts phpvmilsaiivdsone
as g puldiRiy RFRead JoaR V;;;‘PQ&P%R‘}PQ deRlVolo54R9SE the:ReahRiallne

in the substrate. The two substrates are then brought together to prowde

the @thae®lsstiansdemaTaontdcarippecte denalop stmensnligriusasndhe said
(59)S%EQP\§%QI§e?t A PGSR AANGSic RN EI0E QIR HHRprise Jecesses

alternative device is shown in plan, in effect comprising a pair of gaskets

Fornhedomi sudpydiesiennabees thrdepelrridhiasusiane phitbghase @ yaterfew
than AhGRIVG PANASIIAIEDORMSI, FIAERITAOF fe & E%{l@ﬁﬁlé%tcan be

(62) and inner gasket (63) are formed in grooved structures viaa 2
momcﬁntgd@mmqu@ ascabdiaddedribd iexhavatizg arqeﬂystm@dnnéﬁg@w 6.
defines a contained volume (65), whilst the two concentric seals together
define an annular volume (64). Again, the intention is for the device to be

comipistsd by figuuesion ©f Gesdburitded subettins, in bagliply éhbagesietin into
10°" Qf%;'ﬁe B35S R BRI Gl (R R MR RGN AR MRl difod of

seconda
invention. In each case the seal has been moulded by providing a suitable

lidding ply as a mould surface (removed and not shown) with the lidding ply
being so structured as to form the resultant structures out of the seal (52) by
defining a channel which is completely filled by sealing material. Thus,
15  although the mould surfaces are not shown, the skilled person will readily
appreciate the shape of the channel therein by observing the shape of the
resultant seal structure.

In example 6a a seal structure is shown in which the sealing material (52) lines
20  a recess in the base layer (51) to define a channel (54). The seal also has
portions (53) projectiﬁg above the level of the base layer (51). In such
structure, when brought into contact with a suitable secondary substrate to
form a microfluidic device, it can be seen that the seal (53) both serves to

define and to seal closed a microfluidic channel.

25

A similar structure is shown in Figure 6b with like numerals being used to
define structures with like functionality. Again, projections (53) provide a
seal around a channel (54) within a recess in the substrate (51). The only

difference in this instance is in the shape.




28 substrate is used to lid this embodiment to complete the device,
isolating a working volume (65) and a fluidly separate annular region (64).
In addition to such inlet holes (not shown) as may be provided in the
ssibi@teskr{61) to provide for injection of curable material tpdaftinnteshdso
seals (62, 63), additional inlet holes (67) are drilled in the substrate (61) in
such position as to lie in the annular region (64) once the seals have been
formed. These holes are used to assist in the framing of an intimate
sealing contact between the embodimegYillustrated in Figure 6f and the
secondary substrate. The intention 10 is that the volume (65) will serve as
a fluidly isolated working area, for example for microfluidic application,

whilgt thesvalume (B4} will s user (A58t I PR SEANAGPIREESS seNdAOhis

urge the substrate (61) into a more intimate sealing engagement with the
secérfidityes dhptinel mpesstsas hersubevaicutiornte prewded prdksgats (53)
affegRRL KA SRRR HEER(RD. SHak ANRPREYTIPNIEINMAER Al define
highly controllable seal. Levels of evacuation can be controlled to ensure
Thateadspnistehanseh (hinitheiee détrieert the need for application of
excessive external pressures. Thus, in accordance with the invention,

potentially complex structures, for 20 example for microfluidic applications,
canlbdhs eliesnaiivsiillusitaied im Jigurettbe sasling eaisualdld 2) extradtiacross
o form AR He RERLeT IFTORudGdevies RiHdR asagst ply.
the second%?y serv%%%i%&rfnog%qé@r aﬁ% ?ﬁ?{ﬁe&e g]%%r)ét-icurisorj toa
component of the microfluidic device. Bonds, seals and gaskets on a

