FI NE LI NE BONDI NG AND/ OR SEALI NG SYSTEM AND METHOD The
invention relates to a nethod of bondi ng and/ or
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the nmethod, and to the bonded and/or seal ed and/ or
i ned product of such nethod. The nethod relates in
particular to the use of a mcrofmdic nethod of
fine-line bonding and/or sealing or lining by
provision of a n||crogasket bet ween tmo plles

es;pem aI

m croscal e betvveentvvo such plies, for exarrpl e as
applied in a mcrofluidic systemor for production of

i @ifvEati 6 fel8RY%it6 @smethidl JFHIRARE aid/eF sealigicndAbr lining, to a
effective bond or gasket or channel lining in a Ia ers

ofysteat 6ori imhplementisgethe ahdthodeandetentheviwnidagd and/@f sea ed and/ or
ol Bo6kod bR G Rt Ptk o o
g%ﬂfﬁ‘%@”dfcﬁﬁgegﬁ%t PR Rlif 3R s GPJibBk by provision

1R flot BeRIEMERV0 PIRS] bSskoiARK 80l Qfimilas epatefials. The
fﬁ%l ds?r%mtﬁe gond or g?’}l |n%rfa%}é and/ or to nmake

amethadriglin Iparticydat & methbé\od fimet Bné hbngingfsenting ont hanicroscale
are not available fromthe channe|l wall s . bei lined

Tontween twe ;seeh @|11|e§/ fon cixamile AGAPRICASNA T isypiem or for
LSS 1 tie and for exanple dissimlar

tWQEH&I‘O%Q %%ro %gé%g (ieSes A variety of solutions

have been proposed. In sone instances, for exanple, it

can be desirable to avoid inserting an additional

| Bye protilem efk prptidingf ameffestive bohé tonegaskether phagel hmng ina

and/or to ensure that a seal or gasket_is Sgrogm sel

slazgrsdofimgatesiahtaad. especiallys b@ﬁfdeena tyeskavsr o!natq%l&» and in
R AL Yo PR 1RReCheRyBRPRYS b A e

b@ldely over a range of applications, materials and fabrication scales. In

HOD

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.

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



| idded by a second ply, or a partial groove in both
plies which forns a conplete groove for receiving a
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second ply in suitable orientation. G ooves may for
exanpl e be machined in the ply, or noulded in the ply

at the tinme of fabrication, using conventiona

fabrication techniques. The groove or grooves forma
recess for receiving a sealing neans, such as an 'O

ring or the |ike, i ch has been separ at.el .
g speendBly MoTpible BECRRNER! SEPPVRS T8aR FobEraERls e machined

R s OBt i b RRE bl ru R AR oty BB conventional
WiabRchtish fe\eﬁllg%ll]lgge_s brought together in the correct

orientation. e two plies may be fixed together in a

sui tabl e manner, and for exanple may be adhesively

bonded together, and in particular, the sealing neans

rhlje BEOOYQIRERIORYSS 19EmL@ 8CGoss &R TgCHivIng A SEHing Bieags such as an

h .a pre;fabricate ealin a [ . Ctd Vv :
Y5 Ra o T B 35060 TR BALEC T Brovide an
r ‘!f’éiﬁ/@ s%[“l’)e?wéﬁﬂ‘ﬂ'lé %%n?lié’aﬁ ItRE S’ Ofind i’ RRE #h@ans is located
sealing, tor exanple to provide a mcroscale bond or
nivithivptheketessidefmeditey tifd griodive od @voaeesowith ke kwkelies brought
separately fabricated seals becone jncreasingly |ess )
piogethier an theysprres grigniationc Ahgitwiconlies mayehe dixed together in a

ChibB 8 B SR bERIE Y B S YD gorctier, and in
ggz&ﬁ g%g't}ie iﬂs‘&a{iﬂ% REERO nhAF B Sithatiict HoRAEdtiA §&u within the

ovi a process ‘can becone prohibitively

epeesnsi ve. I n 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

LS54 58 b L R0 3R LB Ru ) o Pyances.
| EFPRALo8E, s ESIGES, 0 RABLCAN iop S sl
1sealing, 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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mm and in particular of less than 0.5 nmand/ or a
depth of less than 0.5 mmand in particular of |ess

W@ b@mn/06:120 mm where prior art techni ques are seRE€r/6B006/004569

constrained if not inpossible.lt is a particular

preferred object of the invention to facilitate

provi sion 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 material that makes ot her bondi ng systens

i nappropriate. It is a particular preferred object of

¢ oy . i Litat . . s
SEE AR phph G i e BRI 9 FRAER, pRlyision of o
Hopdf bétweeR! tivd 21’1_&@ viRakiings Cepirasic Néttlo preedendgmp Yor any
whi ch can be fabricated in situ and is thus .
pdhesive betwers the phes ahdfor swhdte ersape batiuplies evenef @éxmaterial
shaped applicatigns. It is a part.icular preferred
dbptanakes othgapbe B&tsyﬁﬁnlsdnﬁmg‘\wﬁétea bondi ng/ seal i ng
system and net hod which is conveniently applicable to

m crofluidic systens, readily enployable as part of

thes 8Xattibndr hadieieatdhectsRgRSmvERfios Y6 Tacilitdte Providlth of a
for exanple IS appropriate to isol ate adjacent

fsealt or gsskien im anfirst ply, Uodformcan efifectivaiseal, when the first ply is in
accordance with the inventiqon jn a fi{ t. asaect

e, A .
lag centagt Bithd? secand plye wingh canhestabecpisidn(diie and is thus

e
a7 a8 R SFlpBPY oo R spams NS pms.

inclusion) and in particular a fine |line bonding seal,
between a first and a second ply, especially of _ .
dt s pattivularegreféreddsobjecnpf thedsveiitors teepvide a bonding/sealing

fabricating a recess.in at |l east a first gl v, i daj ngy

tsiystem ad methodivhich is seBYRMIBNYY S0B cable 0 phergtlmgisoshstems,
. b oth I | J. f a fluidl

SEGES RO kD Pt R PAFE SR u b Yol ysems.

CRANRS! eS8 ik %@g&ﬁ%&&@ttb%bwé %Hjacéﬂile,fé‘ahﬁf@ﬁﬁh aMddiBrofluidic

curabl e nateria in particular urging the
rafopii.al via an inlet and feed channel into a fluidly

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.
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conti nuous channel until it energes froman exit
channel and outlet renote therefront curing the

we@modbbb@lomterial in situ to formthe BSL i ncl PET/GB2006/004569

situ in the channel.The fluidly continuous channel is
created on a mcroscale, each recess being fine |line
wth a wdth of less than 0.5 nmand for exanple in
the range 1 to 500 nm and for, exanple 5 to 500 mm and/
or a depth of less than 0.5 mm and preferably | ess
than 0.2 mm The fluidly continuous channels, and the
recess(es) formng them may be of any shape in cross

T56 8y Cntiunl el erebl & 2 WirbRFEIE Rih hgess beine
i ggigﬁwﬁmihn?oﬂ&g %Mg@b s SRl 1Y SAAMEn BWIrdhe 1 1o

carrying t iquid or gas in the use of the

i ' ' 500 bdf or 2Q Thess ehar 0i5nmmn and
§?§éﬁ§ia§ﬁ?& ﬁglﬁrgb{)é; g§ ppona and’ Or 8 efth o

E)céfw:&myi tesal thyh. 0QptiumunThié nidwislly neontipovar shavaelseeand the
ondi ng and seal i ng appl jgcat' ons. .In the case of a. din
esess(es) ifermingefieniomsy be«fr aby shepe iKerosh Soifion fnglyding,

| ar.ge .a ctical and, th th_a_ . ni =
s FrBled e, “Breatibe guiiR' By e bRl Sordclrquid®  The
i | 99 s tHEPRMiLAMuidR Sealidgichaimilnumd the
%%%gﬁio:kggr agg?dr%ﬁ %’é%ﬁeﬁbgf%ppr opri ate but -gtahe depth
chatifiel GeyingnthtHiquiarngds i giet uge efehatdeyideemight be in the
relatively deep unless otherw se anchored (for )
exmgpBeo Iy uhecliesexninigham dengnsions avaydd dig) ditficyt te Rehieve
of up to 500 mm (0.5 mm) can be contenplated. The
wearyensiongllyeal shoul d be Iess than 0.5 mm Feed hol es

are in the diameter range 50 to 700 mm typically
around 200 mm The recess in at least the first ply is

Qgﬂ%ﬂiﬁ Aih¥ng6RaHRS ity Debkedbbadinignend scatinpeapiplicatiens. In
such as wll be fam'liar frommcrofluidic technol og¥.

Ithe apbeof\iobdad it kelikelyetosbé desisatiedoimaka tharsndidy aplarge as
a mcrofluidic channel, The . -
practical and the depth a minimum of 15 — 25 um. In the case of the seal it is
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 pm (0.5 mim) can be
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 um.

