A LON TEMPERATURE METHOD OF BONDI NG SUBSTRATES HAVI NG

AT LEAST ONE SURFACE THAT | NCLUDES A LAYER OF SU8
w®eaeniqed on [ 0001] The present invention rel aP@ESGCIOT7/000409

the field of nethods of bondi ng epoxy resin structures

R EmPERATUREIETHOY Br bondiNG FRETRATES HAYNG AT

at | eastEAST ONEf SURFACE THAT INCEUDESALAYERSOP. SUS
[0002] Wth an increasing demand for rapid and

portabl e chem cal and bi ol ogi cal analysis devices and

%Sgﬁﬁ!la{ensors mcro total analysis systenms (nfTAS),

e collectively known as mcro systens, are
5 [009pEThepresent! |ayera|dfe15elatelseo ithme fiblel (ﬁfuhetrmdstdmmdlng epoxy resin
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TSGR togetBan A MRS B NEAIKG 1€, de MALBR Bt JANdIng at least two
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separators, sensors an tectors arrange
silicon or polyner substrates, in addition to enbedded

1opaf Mot ARgPrere i aemapt ot ST BB FiMaLant bioiogca
10 aﬁﬁfy%% dSWESs 3Rd i@ §én§bF§ tmicha ol §n32§ is” SERENSI Qjﬂ' AS), which

I't con-based surface mcro machining téchniques a
atg/poﬂeativylwkmn raonmieno systemss arey expéeetetiuocplagralkeyyrole in the

e PSP MNh ey GrepERA FowiBlal andfer biological

séﬁ@lé@‘ géhdraflp nnaaaédewwbﬁs eflfidic” enamees, ”ﬂlﬂ;ﬁs' FRMEBA éhambers,
limti ng constraint on the fa rication of mcro

sepanators, sensara@ndrdatectoss afrange@mithin silican af polymerisaibstrates, in

T 1 e
fdigichtihg i & ahierto dysfeid] thenantegrdtek neaMousepans,qsech &is micro fluidic

overconi ng the above limtation is to fabricate mcro
cam%ﬁsanﬁﬁ.r@fgermss neitieen-gpsedsigyiriage amicsenfapehining, techniques are

@p@dlllya‘.@e% mF%ef‘%’ pus B! t@ Qﬁﬁ"l%'i'\'ama/t?@lﬂgxlgsb@ﬁgensors which

In-on materia can photo patterne
acoepaiedded (Vi rpre{fabmailoum) dnto tHecaticronsystami. dddwever, the use of

St VE and has terl al erti.es.that
20 sfbonBRSefesUTA ST MACIG IcERe. HIUic dgstipint on the
fdbrichfos df%i@rd IsySRMELHh thhtGhERNE, GRhe R OY Gimit bHethe depth and
hydr ophi I i magneti c and fluorescent properties of
p&a@ssmnwtwéy lay wiieh faatdreisp suchrpardha@onelse readiion chambers and

CONMEer.ci le materials that can al so be
r%si%a&%rsp%qaq @%ﬁ%%rcaé% ‘h as benzocycl obut ene

25 [0003] One well-known technique for overcoming the above limitation is to fabricate
micro systems using SU8 material. SU8 is a commercially available, FDA-approved
bio-compatible epoxy-based spin-on material that can be photo patterned. SU8 is
compatible with ICs and micro electromechanical systems (MEMS), and has
material properties that permit the building of micro structures from several microns

30 to millimetres in dimension. Moreover, the hydrophilic, magnetic and fluorescent
properties of SU8 can be easily modified in comparison to other commercially
available materials that can also be photo-patterned, such as benzocyclobutene
(BCB), polymethyl methacrylate (PMMA) and polyimide, for example.



(BCB), polynethyl nethacrylate (PMVA) and polyi m de,

for exanple.[0004] Fromthe m crochem website, SU8 is
waorp@b/onaenonl y processed with conventi onal neaPCT/SG2007/000409

ultra-violet (W) (350 400 nm radiation, although it

101 PG Hufbichel SERRAY. SLECK st S pnidiiy dockSsed with

coneemstiora$ rieat ulrafvigleB iUV (350640551 hat)grafiatibng udlindaighhie may be
exposure process, followed acid-initiated,

'mﬁe?w'ﬂyeobe%@réﬁm dm@ﬁ%nnﬁgscr@ppﬁ@n¢n®dpdmon exposure,
E
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5 edposuirepprotessnfoliomMesld blgaf2) dcid-énitiatede chemealtye driven epoxy Cross-

ikl g E§%S@2§P%§J%&&%§&%St " BiaTmal pjecesds - Spin coat,
sBf %kege%&é 25t sy l%’éé ﬂiﬁﬁﬂamﬂ %erB}SSheéBhtr‘ofﬂed hard bake is

carried out by eilther (I er mal npressi on o
recammeoded (to ﬁkﬁwrmaﬂlmk thetimagedr 348 atruetwes when they remain as
hiqg?r q20; ii) the pressing of a SU8 m crostructure
pgﬂt %% G¥CCured sus | ayer for blanket UV-exposure

10 followed by thermal curing thereof. [0006] Exanples of
the nethod disclosed in (i) can be found in scientific

[0906] Ceerardstheubondingane sealing ot 8Ukabased eieo sustrinads carried

oy 5085 R DOURH 5 G B8 W i tacuros

atrooPOfdruhighes dra($|§edh@rprés§|mg -of ay SUSH niseroStrlioturé@®so an un-cured
ectro && anal ysis" J. Mcromech. Mcroeng. 14
S?E% lgyer %1% ?W%‘i‘-'f%th'EWVed by thermab cueng theree:
15 Su-8 nmultilayer mcrostructures based on successive

CMCS conpati bl e adhesi ve bondi ng and rel easi ng steps”
[0086] Examples pof5 tmemﬁlh@w|WO$¢mgnnr (pgadbnr ba &unal .in. scientific

I n. af oresa ubl i Ug crostructure .
plPicalRg e B HEETBo Bl S, 44 B erdc i iace Behavior”
Mi@Rlgt@onids RélRbSity, 0453‘(2005)' GH7alGOC UFi Pandet al; “Integrated
substrate bonder at” tenperatures ranging between about

mygiuicicsahesed 200 ouultiflageradhSiu-8nfor massweweaironielry analysis” J.

20 Npg:r%afes | %I FHS; ot '1%0&@%12 tb‘zgplbégdﬂﬁ?ﬂlﬁf eg%/ b ﬁé&ve'%abﬁcatlon of Su-8

mwmapérambmmwreé 0pagéd Ed@”&!nﬂfés@fvet W(D& hefhpatible adhesive
di scl osed in can be found_in scient

bBORIMBCAT GHEaSiPISPeS ke (BT SnbRod 800Dk 546yl Agiegabiria ef

o 18 YRR 015, OBl o g e by

pr&asthg:ﬂnle mzrastalcturdsttegethenin a fagp-wi-fadeiorientation using a substrate

-chip"
25 bon elzreCtt & n%)érg ulrgsI ?abng?ﬁg Fetwern }']about 95°C to about 200°C. The

timeframe, for which the aforesaid conditions are applied, varies between 8

minutes to about 20 minutes depending on the temperature used.

- [0007] Examples of the method disclosed in (ii) can be found in scientific
30 publications “Fabrication of micro nozzles using low-temperature wafer-level
bonding with Su-8” J. Micromech Microeng 13 (2003) 732 by Sheng Li et al.,
“Optical particle detection integrated in a dielectrophoretic lab-on-a-chip” J.
Micromech. Microeng. 12 (2002) 7 by L Cui et al. and “Microfluidic si/stems with

on-line UV detection fabricated in photodefinable epoxy” J. Micromech. Microeng.
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M cronmech. Mcroeng. 12 (2002) 7 by L Cui et al. and
"Mcrofluidic systens with on-line UV detection

WO a980tae€d i n phot odefi nabl e epoxy” J. M cr one€HSG2007/000409
M croeng. 11 (2001) 263 by Rebecca J Jackman et al.,

1412001 PR Reheag ikt T, PhEFHCRISGHSE B Suditin of sus

it strorRires 16 earSWy/ tiapbpaiant Handes waifer halingnafXxweeRfosed SUS
SU8 | ayer of the handle wafer are placed in a

layge.cThe SUL migpsvetiteoand the upexpaseeflthiayer of tsbandle wafer
ate? %ﬁ%%rslﬁs 5Ot 8YL Hcd I?J?ie“n?é:t%pthgr?% At ﬁb%ﬁggglgﬁly )t;}?é@e?gtogether.

m crostructure w e unexpo ayer oO
5 FolBwing theefavefterfabanstessing, bondingl ofztie BYJ& nficiostrgueiné with the

bl anket exposure of the assenbly to ultra-violet :
UPGEROSEoRYER Pg§§4$ 9fh‘i1etwafﬁ§ @ana?% isHpRiglieed Ry & §ubs(e%\6)ent blanket
. 100 ,
e%@‘%i‘ggﬁgfopy%tgﬁﬁ.é'ﬁg’iysﬁg“"Pél"'J'& ) HGM gpltohu%h the transparent

structures,’ [ayers
handletwafee follawed by ¢therseal cquringhe af or esai d
publications, are not feasible in cases where
tenperature-sensitive substrates are used or where

10 [00D8] Plofever StheametiRRRNoCHSHARg BUS Bakiuré€ SdyeR or substrates, as
substrates with SU-8 structures. This 1s because

discloisedi dal the| afonesaid apublicaticesat ance rdndeasible. iFocases where

GHRTRTPRNR SEhOR-T S by P, EDRIs nave boen

cogtene oAt imebilized Por Osuiddtatesl QUEE. SULE efiMttures. This is because
bi onol ecul es usual Iy perish when they cone into

biodegierlt mglesHles gare dempriatiies sensitiven kebjexampde.t gnany proteins

r o . r .
15 OBUESID 4 890 oBnc e BRI AT R0/ by intans
terhperatares bof ws éal abouh 108tQeMatesver sbiosndlemdes usually perish when

substrates, which. is_not hazardous to bi gnol ecules. In
theyg coMs 1Ny, CANAC Wit OIRBIH SOMERES T wheibisubiscted o plasma

trBSInRentGHd UShx@dsyksi Ng_exi sting processing

infrastructure and be sinple and yet cost-effective to
implenment. In this respect, a nmethod, according to the

20 1BREE AR AL 2 4F . BB 100 o SRS DUBABH S i btres
cahdie iudedUARA t@rdcffwstrur@fse‘ﬁ%}&i,veomsim whehafsohes dagardous to
difficulties. [0010] In one enbodi nent of

t he
biomalaeyles. In addified.ndichod methad ridoyd plsaste capable of being carried

ofih 85ind Tef¥ing e ng MriRutBHrdarfl e SR PR il S Birective to
ichplestent. porthisomesgedtha hasthod ofacSbiding to hthef iprédermniscivention, of
second substrates, exposing aﬁ | east the portjon of

25 bepding gk least wygs sypstratess qasther, each: substrate having at least one

surface that includes a layer of SU8, overcomes the aforesaid difficulties.

[0010] In one embodiment of the invention, the method of bonding at least two
substrates, each of which having at least one surface that includes a layer of SU8
30 includes soft baking at least a portion of the layer of SU8 of the first and second
substrates, exposing at least the portion of the layer of SU8 of the first and second
substrates to ultraviolet (UV) radiation to cross-link at least the portion of the layer
of SU8 of the second substrate to a suitable degree, post exposure baking at least

the portion of the layer of SU8 of the first substrate at a temperature greater than or
3



substrates to ultraviolet (UV) radiation to cross-1link

at least the portion of the |ayer of SU3 of the second
weupshrEbe to a suitable degree, post exposur ePOEEGIG7/000409

at | east the portion of the | ayer of SU8 of the first

Qb Goctbo TAGIRTCY UE 1SR br AR BRAMBl A0y (O) to

egree ess than or egree

cf&sbsllnksat(léé‘st the purkimsof theklager bESEIS (bfrtherfmstt $tm3;tlfate tda suitable
| ayer _of SU8 of the first substrate to a sui

bl
da @eeéf eTEPasKR Al Ieastang pagion.akthsolayrb R t SU g the first and
M s :?t%t@? tiﬁ/)dl Sviblet S(UVE)WQd%SH r?;%Zﬁéﬁ{eﬁsoﬁtoindependently

dPation’ma
5 (thatjapnament Isyepetatat stepanar iim scaqapeatet eharhbers)oThimn is followed by

OB T RSt el ok BRnF L5ty UL el bt
??1'2§f g%ul%‘séfhhﬁeé%rf@ﬁ of 8e G4 O)Fé‘f%f' sokest tﬂerééc%ﬂdOéubstrate at a

he secon ubstrate at a suitab

syitable siagting tgrapenature ([7) f)orfaosw@b@tlmamealodu (tmm@andoeievatmg the

oot T, SRl ot T8 bl et amppiature (T

10 tHef€by bordiag ey filp aAdR@cbRe sﬁbéﬁréteénd second
substrates. [0011] In another enbodi nent of the

i nvention, the nethod of bonding at |east two

[O?ﬁgﬂn@ﬁ r th%fiﬁﬂgﬁtt 6%%&93&[69‘ ) dod gpﬁoﬁb'ittéaétqeast two
|nc des A ayer of ncl udes deposi T ng
sdjbsjmteszfeamh substdteShiBving rad test one tsuefaca et inéludel adéyer of SUS,

, st substrate soft bakj the | ayer of un-cuyed
inglilem I RSRING, & 1aeT| ot O DB IROTPMEN ony gy OSBRI of the
15 firdt &B@tréféc@?ﬁt BHﬁnért‘Wee y%?‘QﬂSuﬁ‘EuFerbeleﬁi)’ﬁ{oﬁbfm?r aﬂd at least a

un-cur ed nononer an | east the portion o
porsiperof difie mr@t &Uﬁaoﬁﬁmmmwm& ,texpokingahiedaysr of un-cured

di | t
stihphde? 5hd Gtisast B8 Sortiliafin BEg of S0sitihe 3eclhy substrate
tolaEraoRlet (USA) radiRGiBHE draks-Nak b fdsh s p@tudm@mh@dagéﬁof SU8 of

nmononer at a tenperature greater than or equal to

theespaandcrubstiate (@ @) suitable éi@gremmpsérexaqame bakigg the layer of un-

20 L%%g@l% qﬁ&ﬁdrﬂgr épé:htfa{n%%etﬁfé 8tézﬂ5r H?a?u é’cguqlay eirbngéjér%g Celsius

ronomer ree t
(°RArdandabsy tltamGSehuaINGCB(BbJBgm @eiius (P0) o crodsdirkotvedayer of un-

C%ﬂ;ﬁg‘g r"g‘;r?(ltrﬁ r tﬁfggeW'ébr'%%fQQ?ﬁaer %%gr:fnyagggérigf&g@sy c%sss linked
sggafgﬁzﬁ\et.h?hﬁﬁg%nbw%% eeﬁtp'ré’é%u‘?éotﬁét?a)leqyar SiafHross-linked

second substrate 'at a suitable start
Sténpalymenran {he JayeorofaSE8i ofathiecfitsit rwbptfateodgamsbtm; cross-linked

and el ti th ure duri,n ression .
25 p&rtfp°af &b BeL & ST b bk pascand subSERte: of 12 wifpble starting
tePsptthtife (T fdrrétsuﬂﬁﬂles%enﬁerwpﬁwrm%} @hd elevating the temperature
during compression from Ts to a suitable elevated temperature (T.), thereby

bonding the first and second substrates.