B AT I T W Ponftts LIRS SR o

l. Ammhﬁdagccpﬂnﬁc&ngiﬁlfme MMMQ@WW@M toghtber in a
L b T el E e R R
withzaseenithphaedcintiagibe 6bcesPoseenatsabitratee (5y) diasliesstain(56)
T R T LI T
15mateithl tiegitathod by lidding with a second ply which serves as a mould surface
and removing the second ply to expose the seal in situ in the substrate. The
two substrates are then brought together to provide the device illustrated in
Figure 6e, which defines a microfluidic channel (59) in convenient and precise
manner.
- 20
In Figure 6f a further alternative device is shown in plan, in effect comprising
a pair of gaskets formed broadly in like manner (except in so far as they are
gaskets rather than adhesive bonds) to the bonds in Figures 1 and 2. An outer
gasket (62) and inner gasket (63) are formed in grooved structures via a
25 moulding technique as above described in a base ply (61). The inner seal
defines a contained volume (65), whilst the two concentric seals together
define an annular volume (64). Again, the intention is for the device to be
completed by provision of a secondary substrate in sealing engagement on top

of the illustrated embodiment, for example being a flat plate. The secondary




10 2. A method in accordance with claim 1 comprising fabricating a feed
channel and an exit channel to complete a fluidly continuous path

between the fluidly continuous channel and, respectively, an inlet and an
osteionaiitable material, and urging the material via the infeiaoBs:206004569
15 channel into the fluidly continuous channel until it emerges from the

exit channel and outlet remote therefrom so as to subslantially fill the
channel. 3. A method in accordance with claim 2 wherein the feed and/ or
exit 20channels are formed directly as cf8sed channel structures within or
throuq‘%a single ply, 4. A method in accordance with any preceding claim

whetRhsHRE iscaied Haslid ihdsncanbedimpah to. sommlets tup devicedtnbiing a
accoydARRs VIHelais3 YRl 3 WHRIS SR /e CERR AR EREUPS less than

0.5 mm. 7."A method in accordance with any preceding claim 'wherein the
recess in 5at least the first ply is created by a fine line microfluidic channel

;gggyo %ﬁ?&% @gegglﬁolrﬁmq{aﬁg BAGRIIANGE WP R YNSRI ABstrate
5 (61) to provide for injection of curable material to fabricate the seals (62, 63),
additional inlet holes (67) are drilled in the substrate (61) in such position as to
lie in the annular region (64) once the seals have been formed. These holes
are used to assist in the forming of an intimate sealing contact between the
embodiment illustrated in Figure 6f and the secondary substrate. The intention
10 is that the volume (65) will serve as a fluidly isolated working area, for
example for microfluidic application, whilst the volume (64) will be used to
assist in the sealing process, and to urge the substrate (61) into a more intimate
sealing engagement with the secondary substrate, by at least partial evacuation
to create a pressure differential via the apertures (67). Such an embodiment
15 provides a highly controllable seal. Levels of evacuation can be controlled to

ensure that a consistent seal is maintained without the need for application of

excessive external pressures.

Thus, in accordance with the invention, potentially complex structures, for
20  example for microfluidic applications, can be created in situ, either in situ
between two plies which are intended to form an element of the microfluidic
device in use, or in situ in a first ply, the second ply serving as a mould surface
to fabricate a pre-cursor to a component of the microfluidic device. Bonds,
seals and gaskets on a microscale, in complex device structures, and
25 incorporating complex internal structures, can be fabricated quickly and

copsistently.




gasket or lined channel in situ in one of the plies, comprising the
10additional step of separating the two plies so as to leave a seal or
gasket and/ or lining in situ within a recess formed in one of the plies. 9. A
method in accordance with claim 8 comprising the additional step of
thereafter forming a product by bringing the ply having a seal or gasket
15s0 in situ into contact with a secondary substrate such that the seal or
gasket effects a seal between the ply and the said secondary substrate.

10. A method in accordance with claim 8§r%9 wherein the ply to be
removed comprises a mould surface for cteating structural features in a

seal to be 20formed in the other, base.pl A method in accordance
with claim 10 wherein the mould surf orates projections in

registration with and projecting into so as artially to fill the volume of
g proj g p y
the recgsseg in the base ply, such that the 25resultant seal is formed as a
lining 0 'thegre%é%gﬁ?}o;%l%é B With @8@%@?’%@‘%9‘&3@?@%.3@( gr lined
method in adannshnbetwétn claifirst uad Bl sbeidopld, sustasadacHlesteps of:
recesses infgggisgration with thﬁ recesses in the bagfe PI){ or parts thereof,
31 Caling a microscale recess i at least a first ply; lidding the first ply
with a second ply such that the recess or recesses in the ply or plies form
a fluidly continuous channel; urging curable material into this channel so
as to substantially fill the channel with curable material; curing the
curable material in sity,
10
2. A method in accordance with claim 1 comprising fabricating a feed
channel and an exit channel to complete a fluidly continuous path
between the fluidly continuous channel and, respectively, an inlet and an
outlet for curable material, and urging the material via the inlet and feed
15 _ channel into the fluidly continuous channel until it emerges from the exit
channel and outlet remote therefrom so as to substantially fill the

channel.