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
words, the recess is formed in the manner of a microfluidic 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



recess is formed in at least the first ply initially
as an open recess structure that when closed with a
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ei ther alone or in conjunction with a conpl enetary
recess or other structure such as a nould projection
structure in the second ply. Once the channels so
formedare filled they beconme gnclusions that are

ei ther bonds, seals or |inings as above defined. The

fluidly continuous channel further inglude .or he.
e il TR haPR S G RISINS HDAH TS 1 ¥bﬁ&aﬁ=zé?ﬁ‘%|°‘gﬁ&“gs as

\Y; rti%afmc‘?annels, the latter also referred to as
t‘?@%g § 9'as, and/ or feed channels/ exit channels as

above described, together making up a fluidly
continuous path for the insertion of curable materi al .
afheanfliidlet centinfi@ed chanelel mayhéurhen iokhwdeelorarhg i fluid

outlet allows for expelljng air fromthe fluid
COMUIHESEEOB Haith af ditengbhorizentyl, o H‘Frﬁlﬁa]acwg\?!aﬁ\{ the latter also

i ndi cation that the cha I b hd/l

B0 ke 1 SRR ol BB PR S gk sore
f p&ij | i Al EoNiiAsduspathntbr the tigertion of
fﬁ?g y ’c%gtbfhr?ﬁgggﬁgg%p rargﬂ)l/lﬁbe}ofgbrli caﬁsed as arlbo{c/e1 (as
cpgablet mutirisl e aoiniet tad feed chammal sTheaedit dhianng] and: outlet

wi Il nore usually be forned ?Ll[ég]tly as cl osed channel 11
saltaves foesexpelling ar fromothen thudlyn ghatigpqus channel as well as

partigcul ar, .feed/ gexit channels s f J 4t
Forouditip & panfil cinditption” BT CUBHER! 3’ BEAL (I Py qurable
fluighy continuous path between an inlet and an outl et

via a fluidly continuous channel fabricated in the

above manner as a |idded recess in at |east one ply.

Feed hol es are conveniently jn the dianeter range 50
t Shawoadditiongl ceameafingr ehavaelsoic e Exibr g7 holes or

BRI Sy AT R N
aghld S@hi@bes bV Rdd P LRarfiRANOR! 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 manner as a

lidded recess in at least one ply. Feed holes are conveniently in the diameter

range 50 to 700 pum, typically around 200 pm.

The expression microfluidic channel will be understood to define or describe a
channel dimensioned for a microfluidic application. Microfluidic channel
forming techniques suitable for use in the present 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
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form ng techni ques suitable for use in the present
invention in all materials (e.g. polyners, netals

W@ R007061110 gl ass and ceram cs) include precisi OPCT/GB2006/004569

machi ni ng, precision ablation using |asers etc (but
coul d i nclude nanoparticle ablation powders),
I'ithographic etching such as photochem cal etching and
m cro-nmoul di ng met hods i ncl udgng injection noul di ng,
casting, enbossingincluding reaction form ng such as

olH c hem ri ng ﬁ‘g“:’?‘r ;ag: Ikgﬁg%ﬁ‘%‘%? I&?ﬁ;:gg mrmtmg etc.

i eéil%ﬁf’@%ﬂﬁ@f%%efs 151, oA Jor RRBEN TS pr vias or
Sebdlog Ritychamdls)idsheciglly dabriented difeetigfdsutidsed channels in or
channel s mIght al so be enpl oyed. International Patent

Rlisiughaa sioglevigpaad aplgniarlagstmicreduidierchamialy mdglat also be
sy sten1Xm|ch m ght be of relevance here, both as a
FoMlP¥edi | | ustration of mcrofluidic channel forning
and as a possible application of the present
i nvention, conprising a three dinmensional sealing

'Iht‘érﬁzﬁtﬁdﬁa@' RatBit Fibkicagot eWwO200a)22238i flhistrates a microfluidic
conbi nation with the three di nensi onal use network

systenasvidels cmlghéd:)e of \telzgad¢c herg hotirtas #1gangral illustration of

ke i chAGRA: Fostibe et PovSbIR, @Rl RAEaty of e Reesent
f t t

ST e, Byt AT DS AR ORGE ok o

Vde3&riB&d RERYE n@edﬁm&aﬁ&ﬁ%heme tthileadiffnsionial ube net@k such
and outlet. These connecting channels can be

asuiEstalombis WO2004/0223%y. of reasons. The connecting
channel s V\,hen filled wwth cured sealant can form
"“plugs" or "anchors" that will aid retention of the

ndq/ . seal 0
SRS g PonlighbifL PR IR Pk bl BB e B moxp ghanne!
WechBhEMmtbiddd #rsetvEQ mcr@ﬂﬁtdl@ ok dikleYfuinbB6h iant dévicd Bsgether
case of enbodi nents where
with connecting channels within the struct\ne 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.

The connecting channels when filled with cured sealant can form “plugs” or
“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
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materials as on the whole they tend not to provide
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designed to provide non-stick reversible seals.
W02004/ 022233 refers to conplex mcrofluidic systens.
Fromthis can be visualised applications of the
invention in its nost conpl ex~formand thishighlights
anot her benefit of the feed channels in managi ng the
i nput. and output of materials ig general. This is a

dnahlighis canathsr bepafiteoh thk ifesd sharnes ip) Magaging,fhy nput and

ki of Salorfr by Bphd. PhESd Bloblom PyBE3g Fhé ppdii§on of
CRAPIRES W@i&t&réi@ﬁmn%ingﬁﬂeéﬂrﬁh@ te@edifins etc.

m crofluidi‘cally processed ring fabrication and use,

for exanple, electrophoretic gels, neltable paraffin

val ves and pneumatic contrql gases, as Il as |iqui
e I

d

sEheuse of aultipleyslets angt oyllefsrand assg ok phagncls enable a
pur poses. .The feed channels tQ the | s.. bho . AP
FARER 5 Puatfls (R EC REPE A D08 el hmindt HFichio nd use,
t DRGIEL | or I t a ne ic
oF SHRIE, SR ROl Bl AP FRaRD W STFRI prcumat
setistol agsses,Thae Wwelehs tlsquifl sdmpliesvemnd ireagéms| fodesynthetic and
means of fabricating "hybrid" or conposite structures
candyiead urpases.i al s from gases, liquids, gels to soft
el astoners or rubbers through to hard polyners (filled
and unfilled) and inorganic glasses and silicon and

I ' T S il [ S
{20 [Spa ChapRUR oMl Bl Dofle ML 1A' QGRS UR Galets to be
npeditibhed dhgwhérecon tthe tsappertingsgbstratedor ek maplesi on ribe same
ltnings wth different wetting characteristics or
stidedbe edpe ot opposits vide ohtha spalscrepBmE subsEatenc| udi ng
nmetal coatings forned by feeding solutions for
electroless netal plating. O for creating plies that

affe BNARH ARANE! PGSR RLIRR 4 AheSRMBYNEBRLYIASABEd” or

composite structures combining materials from gases, liquids, gels to soft

elastomers or rubbers through to hard polymers (filled and unfilled) and

inorganic glasses and silicon and metals and ceramics

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

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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to a renovabl e substrate. I n accordance with the
i nvention the curable material is curable in situ

wowrdaiossiidhhe channel such as to form a BSL i ncl PET/GB2006/004569

such as an adhesive bond and/or gasket or other seal
and/ or channel |ining. Because the adhesive bond
and/orseal forns in situ, the scale is limted only by
the process used to create thg recess. The BSL

i nclusion can be forned very accurately as part of the

R 55 B R oE el bl S B o, gt the
f@@gés@fﬁeom@%aagwﬂ R&n He %ﬁﬁe&q@rﬁ wcﬁrét@g LE R of the
seal | ng neans, SucC as mcroscale O rings. ormmng

tfBrisefdn prubesy fdrdhet lamsldevited suvhng migbfaidic desicess i s
much nore practical at the sort of mcroscales to

whi ch the invention rel ates, cheaper and nore
re]iable. The.nethod. of, the i.nvention.lends itself
ERs1 o FOURUETIAT dph dbs EbR e SpaliEs: ogrmicroseale pre-

, 13 : 0
RBERED JAIR peat oD BR SIS O HREL Rt the seal
sadddot Bod h@! ordliniaglasicy@ i end is antth MoRapidceivhladt the sort of
seal i ng adhesive bond, between the two plies, and in a
smimnscaés terwhichvbe inventienpelaéss cheapsi and moorereliablag
seal or gasket in at least the first ply. In the first
alternative of the nmethod, it is evidently apparent

;’Fﬁé tl{lgtﬁahn&e ﬁfjeeﬂb‘{ein@iioﬁh%%dg.ri %{1‘@ ﬁogi(f)ﬂn lélﬂcle c# g%%t“ gﬁeﬁllaﬁve to the

_ second plies adhesiV
W@ib'df adIsRiveeBbAds, | ROSHIER Ay atlBadive 4§ ihhedi®ddetto the
of the invention for exanple in that the plies are

cammaoskbetaecepahe tob plies tor bé cuiadi in sibyia effe¢than adhesive bond,
accordance with the secgnd alter att)i ve of,the mei.hod,
»S

ﬁrscbamlp@rti@{d%étseahag epivii bRnd, Sdeivepd e tor Riis.tapd in a
CBNE AEFLLRR s e S EEDP Egh ol KA it at et

Oﬂle%%{(ﬁIy, and/ or lining does not necessarily
constitute a bonding seal, and nmaterials for the
cur abl e

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
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conposition may be selected relative to materials for
the plies in relation to sealing properties rather

wo ban/oednesi ve properties. In accordance w th PEI/€B2006/004569

second alternative in a first optional configuration,
the resultant device may include the first and second
plies, with the seal or gasketproduced in accordance
with the nethod being dlsposgg t her ebet ween to serve
as a suitable seal or gasket and/ or to line the
channel in at |east one of the plies, for exanple in

preducedén @DC@ﬁameeWﬁbrtb@ sehad bsmg @Po%ﬁdrﬁl@‘rebﬁwé@eél to serve

devi ce.