30 [0012] In another embodiment of the invention, the method of bonding at least two
substrates, each substrate having at least one surface that includes a layer of SU8,
includes depositing a layer of partially cross-linked SU8 polymer on the layer of
SU8 of the first substrate. Forming the partially cross-linked SU8 polymer includes

soft baking a layer of un-cured SU8 monomer, exposing the layer of un-cured SU8
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[0012] In another enbodi ment of the invention, the

nmet hod of bonding at | east two substrates, each
wepshrEbe having at | east one surface that inedTsSe0a000409

| ayer of SU8, includes depositing a |layer of partially

o el 0,38 AR, bR, ANy SRl g o umcured

SBS muromer ai aaknpesatand grextsi tarfiol @yeal & 20 rdegné@d:elsms (°C)
SU8 nononer, exposing the lLayer of un-cured SUSnonone

apg Igsg than & equal ta/p0 degres CsisiupbS) teapsslink wgwamj of unOcured
ok Siele i R FRARSFx B URGECHHA g sotbakin
al st amﬁmom oémealayeooﬁsusecgrtbe seebnad ssib§0ale, erposing at least the
pRBERal BV oh S eP thseraai sHETIGHS th alttridaiet ho¥) rédiation to
cRAdsLIk 8t 1dRR%he HAHEEH IANHET Ial Fleok B g@fthéL&c%Edt:ﬂﬁ)hstrate to a

second substrate, exposing at |east t ortion of
sLigkle dﬁgr&JSTlmS i® Ifrdlossad)hxd conpgessing the Iayelrmd\naoﬂlailty cross-linked

St blyfier"bp BedRu PRSULBE 1 Srsinde Fiainst tpg srass-inked
peRBERf tHY Saysr bpl$UBLES e Co8REMP Sdubdtrale dta¥ekuRdble starting
partially cross-linked SU8 polynmer on the |ayer of SU8

temperatuei () feupssuitable tigve RStiod Hioen) cANSl Elevktiag the temperature

oy B8, RIS Tl F S SR GRS 3. mery

bbhdingrthe ifipst a(rtdcse'thdaymbs&bwsatl ng the tenperature
during conpression fromT to a suitable el evated
terrperature (Te), thereby bonding the first and second

[0‘6'1'3 in %l@%orﬁ%glﬁ]gsh'gplcf BLShHdtea iRt créir?ts I?kg'n‘é: %‘;,%?Sg?t pStion of a

cross-| east a port
layes afSd8 daia abltablde:!;igeee iis sypapymous dotaarying puhg martial cross-
er o

PR 5kt G35 SLS DI, M5l JobSH Bl it syt prayinked o

shﬁ’aﬁesdédi'éé"l@aq%fﬁﬁl ¢ros&HiAREd IR)rof BIOSSAS | 'sﬂbﬁdthle%ﬁhs “partial
As such, the terns "partial cross-Ilinking" and

CFQSSdB’!iqﬂQ nah Gerossdinkinigr thlae suiaple cdegree” @ge de be understood as

"ﬂél“i‘?{ﬁ& ggﬁ§n@irgdgﬁgequgﬁngég‘@%éﬂrggr C@%ﬂgé&?xén 1He description of

thd midtisod oF/@etineentionathaf flllbwes. [0014] In one
enbodi ment of the invention, the first substrate nay

be a major substrate while in another enbodi nent, the

[OEQQEW oﬂébéfr{b%HﬁngﬁtyoP%@ ibVEHRRh! RHe fW?{ %UPstP%t .may be a major
alternatively, subs\{rate as . In ﬁls
sahttcatermlmte umamcﬁhehenfoodstlelstulum satend sulastrmtpcmay be a (handling)

RIFTaET ALY Ke Yoh ARG STl SaHEL 1 4T erodiaeptwhgre the first

sUBét?ﬂetlg%t majdrudstratdshd ME sk UPGFatRSs ither a handling wafer
or also a major substrate, it is to be noted that a major substrate is defined as a
substrate that includes components that confer major functionality to a final micro
system. Examples of components that confer major functionality include, but are
not limited to, sensors, detectors, extractors, reaction chambers, filters, micro
arrays, separators, valves, pumps and embedded integrated circuits. As an
illustrative example, a major substrate, as defined above, may have the method of
bonding of the presént invention applied to it and form part of a permanent

structure of the final micro system.



substrate that includes conponents that confer major
functionality to a final mcro system Exanples of
w@vpomaed s t hat confer mgjor functionality i nedT8&2007/000409
but are not Iimted to, sensors, detectors,
extractors, reaction chanbers, filters, mcro arrays,
separators, valves, punps and enbedded i ntegrated
[0011 5} A handliAg wafer id defined as aneassiging, substrajeofor the micro systems,

trate, as defipned above, have t he net hod of
ngw B¢ a E@repﬁ{éégfﬁtei H{}@nﬁ‘ir}%’aé%m"ﬂ@d’t fén¢tionglity components.
t [ ' :
FBP%%méO&fiﬂé]rﬁaﬁQ%F n?ay BEta'E&p OF 4 Rficrb! &HHnn®).CFIR handling

syste g wafer 1s defined as an

5 wafer swayndike Ubetmajor substiabes miayrioe sy peananenthstolctumey of the final
be a bare substrate, or a substrate w thout ,
THGIRCDRII oy Al RaliRlK b Hariding drafeE mayhe detaghergrom the fina
mieosystemy. be a cap of a micro channel. The handling
waf er may, |like the major substrate, nay be a
per manent structure of the final mcro systens or,

OB TR L U5,y Y ST o any
10 saitabler mageridli that Wef ebnipRitiblee Vitthrsuuat arudtradiveaBXxamples of such

suitable material that is conpatible with SU8. _ _

materials inglyde but anp nes ligkted te ninpegasic glassi(RYRRIE), semi-conductor
. t i . Lo g ni g P LI )_, . .

TGS bR Shh, SRRRORR eS| BT roonice, ot

cilcwixi beardguacéramior oxaddsi wsuch adiss esapishirepr iont @dlymers such as

PRl HaNate Ll Gl - BopYgiBncethaOfaterolGNBIAY | or”" Polyethylene

15 tdrBphalare abeT( FdMamplePo! yet hyl ene terepht hal ate
(P%T), fogbexén'pl e.a[ 017] In another enbodi nent, the

nmet hod of the invention may further include exposing

o8t [ e SIBrGORTTR, M SR o Geh Vgt Aither nciuse
ezm@ﬁimﬂr@etr@ ersssHiinkeadpordiohi eMthef 1dyee dfaygs ¢ff the second
SU8 of the first substrate or the |ayer of partially

sebsieate Witk edygnus plasmanbefase eamepressieg tbe csoss-inkedgortion of the

2 5 S e R EBSHE b 88 500 pymer
ofiltiee &yl of SUSS thk firstysisbstiata againsbthensartially crskylinked portion of
V567 o SR Bt b e b ases b o

o . onal : 0

PARpAE SRR Sl Ehamninaghner SUB LR syperst hels 1o

bedakaipr borsds and premdtasdbe thteesgimeinsioniahctoss dlonding of SU8 polymer
electrical neutrality. The free electri.c charrgses. in a

25 rrHI . C@f%q;en plasma “consists of a mixture of electrons, ions and neutral

species in local electrical neutrality. The free electric charges in a plasma cause, in

contrast to an ordinary gas, high electrical conductivities that can approach those

of metals.

30 [0018] Any suitable plasma generation method may be applied for this purpose. As
an illustrative  example, plasma may be formed by electric discharges (for an
overview see e.g. Boulos, M.1., IEEE Transactions on Plasma Science [1991] 19, 6,
1078-1089). A “thermal” (or “equilibrium”) plasma or a “cold” (or “nonequilibrium”)

plasma may for instance be used. The treatment process is conducted in a plasma
' 6
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contrast to an ordinary gas, high electrical
conductivities that can approach those of netals.

W@ 0d387012ny suitable plasma generati on met hod PERSOE07/000409
appl ied for this purpose. an illustrative exanple,

r aq?{,r? G %%gllér%m%eglsﬁ%” an%'é%gs?—?%lges {ng:]gug cleaning or

F i Bsuehl @é‘?&&tl@@%ﬂ e@mun@(Rim?aeéB&ahctw% iohh&emmb (DRIE), and
‘equi i briun') pjp asma or a

mﬂwﬂmoUpI@drM%ma astiyefen emh;mga l§:eP BRIG3 sy, faeexample

oeyic 1] a0 P [P et bl uphe? BFEGEEGn (PO or radio-

fr@EheﬁéyPﬁQFﬁﬁla@ha%t oh lanaamsmghomhemtcrarefcr@xamp:@ ibegapplied as
deep-reactive-ion etching (DR E), and

Wﬂﬂduct i ve- coupl ed- pl asma deep-reactive-ion etching
(I1CP-DRIE) nmay, for exanple be used. In addition
pl asma reactors using mcrowave, direct-current (DC)
[o0n 9] &dliyet rafmitmcymbﬁﬂimerhtasmsmemodamaynﬁjrtmiinciude arranging a

toTBpeRe AN B HIRALE (WREN JeHIATCRG O iheisioond Subatiate) or
bgj:r??i@ghlggor? th& T §Lt|b§t%t§ e(ﬂsgﬁ itMe Hrﬁﬁt?stl(a‘f@' Rfﬁer‘nétlvely, the

erent fromthe second substrate) or a bionpl ecul e
temperaturei semsnmebsmbsitaéesnandrthemjom@dnmdb maysalsatke applied to the

ST ST o L YRR U o st
ifdludthE té%pbﬂﬁurfé éé{snﬁ)ébﬁﬂs%ta@e@ an@ridBiohRfiédle is typically carried

substtate as wel his step of including tenperature
osit psior it dhe mmmrgssugna@fmr irgt IsubRatec ageinpt they seeend 9ubstrate

0% gl {408 SRR HRp ol s any i

sy SteRe faringdebys saidifirstvsubstriatd tafunctiod a8 é)toumdne@arfmg out chemical
permts any mcro systemformed by said first
A ielpGICELSATRIE POREESING. ARIPMP Ueathayimiy Be@pplied to the first
/ gs
SEBEFAEINCIPE, it PeTloP iriRY (GPARLEIR: BA87EN Bllaoriciotde, 2 peptide,
a peptoide a proteiay an ramgoi;a?odhtaedet a pcﬂtysacnchand:e a lipid, annrus particle,

ol i gonucl eti de,. a tide, Cg }
2y e et artis SR 38 cefl R rassecive biSleEul maY have amino,
h?ﬁF&)dgFb@thl&ﬁuﬁﬁfdn"a?gmufb"soﬂfrgﬁ(%hﬁflé Stﬁﬁhal%smﬂnéﬁihied 6én the surface

espéctive bionol ectl e may have am no, hydroxyl or
of teosubbsiratei onal groups, for exanple, that are

i mobi |i zed on the surface of the substrate. [0020]
The term "nucleic acid nolecul e as used herein refers

[d(!ZOE"Bhert@ﬁhethléfé gkid Pndlesuletasiueke heesihirgfersito any nucleic acid in
ai&fmq;g&ﬂgcghfvggdrgtlgg rs%%ﬂeads g lé::nlg(leelz gtrgr?cligd nggllélbcl acid, double stranded
nucleic acid or a combination thereof. Nucleic acids include for instance DNA
molecules (e.g. cDNA or genomic DNA), RNA molecules (e.g. mRNA), analogues
of the DNA or RNA generated using nucleotide analogues or using nucleic acid
chemistry, locked nucleic acid molecules (LNA), and protein nucleic acids
molecules (PNA). DNA or RNA may be of genomic or synthetic origin and may be
single or double stranded. In the present method of the invention typically, but not
necessarily, an RNA or a DNA molecule will be used. Such nucleic acid can be e.g.
mRNA, cRNA, synthetic RNA, genomic DNA, cDNA synthetic DNA, a copolymer of

DNA and RNA, oligonucleotides, etc. A respective nucleic acid may furthermore
7



nucl eic acid or a conbination thereof. Nucleic acids

i nclude for instance DNA nol ecules (e.g. cDNA or
W@20wo7wm2ONA), RNA nol ecul es (e.g. nRNA), anal BGUEG2001/000409

the DNA or RNA generated using nucl eotide anal ogues or

HIERE PHE AT UclEoiO8 iodue, BRERY Bkt ibked, 1§ Enlatlaity tag or a
lFeNAN. sdPhé\ emibdivherty tHeenadleigedsidingoletuldymbield olated, enriched,
origin and may be single or double stranded. In the

Obpegaeﬂi hee Iﬁ‘é#ﬁ'edﬁ aﬁ'ﬁemplﬁ%'lﬂ may foy instancs, berjselatast from a natural
I
SSEREPEONA G Y s B R Sl T ot bource may be

5 nfmatiamosuoh éﬂ\b@umeal\lélosylnsémén corli¢sueaThe pwicwkeamdfmay also be
and .RNA, oligonucleotides, etc. A respectiv
S)?"%P@izeda&a Y t?‘ﬁrtﬂ%?tﬁbr@égmdalq YN Us er%ﬂ “automated DNA
fbsiki de anal ogues and/or be linked to an affinity
SY‘Z{g or a label. In sonme enbodi nents the nucleic acid
nol ecul e may be isolated, enriched, or purified. The

[Opﬁm%ﬁ[f equ J§ecu S Lﬂr%sy erﬁgmo&{]%%ﬁaéges)%oésse% %tr(leudcleic acids and
10 oRGBHUCRSGtIdES UBder indiheahbfbds IdfehBahvélons AUhGEeBhde *Aﬁﬁlogue is a

mammal i an, such as human, bl ood, senen, or tissue.
nHgleptide captaining mogdlqa@osﬂatfwemsteme thechassy supar, or phosphate

TR MBS, R i oA Baapl, ond et

modifivatiens ofak, O¢ Gisand ITVIUndiﬂe@em PGt oRIPYrimidine bases, such as
nucl eotides used in the nethods of the i nventi on.