3. A method in accordance with claim 2 wherein the feed and/ or exit
20 channels are formed directly as closed channel structures within or

through a single ply.

4. Amethod in accordance with any preceding claim wherein the recess has
a width of Jess than (.5 mm.
25

5. A method in accordance with claim 4 wherein the recess has a width in

the range 5 to 500 um.




so that in the vicinity of these recesses in the mould surface the resultant
seal projects above the surface of the base ply. 13. A method in
accordance with one of claims 10 to 12 wherein the mould 5surface
comprises part of flexible mould tool that is left in association with the
base ply until the point of use to serve as a protective film therefor. 14. A
method in accordance with one of claims 10 to 13 comprising the steps
100f forming a sealing structure in a first base ply by applying a mould
surface in accordance with the method of gne of claims 10 to 13,
additionally forming a sealing structure in §second base ply by applying a

mould gurfa&%’ rdance with the method of one of claims 10 to 13,
removing the tw%ﬁggi ou %ﬁﬁ%&ﬁs%}m ShgimtErdn ks Fresss fingst depth
15together.of #esa theatiddnmaccordance with one of claims 1 to 7 for
providing a bond in situ between two plies, wherein the curable material

urged into the fluidly continuous channel is curable adhesive, and the

adhesie isfcureti@Dio focordatnendibeing pretBaiiy Qg v iGeA BRAE s in
an§|/ or Iine& Fé[rutcéhjr cgrl%%risiri%agt ast g‘\;gflies at least one of which
has been providad with Ao AP -PY A BRsMseisaeinidin chusach fomtng
of the claimechoid:fe, ,

8. A method in accordance with any preceding claim for providing a seal or

gasket or lined channel in situ in one of the plies, comprising the

10 additional step of separating the two plies so as to leave a seal or gasket
and/ or lining in situ within a recess formed in one of the plies.

9. A method in accordance with ¢laim 8 comprising the additional step of

thereatier forming a product by bringing the ply having a seal or gasket

15 $0 in situ into contact with a secondary substrate such that the seal or
gasket effects a seal between the ply and the said secondary substrate:

10. A method in accordance with claim 8or 9 wherein the ply to be removed
comprises a mould surface for creating structural features in a seal to be
20 formed in the other, base ply.

I1. A method in accordance with claim 10 wherein the mould surface
incorporates projections in registration with and projecting into so as
partially to fill the volume of the recesses in the base ply, such that the

25 resultant seal is formed as a lining of the recess in the base ply with a

channel means therein.

12. A method in accordance with claim 10 or 11 the mould surface includes
recesses in registration with the recesses in (he base ply or parts thereof,




25 17. A structure comprising at least two plies, wherein a seal and/or
channel lining is created between the two plies in that a sealing channel is
provided at the interface between the plies by provision of a microscale

32 fabricated in the surface of at least one of the plies, the said sealing
channel being substantially filled by cured material to form a seal in situ.

18. A structure in accordance with claim 17 wherein the cured material is
cured adhesive forming a bond in situ between the two plies which
5additionally has a sealing function. 19. A structure comprising at least

two plies wherein a seal and/ or channel Tining is provided in situ in at

least one o oG -a seall hannel is provided at the interface
between thg&gﬁ;&:ﬁ&?{ gg{g%lo %%ggr%gfc%%saelsel?e & LN, «’:gf%‘ﬁfi grygsultant
surface of &eiREiectirehayashesiyrfice dlkaitasepling channel being
substantially filled by cured material cured in situ, with the second ply
remaining removably in situ. 20. A structure in accordance with claim 19
wherel? théhsaetod phacurdamise svitliloxibte oitiigl 10yer 19eaE:AStRe mould

regovable tive laver over the.base ply and seal therein. 15 21. A
strgﬂctu re C(%Qr%?éﬁglé}é;&éﬁ}l{?sf %%rs{é) %?}/cgfgfﬁd%?}la@iﬁ? it LelleiPetssggiation
fabricated withéhsubiaseeptyeunti ahtepsinpatiysdefiniesve sealingorBaRReHIm

in which aﬁl%aét;?lrnd/ or channel lining has been moulded in situ, and a
secondary subs

rate in sealing contact with the base ply and seal so
20formed. 22. A structure in accordance with one of claims 17 to 21

compiipingyahighsh AN Mickalu el aeive.rea (g fom a microfluidic
device. prising the steps
10 of forming a sealing structure in a first base ply by applying a mould
surface in accordance with the method of one of claims 10 to 13,
additionally forming a sealing structure in a second base ply by applying
a mould surface in accordance with the method of one of claims 10 to 13,
removing the two said mould surfaces, and brirging the two base plies

15 togetheg.