S b Sitable peals resnsitet, i SEER Ag 3hb GHARM IR R S onn St the
@fm%?fo?u?cﬁ%%g i@l gt Rl ! %s drB&d ng}g(%eha&t S8V4C8 fRYofluidic

eal or ga et provi In a cordance

detide PHHOCERreh Biis édendrilieathtdie theanethvdns honso hmltfslt Ina
one of the pl ies, desi gned for use with the other

sermudedptianal aunfigutationsef this seeomd abtgnmtlgéatheo&qsu)é@ﬁ Y device
i SNSRI, 552 9 SRk VIS S R oF TRV pginciples of the
‘fr?é?fl&g '9% ﬁ?eainl%ﬁiilﬁlp '§fbné 8f ﬁ{e{’}Zl‘fés, @lfaﬁ%ﬁéf‘d & use w th the other

or exan‘p

bl’sﬁréﬂléﬁéd RinY, wiglo R dcab Serarni},aaﬁ aQ;%aIt lbkftw%‘éﬂ e fikst base ply and
devi ce, but the other ply, for exanple the second ply

annpdditenala sulpitate vihi neglat@twanm’dmlﬂme as¢ ey earyl be&mght into
or asketa [/ or, chann I|n|n situ in the first
et 3011’%8@151?@@? sealitg eg‘%ﬂ dicaligy Hﬂ}ln?rent of the

net hod, the nmethod is a nethod of form ng a seal or
gasket and/ or lined recess in situ in one of the

BhitRR, otich,COBRId RS fohexakple isesiest gl eompaises a part of the
nmethod wWith the additi onal Steps of: separating the

ewenfpkl dsvive, but the bﬁm Pl ﬁnfadaxamp]ga’rélhaecamil/p Ybr comprises a
0d which o FEmONATIe oURRY GATERY OF Shrehdnd B SRR dipine in
AT
%étﬁ’@& s GhBeflon FFMfrinhes 8368 seskdRbrdstbEhERI®ess 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



In accordance with this preferred enbodi nent of the
nmet hod, the basic nethod is used to forma preform

wowaoh/o6d1e0 base ply and seal intended to form pBeT/GBR006/004569
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the final device, but the upper ply serving as a
renmovabl e nmoul d. This has particul ar advant ages,
especially in relation to certain mcrofluidic and

| i ke devices. Because sealin nd/ or |ining
structures are created in situ in the first ply, the

i ;sﬁaé@awg STl Bl &
'ntﬁ ﬁi‘:{t P}?Se gﬁ@gg ﬁﬁ%ﬁgen?f‘fqﬁ %gahhgtsqructures in the

5%{ g» hlb“oiff&% §1Fﬁ§fcaﬁ‘ﬂ deé‘fﬂhéesofﬂ %ﬁa'ﬁﬂ aﬂwmgﬁﬁ&es when
tages In cert

arn circunstances when conpared wth

agphpared with bpglygs plliddiyg plyt bemanthermabpessss. FBor microfluidic
m crofl uidic ap ﬁllcatlons it mght be desjrabl ‘13 E
mmma@onmlt hhig mhatdemrab edptprﬁatdﬂ yigainswhateyill ultimately be

Sealk e'@?an%ﬁs $PEdveR oy 5 B0 M BeGickE MG, of, particular
C&‘%‘i%& 9%&1 e gb&g:‘m%fué&hiaa &umm%&{élﬁempla@ﬁvwl Such

nomn ed person, al so

JRRicisleatveill b@tweﬂhhﬂowncth the skilkedapesenawho will also appreciate
particularly thermally sensitive, and could be damaged
Uﬂna‘emeyssunéaﬁthg areas are perpelarly thermaldy sensatge, gnd “could be
t t.hod as met hod of fabrication of such devices
l&f?’&ﬁﬁassgﬁﬁ "% cordance with the specific

refl nerrent of this enbodi nent, for areas of particul ar
chem cal or biochenmical or I|i ke activity to be

PR QY agRetieulat hevantaf@ o€ tith mdéthod west nattkodbf tfzkimdmamﬁ of such
ply, for exanple in channels or areas defined by
sdalicespthadui callowsr i accerrange woth dhegpeei tq]éeiéréean%nt of this

oA AR o
HBP@WH gﬁ: e ¥het El%%?ﬁte Q)rfocﬁﬁsc%igE ﬁ)lfr‘ aForb@;ﬁaﬁnple in

ete en on a’ nechani cal
0&%@%130& &&H@d@ﬁne@@y&ﬁ@beﬁy p‘fbddbedithéﬂem,m ithowiding of the

ascetallsv eemg rrgglsz)vgl Iolf t?lgtmgglddglr;? ?3: [?1?1/01’ 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
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.
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
serving as a mould surface may incorporate structural features designed to

operate in conjunction with a substantially planar surface of, or



the final stage of fabrication. In accordance wth
this preferred enbodi nent of the nethod, the renovable
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present in the final device. Accordingly, it can be
used to inpart structure into the seal or gasket to
add functionality to the seal or gasket in the final
devi ce. For exanple, the ply {slervi ng as a noul d

surface may incorporate structural features designed

to operate in conjunction with a substantiall | anar .
sepmplementary Shrasinlcieaiiay on 486 s it faesscsopdany pupfigate in

surf.ace ,of.. the secondary substrate in the final
oté‘@ifﬁ’@fd?wb%ccor dance with this preferred enbodi nent

of the nethod one of the plies is a nould surface for
creating structural features in a seal to be forned in
tIneacodbitance ith s peeferrpd entblodinrent! of thamietbed wing lof theplies is
a mcrorelief elenent described in Patent qubl icatio

ViooB) e sunfaee e REGatine SirushrRbfeateres dIa el doreiqrgied i the
moul d t ool For ex le, i n 0SS e '

TRBbep e R P R bl S0RRPETRR} BT clement
&8 | ' ﬁ{zﬂ i554/5 5971 PBRIRS vith BRethéd dBmakin
t%&kﬁ)ééiﬁgﬁﬁ‘%ﬁgbp |1eoglr‘§/]re brg%nght gt%oget her as the axing
neflbriblé moptdtidlsed 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

S SRS, Al I o B
. . . . . 1 f 3 1
B ReaR S o AEG20 O rbml 9, when

Mietplick @ré br@ightaogethbaante metidel isqurhetisedainl wse, the volume of
di fferent sections of a m_crofluidic circuj Eﬁeé)o be ..
| thegrdcesseni the base Wiesdpyahethah thesesultentsser] ietprigedrps a lining

TR B e B0 Pl W B TG o st
SHiHRACRaNE Wil k&teePbf Sppli8sifons. For example, it might in effect
enable a user to create a microfiuidic 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
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
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
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coatings. Additionally or alternatively, a nould
surface mght include recesses in registration with

W0 b@7neaesses in the base ply or parts thereof PCHOBRIVAN04569

in the vicinity of these recesses in the nould surface
when the plies are brought together as the nmethod is
practised in use, the resultant seal projects above
the surface of the base ply. ﬁvariety of structures
can be created in this manner, in particul ar

projecting seal struyctures_ whi can .be
erogiant saBbihesuriage ol & sﬁ*gog@,ar{y stgate 4n @e\‘g\ﬁd%wce or example

subst.rate .i.n inal device, for exanple for

#b%ﬁogfuéﬁhg a&’B[JF?%%‘E% ons. In accordance with this

aspect of the nmethod, where one of the plies is a

nmoul d surface to create structure in the seal created

iIn dcberdanbewith this aspsictief thermethpd piherr gnesofithic dizsliea mould
structure devices can be envisaged, jncluding for

SuiREE 60 GEeAe at§u¢tﬁrm the seRECTopHldR dha edIeT by Wage variety of

e Sty 36 sicPurd agfes e B refiGRieal Shdpdid B example
d@e\eiiée%%n'vmﬁ'tﬁan&&ﬁ Q@Qéeﬁefgnﬁ?ﬁhén L Wg dear ffPa Q8GR surface

nore contal nnent sur aces evices In

nayeatiteda sealed chanhel cletlymipel ¢rosmﬂh1$tn:bntmneﬂ vohnne odevices in
fI ow of fluid within a channel, and other deviceg for
e afouldled seal itsalfforns oBe e Matp sPNEINERALSUfacesicvices

p“%’bﬁﬁ' okt saad it e lefitiedp donStefohiob SfpliPflpygf luid
ﬂﬂfuﬂ 3 JEH% el, Nasftf ﬁgﬁlra EABeMES N ot BB gBASe kM fHAlIC! and other

e poin use, us serves as a protective
fqﬁﬁkaﬁ@msexanple to keep the seal structure clean
prior to renoval and use of the base ply in
conjunction with a suitable secondary substrate at a

B issSossiEIE b SnbAtER it d oo i Bte 0 Ruftade may
COhBile it Bf BeSHiE ﬁ%lﬁd?@&l%gﬁrs%ﬁ ‘ff?%ﬁo@ia%dﬂ“w%ﬁ%e 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.

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
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 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



A device may conprise two plies forned in accordance
with the foregoing nethod. That is to say, the said

w@ewoeany substrate is also a base ply as aboRET/GB2006/004569
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whi ch a sealing structure has been noul ded in
accordance with the nethod, the formation of the
devi ce conprising the steps of formng a sealing
structure in a first base ply;dy applying a nould
surface as above described, formng a sealing

structure in a second base pl y lying a I .
She 0T Tise REFAST. abBy BIbes A BBH TSRO0 WO! Ef vrious
t WO _ sali (Walo]! ha

Rl oSt AT Bt sRELABS OB Ane g seals
VAl le@Hie@OMpl ex conpl enentary and co-operable

structures to be built in the two seals as required.