I
U'}%C:W%gyeBVP%rﬁh'ﬁ'r%ghénﬂsz -aMpRadenin-geyl canwgll @smprypurine or non-
15 Idiné ﬁhbl@ﬂtl@é p58és. I\gﬁfe?ﬂﬁ‘élebhﬁe B3 ?fi‘) ue3rve 95 unjversal bases.
hosphate noieties. catlons tghe base %
Unn@lrsmebawSunelUdarﬁin&mpyrrete anah’tﬁelmﬁro[mbllmriflnmérsé! béises are able

togfg r%pg{sg gafl;:wfn féﬁgggﬁﬂlﬂﬁa‘ggggwg g |cda|t|rc]>(re1$% Se%Scansgg combined
with 38t 8RfApR As8gXf modfichRbh, Sth P ihdtARcOR'-O- methoxyethyl e.g.

nonpyri m di ne nucl eoti de bases. O her nucleotid
teachieyiusiquemnreperiearsugbasdncreased duplexwasabitily. bas es

i nclude 3-nitropyrrole and 5-nitroindole. Universal

bases are able to forma base pair with any other

[Obaz]eA ;E’@;ﬁkiel’fﬁﬁﬂyf bé aifi sythetict GiigiAadt BBlatedPioned Watuhal source by

or exanpl e a sugar nodification, such as for instance
methegsywe TkWMhW thecal, The naturabseumes may bedpammalian, such as

d

N3, FoddCERRRS, ABLele ShePbbiy lFAL £ SR may o

instanceebd\synthesitsl using- mwomateﬁhpolgpéptld&synMasizek lllustrative
sour ce

25 oAMpES T PONReURE G vRTbaRNGS 43011 dReTRdh pAyP PiSfeinaceous

binding molecule with antibody-like functions. Examples of (recombinant) antibody

20

fragments are Fab fragments, Fv fragments, single-chain Fv fragments (scFv),
diabodies or domain antibodies (Holt, L.J., et al., Trends Biotechnol. (2003), 21, 11,
484-490). An example of a proteinaceous binding molecule with antibody-like
30 functions is a mutein based on a polypeptide of the lipocalin family (WO
03/029462, Beste et al., Proc. Natl. Acad. Sci. U.S.A. (1999) 96, 1898-1903).
Lipocalins, such as the bilin binding protein, the human neutrophil gelatinase-
associated lipocalin, human Apolipoprotein D or glycodelin, posses natural ligand-

binding sites that can be modified so that they bind to selected small protein
8



i nstance be synthesized using an autonmat ed pol ypepti de
synthesi zer. Illustrative exanples of polypeptides are

Wapeooghtiipody, a fragnment thereof and a protei NRBCEBGE07/000409
bi ndi ng ol ecul e wi th antibody-1ike functions.

B'ﬁ@l(ﬁ‘ Rf ( ‘fé’r@ Ble& Bk | rbte § bHdind Adlecules are
iAot EiTERl

anren ra ment's, sl ng agnment
tr(es stdaIledl glbbddnes (cseedergal mtemaildmcbaﬂaent( tbxbltcatlbn WO @6/23879)

p&ﬁWﬁth{:ae K Bﬁ%g;ChﬁgLﬁJ@?(g?&a?%\@ 1%‘51';@@%815\{3‘@'{2 SCIence (2004)
1%2%38%5 1d4e ¢ ftjﬁlg’% af“ggecg aﬁol?‘l’q%eg? nlnmﬁg%rf%fgeﬁ application WO

5 OB&KRid4pthenpraoteiPsateschibed .in Skadra, 9c Mol UREcAgif. 1999()) 98, 167-187,

A ATHS. B teiB scr iRt Agioiins duatRedht ps Slias of mutiple
dbms! N, sdviepan cBROISUPRRRE Otr8ESptEr<OT (i Ik/éﬁﬁé’ﬁ' 'J‘ et al., Nature
posses natural |igandbinding sites that can

Bﬂﬁiemn@@g)s 62Q0Rt23, HpOh1 ofif )t beptaids.t which raan| act as protein ligands,

pro '@ m%@nayéﬂm@qéﬁ%opg%ﬁeﬂém Eg%{rﬁ%es o&\&?ttgua side chain is

10 cOhneed s theeanfdd nitrdde 'ﬁéﬂwb@ﬁhﬂﬁttﬂétawbbﬁfﬁtbﬁlﬂ P¥ptoids are
96/ 23879), proteins based on the ankyrin scaffold

typiasixvesistankio prteases and otharrmedifing enzmea)ands':anmave a much

riher cpft B Beni/ Moo bt Bes " R Kt o AL G Bdger. 7. .

Al G I 8oc.J200p) 12&Rersada1509)( 2000) 13, 167 187, and
avinmers. Aviners contain so called A-domai ns that

occur as strings of nmultiple domains in several cell

15 IOE?gI "l*ﬁ Lﬁ%}%@% 6’%3 faﬁ%‘%%g‘geﬁ%ﬁﬁd @thtra%\@Eg@ﬁﬂe re the second
sulastraieus asopa ntagomsubistrate)s including they 8(US- Iaykry loy a part thereof, may
e el oa e by aueans O BRIIR L RATOY BT oI charsgteristcs of a
sbIRE sarf4cd. ULrRh AR atmRRt PAAS inklRld VAHAR H%ah@sééérﬁﬂé nk&hanical,

prot eases and ot her nodifying enzynes and can have a
thenmial, helgistricat @ir| cipemicahméans; Alaan pliystialive ¢xample, ghe surface
K d dek. T.. J._Am  Ch .. (2007) . .
20 plfRresiofny piorBhRSTac can petbaBaMhaRAIL BY ihting wit
at MRIreSKiNG pohirhet bRYStrédAes Witle stefaetthtS UBRAMpIe8 bf5a chemical

al so a nmajor substrate), including the SU8 |ayer, or a

syiage tfﬂ%mﬁ In@lﬁqeabtstoarsémlmte@dto @(Rgsurg/tm’ewgmy&ilsﬂazane
trﬁﬁ?tﬂgféﬁmr Sitle! €d out c{l ﬂMcﬁ{:hISFbasrllgﬁée“ St Cérol% E@chlorosuane,

Jirrace s such a nment may | ncl ude v

teteitisoxysilare, aglyUHothlopgltrlmbh&:t)dyabllarﬂi e&hmm@bropyltnethoxysnlane
chem cal ne il ustrat ive exanpl e

25 zﬁgﬂrﬁﬁ@(yprop%ﬁ"?'é%xygﬁt ’8@4_@6% su?‘f(%@eeR%Y be Propoxyl)-
pfdpIfRmethdRy i ldo@y&??ﬁe‘f%ﬂd}gnw YPDMS), y-(3,4-epoxycyclohexyl)-

ethyltrimethoxysilane, poly(methyl methacrylate) or a polymethacrylate co-polymer,
urethane, polyurethane, fluoropolyacrylate, poly(methoxy polyethylene glycol
methacrylate), poly(dimethyl acrylamide), poly[N-(2-hydroxypropyl)methacrylamide]
30 (PHPMA), a-phosphorylcholine-o-(N,N-diethyldithiocarbamyl)undecyl
oligopDMAAm-—oligo-STblock co-oligomer (cf. e.g. Matsuda, T., et al., Biomaterials,
(2003), 24, 4517-4527), poly(3,4-epoxy-1-butene), 3,4-epoxy-cyclohexyl-
methylmethacrylate, 2,2-bis[4-(2,3-epoxy propoxy) phenyl] propane, 3,4-epoxy-

9



a hydrophilic polynmer or by treatnment with
surfactants. Exanples of a chem cal surface treatnent

WO npbroda4 but are not limted to exposure to PCT/SG2007/000409
hexanet hyl di si | azane, trinmethyl chlorosilane,

FoBRLRSASES. 2, PRSI BTRRA ¢ pcvcionony

cartoxylaeer dpi3, lfdpﬁkfl@)d@'lé)@nﬁeth&f)éélpét@pbisp&henol A (2,2-bis-(p-(2,3-
cyclohexylgethyltrlnethoxyS|Iane 3- (2, 3-epoxy
ERP¥Y BIGROXY BF‘%‘M) PraPRBehekgs-eRmey-1- -propanol.
pol ydi net hyl si | oxane (PDM5), g-(3, 4-epoxycycl ohexyl) -
et hyl tri met hoxysi |l ane, pol y(nmethyl methacrylate) or a
5 [opauyfmemom@awe ¢iocludingrarpluraligt timreof)pnhywreeirﬂnaobilised by any

rr;ﬁ[@ijq%; %aﬁé )llrlnat %;Iﬁ%p,érs Rb:t hox Iﬁ%gél)yrl a %%Iegcltg(f %lortion of the

e Ay e N A s

majoR chviafate)l | Ay - ilTstratide exaoiplgoisethé cmeclaaglcal spottlng of the

b%arﬁéégﬁlé gglioyﬁ%e %lugag (}nﬁ{gﬁrl ﬁ@illsga?on anit. 2ﬁ’ns spottmg may be
10 c§sri%de&§t>?ﬁaﬁt\(élgpb@<)ﬂyrfﬁbbb{é BEhpisetd, Jr@automatically, e.g. by means of

2,2-bis epoxy propoxy) phenyl] t|oro pane,
agnu:r@g@ |tghl@>(§pqmmg1§apamo§|t@n§ have or example been disclosed in

ue s ﬁ%yfa?éy'&é%ﬁsweg@iéy’?b%?&%‘gxﬁﬁ%‘ﬁﬁﬂugﬂ?ﬁg% cexample, - the

pblypebtite badkliche2oba Hidraoledul® mapdey covaAently inkdtetdya bold surface
propane) or 2, 3-epoxy-1l-propanol. [0024] The
vigi atip@therebqnds éprenanpla Gy Wriag o functienalizedl thigls. B an illustrative

T A

sitdndteé durfae @iad asemﬁnlearbsmcﬂat@ 1(apherylehe dirothidcyanate as
substrate js also a major substrate). An il lustrative

deselRadby qumg@@{awétsr'ahsp%@'@n%&oEngln@ewwga(%QOé’»é Q3e 347-351).

onto the surface of the inmmobilisation unit. This
spotting may be carried out manually, e.g. by neans of
[0825] petdome oemhudlmmﬁs cal bigmodeaylle bylayrebesdexﬁosnem byomeans of

20 "B%fgﬁgaﬁagﬁ: éra s ty:og %ftggg(g%;lﬁtclggtn a%/é 1 QLtr A example a

n’%ﬁ%@ﬁ?%?@i%lelﬁﬁc@r}nbiebu%rrﬁéy\b% (Péﬁiﬁi’(le@ orI Q%elected surface area

pol ypepti de backbone of bi onol ecul e may
by cuv*geteﬂmmtmg ohwoall ﬁmme@oawdgmrfbadeby |Baetach et al. (Langmuir (2004)

2bE1€ 5152 1Y Shp UG il AR ) e

nanelithograpbiyds mayobleainyal enbhygrdiny ed dro as!‘,lcanmng near-field
am nosi | anated surface via a crosslinker suc

25 pholplifhegrsnian éses iesat heaasthn&. Anaivs! (2008) wa V264 As an
1G58t D, o ISPt BEURESHA o228 Gt by d-pen
nhnrolithpgraphgdiidya thicin®.@f 1,9,-nonanedithiol) or a silazane, or onto a SiO;
surface via a silazane (e.g. divinyltetramethyldisilazane) (see e.g. Pena et al,,
Langmuir (2003) 19, 9028-9032).

30
[0026] The surfaces of the first and second substrates (where the second substrate
is also a major substrate) may be activated prior to immobilising the biomolecule
thereon, for instance in order to facilitate the attachment reaction. The surface of

the first and second substrate may for example be modified with aminophenyl or
10



m crocontact printing or by inkjet-deposition. As an
illustrative exanple, a nonolayer of nucleic acid

woreioeouiize nmay be deposited on a sel ected surfBCESG208Z000409
by inkjet printing of small droplets as described by

asﬁ‘gﬁ%&éﬁ%Fg'jae}n{egrsf gSL QUE&H% ecupékhcggc'geméepogé‘% ?7?51 yb*o'? example be

lrdmmbplsed nhere@ontbyocarbpdimideames zted cguplirg dysafe ergbodiments the

SE %g%% g’?{”s é&}%lﬁld h%t(&%l%}%)t h é%péléq%f’ e ec%\;% pglymer, such as
pblybyFbleAW4f ezaréplaqa AhaP! O e p1gd) AN 1%64@98%9‘99%%9, J., et
onto a gol % 3

urface by - pen oI|tho graphy vi a
5 at.hAoal. Ghim. Abi@(WQQ)aﬁtﬂﬂjlZ-ﬂlQbIgolyihloahene,apalyamlme miyacetylene
aajg%.Zsur ace a a Si %ﬁ | f | q
oAV ctarhAgsin Br & ieopRhEher Selcas, @ somgivgterapf pyrole an
tHigHrERE Tor( %O%bol%'%erggf?%ugﬁﬁé) anﬁoga'ﬁldra_)ﬁﬁs—"tﬁlbﬁééﬁci1 of naphtho-

the first and second substrates (where the second
qyimgser HReisbergl So &t ralj, oAneLub§heat e§209@ Bé é@tll\’r%&bd-3356)

o e B b & STREEEH G i 8 mosiv wir

10 camaxyl groupBhBy Stiing estedrid aeid witht tl@@)a%féDOAIOblomolecule may be
substrate may for exanple be npdified with am noghen

'%'F‘th"ﬁ%r%ﬁ respegive. iInmobilisatiory | utteBY niierBs cofatinking molecule

{@%&g’ y for exanple be i mobilised thereon by
I m madl ated coupling. In sonme enbodi nents

t he surface may for instance be coated with an

[0§5'?fé§ ajul urt %ﬁh&\é?ra&%ﬁfnae%fgg Ili]n}(?rig o teyr ’ 8 a&oérg\/\aﬂ%lty tag may
15 b%&@d td- lmn%blﬁ’ée theABfélmoIQSUI@ Sﬁﬁﬁ A Irﬂ/ﬁﬂ?}no‘}&g »mdy b8)a molecule,

pol yt hi ophene, polyaniline, polyacet
eygolay hmdmcayboreaam éinebudm:g palqur@) ymelecylgcthatdneludes nitrogen-,

RIS, sblntfts (irion s halfust o sdlachalSit Hiinsnire portion
tHereo S @ gn |Iﬁstraﬁ¢/e @'xampﬁiﬂ&he é&l@é‘téd (séPdee nidy |ri'dpudé335ﬂ|nstance

-3356). I n enbodi nents where carbon surface is used

betccmigd fWith, st rppl-like mimmer,e&)rwxam@lsr wishyshagt siges chgins. The
20 uﬁhébﬂgalﬁérfasrdr@céchpay‘mafs% ot}z%g ol s”%y brush-like

on a“respec |ve sation uni

strectore, dor lexakipig bwhaq%ﬁg&ifﬂmd ahedaﬁmmmexamﬁ&?ﬁcld&e &Jnctlonal
i nking npoi ety such

ol g s e S P e ey 1 tHo e e Sample 2
nﬂléﬁiﬂi’é %Qj%heas %“E)'Fot%g{ ' é‘ﬁ‘\d&%lmtﬁa Xng%}fvlké? é‘.p@fvs‘ée&ij\&lde or any
er i ¢

. g. rocar ased (1 ncluding poly
ctumbm@hbe themofl bxamgples of arespesctivedimkéghomiety include, but are not
25 Ii%ﬂé@r&g:ﬁq ia%ﬁrrlg%?oup, aA g%ee?lyde grga’&Ud%a o %?) %rgaurgg’ky group, an
ester, an anhydride, a sulphonate, a sulphonate ester, an imido ester, a silyl halide,

an epoxide, an aziridine, a phosphoramidite and a diazoalkane.