15, A method in accordance with one of claims 1 to 7 for providing a bond
in situ between two plies, wherein the curable material urged into the
fluidly continuous channel is curable adhesive, and the adhesive is cured

20 to form a bond between the two plies.

16. A sealed and/ or lined structure comprising at least two plies at least one
of which has been provided with a bond/seal in accordance with the
method of one of the claims | to 15.
25 |
17. A sttucture comprising at least two plies, wherein a seal and/or channel
lining is created between the two plies in that a sealing channel is

provided at the interface between the plies by provision of a microscale




25 23. A microfluidic device structure in accordance with claim 22 wherein
the device comprises at least one sandwich layer defining in conjunction
with at least one seal at least one enclosed fluid channel and/or chamber
portion with microfiuidic functionality. 33 24. A structure in accordance
with one of claims 17 to 23 comprising a plurality of channel portions
having a microfluidic activity fluidly linked into at least one fluidly
continuous channel having at least one inlet feed channel and at least one
exit channel, with structures formed thereipy by 5curing of the curable
material. 25. An apparatus for fabricating a microscale device having a

fine line seal;gfaasisHC Isgs.a RS o create a recess in the, .
manner ofa%icroﬂuidic%é::%%iﬁﬁ%eaﬁgfs e%?ﬁ?emﬁﬁ/,og 5o g feidpscaling
pair of plies¢kanma heing srhstantiabiy fikektaunired maesial to Rhedvkosiabin sitn,
togethergsugh fonns a channel as hereinbefore o

described, a m%@%ﬁ%ﬁ%@%ﬁgbw%g aell!lnalfilﬁtg RE PR HRIred rastedal is

to substanti'éurydiIBdmsém@mmgammusifomwrmwmcm@h{eonmi@}hjch
in situ in th%&ftﬂﬁ@ﬁﬁ é’f&?aas%é forﬁﬁ}lauseal and/or bond thereby. 15 26.

¢ . . .
An apparatus in accordance with“claim 291 further comprising means to

remov_é%ne’&pﬂwmnwth@nﬂjmglytdeaasﬁ@olpﬁw whegehmadesiaidt/ Yt fannel

means to bt SSvitea b A AL TS o i soaing

200ther plychenael tis gifedtiadserilrgmBLagebreREdh aERNAIACHN Méviken of a

seal or gasﬁ%r%@c%lgo{enéc%sdﬁgggdted in the surface of at least a first, base ply, the

10 said sealing channel being substantially filled by cured material cured in
situ, with the second ply remaining removably in situ.

20. A structure in accordance with claim 19 wherein the second ply
comprises a flexible mould layer serving as a removable protective layer
over the base ply and seal therein. -

15 b
" 21. A structure comprising a ﬁrst, base ply provided with a microscale recess
fabricated in the surface thereof at least partly defining a sealing channel
in which a seal and/ or channel lining has been moulded in situ, and a
sccondary substrate in sealing contact with the base ply and seal so

20 formed.

22. A structure in accordance with one of claims 17 to 21 comprising at least

one microfluidicly active area to form a microfluidic device.

25 23, A microfluidic device structure in accordance with claim 22 wherein the
device comprises at least one sandwich layer defining in conjunction
with at least one seal at least one enclosed fluid channel and/or chamber

portion with microfiuidic functionality.
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24. A structure in accordance with one of claims 17 to 23 comprising a

25.

26.

plurality of channel portions having a microfluidic activity fluidly linked
into at least one fluidly continuous channel having at least one inlet feed
channel and at least one exit channel, with structures formed therein by

cun'hg of the curable material.

An apparatus for fabricating a microscale device having a fine line seal
or gasket comprises a means to create a recess in the manner of a
microfluidic recess in at least one ply, a means to cause a pair of plies, at
least one of which has such a recess, to be brought together such that the
recess(es) forms a channel as hereinbefore described, a means for urging
curable material into the channel so formed to substantially fill the same,
and a means for curing the curable material in situ in the channel such as

to form a seat and/or bond thereby.

) +

An apparatus in‘accordance with claim 24 further comﬁrising means to
remove one ply from the other ply so as to leave cured material in sita in
the said other ply as an in situ seal or gasket, and optionally further
means to bring a secondary substrate into intimate contact with the said
other ply so as to effect a sealing engagement therebetween via the seal

or gasket and form a device.