In accordance with all alternatives, the curable

material is any material curable in sity via any .
S acgprdangg mﬂgaﬂaﬁtﬁmﬁwsw the cyrable matenial;is apy auafeda} curable

51%; Eﬂg‘;‘( Zvrfg 'rﬁlyh%ﬁibaﬁ icglgilntgp ﬁ{g‘%ﬁ% Lﬁ%@réas%lcl)t?blce{q 'Q%E]% Qrpgprsor. For
g%gagl?ﬁel@a el ¥8! theRhally GahBIEY Jight VurhBeinM $€ particular UV

dto cure in situ over tine. Precise materi al
sairable] on chémicably detiblentetativeby or thy catalysisadr atherwise adapted
ply or plies in which or between which the seal,
gRsREE 11D FIBHOMEr BMC| rning is intended to be created in
use. It will also tend to depend on whet her the
i ntended application is to create a pernanent bond

bl pReMAREAT idSliRNWill BE RRGRIAPDY B Alatdrial ©FERS Blyor plies

seal or gasﬁet %‘get ween the tirst and second plies, or
tid whivht @ beteeah wdricly sk edal ogaskehonboid oalihingis ipkgnded to be
fromwhich the second can be renoved after serving as. |
acteateddnaiseols Wl else tend de dgpgnd en pehaterdhgiinigngded application
addj tional substrate Clearl hi ad QY .
olser RAGs « teetiangys PefRt iy e Thdink RO0 I8 SFrand pigs or to
| SreGfiV4 SE0 6 ’g\%ﬂ%i Heflv8n R Hrst 884 s &, B 8P efdat&a seal or
are required“where the priority Is sealing, and
p@adkiet o dfrding 40 Derveply frooumdiitte thatsecoml 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
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.

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
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and a ply where the intention of the nethod is that
the ply is to be renoved prior to use having served as

wa@2mnbdisur f ace, for exanple, applications WhBCEGBR®6/004569

device is to be used with a disposabl e substrate that
has been substituted for the protective nould surface.
I n general however, suitable materials will include
vari ous curable fluids, wherggthe single conponent or
mul ti pl e constituent, mhich can be cured hi situ, in

BRAL) SY' Bholhg RIS R e LG ritees, BHERE Rancs,
&%ﬁx%g bhe tl'iéJHE@r systeleﬂsmgsd BARABxaRG L ?hﬁ?cxﬁ‘él‘ﬂy bRgferred.

Systens based on sil oxanes are particularly
preferred. The curable material is urged into the
channel either via an extru5|ve/punp|ng force at an
i[eeurable mgterpbisiwged srfodghe & @mh%ﬁhef arac@n gxtragjve/pumping
utl e nmbi. nat i.on_t her

e ftaacCgeh pf BYARROACHG b S5POR O{Cr?e 88 gl Br by some
EHﬁﬁ%ﬁlcg?ttﬁ‘fﬂeéf §gl9§é[_1§1’t‘fhlofﬁll g‘ B&I geﬁ sy %?ﬁl%rmg the

'S sult ocat e orrrs at [ east
asdupredof gﬁﬁﬁﬂb i tngtediatl/ frovh hin nodutlete @&md&ad ztheeowtlett sesuitably
interface of the two plies when correctly assenbl ed.
Toratedwo plies together define the shape of the BSL

i nclusion which is forned in the channel zone. At

| east one inI et and at |east one outlet are

R e b R B2y O i L1 zome

abnhé rintttace oh thd ewboplibsnavhen s@aédthg agsenshled: amhel two plies
may serve as inlet and/or outlet channels |inking

togasheradefing thewhrpe op hanBSEaimslusian witiathis fpninﬁdrly the channel

A% el AP PO5IONgEh Ereqﬁég%\?e%geéﬁfy ppvided into

%ﬁ‘p@ﬁ chﬁalﬂ@‘iﬂat?{ﬁle&aﬂ Bnfel Gh ?l okift @dlﬁpﬁéis? f{aﬂs fluidly
0] I ne

ow the sinu aneous creatl on tlp
kRendauauivith the dbadietovaralihf eont chsn@ dhay séretalénlet and/or

first ply. Such inlet, outlet or l|inking channels nay

patleh channels linking an inlet and/or outlet point remote from the primary
bonding or sealing zone and/or may serve as link channels to link a plurality of
bonding or sealing zones to each other in fluidly continuous manner to allow
the simultaneous creation of multiple fine line bonds and/or seals between the
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.

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
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any suitable orientation within a ply, for exanple
being forned to pass laterally along the ply surface,

wao booglogdila he t hi ckness of the ply, or in some BUI/GBRI0E/004569

conbi nation thereof or other suitable orientation. The
method is described at its nost basic is used in the
bondi ng of and/or sealing between two plies, and in
particular two plies of dissijmilar material. In this
sinplest alternative, the two'plies may formthe two

plies of the final device, For exanple, for | )
seorieg Reiadvindoypl OF eeurspidhe pFmeiR}Rs of shejawentiph cap pe readily

R e  HmeheaT T s Ra b WY RlnghRoFE " bF o toreer
Pttty éft?gngsgi | oRbeShafivte dcpueatti Gmel B chamld %t the

si mul taneous "or “successi ve
howsiang/ ead ipagr of eudcassiws ilesr dlni tapotifer phltersative) enfuidly
alternative, separate channels are created at the
icontinflags:clamiel pamprisigsaplealiyef bondiag/sealingehangel zones at

e apeopt GomiaghL okl P CRaRHe! DBrbs e, 6% Single
:c%hﬁhggﬁse cﬁgnﬁelpi)n% rlﬁﬁ('illé% cRinka! I'h%ﬁfﬁ du%ﬁ ﬁl'e fcRhess of the
I'nked Thto a single cohtinuous channe y linking

IRENAAy HRRMS atMORMNE pldrelityhof lies o We boredadl iseslimgly bonded
allow a multiple plurality of plies to be bonded/
semultagégusbpnded si mul taneously. In the alternative,

one ply serves as a nould and is renoved in an

addi tional optional nethod step, with the seal and/ or

VRO B s 0 s i BRI e e PAGh shSoddfiona
i dhtidnal fidtiabd depl &eth the sédli sddlok ¢imied bug leftanmitulid the other

pl'y can be of any material suitable for the mould |
aiplwhighiis thethbrought thid wootasf with s additional mebstratein the final

ply, and a seal can be generated in.the.base ply whic

i L BhS icrnaitie, D TONE i (A o S5y Fdtepfal YiiEBie for
secondar.y ) I | -t dher 1
Hhe dyﬁgda@qﬁégpﬁé@en%ed B GrfERddPOwiR! A8 bakE Ply,2nd a sea
can be generated in the base ply which can be useful in conjunction with any
dissimilar secondary substrate, but in a sealing rather than a bonding

application.

During insertion of the curable material and/or during cure the plies are
preferably urged into more intimate and consistent contact by application of a
suitable urging force. This may for example be by pressure from outside, via a
clamping system or the like, or by the creation of an internal vacuum in a
separate channel or other feature between the plies, or by other suitable means.
Similarly, in the alternative where a final device is formed by first forming a
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.



10

15

20

25

During insertion of the curable material and/or during
cure the plies are preferably urged into nore intimte

w@r@7o651$0 St ent contact by application of a suPCHEBB2006/004569

urging force. This may for exanple be by pressure from
outside, via a clanping systemor the |like, or by the
creation of an internal vacuumin a separate channe

or other feature between the,plies, or by other
suitable nmeans. Simlarly, inthe alternative where a
final device is formed by first formn

a al .in
b“aéllépisak/ chanel e rpr;ﬁ Ay PAge & e%é R R S B ek miay be
e PR REDR e RS oRl L ARG RS closes

#ﬁgp,?ﬁti}i%{%#aogﬂgégﬁgl%% :ﬁel%iﬁbelmyvi de and 0.1 mm deep.

anne as in the first exanple
her ei nbel ow, or forma fluidly continuous closed | oop,

eing migrafl ok sihn s 2 dares ght Shemesl laiosmall, accurate
|l . I t .ntricat h

B HTE eI B S0 BRHAE 340, IRBRR R Gl pecurme
'a%%iri'nﬁ%a? RS ﬁ{@l%loéeaﬁe Pel GelRdCHEGHE betwed HHé two plies
Between the tWo plie

s and/or fine structured seals to

badirgatestriduridsenls thibe gpedted in dhe of tiveplieson i s
particularly suited to the fine-line bonding of two
plies, in particular of materials which are dissinmlar

st e iihy 930 08 BSE LR B s,
R 401y SRSl SR8 AT, bond

RitReclivERC by Yother tieghduss dnrthis cadep thy sueable snatesial is a curable
useful when bond strength between the material of the
mdhesivewllios rexamgianifechangelsoniee formed ima pan-strk meferigl, the

L el ot8 e TR T I L B ST e ot
Nk hEX BORY StrbRe AN wE¥ R atdial Bt the pE§ 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.

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.