[0028] A respective affinity tag may be immobilized using any available technique,
30 including the examples above (see e.g. Pena et al., 2003, supra). Examples of an
affinity tag include, but are not limited to biotin, dinitrophenol or digoxigenin,
oligohistidine, polyhistidine, an immunoglobulin domain, maltose-binding protein,
glutathione-S-transferase (GST), calmodulin binding peptide (CBP), FLAG'-

peptide, the T7 epitope (Ala-Ser-Met-Thr-Gly-Gly-GIn-GIn-Met-Gly), maltose
11



thereof. As an illustrative exanple, the selected

surface may include, for instance be coated with, a
wohewet7dipke pol yner, for exanple with short siB&I/SG2007/000409

chalns The i mobilisation surface may al so |nclude a

RS Pertb T (B PE G IR eRlone of IS seaerize G B bawAla-Pro-
GIUfKéd PF@GI@A@HP& h@ﬁ\iesaélhfb@é)f erub@yé@f@ieﬁrﬁ‘tD the hemagglutinin

attachnent of bi onol ecul e, for exanple a nol ecul e
(HAg repitopg of dh@. sequenegc Tyr-Pradi y&Awr‘é@Icﬁ’@-A%p-Tyr-Ala the “myc”

BREE RO YaRBe iR skt D gt hfis, GIURTRALS-LEule-Ser

5 GluGlusakp-Reu,adr anidligoaucieptidénagl gably dm didghrmm@tﬁbltab may for
group, a car box an ester, an anhydrid

IrSiPRbnke o USd s 19 pEbHAISs 649 oA ammthleﬁ@desql@pnudeotlde with a
BBl Seod R e B EAE o Souto gy s 41 ggivoc. o

fraigmenit ttheteaf) omay pioteinatedud biz\elngde@lmetwamtitaidyalke functions

tech ncl udi ng the exanpl es above (see e.g. Pena
%qeg\goqa%gdgg supra). Exanples of an affinity tag

10 include, but are not limted to biotin, dinitrophenol
or di goxigenin, oligohistidine, polyhistidine, an
[(liOﬂﬁiJ Aobyirtiien lexampderal @an affihity $ag lis adéuayritwil ©rrg moiety capable of

ot Py AR SR AR it Bmpouna tat
rh
RSN i S0 At o g, st
Qo

CQBQM@HGGﬁC@rbOfGJ'MCQJ@ULN F@ldehwewbmuebltﬁvlymé@[n]) that
15 rﬁélucibesr ple Iy%blmpl E.mtg ﬁcﬁ&yﬁggrlﬁ\’ %HQIS Wtﬁ polar ureido carbonyl

emaggl utrnrn e uenc

gfoupsPMvia TheseArpiddadarbooylAgoupy bué\hmnunlbecanrmnd ics drapmolecules
of thetranscrlptlonfactor c-myc t he

ofigereH. A aDellustralives pxample @J@%@lu@h(éﬁﬁlhﬁan form a strong
cBIoRA WithRioEné Ainy ﬁﬁﬁrﬂ'dﬂ&&%éﬁ@dnﬁ’rﬁohﬁﬁg . It has for

st ance be use ise to an’iI nmobi
ircdtanmn beemo tshdenwihidt a bmmpﬁleumiat augh sasjuegca photein carrying a

20 feragsHEmETRAmEER U i G & RLCRBYABTa] sgn Solioblised on a
gW|d Buﬁﬁéé Wﬁkddé%l&éﬂé‘é 'oﬂnﬁhe( ?8% LFscabANRh- cérﬂp?&]cltlonahsed

further example of an affini IS a cucurbituri
CcB[7hurr4tﬁ @lwangdablAmoCheor. r$Q¢g)(ZQOZb 9. A1 T0-4h7 .
cucurbituril. A cucurbituril is a macrocyclic conpound
that includes glycoluril units, typically

[0930] Fasenidxaehdleo ofaa lmkinj;caﬁ@ibwzmbhmmdmsaté @t limited to an
~reaction of glycoluril and_ fornmal deh

25 oligesAasPaLine] G Pioapeptic) biatia oneRhasel /digpyaeniorand a metal
cﬂgira%%rngﬁff.ygl%aﬁlywﬁaﬁs LA A RIS eXahPidP Y Alspdfiid thetal chelator,

such as ethylenediamine, ethylenediaminetetraacetic acid (EDTA), ethylene glycol
tetraacetic acid (EGTA), diethylenetriaminepentaacetic acid (DTPA), N,N-
bis(carboxymethyl)glycine (also called nitrilotriacetic acid, NTA), 1,2-bis(o-
30 aminophenoxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA), 2,3-dimercapto-1-
propanol (dimercaprol), porphine or heme may be used in cases where the target
molecule is a metal ion. As an example, EDTA forms a complex with most
monovalent, divalent, trivalent and tetravalent metal ions, such as e.g. silver (Ag®),

calcium (Ca**), manganese (Mn?*), copper (Cu?*), iron (Fe?), cobalt (Co**) and
12
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groups. Via these ureido carbonyl groups cucurbiturils
can bind ions and nol ecules of interest. As an

WO pdogsTrat i ve exanpl e cucurbit[7]uril (CB[7]) REHSGL0ND00409
a strong conplex with ferrocenenet hyl anmoni um or

SHRORRY YPEPToObIF.O8ET 1 RSl BREETTE 250 SHRMmens o

ré§dctioe AR RNERAGDM aradmﬁbléx vath 8 rekspectvel mettéleibﬁqir) metal ions
can be immbilised on a gold surface via

defires thenlinking awiety. BHeh gatamplex isites example aggeegtor molecule for a

oBYR8S I o SR Thotl! L ) i BerCIER . s an

ilustritive exaingsly, ianetandard brethedeused ihi thet agt 10 tiee formation of a
oI| osaccharide, an oligopept |de biotin, . o4
mex behuern aryiojghisiding Redand nearper (e ak ghickels (Ni°*), cobalt

5 I I tjxe C
(é!) %Ehgim;lt gﬁ‘? SE%H#; agﬁ{'e‘g ﬁréngfzﬁg@amﬁﬁ’énﬁ by? hESRECSF Yife chelator
nétllbmamadlaa:ld (MIA)Lraacetic acid (EDTA), ethylene
gl ycol tetraacetic acid (EGTA),
di et hyl enetri am nepentaacetic acid (DTPA), N1Nbi s(

[OQQ’IPM'WW&V 's}r@pl/é?\h('ﬁﬁ (T?éys‘?orcqﬁétﬁﬁcé”lBé'érﬁbfdy%eeid Smmobilise a

acid, NTA), bi s( oam nophenoxyJet han
brotlnyla‘ted\nucletqamdeon 2 bmlnccqnmmng)moaolayelr okgald may tne employed

(SHRARELPARY o Fhcel b Ltin o RU5ET 785 Yo iR et amother

ilRBtrathaaekampid)Thel Bioffolécu e rméﬁbercallyr%boﬁwéWVéberﬂy scanning
divalent, trivalent and tetraval ent netal ions, such

elestrechemigal yeierqssgpy. fosdngtanee vizapyiyole-oliganasiestide patterns (e.g.

FOMIPE .« of HIPCEe %&?ﬁ&l\xﬁs Lé@ﬁé@?*h% C?ﬁ%ﬁm‘&c@rﬁb&dlments in

andzlrdonl um’ (Zr fsspecific

péHictlariwhererthe ditmdleveld is s@nuelefreadid vihensibaloledide aiay be directly
lex with aares ctlve metal ion or netal ions

S)S%tf‘ﬁﬁ'gggpﬁé itheik SHHaGR; &k ythe sipmobilisatign eunits fopr example using
pﬁ&%@e{l@atfbr{ %\‘ﬁ%pﬁgéc ti%?lmﬁsfé?{ llﬂjdaQ%‘BK/édsx% R, Uk %gﬁhess of

sequence, al so be inclu In a pr tein.
nacdleid acids oaollgmm)tmtpdes orasealectedsulfacetdreds (se dalled fdodid phase”
formation of  a

HhgSR) TR o ieg S L EERTPEREal TeAtiRBs sigapelpctrodes. An

elRBatherhiea? Heblodking ishép (a%naéécritféﬁﬁbyv\ﬂgélﬁnar& Southern (Nucleic
present ed by nmeans of the chelator nitrilotriacetic

Agisisd Remgalch KZ)Q%)] 33vildh re1db) smagploavingtanceabe f employed for this

oL B SR Bl e S Y e m s
patont bepﬁmt@memssmmmmgavr yin Jséine emisddimefisl light-directed

Chem  (2004) 76, 918). yet another illustrative
syxhapisof 4 R@%@'Sﬁﬁ'ﬁeé’hpéﬂlﬁ;&iﬂfﬂg 3 prgleic agigppelecsle, including UV-

lifkifg oP¥gCAEBYHMENt 5'-deprotection, may be carried out.

[0032] As a further illustrative example, a mixture of a polyelectrolyte such as
poly(3-8(S)-5-amino-5-methoxycarboxyl-3-oxapentyl]2,5-thiophenylene hydrochlo-
ride) and a peptide (e.g. a synthetic peptide or a peptide isolated from natural
sources) or a mixture of poly(3-[(S)-5-amino-5-carboxyl-3-oxapentyl]-2,5-thiophe-
nylene hydrochloride) and calmodulin may be immobilised on a surface area of
poly(dimethylsiloxane) by incubation of a respective buffered aqueous solution

13



el ectrochem cal m croscopy, for instance via

pyrrol e-ol i gonucl eoti de patterns (e.g. Fortin, E., et
Wa@Roop/oBl1eet r oanal ysis (2005) 17, 495). |n ot hePCT/SG2007/000409

embodi ments, in particular where the bionolecule is a

R e ol R PRIEL B 4 nd B SREPEL Mbber et o, (Langmur
(2006)e22 Bp 205L21d).phot oact i vati on and deactivation. As

an illustrative exanple, the synthesis of nucleic
aci ds or oligonucleotides on sel ected surface areas

[dO%@ VeRfhg Batk sb%nd gR6E Jof TRY iRGerftidh! 'u?%R%uéxemplary

usi g el ectroc emc rea ons usi ng eI ectrodés
5 eptbodimentamosslinkied| af cadi iegststhm petictesf theb &ayebyof SU8 of the first

Eﬁgtlr%%ggfé g@t/]awepeg Nu@lﬁ %52%(%%1@%23 3051 fgﬁé Iayer of SU8 of

tH FiPSRibsfafiitd BV PachatisH R S?'suﬁ}é'&hﬁgf’thé poRforA A suitable
been di sclosed in US patent application ~

crapseirking demperatuesh il pg nion da newitable | pgrioddiof edmed(toc). In another

SFHRKHRENG bR THE TG B Pty ot 51 sue o

10 tHe filstpsubisteité a6, a Sitabe dé?fdeemdudes b%lé’s?ﬂlg Afe dater of un-cured
further illustrative exa a m xture of
Wre@prtbeygﬁersg(; FUS of the first substrate to UV radiation followed by

s?ﬂfegﬁpﬁ ?Saré Rt cﬁre'@eﬁ%ﬂ;s C}B"é‘%hut?ol%’@?&&h%hk& témperature

["or i
(Bynfdret swtahh@peded of tlmep(ia,l) I Idlecarth@beﬁtﬁer aossdinkinglof at least a
Q

pBolan s hedaver & SHE'd B st gbsiate p e IAVEr of egyregmonomer
15 oﬁﬁMEQBY‘?H‘UﬂS%h&P{h@d@H @Ugst‘?élkagi?dé”shﬂaﬂ@ydéﬁ?ee (i.e. carrying out a

I mobiTised on a surface area
ppdiay caosseliniyng of srhEyebwf iS1d8)h dipi orayobe dakers pe bei @ demperature

oA I PGSR Lk b ) o
tgtmagmaw floAY Ak viédek o BatWeeA2dbdut thityP &3 Abobeskty indutes, for

pack to the bondi ng net hod of the invention, in one
SERORIS. AR %%ﬁ%‘éﬁjm@fﬂ Tocisdeem tempargtuse Ta: mayFenge fhetween about

or of t ir 8
20 20° Lol Pelslfs LETTA7, AR 35, B/l e BHRT . ofd” example.
Oohr@sbau@mgkyt tr&U& @ﬁa)t rendd froi abbst 3@ heintiesW about several days.
radi ation follo y subjecting the portion to

FoC XABIRE dPaLors-iRINg TRl Teaure Betven)atest faur o six days (ie.
aBYut G feBRY. 'Aﬁérﬁ’étf\}e' ygﬁrvﬁér@@ o is HBo Y B the BHIPEL ing t,. may

Cr 0Ss- |nk| t he i cured nmonofher on
beaty&!weelh Mt thirty He dbious tsixdy lnsinutese In ang caset e person skilled in

25 355t B 5B byl L 8. £ o S
gglnaéy Ba ré@,,}-égyved by subjecting the layer of un-cured
m)norrer to suitabl e cross-1linking tenperature
[0034] In one exemplary embodiment, cross-linking of at least a portion of the layer
of SU8 of the second substrate to a suitable degree includes exposing said portion
30 of the layer of SU8 of the second substrate to UV radiation optionally follow by
subjecting the same portion to a suitable cross-linking temperature (T,.) for a
suitable period of time (t,c). In carrying out the partial cross-linking of at least a
portion of the layer of SU8 of the second substrate, T, may be taken to be a

temperature that ranges between about room temperature to about 50 degree
14



(Tpc) for a suitable period of time (tpc) . In

carrying out the cross-linking of at |east a portion
wobkoobheibayer of SUB of the first substrate orpe1®G2007/000409

| ayer of un-cured nononer on the layer of SU8 of the

|rst bstrtetoas tabl dere .. carlVi .
Si08 (P 3hd Bcmalofary il Pl WG, bbteert 8bbi 8% minute, for
eRBMpRE hatRNcase bﬁweaettplgrngrrabm €erhpefatli@) dRe tpcehwyene from one
about roomtenperature to about 50 degree Cel sius (

mindtet tocbetwpenaBout seve é’%ef@rt%aﬂﬁilﬁéfemadb@gwf@ mth)?en about
i G 1 0t i Bl ARl WO, TR s o, e

5 cdﬁes;ﬁmdﬁeg $j.unay (b@)bétWeeh(aﬁouibnéetgramuﬂdl)&y unsin(if&s) ln any case,
exanmpl e. Correspondln the t range fro
t%%&soacﬁ'ﬁﬂeﬁwé@e@& BeY §a g)éd@%m"aéw expgrme Eﬁ%ﬁn@  suitable Ty

aéla)‘?;ogig;g/éé?#.hg% ar%,lﬁgy bléerg\%e{r% bet ween about four to

out “ one Al ternatively, where
Tpc is about 500C, the correspondl ng tpc may be

BT RN e\BClly BB Hier Bl Sl 1 EMoressing e

10 cﬂﬁsqmﬁbﬂ%&ﬂoﬁépﬂfé Fé‘?BF 8f 508 &F tﬁé”f'?s"lbsldbsirrﬂfe élnﬂl'ne layer of partially
corresponding tpc as may be required 0034] In one

censsriinkadySURboalymenton theotayer iafkPHg off the: fitst aubstiate against the

SRRt L ol oS RS ET AB R bt

whigh friiay@(ﬁmgfes%i& Sfarfsh@vHict rfpsrahatristderiotedBy Ts) may be lower
radi ati on optionally follow by subj ecti ngut he sane

ths or &ﬁluﬁbt% Twi Inalihise cxemplary iambod) nat (1§ &g 1igre period for

15 m{qi’(éh Cor Mn atp?rlk%%kﬁéd bl aptrﬁég v?ry) Be&%rernyé&ﬂg%hg to about

Cross: ing o a portion
slx&yﬁﬂntﬂésS’dBenémphae second substrate, Tpc may be taken
to be a tenperature that ranges between about room
tenperature to about 50 degreeCel sius (0C) and tpc may

t
[ob%m re)ﬁen RS iRkt tvoh mﬂggre@%ﬂoﬁ%@me AR p &R Srorh AT, to T, occurs

exa e case pc 'S roon1tenperature
dutieg tcompragsion, it issta beamotedthat Ti.ds Isitl weaintaihed at a temperature of

20 R oo ) B Pl CMES b B R hperatore

nmeus@ cafifed éutﬂmélétﬂ%ﬁ%nérhﬁlw Odte6-WiSE @ g ahp %o?fﬂ)lnéﬂﬁ)n thereof.
bet ween about one o0 about SIXty m nutes. In any

Thﬁetnperraswdsiorlwwqh icempessien lmrr&% oy aa@dwméeraperature T,

SEEBAE PR % o RAGALBCTRE 12, 696] SRR BReb. 1 may oo

takspotiat e timeeriod tLhe deriag wiicle compesssiog is tarried out is inversely
cross- | inked é)ortlon of the f SLé%cof the first

| ayer
25 relgiest toathe temperatyreg él's 8ndpke) ){ewl'plgh said compression Is Sarried out.
Accordingly, the higher T and T, are (but below 90 °C), the shorter the period teomp

will be.

[0037] It is to be noted that in one exemplary embodiment, the starting temperature
30 Ts may be about room temperature, which may be between about 20 degree
Celsius (°C) to about 25 degree Celsius (°C), for example. Alternatively, Ts may be
at about 50 degree Celsius (°C). Also to be noted is that the period tcomp may vary
between about thirty minutes to about twenty-four to about forty-eight hours in

duration.
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cross-1linked SU8 polyner on the |ayer of SU8 of the
first substrate against the cross-1linked portion of

wo beobaoges of SU8 of the second substrate, thePCT/SG2007/000409
tenperature at which the conpression starts (which
tenperature is denoted by Ts) may be | ower than or
equal to Tpc. In this exenplary enbodinent, tconp , is

[00836] wm@w earrying datr th&pannac @rasrsel&ﬁd@oﬁtheTst l¢astad poftibn of the

out, and % etween about thirty to about si xt¥
layien of S48 of eeﬂ(ﬁ%?ﬂ“@"ﬁ‘@@’g@}e |ayep gE uBraysRN MANOMeemthe layer of
SHEVHA st bubda RPSAIaHIE R, The iR Rispts ofprgss-inking
5 ofrthentparticed ohthe laysrpefr 8USr ef tife first subbktrateoor ¢ ddyeroof un-cured

bout 90 d Cel (0Q),. T t
R0 55258 s 3 Vi T s0b2b! 2y b ascoained by

dgéewg;@%bghgxg1ﬁ%%g§§ g@«g{) yom GHBF QRW?%%IS £|>f3§u|8s or the layer of
pedially ecrosatlinked eSH\‘BaDédheeﬁMrmbsmaté”endap@nde | Altegeaitjvely, the

u t he magni tude .of . Te. ot her words, ,generall .

sifSHle, OB o ek of e BT ot e HET: oty ST o, the first
10 sGBSRAtESSH Be i18y&rabf IRAc@ed hibnofMet” éﬁ't}ﬁer %lyatretﬁ 508t BE the first

tenperatures (T and Te) at which said conpression is

substratednayibe agcestainesyvpentseid pagially crossrinked apdionpef the layer

OFMO?%Q I’ay{ap%bjgg{é%lg{j {cﬁgtlw(ﬁho g‘a SSZ%%MQ%) ?L‘rabstrate remains

uadiesolved i ,lsdﬂnep@ﬁcﬂr(tﬂ’m)g Atsefﬂilﬁ Qh@tséccmdr substyateethbsuitable degree
foomt errper at ure, bet ween about 20 degree

oterosstlokingcyf the a%eﬂ oééhaé@y%é)fc%%.qﬁéh@ gegond @fabstrate may be

15 a%é%ggﬁus P@‘é;l@éﬂ?@ {A.& a-'r_t?‘alfl)T/B%’[OQE Ilfl{gl @BBFle p(gfrﬂl'%gfa%r of SU8 in

atetonp. may vary between about thirty m nutes to about
twenty-four to about forty-eight hours in
duration.[0038] Wen carrying out the parti al
[ODBQEA'édrHJﬁaWJ oPthd RfetRdd ke dehematd Thé 'p‘éﬂlaﬂlg/ drB8s-liRkiRG portions of
of SU8 of the first substrate or the | ayef of un-cufred
theficstr@ndosecand sulistrates ofitise presant inventionsisresantedt in the table
20 bg g\}gitabl e degree, the suitable degree of
P ss-linking of the portion of the |ayer of SU3 of
the first substrate or the layer of un-cured nononer
st hetayer—of —SUB—of —the—fi+ipststibstrate—rray —be
cAsdgertained by dissolving said partially cross-1inked

portion of the layer of SU8 or the layer of partially

. t .
crdss-1inked Sus pf f%e f(r %t substrate in gcetone.
Al tler nat i vel yyv t he SEt"ab| e PHEGPEE® of cross-|l ixkinag | of
the PYPEPON cobsulehpBIEGER of BECUEP t NEVTIFSL] et IPA test
after UV temperature
exposure
1™ Room tempto 50 | 30 mins to ] ]
Necessary | Necessary Necessary Applicable Applicable
degree C 1 week
[ 2™ ) Room temp to 50 1 min to 1
Necessary | Necessary Optional Applicable | Not to be used
degree C week

[0040] Various aspects of the present invention will now be described with
reference to the following illustrated exemplary embodiments of the present

25 invention in which:
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substrate or the |layer of un-cured nononer on the

| ayer of SU8 of the first substrate nay be ascertai ned
wok@n/o0xaed partially cross-linked portion of tPEI/B&@3087/000409

of SU8 or the |ayer of partially cross-1linked SU8 of

o Fidie 798°4 8 AE R s B0 ol DERRERAEShventonai
s@grcﬁ?r@ées@mgssubr nki ng of the portion of the |ayer of

SU8 of the second substrate may be ascertai ned by
di ssolving said partially cross-linked portion of the

[Ohg?ﬁqure% 4 Br ?a?é‘e%{s%%v d{ag;?éﬁ]thét ﬁHMP s%pnsg &fprocessing a first

ene Cross
5 spsttatens of the first and second substrates of the
present invention is presented in the table bel ow
[0040] Various aspects of the present invention wll

[Oplﬁ?iuhi’gu%sﬁ ris gy éé% figh & O‘Sﬁ%‘?n ttf‘?at]tc hﬁﬁtfré’ﬂe EQ of processing a

strated exe ary enbo ts o rese
secorghsulistrater whi ch: [0041] Figure 1 is a prior art
process flow diagramthat illustrates conventi onal
steps of processing SU8; [0042] Figure 2 is a process

10 [0D4AYFi e &1 tahaﬂocbéé YW afa@Parhi AR ul‘@:%trﬂféécﬁéﬁé rw bi‘)ndlng a first
first substrate; [0043] Figure 3 is a process f

sdbsitpteof Figure 2 fa.a seaord subsifatestf Riguredsi ng a second
substrate; [0044] Figure 4 is a process flow di agram
that illustrates steps of bonding a first substrate of

[0B4SLFRyutes 05A srat GBI ase!lifhplag ehatf illbswatecthd vafi&tAdbbf processing
Fi gures 5A and 5B are graphs that illustrate the

tW‘Prﬁfqu@g@f”%ﬁ'Bl?ef%1%%@%&3%@?0 domgai nst tine for
the periods tpc and tconp; [0046] Figure 6 is a
cross-sectional scanning el ectron m croscope (SEM
[0DABDEiquiTret6is & oraBsrsedtional éemmirb@emnnanfc'msai)pe (SEM) image of

bst d a second ate 004 ure 7
oG i ies bafveia B RubSSis it SPRp ML AURSIIALS, dnd
bondi ng of a first and second substrate, each having a

| ayer of SU8, according to the nethods of the present
[Wﬂ]eﬁlgttm 7 [soa)%jtum @fmmeucarﬁldatpd|ctaw®rftorrpeddystsorfdlmgvof a first

20 o R, 1 oS 0805 S o RFARAT e o of e

pfsent ineahtish. To

[0048] Figure 1 is a prior art process flow diagram 100 that illustrates steps of
processing SU8. Starting with step 102, the base substrate is pre-treated. To
25 obtain maximum process reliability, substrates should be clean and dry prior to
applying the SU8 resist. The substrates are cleaned by a solvent cleaning, or by
rinsing with dilute acid, followed by a de-ionized (DI) water rinse. Where applicable,
substrates should be subjected to a piranha etch or clean. To dehydrate the
surface, the substrates are baked at about 200°C for about 5 minutes on a
30 hotplate. Next in step 104, the substrate is coated with the SU8 resist. After the
SU8 resist has been applied onto the substrate, it must be soft baked to evaporate
the solvent and intensify the film as indicated in step 106. In step 108, SUS8 is
optimized for near UV (350 nm to 400 nm) exposure. |-line exposure tools can be

used. SU8 is virtually transparent and insensitive above 400 nm but has high
17



obt ai n maxi mum process reliability, substrates should

be clean and dry prior to applying the SU8 resist. The
waalssnrEees are cl eaned by a sol vent cl eani ng, PGF/SG3007/000409

rinsing wwth dilute acid, followed by a de-ionized

it il B 355 Tna BebROlp “asb ROl S5lnGliy; therefore

rédifit inlvierefposiire ¢fuhe téEpeRion 6f th@%@gisﬁfil_nﬂh@%ltiﬁgwGxaggerated
for about 5 mnutes on a hotplate. Next in st 04

negativasidenall rofles eacetonming: The-oplimal expasure goserwilligpend on
- i | t t i
fildriiRess MR HSPRGLEE. RtkRr | AR Snd frockls parameters.
5 F?(ﬂgwmi éxp_dshee{e@ Ip@sﬁgx?cﬂsé bakeC(LPJ'\l;IB)g’gegt ﬁ@tfi)erﬂggrge‘detb selectively
. is optimzed for near,. 350 nmto n )
cg}?ﬁd@?ﬂ%q SrpoReck ppBiagseof oo g""@aﬁ_é Jadigaigd. mseten 310, This post
eXp8dut!Hake! P BERBIMET it E1SGT 8 Holt KRatBRP S 2 HihvBERGH bven. The

I ghactinic sorption nm cessive
pdsisexpnsucey b@kentemperaturbds edmve, 66edegreei Gelsier (°C), for example

oF S P oaree, GoBRiea o Boadl idssrer disiaie GF In stemyt12. SUS

10 reksistOBPIEBIopPEtE I1RTh&rRRIN, B3PAY WresHayS pWi g .
rfi I mthi ck%ﬁhg gthi ckenr eé')f‘ﬁi?l ?rs rr ngu?r g%%#’ghg@égog%ﬁg?n be Used

Otfer polventskagesr lepers slohoas eyl daeirtsoend eliacetpos alcohol may

: e e ) t b d to_sel ectj.vel . .
088 R S HrBG)adéRn 5, Bt JobHigh Sasiéch ol “dndor thick fim
strocturesy. Fbllowirkj @eveldfmentliin Si6)s t 14X B BllsstRAK §s ¢iABedDriefly with

rformed either on a hot plate or in a convection

isggs?p.yl Alcoheb §PAx issudded with a aandleastigam jof aimer eitegen. In step

15 VB8PSR S50y AR TR B 3465 33y s goos
meldBatizal groperties, dherdforee dhard nbakes care sprraglhyornatpreguired. For
'aguddl e g: cess O her sol vent

can b d. _
BiratpE TerE e A aegl oSl it AP PRI 8p St G v el dvice, the
rdSt Moy D ParipRiep Rafd baked! tidtiveBR 150-886C Iy ??‘v&gnhpg'ate or in a

aspect ratio and/or thick tilmstructures.
corvastiop raven, toi fartbee pross4link: the material aisani step i118e Bake times vary

refl i th [ sopropyl alc | (L.PA), then dried w .
20 bgbedlony b, O BARE PHaR s R o fufkhess: Sy 120, su is
rdmdeddane tiis iscan eptigiyallkeper formed. This is an
optional step. SU8 has good mechani cal properties,

t herefore hard bakes are normally not required. For

[0649] TRetoupieht entoh FférSEESRH the Privh drf pideeBS floW in #at the post
part of the final device, the resist may be ranp/step

exRRYrofake operkxmerset bepuesn @ temperabirg: gregten thag or equal to
25 R S5EORARI SR SO, Cigs 1028 ABIEH' St ) anc

legs disars or equialfto 150 deyres G for examplel y in step 120, SU8

is

[0050] Figures 2A — 2C depict steps of a process flow diagram that illustrates pre-

bonding processing of a first substrate 14. In step 2A, the substrate 14 has at least
30 a layer of SU8 12 thereon. Also on the substrate 14 is a biomolecular compatible

surface 16 upon which a biomolecule may be attached to. The layer of SU8 12 is,

when viewed from a sectional view, essentially two structures of similar height that,

in combination with the substrate 14, form an open channel 13. The biomolecular

compatible surface 16 is shown to be generally centrally located at the bottom of
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renmoved and this is an optional step. [0049] The
current invention differs fromthe prior art process