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



In accordance with a further aspect of the invention
there is provided a bonded and/or seal ed and/ or I|ined
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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. The product
preferably conprises a pluralj4y of channel portions
having an activity such as a mcrofluidic activity

(that i.s, a_ plurali.t f mcrofluidic.channel . .

ot iptiag of ) astionerintot deed el Snd iz SHR IR gityehannel, with
Is 2 £ [ C :

SRR INELs R b9 ADRE el i

having at | east one inlet feed channel and at | east

one exit channel, with BSL inclusion structures forned

thewidl be mppeeniated that thee metheblof inmertiomican Ie widd tgroduce

appreci ated that. the. nmethod of invention ca used
rwsehilqradects sengh fiﬁ 50 dheee PRSI CAtEEQTiGsy 19 th:, &’E%t Eesqry, the

SEHRE sFond Ris et S RO Yire il Bty b P andror seal
b 2R6Hi8d ifSHu BEk@nCiheat 8 abboriahte REMERN nidikGA.i Mn the
accordance with the nethod. In the second category,

tdeeond categopy,ythessewond miy ab| & rermovable anduldy eindethiecdeviiee is a

a preformcaonprising the first ply, seal .in_sjtu, and
refernp PYmpEsing Hhoditstply) seal pm stk dad sl ol left'in siti. In the

preformof the. s nd r a t I

r %t,egg d aapas:@?rgeof gbﬁgs%cé?/@ b%tgéoﬂxgﬁ?% erfl?1 gagleep hr#o)}l 1d ply
| Rirfovedt biBtedsaad rbEn&PBY aringthd hd Bess pBoRflatimate sealing
substrate. O course, conplex devices having nultiple
pdargactawithothensddondhey sobgiratent ©f neopreg ndimplenodevicésahaving
one_ of the above device principles. Thus.in a first
awubiimepligs and/of rpultiple €OMBORSISY MR CRBREIG oK than one of the
Iq?st (g/voct?ol l. es 1Wherei n a seal and/or bond is

RGN BRWEER Phe two plies in that a sealing

channel is provided at the interface between the plies

by provision of a recess as hereinbefore described

f 2bns B4 Gdstialtetieivey o fsanetuné isprdveédest camprisfhgtdideast two plies,

l'ies, . .
pwherein 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,
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
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
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the said sealing channel being substantially filled by
cured material as above described, and in particul ar

wbyoocs@do adhesi ve whi ch may additional |y haveP&r/GB2006/004569

sealing function. In a second alternative a structure

IS provided conprising at least two plies wherein a

seal and/ or channel lining is created in situ in at

| east one of the plies in th a sealing channel is
providing at the interface bet'ween the plies by

provi sion of a recess as herei nbefore descri

fremovellyein i sitw having mEEedofo fomplsis ﬂaeme&{)de ohuge during
&l¥<gﬁpe sai d seal i ng channel being substantially

fPEHO8y cured material cured as above described i

situ, with the second ply remnai ningrenovably in situ
haV|ng served to conplete the nould vol une during

flabs ithiatli slternhtiva 4 Istudtuad tierpravided aomiprisirigueefirs, base ply

provi ded conprising a first, base ply prOV|ded
rpaow@gd atith azecespa ? lqagt prstlydediging 3 sealingchanmehd WPI@ a seal

tory oot o Mg e a0 aeURb Vin, Yy GG HARE: above
g 1?%& dnfl o aﬁhﬂﬁme@lerrﬁﬂﬁ’l\de%ytlﬁdé%e%n%ﬁﬁi%ﬁr ¥nd a secondary

ate I n sealing contact h the base ply. The

rsﬁbﬁ?ﬁehﬁsédlfﬂ?@bﬂtﬂcﬁ@ﬂhlﬂ@bﬁe pif. a microfluidic
channel as above described, initially as an open
recess in at Ieast one ply, closed to formthe fluidly

i pusus.channe) b dllag wih Al R Bl o o
'&%Qﬁﬂéd‘Qnﬂ&qb} &9 6(;;)&%c réclegg]i bP lédsf‘%nk'ﬂl? closed to form the

reci sians Beses Incl udi ng l'aser " abl ating or

eﬂﬁﬁlw&mﬂdm@ Sshaﬁn@ﬂ by #illiling withghe lother ply, preferably by a non-
seal s/ bonds/ | inings may be provided between each

|medmnm1]1 a[;orencss;) or exatple m‘rfévman@hca&w ebmghf & p@ fine line
| t | f h
eeistie: fshavog Pere sttting ier BBl et A RETN AL

Where a product has nmultiple seal s/bonds/linings the
channel s into which

A plurality of such seals/bonds/linings 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
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
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,



these are forned may be fluidly separate, or may be
fluidly Iinked, allowng nultiple such
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manner above descri bed. The product is preferably a
m crofluidic device in that the bonded/ seal ed
structure preferably includes mcrofluidicly active
areas or structures serving agmci Ofluidic
formations, for exanple within regions defined by
seal s in accordance xnth the.invention, to for

ey (cgplitc anabee, doiecton abtey BroRessnsePBRIQ of dbe like, a

f

ﬁéﬁaﬂn ﬂgﬁgn‘; gtg@f h$§ r@rﬂ%%%% ﬂ% H?Pﬁhé’il%(gtoromerel a fluid
agtanyiel, thansiser UsH &naxﬁm@ 1@ coMpleRCh Gariedhe mice®hidic circuit.
anal ysér, detector, m xer, processor, separator or the

| Mddtipla fotmationswethi mnltiphé actisdtes myal:)qcpmmdadalln\ﬂedewce
filter or the like or nerely a fluid channel, chanber
or manifold to conplete a particular mcrofl ui di

| { |t (GRVAR S :
) o I, PRGBS L PSR ! Shncicn
f Q3 d¥Butasn Pethefad &\wO h?ﬁesa od A ply/y SEsERs Rapbve escribed
construction with the lies or bas ply/ substrate
adefating ¢hel sswdw toddlagrefsi andwtjlet dval easdals theteay én acmrdance with
the seal .or seals therejn i ccordance th th
i WgehiveBioR ctofining aa fh Hpid, m@imoraﬁ%ﬁra el RaFy  Thus, in

or r e h e

8 P, ST "y SL S PufPREE. T Qoo G Eich ayer
C@éﬁrﬂﬁgtino BoMfuhbtioh WRASAt RASt dAalsal dicRast ene enclosed fluid
encl osed fluid channel and/or chamber portion with

ntleannk] andibc chambert poxdiontwith Autioflidicduottionality.
el ements may be incorporated within the channels
and/ or chanbers so formed in the sandvvi ch | ayer or

<otk B0Fro i Bles RO o RS e R S

f L‘HHIﬁ’lBéfs 38TbHAEAYS tid ?E[H&ﬁshclﬁ NBFeB W taﬁﬂﬁloﬂaﬂy%ﬂ%ﬂf@hﬁlﬁly may

device, one or nore inlet and/or outlet apértures and
t beiprovidsd aipanetthef @pthcarsf ®bbse phaimélusd contrhenication 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
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
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



seal/ bond / lining and/ or other |inking channels
such as holes or vias are preferably provided wthin
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into and out of and through the device. Feed and exit
channel s and ot her |inking channels such as hol es or

vias may conveniently conprise closed channels forned
directly in or through a singde ply, and for exanple

conprising holes through or along the thickness

thereof. Such linking channels_may be forned via. a .
rieleciginagable repoays bemge Ross RIEFITTeda oo PreRidg g itho chemically

or vias..kLayers or teri.al.s I.eh €0 [.ded .
Fes L ah BT R R Al SRR RCRGIEhy WhORIM taminare
%ﬁf@r&i’é 'ml'%}ﬁsmaaé A ighSed BV ENI AhmiSi6d) THICRANS good
aphot ol nagabl e epoxy bei ng nost preferred, or provided
Wekistazice witka gbyd fatsiicubility dfffluidfdhlammels mhdchatrdersn dn sgndwich
Suitable resistant thin filmlamnate material s, m ght

i stEnaiaesc goxer davesy inending ilyid aslet/pmilet goplsswlisdymight also
resi stapnce wth good. fabri.calilit,y.of fl.ui nel
st B e Y88 A Bl SRl FipFicdted Stud FABHRE Sxhibiting
[ ' £ huides i / I t [ Pt nladisR h
cg(?létdlagdtﬂé Eélﬂd rigsr%btgls,lgé’a?éeiI gfiérgﬁ g’: ee?gr blgg ?gl%r i%at ed Such as
f pelyethetcthédkictoreX(PEEK). idtgoativel hemiataials amyhesgiven a suitably
for exanpl e epoxy or other plastics such as
prsisiséarti soating ik SRGh@&ePEEK) . Al ternatively, material s

may be given a suitably resistant coating in such
areas. Additionally, any materials or |ayers m ght

ahﬂﬁitﬁﬁlaﬁgﬁji h/eﬁlaft«?‘ia@ 1eylefs erdiiE e WYAIRSARY Specific
for transparency, for electrical,” magnetic or

dp&ipegtids, €opexaaple £ transparenyy,dfor rebeotticalg sndgmetic or dielectric
external |y nmounted m crofluidic device conponents etc.
Mptogiertias, itaynspsideayopstipgso fardextemalliynaovptidamderotiuggic device
exanple to serv onduct or, .resi st.i,ve heater or

oE BRI H- p?%%‘?arlﬁ%, HPPr g}aé}ntbepgf?‘éldﬁ Phdrgeggggted. for
COMPRBR Seflelll a BaYfuc F&I@Rk 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

a ply/ 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
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



functional requirenments, for exanple regarding
transparency, structural strength, chem cal resistance
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substrate hi accordance with the invention. For

exanpl e, hi the case of a mcrochem cal reactor it is
beneficial to use a substrate polyner that is
optically transparent to enabj;e easy inspection of the
fluid path and/ or to allow neasurenents and/or is

thermal |y transparent or tran rent at other
\ma/t@neh@zqiglemsamw gy chgrnicabpesinianse) vdhsge required,