WO b@w/orn24 hat the post exposure bake is perf or PELSE2007/000409
between a tenperature greater than or equal to 5 room

PR B 3B, o ST bl GHaEE 16 may

afserbechsaatidealon§ ¥ed paralieS B8 wWalls 12, oflexrirpplest eps of a
process flow diagramthat illustrates prebonding

processing of a first substrate 14. In step 2A the

[ORF’PEHO %}bﬁhe Sé‘ug;}t &Smbﬁ 'SuB i‘zél Y fle I%& F S8 H‘gﬂ%{?gs-nnked to

rat e I's a ar-co
5 assuitabtee déGragaie. V\dmmhllya chossrtirkedu IThisrartize ca'b‘ssmhla'dg of the top

paion ast e darerad %amy Bhe%gtvév?éfﬁw&ig gxeplary gmbodiment
ohﬁ‘leg#ﬁVeHlfﬂ b)} ?Efl‘izﬂlgtd #12 Rﬁ/@édakg tﬂélglegosmon and

form an opén c cular co
paiterninge of Gaid parbaliy tcoossellrg@desaja ynierthe alaygr lofcaly8d12 of the

st B IRCEE L, B s Seiee YAl of the suB
10 pHecty Gé S4ieNy drige ﬁﬁérﬁir{geihe?égf t@ﬁfdr& gﬁ‘) ;l)f)ﬂfoneafmfﬁlhe layer of
[JOOSl n step ZB a top portion of

SUgydR waysbe aqwle\sed:r’cwsﬁrstmmm) SU8 upt altiaevidlet r(bly) radiation

llofied ¥ . Frhe SR awDIT oy, A% SRR g angsurpe step, at a
teBverafurewyedter #edh evegualitd 2@“@9{3&@ QYISIUY (TTPAsH 18881thah or equal

the invention, by first partially cross-1inking SU8
tor &) degkee Gbyf Oﬂ'l%aﬂ@dﬁJS| tion and patterning of said
15 Partially cross-linked SU8 onto the |ayer of SU8 12 of
the substrate 14. In this exenplary enbodi nent, the
[0052) Thé cturaﬁrm bf the egpodureite PU8ragiation isdypiealhs rélated to the UV

A M A8 S R el ror o v
eXpbsiiré tG- UV Pécﬁéndmayr @éjbéhé@rﬁ‘térﬁ{é e beo%u@bh@ﬂg dose. The

step, which may also"be referred to as a curing s
emosalre enpwmdtuseetygx@diyeieptenda oorthedhiwkness Qf)tr@elgyem 2a and can

C t an _or _equal egree. C .
20 b et Tng Siinoiahn 8 SomBlE. Spne e T SGL wBEiqT, g9 i bum
thickdl thes embswetehbr@adjése isel 50nesicind. the UV radiation
|ntenS|ty of the equi pnent used. As such, a nore

accurate neasure of the exposure to W radi ati on may

[Ogﬁpldéﬂge 'the tS‘US“E 04 dgpgsféﬁoﬁﬁﬁrtﬁggéﬁégg}f Oéj]j’f ﬁ% of tffe first substrate

oSureé energy dose typicall
14 hias lbeeaaaanﬁaltyh&oba—}iakedaﬂa aNdegposure folisvesdby etie baklng step, as

25 d;ﬁ@rﬁ#a notv%B t¥1e degrreg)igpg(t%nt)mgfeérgsg tI]ﬁkltng mgy(/) rbteI t%gte%j by adding
acetone to a sample of the partially cross-linked SU8. In this test, the partially
cross-linked SU8 should dissolve in the acetone after a period of time to indicate
that said SU8 has achieved a suitable level of cross-linking. Another test of
whether a suitable degree of cross-linking has been achieved may be by carried

30 out by attempting to dissolve a sample of the SU8 in isopropanol (IPA). In the test
involving IPA, the SU8, if sufficiently cross-linked, should not dissolve in the IPA
nor should it turn white in colour after an IPA rinse. Following the partial cross-
linking of the SU8, and determination of the extent of said partial cross-linking, the

suitably partially cross-linked SU8 may then be deposited and patterned onto the
19 '



thi ck, the exposure energy dose is 150mJ/cnR2. [0053]
Once the SU8 to be deposited onto the |ayer of SU8 12
woboobheidd r st substrate 14 has been partial |y PCT/SG2007/000409
cross-linked (via UV exposure followed by the baking
I A
| gg)g rli?z)g th@?ip%aél@éﬁ%te HE% g@g}ﬁ %%rtgécilgt(gééfpmed) ayer 12a as

slaawpluesta‘pstZBaapdm of Figure@&s-1inked SU3. In this
test, the partially cross-1linked SU8 shoul d dissol ve
in the acetone after a period of tinme to indicate that

t |
l“?'“ﬂéﬁ#’?‘#ﬁ. ? MOt fhetd uﬁﬂ g?‘ﬁ:&rf tgé Jayer of SUB 12 is by first

cro r tes
5 depgsitieg aflayerad anl umkurey S48 rbemmacbnkwthd Sﬂ&ldyer HQ2, followed by
carrled. out

RS necan el SRR RInGrofthE eptSiéu ST MRgSmeRS a suitable

dteer%eStms telsuftyfirh tigd ﬁﬂHdﬁloﬁr&@tﬁe'eri‘éiﬁhkeﬁ‘@rb' Sorlieh 12a of SUS on
dissolve in the I PA nor should it turn white in col our

ther BLI8 layer pA ﬂ'hﬁSIEOSS:bmkIDWQfghB Hep reartiora2arrmay Ibentarrigd out by

ol e Sy PORRAET 8L BN E S 681y 2 bk

10 swppas-desofitest SbSeray then be deposited and patterned
onto thelayer of SU8 12 of the first substrate 14 to

formpartially cross-linked |ayer 12a as shown in

4 . f
PSSP Sy a3 ARy Do bt v tvr o
Shi3 12 rsstby sllﬂatp]elsﬁmg e SUB?aﬁ!r 12 itself tmer:]msseldklﬁyﬂo repsuitable degree
to the SU8 0 the patternin
dRERS i Tty GauoR PRRsesS WG VG0 AbeanB Nt dher Dlpexposure,
15 fo?loﬁﬂb&@ﬁ’é %aﬂﬁ@r %POT(SF exarfple) lin drH ¢ Re of){%ﬁﬁT%LbQ@Sgy cross-linked

cross-11 nkKed p portion 12ao SU8 on
SU@ytep portiomh2a.cr oss-1inking of the top portion 12a may
be carried out by any of the above-nentioned net hods,
i.e. via UV exposure, follow by a baking step, as

[0086F I kesh HBVa. bidkiSietul¥ey8amaiyhee mMclRicdabhie tM@)’blﬁfnolecular
formng the toi)enportl on 12a of the |ayer of SU8

compatiplpesiriasg then dus suhgisatel P4 isuchthat said rbmolppuleu 1@ is within

20 tHeP oﬁeﬁ %ﬁaﬂhk&ﬁﬁeg{ etdj%r' B%te&ihﬂ'ﬁtqné' Ifl(?l‘p K 'tRE HHSmolecule 18
usi'hg any o ove nmethods (1 .e€. EXPOSUr &,

slﬁ@hldd)e barrbheomad;ﬁtérgtr@t depoélmbn exdomhation of t]"rellﬁarttatb cross-linked

t ai rtia cross-|jinked SUd to ortion
SPRUBIPaiTE 125 opchedaysrphos U8 e TP I5pCBESS Hop bisgeplecule 18, i

Stedhén QhQ'B?J)rﬁﬁléc@Tarcéﬁmgéfbﬂées c%a?ﬁ fé%rqa V\%ét?ﬁ cross-linking,

u strate 14 such that sal |orm
mdyebepmsce;btm}metb defnage frcsnttbekm’oamllekingrm'ocem thus rendering it
of the bionolecule 18

25 inae?fgicttl\i/eolgter on.
[0057] Figure 3 is a process flow diagram that illustrates a pre-bonding processing
of a second substrate 22. The pre-bonding processing of the second substrate 22
can be done independently (in a separate processing chamber or at a separate

30 time) from the pre-bonding processing of the first substrate 14. The second
substrate 22 is illustrated as being a planar substrate (handling wafer) having a
planar layer of SU8 24 thereon. In this embodiment, the second substrate 22 also
includes a through-hole 26 that extends through both the second substrate 22 and

the layer of SU8 24. The through-hole 26 may be utilized later on for the inclusion
20 :



shoul d be carried out after the deposition or
formation of the partial cross-linked SU3 top portion
wawemithe | ayer of SU8 12. This is because tPE&I/SG2007/000409
bi onol ecul e 18, if deposited on the bionol ecul ar
| e LiQr d cr
oﬁe gé%tle%ptrle%?ffé‘r?% Céﬁorp th rgm gﬂcrogsgérﬁp'k%(smﬁu?lgg M¥rofluidics

pwdessmg, fbhmarrmlmleAsn@esdnbledeéb@m | the setend @mbstrate 22 is not
3 s a process flow djagramt

"'lﬂ&gagé) baing:a Fotng yrieh Aigreaiaely. ige secand &@ﬁﬁate 22 may be a
nﬁzcgtsédﬁr%t%%lmwre%ooff%t %erﬂllsgggg{i] %“aﬂftfr' |H?e%ft|oﬁ h6 th& ﬁ%? Qubstrate

strate 22 can one 1 n a separ
5 14rocessing chanber or at a separate tine) fromthe
pre-bondi ng processing of the first substrate 14. The
second substrate 22 is illustrated as being a pl anar
[oaﬂgptﬁ e proandl steg IR @ bah@w&@ssanrmﬁ@ay%eﬁ i S8 layer 24 is
S thereon. In this enbodi nent, the second

emmdr 4o eUY2 radigtion nopticeallya followed) oy qiast 2expasare baking at a

S5l A B SR R S 5 b e
10 Ilrﬁk'iﬁgf'bf% {@erdiSUSuUREY M adifagsentia, orfeeéférﬁﬁfa?y @mbodiment of
for the extraction of sanples during mcrofluidics

ther investiomdy first paxtiatiyl asossdinking S ds alesorbed above) followed by

RSRMbPSHATRoBAnd b A e PP Dol e duostate

228j or substrate, simlar to that as described earlier
inrelation to the first substrate 14. [0058] In the
process step 3A, a partial cross-linking step, the SU8

15 [OPg?fQ\?éé tlw)?/ S%i??? 64 de ogYe%%ai@{He {éyeppf S?J%aﬂt %f the  substrate 22

expo ure enperature
has)beén tpartiallyl cress-tificed (Ma Ul&ge)qmsﬁeé mpﬂenéIQGbIIonbySpost exposure

030 5% GESFTRsh BN Ple- 90 eRIBE PIHERY 6 CioRg IMKIng may be tested
by %\ﬂ%fﬁdnﬁeetomé tbi & %*anﬂﬁé fof Fhé 3ba?ﬁél cros8HihRed %@8 (Sthis test, the

described above) "'owed by 't eposi tion and
pwatlxelcm%ghrmedssua qjmuld dislsplver losthel acdtene afer anmerlad]ef time to

20 infii%e W sURas BgheviRg <L fyta S 28 HEESIko. FliBwing the

p&dial icPddsvlirking of | theksuds( ehd dMepnifaiioheoliid @Rt Yof said partial
foll ow by post exposure baking, as described above),

crpﬁé-llab@geeth@orereﬁmﬁ )suitably cs@guallymemﬁy inkedb SUGsnay then be
ﬁ@‘a' @gﬁ%ﬁgﬁ oltn?o f}h mn% qu%lté?e QQ%' {i‘“ ¥>art|ally cross-linked

cross I e partra
|aqeoz4alslsmiom1|SlﬂepBMfCFlgu&sel ve in the acetone after

55 a period of tine to
[0060] Another way of forming the layer of SU8 24 is by first depositing a layer of
an un-cured SU8 monomer onto the second substrate 22, follow by the patterning
and partial cross-linking of the deposited SU8 monomer to a suitable degree. This -
results in the formation of the partially cross-linked SU8 layer 24. The cross-linking
30 of the layer 24 may be carried out by any of the above-mentioned methods, i.e. via

UV exposure, optionally follow by baking, for example.

[0061] In one embodiment, in an optional process step 3B, the SU8 layer 24 of the

second substrate 22 may also be exposed to oxygen plasma to create an oxygen
21



indicate that said SU8 has achi eved a suitable |evel

of cross-linking. Following the partial cross-Iinking
W@Rowz018J8, and determ nation of the extent oOPCEHSGW07/000409

partial cross-1li nki ng, the remaining suitably

AR el e b A B Ty e SUBS2 SRESR RS carter, he
aEpfédt@h' of d)(ggéﬁ dléé\’ﬁ@do'tﬁé! IV 24diatedSphertiBnior thé %ye?/bf%‘UB of the

ure 60] Another way of formng the |ayer of

Sggmctaubgrajg aﬁe,r Pariipl ssess-lingna helpscto piomote ljhe threeqdimensional
citvs BRROIE, of e, PouPFen HaRHaRS] Thitfe: oBphtet! the second

5 sdbmetM|s&Bamwm@mafdOlnaamnhéraérhhodmrﬂethe'rééc‘bnd substrate is a
results in the formation of the partially cross-Ilinked

majpr subrate, angpecabrve-mentiongd cﬁpt'pnal pxyesn Plasmy tigatment is
d
spRICiSe ), Melidl 1 RN BB RS BRI or pipmolecul

iremabized o[r@Oétﬁd omtrensecomdoslibstnate 22n an opti onal

process step 3B, the SU8 | ayer 24 of the second
substrate 22 may al so be exposed to oxygen plasna to

10 [OQBQPFEJU"\'@ 4’?@’5??(9&@3%%% RS tﬁHf liléﬁ?atgéfl‘hé’ Bor steps 4A and

| ayer As mentioned earlier, the a t1on
4Bf ofdklydum wb@gme 14 to ke Secondi sabstdatpcﬂz |Ea¢h<ﬁubtstrete 14 and 22,

h §en Y SL{the se%nd s(gstrég éter rtlda to the fl
28 oRker| miEviny Slve RGeS BER ca P B d nAneRdy; AEfeBigato the flow
diigrarms T Flghee 92 &P 3pebspetiven! Aedd@ngly, rbﬁd"r' t§ process step 4A,

enbodi nent, the second substrate 22 is a handling
fargration/meditieationeef 311906@1 sehstratent4 @%@%ﬂk@fm@@@sﬁ steps 2A -

15 2& éWd fr %ﬁgﬁfrﬁc?tﬁlﬁc #tﬂg s%*&8 nggferét%%ls te'rggﬁl of either one

gen asna 1'S “appl |

of promgsflsaams.&%rﬂi/(bn gB simbﬁtst@ﬂi 6Bogshhgnmmlhl®ove is optlonal In
I, MDDI zed or coated on_the second substrate
tfp@(%@lr)dm&m Of 4he Pracss flows diagkamq thy) ISP bd ubstrate is taken to

ézﬁ,qﬁj and 4B of the first
hbb%ﬂﬁ&é@oﬁ% rBSet hg%o%% S\%és\f‘r ate 22. Each

strate 14 to
substrate, 14 and 22, has been previously processed,

20 98B FRSeh "R, P82t f SRROR Sub sk A4 ) 25 ol suon tht
trwpr:‘e%%‘écﬁ\kerﬂaématédrrgasl Iﬁ?ér@(‘i'éffe'rmﬂj t&ﬂwé’bah@yfdrb% linked SU8

substrate 14 is the resul process steps 2A -

tamportionritda ehtheofiist isbbstrate t, ansethecpatially gmsﬂml@dmd oxygen
ol o884 Sl 3% e oM BTt 221y RBAb i e
td face endrstdtion withofespeet py eaeh DtheroWhel gy 8ubstidtes 14 and 22 are
25 t&?@%?%g%ﬁ??&g@?ﬁe? IatS rct)g%eperrg;?erg?u\f'g (”TTf)erfg? %?(amp?g eiﬁepn%tlvely,
higher starting temperature (Ts), not exceeding 50°C may also be used. A thermal
compression machine or wafer bonder may be used to carry out the compression
of the first substrate 14 against the second substrate 22 for a suitable period of
time, teomp, for example.
30
[0064] During the compression step 4A, the orientation of the first substrate 14 with
respect to the second substrate 22 results in the open channel 13 to become a
closed channel 34. The closed channel 34 is bounded on either side and below by

parallel SU8 walls 12, and the first substrate 14, respectively. The top of the
22



[0063] In step 4A, the first and second substrates 14
and 22 are aligned such that their respective

WO awwouaeed” SU8 | ayers (referring to the partPEl/Bg2007/000409
cross-linked SU8 top portion 12a of the first

ubst 14 rt Cl 0S i nked and

BT linBithy (5 &aheid pleCaiat24e O fife 85 substrate 22.
IrteHaté B2 behlveahethar padiaiy drosslinkesd SUB i@k? 12a and the oxygen
orientation with res ect to each other. The two

plasia aglivated $USayen24a is knawn s dke bandisgenteeiacat room
tenperature (Trt p), for exanple. Alternatively, a
hi gher starting tenperature (T ) , not exceeding 500C

5 [006%] Ebliowing aeﬁdA M stepr 4B) thedentpessiuce ofithehboreling mterface 32is
waf er bonder be used toaiigrry out the con‘gressn

ingreasgd (Mut got § ng 801 the comueressionef taghwe sybstrates 14
aﬁg gﬁ'% r@ui?\i‘ehﬁ&?'ﬂé’ﬂc?é’é%eo&r &leVBtior E{‘Pfg?h% dr3furE %M to elevated

rirng the conpression step e orientatfon
tefpértadurei Tstmaybse rlimiear,1 4tep-wiser es pm(plonentlalhefos@xendﬂe Further

bstr eZZre ults in th channel 13 to
d5thIR o TS tHRRRE T varilion ik e Goserinking; &t Brdiag steps are
10 d@chﬂiéd"\ﬁfth%f@Rerﬁ:‘é%tﬁgGPé Boelswal el SUB walls 12, and
the first substrate 1 respectively. The top of

t hechannel 34 is bounded by the activated SU8 | ayer

B8 Blglrb5, 35580 52 P o LR oS brocasin

tenipareifure! agamsatime/ REfRrNG tb ysth Rigures SAoY FB,tihe term T,
bondi ng interface. [0065] Follow ng step 4A in step
e

depotesiibe temperaiuia eange betwespnuhish Raftial ressslinking gay be carried

15 ohpefh%aﬁfrﬂa‘%%sr‘ﬂkmﬁ’i&ﬁ?@é‘t@r@%@eﬁ twg éga%out room temperature

ression o tra
(TﬂB) td aboetl50°TheThencrosadimking Eneperature is oniyeapplied over the period

fromT t elevtedterrperature Te be |i near
wee,srossinigng tekeschlese. 14 Ovenstep,aBpvaich isfeReled by to

details of the tenperature variation during the

cross-linking and bonding steps are described with
[0067EAgarewitb refegence belh)ﬁigl[lmsﬁsa #d)6Be dhé teramd , 38@notes the

20 aiedhdB abddeh e hEhTnbriRRy o o SRrBrg ALt BR taver of
Suyl12Bf thé Erstayubstrate d&@fdefhet b@rtlbmﬂfs%tluﬂ(édr@?@eof SU8 24a of

et ween whi ch partial cross- [ e carried
they secongesyhgtrate 22:-takes nlaquhgnt@ﬁgéumtcﬁtes r13n@ﬁ¢522 are pressed
Q%Wé?ggcﬁ%ﬂ%;kl n AR £M5? t{{g E@dlﬁg Ig?clp t§%)§:{>haice during

e Cross errpera ure’r's on over

stepsi4Al B betwwstHel ﬂak\gegaftaioes TR} @cabout 9®°COVBe ter®Ptompiy and
Agai n _wt

2B, which is denoted 006
25 topnafipRnRlE alternalive FFﬁtBW%% ?@1 téﬁ tﬂ"’@%sst'ﬁéy Mom gring the steps 4A
~U@heR ddfing out the method of the present invention.

[0068] Turning to Figure SA, the temperature applied to the SU8 that forms the top
portion 12a of the layer of SU8 12 of the first substrate 14, and layer of SU8 24 of
30 the second substrate is indicated to lie within the above specified range of Ty, i.e.
between Ty, and about 50°C. In Figure 5A, the temperature applied during cross-
linking is constant and slightly above Ty, at the beginning, and is increased linearly
up to just below 50°C towards the end of the period t,.. Alternatively, the

temperature applied during cross-linking may be constant over the time period toc
23
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30

tenperature range over which bondi ng between the top
portion 12a of the layer of SU8 12 of the first

waowenreee 14 and the partially cross-1inked | BGESGO7/000409

SUB 24a of the second substrate 22 takes place when

rifsiaid RRCR PP BrAn RrEagol A5t s18E0ed it does not

ekEdebapb@@Bneduri ng steps 4A - 4B bet ween the range of
about Trtp to about 900C. The terms t np(i) and

tconmp(ii) denote alternative pathways that the process
31 A2 Y51 18 Bl Mpe 4R DRSO DO e s an

whidhurie e, tidmehrtgerm@s adpfutiee agnd lsaxbstrratédﬂaﬂdﬂwdm the bonding
forrrsth E)Pk_llon 12a of thela E$U81
tetrﬂfée'?af‘q@t bs'UB¥ 408 spme temperalie aéft thich was ?HB"ed at the end

oFﬁfé’P?né&‘?St irtfis {éﬁﬁé&i' R f’e%bﬁéia{dré riﬁa% 'Wenc%'hﬁlgﬁggl\}eapphed as

spec ange o et ween
sﬁmﬂ: oven tie gened S&mp(.l; hehe bop@ng_ttememtpre dd islinifially at Ts; and is

LA St TR e B gt i on o e
sG@étFé‘Ve§%cah@W &Subdeguenty, Otﬁett@ﬁwﬂ#é!d?é' i$ Rfevated linearly to Teg),

Alternatively, the tenperature applied during
apd asaintaingd hglOWE@D"@e constant over the time period
tpc,increasing |linearly, exponentially or any
conmbi nation thereof, provided it does not exceed about

[OG@PAs[é]Oé%méhvé he pﬁ@é’essf pathe(i)perié atbthog of the |r$¢e¢iﬁ§n may also
4A - 4B follow, During the step 4A, which is th

fallomdanRrosess path ieas ihowih it Figure PA. Frgcess Raltfé (i) only differs
el T. r
ARG fibst ARDS 4B I heldodld REnding (SRRBAGRD T, Sy i5e8s path (i,
tHen bbhdlggrteanmrature MaMShrabeTrsa}; lwrgclmas s A_?_thl pk))nmg_sé; yath (i), the
t
tSTRbgafIe R 50| SR conser] APngs i I AEPIEGHPRedl A uniform
c@m‘ﬁ?éh%‘i&ﬂ?or@bcﬁfg tHe o SupBtrafRis™ & URY 285 'SQJBséeuérﬁlyo fhe bonding

the two substrates 14 and 22. Subsequently,
tetremretwceuﬂe risgs dineady dol Iet..neadlrymanns’émr)e tl|hth;e end of teomp(iy- AS
al t er at,i ve

(P L Bearmater Shait it RUCH- GRS tREe PROGA T pre thesgpbstrates

111Qirid02\2 Wri%fnoé@éﬁ erdtlire(ofl T8 ﬁgﬂ\é’d i Teds #Hahethe@Aime period when
Process path ( g)ony {ers uring steps 4A - 4B in

Tends applle@dnmihar wgrQSertlp@ﬁqme&atcr@ at whishgwsapregsion (bonding) is

céﬂrfe)fi ?Gt i§ ﬁg@gbp rélgtgaetroaﬁ\#hﬁpétﬁérqii Q{Jruﬁ ich sHY Empression

process pa era ure I s

(tairﬁjtmgQGQt;an'imiS@wtnt along with the application of a
uni form conpression force on the two substrates 14 and
22. Subsequently, the bonding

[0071] Referring to Figure 5B, the graph of temperature against time is essentially
the same as that of Figure 5A except that the increases in temperature from Ts; to
Tey or from Tgy to Teay are both substantially step-wise instead of linear. In
addition, it should be noted that apart from linear or step-wise increases in
temperature, the increases in the temperature applied may also be exponential or
the temperature may simply be applied at a constant value for the duration of the
bonding period teomp) OF teompiiy @ccording to the inverse relationship described
above between the temperature at which compression (bonding) is carried out and

the time period during which said compression (bonding) is carried out.
24



tenperature Tb rises linearly to Te() and remains

there till the end of tconp( ) - As shown, Te(i) is
w@emabar24 han Te(). As such, the tine period fBPET/SG2007/000409

bondi ng the substrates 14 and 22 when a tenperature of

Te(i) is applied is less than the tine period when

Te(N) is applied. In other words, the tenperature at

[0OM2F Fidifrer @58 icodsd- Q@étmrﬁgkcamlﬁ@@é&:@nwtcrbébope (SEM) image of
inversely related to the tinme period during which said

theobpnding iinterfage §di brfyvees alayer @ﬁSbl@t 52 pbefirst sukrsiate agd a layer
B
o?e §S@én$ﬁ;§f% éJh% gEB‘QPatg b& | gu h%a"gg\?g@écg) {;é{Fﬁ b@entuon is

5 appked bewmmmperawn@@basu Pe £ 90A0. BHalp ddgesf Ithe fAticrostructures
fromT (M are both substantially step-w
are;shewn 'Bf"cﬁt'%é?‘at e Slddirefiow intor tr@h@&ﬁ%gk‘}@aﬁﬂﬂb% (not shown)
%Q?ﬁk ttefromlinear or step-wise increases in
enperature, the increases in the tenperature applied
may al so be exponential or the tenperature may sinply

loﬁgﬁﬁPFQj-l' d?'%a ﬁgﬂ%\t"’a @%%!q%%pé@ 25 durg 't‘éEmSE by bonding a

10 f#s‘f“éﬁﬂ%%cbﬁb%hb@ﬁ§@ féa@ﬁfﬁ‘arvh@eg IR0 \F ,WR@BrdinG to the method of
enperature at whi ch conpression (bonding) Is carried

tMprmttlmzemtlom Phe ireterdoce rsigwiéiic indicatels compices Siuihic channel

PR NS I rShar sebPad S aRET oecope ( sem

|mage of the bonding interface 51 between a | ayer of
of a first substrate and a |ayer of SU8 54 of a

lo%eblﬁ&hs)uhisbe aptedhah thm@xwﬁpw egtbodireepiscdarseribed above merely
t 0
15 sg%gg éﬁgp F}ﬁ%gjg?‘?s Og ?ﬁ m cr OS r %%?% e%&agfetrﬁehgpe%ent invention.