@pﬁﬁa&%éﬁb S B0 RS g o
PRLACYP gfjle'aglt YUl FhGRAT R dnachal p@@sﬂﬁlreabf@%ntmg
aval y adopt |

g a conposite approach a

SooREct avieh thy lesnrebistant adinsyarbot meloktradermateiialy Hor example a
conposite structure having areas of a

thegres FauShiga COIPAISEY ERNSPAEEY s matﬁryalew bitt i Which; gmserts of

ey T uehe A i S b R B e Q@ o FbeiBns where
%Néﬂttécﬁﬂ adl Bgﬁﬁ‘l%paﬁéﬁﬂﬁﬁﬁtr@élﬂ §3§£s1d Rtr8@r® S chemically

ere solvent contact is possi bl &, preventing contact
Wetiktahbendt€ssl wethi‘stiadowt’ rlﬁmtsabfeﬂanspabmtrmm]enal will serve the
material . For exanple a basic_ structure conpr.i
tsaames purpmse. nBpesifialareast with Qfher Funtimality Frill Similarly readily
chem cg_{.l resistant material are included in the
SSEest %1¥]§?Ilvp%gl ons where solvent contact is
possible. Alternatively a basic st ruct ure of
chemcally resistant material with "w ndow' inserts of
t AngpareRtinahiiofhidn Willses wadefeoshine rpier gosmicrostructures
Specific areas with other functionality will simlar
r leending yat éa@egesm ebraailastre Aimensipns e firpstructure in this case

fluidi b .
PapS ol ekt Havimg Sra vedgry S3oel i stpetprgs in such

déeyg] %qﬂél’ud grb(?ﬁtn%ﬁ ted ﬂfontﬁe]h+ RRCAREENENBIEE Seféinabove

a varile ovvn structures In

S@Je”d@nwéttﬁaﬁ arel (Aphbid d‘fgarobidﬁn%pﬁssbgﬂbt ebrage foir hefluid.
channel s’ and chanbers her ei nabove

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.
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descri bed, that are capable of providing passage or
storage fox a fluid. O her preferred features of the

waelew7oed1®f the invention will be understood bRCEHGBR@®EPI4569

with the discussion of aspects of the process. In
accordance with a further aspect of the invention, an
apparatus for carrying out the nethod as hereinbefore
descri bed conprises a nmeans t@ create a recess in at

| east one ply as hereinbefore described in particular

i mmnne o 2o SLOLbHths £AEES SopRTEeAReh o emove
Puk S xiu e Bihef B i L RELOneticyiatin Y@ in tho said other

g)lﬂ%n anfi@r st HelD of UsREE 4RE @ptishaliytfarthbe m&:mn’ej brmg a
formed to substantlally fill the sane, and a nea

fsecondar ngbsthate dutoablimatetented with the said crth%elymfa effect

such_as to forma_seal and/ar bond ther
i Rbing S0 ZagpBENiERte 6%%%\6‘6&? ra“@ofaﬁﬁ‘?ﬂu adgyice

nmeans to renove one ply fromthe other pIy so as to
| eave cured material in situ in the said other ply as

AiHeP prbfebredCRlanits 92ISprodund Mt asahiuy Will baemderstood by

means ‘'to bring a secondafy substrate into intimate
cmalapt withtthe descritsdcproferead fehtnrepotithetetdptect a
seal i ng engagenent therebetween via the seal or gasket
and forma devi ce. Oher preferred features of the

ar ap.us
mqqlr{"ﬁa BB RLAb e tted Py HATTIRRARPI KB R AT forence o
gufeg\ietﬁt(; Q?th\@'dcko WhPiRgdRawindseth bhiglay of exanple
erence igures 1 to 6 of the
aE@&fmaris/ angxampie of)s ﬁnle dinethapidingrigacaordance with the principles
exanple of a fine line bonding in accordance with the
pfr)f‘fﬂil@llpV@lﬁlQﬁthblthfheﬁ f"@?ﬂf/‘lﬂ%oﬁ?ﬁ»ch the channel is

En‘gur S kar Sfog ﬁ%eg]gﬂx?ﬁi 61% h?ﬁor%ﬂ%&?tﬁgthg gﬁ\éeg}t{/og in which
@%em ve gﬁﬂ&%%%tdrl]@%ﬂrlgﬁ%?gr Zdﬁels?vgnf Z)égrrpl ° o
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;
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 (6f).

Referring to the figures, figure 1 shows a linear bond in plan view and in cross
section. A microfluidic channel (12) which is shown filled with adhesive is
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.



Figure 4 is an exanple of a mcrofluidic channel with
an al nost sheat hi ng gasket in accordance with the
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seal in accordance with the invention; Figure 6

illustrates exanples of structural features in a base
ply fornmed in accordance with the invention, shown in
section (6a-e) and in plan vigw (6f). Referring to the
figures, figure 1 shows a |inear bond in plan view and

%ﬁa&%}i oy b pirod b B RS < b IP1e7 3t one
SR U LRGPk e DBR oo e

ARER: e Gfithe Gheat@dThIs shauld tplrentst ar hbonabily consistent fill.
l'i ke techni que as above described. To create the bo

d,
atteeadhesiviesisithge cured toicacatn aafine dingboadihsfwren thq R%Sa in this
at one end of the ch el until, such.poeint as i .
SXPIDIE reRREswY | ﬂgﬂeal{li%ﬁgﬁ’afh% ﬂ?&ﬂb‘f‘ﬁ " cufiie osftYSFﬁ% s not
channel .. Thi ee a reasonably consi stent
@PFF&E?Hg aaﬁ%%ﬂ3§h%§%?%éﬁ&%ured to create a fine |line
bond between the plies, in this exanple by exposure to

WV, although the particular curing systemis not )
Srigaid i2c allbstrates tannequivalent Hystemy eter ifigore Hi guitle an alternative

goBRalEL | ol gban RGO ERb (e FEFR orith Echibif gprms a
2) fill it ' _ Doy

o5kt Yot cTils HaIETrdfies ShchoPuf 23R8 SR (B ftch may

g?a)&ehﬁﬂ@rdmﬁai%_f bivisCotC bt fean@es Gish@dsifedatnrthis asample, an
esired. In this exanple, an adhesive entry hole éZ?)

i lhaisispoardy holeof) 3i disposed bt oversids af thaiipepr coapiel loop,

(ot anrahesmigapr: Tole LEPin S-RaRGA BRI PSRl el UV

th t hol e. unt.j | ' ' .

| S5 R ik el 50, BB Bhrp 2l kR a8 g it nows

firbbly oot eciAL o0 ThRxatlaashsshably tomistent 81 dfahe channel
ona.

conpfete a fine line .
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 adhesive exit (27).
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It can be desirable to provide a renote adhesive feed,
for exanple to bond through nmultiple plies. An

WO bdooséaiat i on of this is given in figure 3. | nPECTIEB2006/004569

figure, a small rectangular top ply (21) is shown
bonded to a base (23) conprising two further plies.
The bonding is again a closed | oop adhesive ring,
geonetrically simlar to thatyn figure 2, conprising
a suitable 0.4 nn1mﬁde 0.1 nn1deep channel forned

L b A B i
d

S

Qﬁeﬁ‘ fohe ﬁieV&c%ﬁH Nik( &fb)mﬁp o e adhesivey exgx agalﬁ 1) thEcundersuie

forma tine Iine bond, adhesive is fed remotely via
tonetirdbasel Vs beforg, anadinesive pessss dowf thetrxibaght, this gives a

t hrough the_ Iink channel t he adhesive ring, and
traeyenable ltﬂﬂ@aél@@&féu $ﬁRt1%lrf[§$m to the adhesive exit,

again on the underside on the base. As before, as
adhesi ve passes fromthe exit point, this gives a

rﬁaa%%gﬁpin%e At Bk leQBmdle, Sﬁ}é‘éﬁ@ﬁtdféddhésﬂvb is ot limited to direct
accordance wth this exanple, injection of adhesive is

rigjectiof ihed theobdindiagtchanpek zoun itselfpbuhearh badniggted remotely.
channel zone |tself but C@g be .inj,ected.re

Mxm SRRV ltrﬂli}}gbt é@%lir? Bl FHW%P@&SYVG B the

SRS Ly WOSHLS fyBAE ADGHIE s rom
;t]%g %éj Gut el eABMBES RMGRE; spvel eltywHDals6 e d;iprwmﬂed that the

€ appreci ated that the principle of Iinking
ples of diflkind ehasmeels t coudd | bavvadd dei aldow oadh‘iaﬁléf@t é?d injected

h the thickness of nultipl and/ o [in
rrtlmr@ug%hﬁm icknesn o6 raltplnplies ied b o SRk aots foah one Adhesive
el S HLERSyS GaBSLARA Hbatag e
R B R o et tus I 'sﬂch
a case, the seal doesn't necessarily forma
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
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
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.
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strong bond as in the case of silicon or fluorinated
rubber sealants that start as flowable |iquids before

W b@y/oeqie0 cured by a generally sl ow chem cal CcRPCEGB206/004569

can al so be photocured. The material is selected for
its sealant properties. As illustrated in the figure a
fluid channel with inlet (3 1) and a gasket channel
with inlet (32) are shown. Thg channels are in cl ose
proximty. The fluid channel transporting liquid / gas