Atcootidirajly, gaid vations aSbBctseffltbwpres@wttuhﬁemioosaé mhatbrt&i construed -
34 (t\ﬁt shown) has taken pl ace, %0073] Figure 7 is
tq 8 efabe

|r@g,vllg1pteg,{oe§?é%§§gm ignesds. byt ratheysy as defined by the

C|Q9ﬂ§img{f@|({%rst and second substrate, each having a
layer of g according to the nethod of the present

i nvention. The reference sign 61 indicates a mcro
fluidic channel encapsulated within the first and
second substrates. [0074] It should be noted that the
exenpl ary enbodi nents descri bed above nerely serve to
aid in the understanding of the various aspects of the
present invention. Accordingly, said various aspects
of the present invention are not to be construed to as
being [imted to said exenplary enbodi nents, but
rather, as defined by the clains that foll ow C ains
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What is clainmed is: 1. A nmethod of bonding at | east
two substrates, each substrate having at | east one
waebarEg24 hat i ncludes a | ayer of SU8, said neP¢iD8G2007/000409
conprising: soft baking at |east a portion of the
d er of SU8 of the first and second substrates;
*ﬁﬁgsi ng at least the portion of the |ayer of SU3 of
the first and second substrates to ultraviolet (UV)
radiation to cross-link at |east the portion of the
Whatds claimedidsiof the second substrate to a suitable
degree; post exposure baking at |east the portion of
the layer of SU8 of the first substrate at a
t( em)JAr mgtrlrad off bxﬁidang ahéeash :twe q;mbbtramsz @ade glubstréfel(maiwmg at least
0C) an an ua to ree sius (0C
to crifi&ssy %@tgﬂ?t \ng '@YEBPigg’ﬁ dtrﬂﬁtﬁﬁe’ d\ROmMRyisi
of the
conpr esat BAKRY AR 1ERY Peﬁﬁgs%‘“o‘?"?ﬁéﬁe”‘?%ﬁg 9 e firgfyand second
SU8 efibstrades; r st substrate agai nst the cross-Iinked
portion of the | of S o sec
DOGut ¢ dpestisat 45! t8paman ptaheTayerdl SuB bR dhd second
ti Mesgpstiads (6 GRraviciad( L) T)Q’é@idti@)ﬁ tb@oﬁsalm@éﬁlteﬁéﬁthe portion of the
duri ng cofn‘gr ession from to a suitable el evated

t enplayer of eUBTef)the serend sybsisaieita@ suitable degregnd

oo, sty SrRES IS biing gt Fiel s BortRiT e e Blet fr5Ue of the fist

sur f galestidtetatiandrig@atudrel ?%aterctﬁaﬁldﬁi edial tb rzetdeyiee Celsms (°C)
conpri SI ng deposi ti n?t of _un-cured SU8
o f

nmn
on t ABA|les%thast osegua aree Qﬁ]ﬁé'ﬁr(a@bto §B?Sts Jink at least the

baki

& po ?F%ﬁ%gftﬁ?%vﬁ‘?aﬁ)?”&?' e R o Agtiile BoRe:

exposi rapnhpressiagetheotrass- |mkeddp®tt18nnohmmrlamdofaSU8 of the first
| east ortion. of the

t f. S f th d
s bebubHtEat] Baiist 465 sTare- iR paltipRAT She 1ayeE RSN phihe second
at | §@§§trét€eatpé’rshit99|e°§taﬂh'@ tehiBéraflireH8) Rdr & RRItEBROMHAe period

substrate to a suitabl e degree; post exposure baking
t he (tawe) aofl un-cured SU8 m)norrer at a tenperature

?gggtf [%t heﬂr}\go{h cigr‘%lpetra ure odurﬁ’\rge%or%%lrg’s'sli'g’n ror?I ‘?miio a suitable

elevated temperature (T,), thereby bonding the first and second substrates.

2. A method of bonding at least two substrates, each substrate having at least

one surface that includes a layer of SU8, said method comprising:

depositing a layer of un-cured SU8 monomer on the layer of SU8 of the
first substrate;

soft baking the layer of un-cured SU8 monomer and at least a portion of
the layer of SU8 of the second substrate;

exposing the layer of un-cured SU8 monomer and at least the portion of
the layer of SU8 of the second substrate to ultraviolet (UV) radiation to
cross-link at least the portion of the layer of SU8 of the second substrate to

a suitable degree;
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or equal to 50 degree Celsius (0C) to cross-link the
| ayer of un-cured SU8 nononmer to a suitable degree to

wo arpznikayer of partially cross-1inked SUS poP@He62007/000409
conpressing the |ayer of partially cross-1linked SU8

pol ynerpqq:j‘qeégr?oéu%f eBa@E\gSH?e Olfagépgqff ituhgélfréHb§U trgﬂéomer at a

agai nst oss-|In por t ayer o

of t tempeaturd grebtarithae ortequad to RoldeygretaCélsing (°C) and less than
tenperature (Ts r Suitable tinme perio

f bl d (t :
and €r &qual Wg(;59 355@9? g Lhte ng%sdtsﬂfptheslémm Wingured SU8
Tt i | t .
ponaMereerp & sEtEME droe B 3oh o Byel ®f pardgliy (Blinked SUS
of _bpuly'rmag; at | east two substrat es, each substrate
S, | S SPRFESHD 1B Ao it B bR ESa, S BYiS et on the layer
par t paklug 6f teSfirst ebsﬁra?lel%gta#]wpé ﬁasé-h%%dibgftitoﬁf?ﬁyﬁ layer of

of the first substrate; wherein form ng p a

cr osSUS ak e sesonbisyhsiratenal adsuitable startingkemperature (Ts) for a
| ayer. . -cur ed pnoper; exposing the | ayer of

un- c%\"g%léﬁ@%ﬂa‘fg&f@?apafavi olet (UV) radiation;

post exdiewting EvKitempehftuted\Riringf covpfadsish $dtn MPNEI®S suitable
at a ten‘gerature greater than or equal to 20 degree

Cel selgya mpedatuee 6T htherehy kending the fct asdseeond substrates.
Celsius (O to cross-link the layer of uncured SU8
nmononmer to a suitabl e degree; soft baking at |east a

p8rt Aonettfodtc}ifmdrmm habfeaSU&v@%ubktﬁar;(ee,lceakch Sulgﬁttatéﬂ'@%ving at least
exposing a east, the portion of the layer of SU8 o

the SmeclaseBatinplided adﬁwracefi%V%-:sq'@wethaeicamnsﬁ'rt%

Cross- |4 ol t j i

t he secdoér?g s@bgsét%r t é;d?g%ﬁ%“ sgll%r?g Iltnﬁ§8|%€g‘jfog?ﬁ1ersyﬁ thé layer of
par t S8l ¢f theo fisst| sSublstratesUBhereliry femmiog thieepartighly codssSisked SUS
of theI first s&:bs_trat e agai nst the cross-Ilinked

por t PONMST RG9SV er of SUB of the second substrate at

a sui t abl gofs bakihg HlayeFBRlimEufeR $U8)mbKemar;sui tabl e
time period (tcogﬁ) ;I andel evating the tenperature
efla

during co®xpasing yer Pf unycdreshiSUfhbireonomer to ultraviolet (UV)
radiation; '
post exposure baking the layer of un-cured SU8 monomer at a
temperature greater than or equal to 20 degree Celsius (°C) and less
than or equal to 50 degree Celsius (°C) to cross-link the layer of un-
cured SU8 monomer to a suitable degree;
soft baking at least a portion of the layer of SU8 of the second'substrate;
exposing at least the portion of the layer of SU8 of the second substrate
to ultraviolet (UV) radiation to cross-link at least the portion of the layer of
SU8 of the second substrate;
compressing the layer of partially cross-linked SU8 polymer on the layer
of SU8 of the first substrate against the cross-linked portion of the layer of
SU8 of the second substrate at a suitable starting temperature (Ts) for a

suitable time period (tcomp); and
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el evated tenperature (Te) , thereby bonding the first

and second substrates. 4. The nethod according to any
WwW@RooghHilpEs 1 - 3, wherein the first substrate PGI/&G2007/000409

maj or substrate. 5. The met hod according to any of

cl ai ns - r.ej ' L e .
handl i n e\(/%té‘i Or m%@#g#g@;%y@g%&@%%&g% a{ﬁ%/rﬁo}-s to a suitable
cl ai gRevated empuratuee (T{)hthesetnobonding the fitst and secoBil @ubstrates.
substrate. 7. The nethod according to any of clainms 1

- 6, further conprising: exposing the cross-Iinked

PRr tirRe éthbaeaé:'c?%ﬁﬁg?éa f Blairh59 —SQCWH@re?IﬁRﬁ%(?i%%ubgtrate is a
oxygen plasma before” conpressing the ¢tross-1inke

por t inmajopsubdteateayer of SU8 of the first substrate or

the layer of partially cross-linked SU8 polynmer on the

| ayer of SU8 of the first substrate against the

C50S$hé rﬂ#@tﬂo@%’c’cbﬂﬂn?’fto bRG df Rk sOf —%,J%vﬁgref?’nhlﬁessee%ﬁﬂg substrate
substrate. 8. The nethod according to any of clains 1

- 7, i$ alandling waben. si ng: arranging a tenperature

sensitive substrate or bionolecules on the first

substrate or on the second substrate. 9. The nethod

ag COTHé Miethed AcebraiAg taVBAY OFf Blakngss=14, WHersindthel RRBhd substrate
the portion of the layer of SU8 of the first substrate

to alsaimajpr subktatee conprises subjecting said portion

of the layer of SU8 of the first substrate to a

sui tabl e cross-linking tenperature (Tpc) for a

sPi t Thé engthod @dcofdirid tteay ofglaimsl® — 6 Harthet e prising:
according to any of clains 2 - '

C . 8, wherein
cross- ISRRFING e crogpdinksd  pattiopr el theudayainehsiU& 9ftthe second
| aye ' t . i X .
scye S oyl AL MIBLSANBS B 8B porion o
nonotiner layar oh&SU& pé theflirdUSubstraté er fthe dayerudfs padially toooss-linked

2t L SRR T e 548" i S8 G the ek Bibstiale dbainst the cross-
ac CofitkeddpdriioA Y tHY 1aGbPLNMBUB of tHE seMbIR Suiistrate.

cross-linking at |leasSt a portion of the |ayer of
of the second substrate to a suitable degree conprises

401 68 o3 B Ll o O Y207 b eshohlf
t enper Arrangirigl 8 Ctbgff;@;r:elatgré gbh&itive snbstrate drbiofitiedéd10f the first

according to any ims 9 - 11, wherein Tpc is a
t enpetikati@te or on'the second substrate.

9. The method according to claim 1, wherein cross-linking at least the portion
of the layer of SU8 of the first substrate to a suitable degree comprises
subjecting said portion of the layer of SU8 of the first substrate to a suitable
cross-linking temperature (Tpc) for a suitable period of time ().

10. The method according to any of claims 2 - 8, wherein cross-linking the layer
of un-cured SU8 monomer on the layer of SU8 of the first substrate to a
suitable degree comprises subjecting the layer of un-cured SU8 monomer
on the layer of SU8 of the first substrate to a suitable cross-linking

temperature (Tpc) for a suitable period of time (t,c).
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bet ween about roomtenperature to about 50 degree

Celsius (00 . 13. The nethod according to claim9 or
waegodaeei n tpc for cross-1linking at | east thRCPSG00TM0409

of the layer of SU8 of the first substrate or

cross-linking the layer of un-cured SU8 nononmer on the

| ayer of SU8 of the first substrate to a suitable

degr Fheimethet \weordihgtd ahhiof claimsut @s, ibiepdin ross-Niking at least

m nutes or about thirty mnutes to about 1 week. 14.

The fePAd@nRicthedaner PgSM%PHhPﬁe%ﬁ"@r sibptrate te @ suitable degree
Cr 0SS bod AHURT A t e84 PRLALANAPTiRL D r

o OF RerBISeRas B oA OALAToF i "GP 4E 50 e socond
bet wesabstrbtauto 4 suitableecttossdinking temperlturd §T,.J ier awiitable period
accogcgi.a_?e éo any of clains 9 - 14, wherein conpression
start®t w) which is | oner than or equal to Tpc. 16.

The nmethod according to any of clainms 1 - 15, wherein

Ts is about roomtenperature to 50 degree Cel sius (0C

ahd. Theirgethedsaacosding to enyadf ¢laimeh8ud 19@hdeain dg. is a temperature

Cel si,u 00, 17. The nethod gccordi to_an f

o o eyeSbpotioont ferBerafiteto EBopL Bl defrdi KeRius .y
m nutes to about forty-eight hours. 18. The net hod
according to any of clainms 1 - 17, wherein elevatin

t hd. Theseethodrascprding 1o caimed onlOnyhetrip tedor crossﬁin?(ing at least
conpiiapBHlon ofi&over S SE BRIt sustsile By tiariiig the taver

cl ai mf uh-euréd SDBrmbnoiMee dretieelageriof SWS \Witkéd first substrate to a
conpression is carried out is inversely related to the

ti me Spablscdeareeny btvernsahaut dbityr BiYites to aboyt sixty minutes or
out . a%gutﬁ“@yﬁﬁﬁmséggggum Q\Q%etk‘? any of clainms 1 - 19,

wherein the suitab egree of cross-linking of the
portion of the layer of SU8 of the first substrate or

L A0 ALY i R, TRISTEE B AT e
when peatich 6f RStdyeP bESURbE i s8torid8ubsttRe t89Ta SUBE degree is

the first substrate or the layer of partially

cr os detwesnrabauis! pinytedo about Aeveéelyer of SUS of the
first substrate dissolves in acetone. 2 1. The nethod
according to any of clainms 1 - 20, wherein the

Su5.t Thé enéthod ercofdifg @8 sinlyi dfkdifiths0d -t e, WREkdi® BoRTprédifon starts
| ayer of SUB of the first substrate or
at Ts, which is lower than or equal to Tp.

16. The method according to any of claims 1 — 15, wherein Ts is about room
temperature to 50 degree Celsius (°C) and T, is less than or equal to about
90 degree Celsius (°C).

17. The method according to any of claims 1 — 16, wherein (tcomp) is between
about thirty minutes to about forty-eight hours.

18. The method according to any of claims 1 — 17, wherein elevating the
temperature from Ts to T. during compression is carried out linearly,

exponentially, step-wise or any combination thereof.
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cross-linking the [ayer of un-cured SU8 nononer on the

| ayer of SU8 of the first substrate is ascertained
WoR@n/03eR4 cross-1inked portion of the |ayer oPCBRS2001/000409

the first substrate or the layer of partially

cross-1linked SU8 polyner on the |ayer of SU8 of the

first substrate remains undi ssolved in isopropanol.

229. The methoddacoedingitogariyoofiokimé 1ci-ai8vwhérein 2hé temperature at
wherein the suitabl e degree of cross-1linking of the
por t .Mnc%fcqnvmeﬁag)e.r'sccﬁargeg o4t {shinversadndelalpd te aﬁ"@ tige period

ascef&@fpagﬁémga.ds rRofelsQRP i IcakRsH Baf tion of the

Iayer SSO Ves I n acetone.

20. The method according to any of claims 1 — 19, wherein the suitable degree
of cross-linking of the portion of the layer of SU8 of the first substrate or
cross-linking the layer of un-cured SU8 monomer on the layer of SU8 of the
first substrate is ascertained when said cross-linked portion of the layer of
SUS of the first substrate or the layer of partially cross-linked SU8 polymer
on the layer of SU8 of the first substrate dissolves in acetone.

21. The method according to any of claims 1 — 20, wherein the suitable degree
of cross-linking of the portion of the layer of SU8 of the first substrate or
cross-linking the layer of un-cured SU8 monomer on the layer of SU8 of the
first substrate is ascertained when said cross-linked portion of the layer of
SU8 of the first substrate or the layer of partially cross-linked SU8 polymer
on the layer of SU8 of the first substrate remains undissolved in

isopropanol.

22. The method according to any of claims 1 — 21, wherein the suitable degree
of cross-linking of the portion of the layer of SU8 of the second substrate is
ascertained when said cross-linked portion of the layer of SU8 dissolves in

acetone.
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