Is at al] times protected fromleaking.(regardl ess of.
Figeisi § st ARGHCh JuicFRERE Rt abr B PJCoPragiing With the

al nost sheat hin asket . ut 1. FED :

R anteprgar BohePREE s is SHRLR b phicplats by liddips with o

'tﬂg%t&h&y?ssme?@éfd GhNEbrvé L hheensd®dle ihb@at bd 41B@! prior to
gasket seal 1s created in a base plate by |idding

weinoval, jak v pibicctive tayentfenthedormed sealandsenelosedwhahnels.

nmoul d and al so, prior to renoval, as a protective

| ayer for the fornmed seal and encl osed channel s.

ferrin o the Fiqgures, base i e T
JEaikaing D 1k Eisdetr. A Sriifte PBpROIE SoP g atigped to si is
hfika @A HinC3 IRAL B oA HABCRNTEACHANBEeR badiihed 065 mm
an .5 mm deep grooves registered to alignment pin
ReldeSar@iS0 Shawn déega Eicgives régistevehto hbgmaentnpini Inples as shown in
ports are drilled into the structure for (gDI\/B
iFigoee San Ygat holes ansyinjeetion @eriwi 3R dmlledhmigrihentrystyre for

and therefare.the nmachi ned.gropves:. | i e
AR Pipctignrrgine s geeRaatpn - rift 3 gy e itftes and
' ' j | ayer/ moul d strip as
S %ﬁg&nﬁﬁ{ﬂéﬁlﬁe@%g&%’ﬁgg%{g%ggﬁét orofile is defined
with |ithography, in this case 0.5 mm w de and 50 nm

deep defined in alignment with the grooves in Figure
SaefeTting clor AligwrePBS & Parhjie clabiicpisdo that edelipgsn gf gnicrogasket

e BT 18 AR B PR b s
SRaTIE i RORERFRgY e G I B s lanoel aded i
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

gasket projects above the surface of the base layer.

In accordance with the intended use, the flexible mould surface layer is
retained as a protection until immediately prior to use, having previously
served to define the gasket structure itself. The service layer thus protects the
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.
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I n accordance with the intended use, the flexible
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i medi ately prior to use, having previously served to
define the gasket structure itself. The service |ayer
thus protects the protrudi ng gasket and encl osed
channel s from contam nation, gamage, dust and the
like. Imrediately prlor to use, the surface |ayer |s

rermved and the bas aling gasket b t
gangerwith tahprsf@ qﬁ of Baticatgn 45 ed, one

I 2008
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or gasKet is created in situ, the other ply serving as

asemb wir gasket, and nnopaimulan pstlstcmmt lfea;mrdsewhmheeompnw gecesses
said seal or gasket ar.tj cul stru
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b he .l l.of th
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intended t6 be exhaustive, are illustrated in Figure

6. In each of flgures 6a to 6e, illustrated in
section, a base ply (51) is shown jnto _ which eal

( Bryackuef Hetiss Geupde llﬂusﬂ@é%uum@nmhm R ldHs ghewn into

orbitbingeal Cublish 2R ORI jn ARRQRERGe AN e, Blothod of
({RRMEH. AR ¢ %‘%ot‘ﬂ%) sl s thn! ddided BY Yreidntk %Osultable

structured as to rmthe resultant structures out of
t liddingaply (852) moyldi shifa¢e removiedrumel notsholwri)swith the lidding ply

conpletely filled by sealing material. Thus, z%l hou%gw

t hengowl grenivedcasstoafasnh Bie ErBliant SHCtEIES IqUé® ﬁ%@ $6al (52) by
di | t, th h h

(Hepeing by ninBar BT R o Sﬂe?ﬁefl?%‘oefig%lﬁl%ﬂﬁwg%%@ Thos,

\A%fﬂﬂ(z&%f{]e ngqu?é Wa@e@%rf’n? “iﬁé W ellddS peR8WNwill readily

aling materia nes
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
a recess in the base layer (51) to define a channel (54). The seal also has
portions (53) projecting 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.

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.
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(54). The seal also has portions (53) projecting above
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when brought into contact with a suitable secondary
substrate to forma mcrofluidic device, it can be

seen that the seal (53) both serves to define and to

seal closed a mcrofluidic channel. A simlar

structure is shown in Figure 6b with |ike nunerals

bei ng used to define structures with Iike

functionality. Again, projections (53) provide a sea

A0 ( e . t ]
Byl RERG I A Bu kBRIl 18 FIRER B n this
shizpmicé, 8ipaid 6F feceéden dhi thoaubsatriter(5) avepsdvided with beals (53)
illustrated in Figure 6¢c. In this instance, a pair of

r ehdsprojéat abpee Sitbsunfaneeof the)subsiwater(\).d égain these ewillsdefine
(53% whi ch prqj . above the surface of the substrate

(9 ?eﬂﬁﬁhﬁ%aégéﬁw&e fg‘@li‘ﬁ@%d seal a channel (54)
inthe final device. In the alternative illustrated in
Figure 6d a sealing material (52) extends across a

SHPgier AMeeniVef iBgsrited In Fgghel 6d seMirdeshatdrial (52) extends across
projecting portion (53). Figure 6e is an exanple of a

desubstrate syfacsi (9d) and isprstided withpr progecsimgpartion €33 s
in accordance with the invention which have been
brought together in a conplete device. A first

>Ha8% 865 2l BROLBRY R 3By B it
( 5&)s hpscRréavle WwhRtheievdiiiReg Which BiviPhéen §©aght tobéher in a

two substrates are prepared in accordance with the .
nedmpletb devicddi Adinst stbsirate (dhdhad heerhpuivided vath asseal in the

t Rengen Hiysgaied i (AEHISS 6By botr scand HESEHS CiAjokiat csal (56)
_hen. br ough hew t i i ces .

NPT —

Chamngk t&ldd by IKRINE Wifihh s8dshdpISOWVERhHRAAR 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.

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
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



In Figure 6f a further alternative device is shown in
plan, in effect conprising a pair of gaskets forned

whe@adber1o n |1 i ke manner (except in so far as tPEYGRR@®6/004569
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gaskets rather than adhesive bonds) to the bonds in
Figures 1 and 2. An outer gasket (62) and inner gasket
(63) are fornmed in grooved structures via a noul ding
techni que as above described hp a base ply (61). The

i nner seal defines a contained volune (65), whilst the

N R A R
O B AR 5.

enbodi nent, for exanple being a flat plate. The
secondarysubstrate is used to lid this enbodi nent to

chnpdditien ¢t sucleirleteholies Gheitshogna aganky hg pvovidaé i ¢i%) substrate
f1uidl ' 4) . |
S oSt o ORGSR b e s 2,0,

p . . . e
PRALHRA D YOS IR ph BN I6)] B s prstion s o
(fi8.in @B anAsldi késiBal (64N oRice HBE 88alt hake Heen Hokkad These holes
the substrate (61) in such position as to lie in the
aareutised toegistat i06he fomméng lof anenitisndta\sealieg wohtactrdtween the
The%e hol es,_are used_to assjst, in the form Ofﬁrl]' .
i prbpdinent dpstged émEagireiranddne sreondany grbsirate. The intention

il r.at ed.qi.n Fiaur e .6f h u at e
et Bk Tolbhect BHL 08 g RN e T RSk yren, for
f bxdrfih)e fob thRtSHuidR kppHcAiRe . wiitst th &0Rife f(64) will be used to
m crofluidic application, whilst the volume (64) will
bassist éul theoseating pirocesss imed tentgerthe pvbsteds (6 Pridta @ moergentimate
the substrate (61) into a re intimte sealing

sRpbpERIgeSHnent WHE thess sulsitaiethy atdgastPardalqvacuation

e
PArLLs V. i fe.a r i f ent i .
DRLSle S50 Rhe Qrknta i ARBEH G "HRUCRY Bibpdiment
hb Vi desCH RIghPY, aRir118518] seal: €V.8Y &ls OF eQU@GHBIN @ B&BoREolled to
controlled to ensure that a consistent seal is

mensiraitimtch eonsicient sdad i aminthioredapithowtathieoreedffor application of

excessjve external pressures.
excessive external pressures.

Thus, in accordance with the invention, potentially complex structures, for
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
incorporating complex internal structures, can be fabricated quickly and

consistently.



Thus, in accordance with the invention, potentially
conpl ex structures, for exanple for mcrofluidic

wa@pplioeato ons, can be created in situ, either PEI/EBRAW6/004569
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between two plies which are intended to form an

el ement of the mcrofluidic device in use, or in situ
inafirst ply, the second ply serving as a nould
surface to fabricate a pre-cupgor to a conponent of
the mcrofluidic device. Bonds, seals and gaskets on a

m croscal e, in conplex devi ﬁe EtEuctur es, and
i ncorporating conplex inte uctures, can be

fabricated quickly and consistently. CLAIM5S 1. A nethod
of providing a fine Iine adhesive bond and/ or seal or

gaskeA arRglodof btdvadinghamie! linddgere Bohd 2t/ aRdedl or gasket
second ply, conprises the steps of: fabricating a

m cr osed| & leedshanmelabetveetst a £irki and apsgconki plyi sgmphises the
first pl i .a_second. pl uch that the regess_or, .,
FecossBRt Pl BRECHIGE ginisksbaleigrasnrat gty Soniidding the
channegl . |- _CLLI ' ' [ :
channel oy A0 sHSOR SITBH bk hESshiich SbaRPEtn B8 ply or
mat er pRés for h FhidRecdiitinmblie cHRR] @lgingd citdble n#terthl into this
met hod in accordance with claim21 conpri sing

f abri clsrinel) sa dedd stbtstantiallgnflllatheeghdnnchamitkl curable material;
conplete a _fluid contjnuoys path between the fluidly

cont i AdRs thecina elﬁﬁ@PaFEéiiEbtivel y, an inlet and an

outlet for curable material, and urging the materi al
via the inlet and feed channel into the fluidly

conti pUenFheédanNRdcoddirde WitheBRiEes ddRpritiAg fricating a feed
channel and outlet renpte therefromso as to

subst elmtringl | andf iahl exiteclenachdb . c@mpkterat Hboddlyn continuous path
accorgance vat h. ¢claim?2 wherejn the feed and/ ,or exit
channB¢tvegndhe dhudly contivgpps c dadqresnesinly, an mlet and an

Struchin&SeoMchiitle Uaterial, and urging the material via the inlet and feed
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
channels are formed directly as closed channel structures within or

through a single ply.

4. A method in accordance with any preceding claim wherein with the

recess has a width of less than 0.5 mm.

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

the range 5 to 500 pm.



through a single ply. 4. A nmethod in accordance with
any preceding claimwherein with the recess has a

woraie@afo | ess than 0.5 mm 5. A nethod i n accP€H&BC®6/004569
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with claim4 wherein the recess has a width in the
range 5 to 500 mMm 6. A nethod in accordance with claim
4 or 5 wherein the recess has a depth of less than 0.5
mm 7. A nmethod in accordancesyith any preceding claim
wherein the recess in at least the first ply is

created b .fine line m.craqfl uidic_.channel formn

t évc h %%03. m&@ﬁ%ﬁ%@a@ mﬁla@ew dtce “a]e{f HDghy recess Has a depth
preceg gsﬁi uygg&h'providing a seal or gasket or

i ned channel ih sifu in one of the plies, conprising

the additional step of separating the two plies so as

to leave a seal or gasket and/ or lining in situ _
w/t hi A meﬂl@delwcnordgmmeimﬂm ARy pieccding tlagm. wherein the recess in

met hod .i n accardanc ith claim8 . conprising.,.th .
aadi t FRat Las BpSGHY in ercaiid Y a e iHgicBE bkl chggnel forming
bri ngj ; ply having a seal or gasket so in situ

i nt ogfgg%?lah@g' with a secondary substrate such that the

seal or gasket effects a seal between the ply and the

sai d secondary substrate. 10. A nethod in accordance
wBt h Almetino8an agcotdanet withhanypprecedingeclaiombargptoviding a seal or

conprises a ul urface fqor greatin trugt ural ..

f eat upEEet ,prgﬁgggw%aang]em offbedn | NG I‘i’g é’@h@ ies, ,gupprising  the
ply. s [ y - | ai i

PR iR RS BREET Mo T AR SER S gt
regi _Séﬂcﬁtdr(lﬁliﬂ\% ihsitn iR h @6ddsE ForéPirBOn@f AR flicd! | Y

to fill the volume of the recesses in the base ply,

such that the resultant seal is fornmed as a Iining of

the recess in the base ply with a
9. Amethod in accordancepw%{ch claim 8 comprising the additional step of

thereafter forming a product by bringing the ply having a seal or gasket
so 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

formed in the other, base ply.

11. 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
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 the base ply or parts thereof,



channel neans therein. 12. A nmethod in accordance with
claim10 or 11 the nould surface includes recesses in

WO e@7d6d1at i on Wi th the recesses in the base plRCDGB2006/004569
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parts thereof,so that in the vicinity of these
recesses in the nould surface the resultant seal

proj ects above the surface of the base ply. 13. A
met hod in accordance with onezpf clains 10 to 12
wherein the nmoul d surface conprises part of flexible

o0 0 i 5 o e FERQEACH 82 b BB FoS st
[ ] maDphelietes sbbve hdBhPAR dringbaglgance W th one of

cl ai ms conprising the steps of formng a
sealing structure in a first base ply by applying a
nmoul d surface in accordance wth the nethod of one of

cl3i nd mothod inaccaddinceovigh loge fosrodims B0 éedliwgerein the mould
truct ' d b b | yi L d -

Sur { st cpnenput ot ieuhe woRbidr Band B of asspeiation

10 t , ' jd :

o0, el 5EORL PR, L 12 oo oS a5ES pifee fim

accorghapserW th one of clains 1 to 7 for providing a
bond in situ between two plies, wherein the curable
material urged into the fluidly continuous channel is

cur abl e adhesi ve, d the adhesjve.is_ cur to form

bl Mﬁfg@é mw&w%ns@ Pag oot glaiandddo ig&pmﬂﬂsmg the steps

seal e - or | C T

o eOnfoingie shAft SERHEH RS 2 B DS} dfty By, o ffind, ¥mould

bond/ gaddcd th aReOrdhnos ewitht thet Reethdd hefd ogé eMeldmst MG to 13,

clainms 1to 15. 17. A structure conprising at |east two

pl i esadditienaiy farnsiagla seatihg striootwite amd/seoond basmply by applying

[ini ' d. bet the t [ in th

Sleg: ,n% gllosulg Irsgr ace:e in gcc\g/?(?z{]nce vsith \ﬁ?e g)e!d?osd (I) one gf clgims 10 to 13,
removing the two said mould surfaces, and bringing the two base plies

together.

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

to form a bond between the two plies.

16. A bonded and/ or 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 1 to 15.

17. A structure comprising at least two plies, wherein a seal and/or bond 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 fabricated in the surface of at least one of the plies, the said



channel is provided at the interface between the plies
by provision of a mcroscale fabricated in the surface

wotooamediemst one of the plies, the sai dseal i ngpChaBR@®I6/004569
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bei ng substantially filled by cured material to forma
seal and/or bond in situ. 18. A structure in

accordance with claim 17 wherein the cured material is
cured adhesive formng a bondsdn situ between the two
plies which additionally has a sealing function. 19. A

structure c ri,.sing a easi, t i es erei.n eal

ona Sl SRS e et Rty e by, SaraShir & £58) @ seal
one i 4n that a sealing channel is provided

at t%ﬁ%ﬂ%@gﬂg{étmen the plies by provision of a

m croscal e recess fabricated in the surface of at

least a first, base ply, the said sealing channel o
bl n A ssihstuget inaf¢oprdarceedlithycleio dd wheegin dhe cwred) material is
situ, with the segond ply.renaining.renovab in situ. ..
20, euded (adspiae; foTHREGAIBREY 1 BT VAP ghiHafR, Hied which
the SeffRthdllynEOIRLRETulcAdexI bl e mould | ayer

serving as a-’renovable profectlve | ayer over the base

ply and seal therein. 21. A structure conprising a

first, base ply provided with a microscale recess

fHbr i Aastietune ¢dmprising at eashtwe plicatwheraist a gealtand/ or channel
defining a seali channel in which a_seal .and/ gr .
channGhig; | PG VIR BoaH it deast PP Of S lipsqn that a sealing
secongdar I .

>eCONBRSE PRI ARGIHTEIRRLRE) 46 Hiek B f8RBion of o
W t h @Rgosdals kaded® fabfidatedinkhe @Fats bh gt Basl £&#dt, bawe ply, the
mcrofluidicly active area to forma mcrofluidic .
devi csaid 3&alink ohanmet beingi substantiedy $illedchy ceradnmaterial cured in
accordance wi.th claim?22 wherein the device conprises

2t | cHBb Vb thesesand ALY %m@éfnem%b%hm Situ.
conjunctionwith at | east one seal at |east one

encl osed fluid channel and/or chanber

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.

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
secondary substrate in sealing contact with the base ply and seal so

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.

23. A microfluidic device structure in accordance with claim 22 wherein the

device comprises at least one sandwich layer defining in conjunction
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portion with mcrofluidic functionality. 24. A
structure in accordance with one of clains 17 to 23

w@owpioeding a plurality of channel portions haRCTGB2a006/004569

mcrofluidic activity fluidly linked into at |east one
fluidly continuous channel having at |east one inlet

feed channel and at |east one exit channel, wth
structures formed therein by3guring of the curable
material. 25. An apparatus for fabricating a

M Cr QRARLEIASVGREARU MsPohd Biclobae ARFRNABARERY chamber
conprises a nmeans (0 create a recess in the manner o

a m eopfiddivdhcmic®6feRli¢ FuRtionglst one ply, a neans to
cause a pair of plies, at |east one of which has such

a recess, to be brought together such that the

recess(es) forms a channel  as herej nbefore described,. .
&%me dh SUUGRITE 18 35 OEdAES| withapRs iod] clalps 17h CRapATBPLISIng
so f ] i.al ' t B . .

For SRRy BrShaRREBbhRrsta iy P ERic A8 FERAT ke
such g dtdedR oM FhEE8R! cARHuBhs RARENLINRIAKY at st di® inlet feed
apparatus in accordance wth claim 24 further

conprchanmg] anelaatsleast orenenie chamngd) withr strodtines dbimed pherein by
so as to leave cured material in situ in the said

ot hecupng ofdhe gusaplesmateriabal or gasket, and optional |y
further neans to bring a secondary substrate into
intimate contact with the said other ply so as to

O51 eotn Gpaahisor TIORCAIRN nhibRSAR! 46838 HhRink P fiB€dine seal

or gasket” and form a device.
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 seal and/or bond thereby.

26. An apparatus in accordance with claim 24 further comprising 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 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.



