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LI PI D TUMOUR PROFI LE FI ELD The present invention

relates to the fields of nedicine, cell biology,
Wor00840808¢ bi ol ogy and genetics. BACKGROUND OvBE€T/82009/000050

tunor is the fifth | eadi ng kause of cancer-rel ated

death and is difficult to diagnose and nonitor.

Al t hough ovarian cancer accounts for about 4 percent
MEETAD SRUARING AT LAY ER SURSTRAS ROV IT FOEMBED BED

of al'l gynecol ogiC cancers, being a silen Irer

because it is often MEDADBEZATIONn advanced stage

Ovari an cancer may be di agnosed, in part, by

collecting a routine nedical history froma patient

and by perform ng physiSaal HeamalNgnati on, Xx-ray

exam nation, and chem ¢al _an emat ol ogi cal studies on

the patient. Hematol ogfReRfengWaRE \hi ch may be

i ndi cative of ovarian cancer in a patient include

anal yses of serum |l evels of proteins designated CA125

and DF3 and plcaaseriferds tiRethted fighd di c acid

(LPA). Pal pation of the ovaries and ultrasound

t dbisrdapgliestiopsiaims promty|fipom HE. Bdivigjorsh dpphicitioaSerial No.

I and I Doppl er flow ultrasound
61“”?429?@%ﬂp 2%%%&ga()ggdetection of ovarian tunors and

differentiation of ovarian cancer from benign ovarian
cysts. However, a definitive diagnosis of ovarian
cancer typically reqbieldof thehiventiong expl oratory

| apar ot omy. of .the pat,jent, Thu whi |l e abnor na rowt h

c dPP SLSETINVRRtioD EgtFRplvaelates fo BES IR Mg {BgH, and mdre particularly
to a méRJdaTRASKAPMItRAyeP Yubshfe $5hERURBddEhetaliPdtion.

determ ni ng whethéer the growh is benign or malignant

IS not possible w thout biopsies. Biopsies are

typically done after. surgery.,a the tissue growh is

taken for vari ous%ﬁl‘%"ﬂéi‘%&l}&g‘)‘(ﬁ?ﬁl‘fﬁt ions. This is a

t QIGSePtlstidt 8B RIP B bEI e mitaNEAHYS re uI&Fin%Tviﬁi@ Rhridty of
e

_usual Iy out of the surgery roomby the tine t
appli¢atibng snehias microfluidip deavieds andedlentri¢abmternehnsetsper neasur es

fqr.the. trol of t di .b t th ly.
& Mgt iR ARt ALY LRt BTy et i Pical
operaB @Y $uth A8 cAAlliry eRBELSHIRRRIVIET BRYoscald GnpPle VoRAS st Aons,

~often, in the nost advanced cases, have no substantia
rapid defteationy easefof eutomation andesimplei tragsfes bétweerctendibn viesselsude
. r.el ogi.cal diagnqQstigs, ich determne the | evel of
Mm‘ﬁf}&f %g‘,ncgs B¥ 8@% F%S%?‘ﬁta g2 \é\@{’ﬂ)’aﬁ ran cancer cells.
WH1b&rdphorefid Sepafatidi off BRhbRE e i§ SHiticdllyibOftint ifdhB8detn bivlogy
not always accurate. For exanple, some ovarian cancers
and biaggchmologp testiniquesesvoly ghDNA- seqeaicingy priotein molesulerweight
osi.tive test result th the |level of this
N R S e R R
speci@inansoasi oat@qgﬁlyaffg dolech G, TR A2 fROlceids migratOWrough the

in early stages of ovarian cancer. um CA 12571 evel s

solutienyin thestbediric field and yepatate/iatoedistinet hands dne to theiv diffyrent rates of

o DR 07 RO S REL: B R R
and cBXi9R oP HIRIAGIBEMes2 Bl (he sHFE] atidal JTShe QLHEREd.

di agnosti ¢ nethods i nclude trans-vagi nal ultrasound

( TRieStricaltintetconsactsprovida Hightdenisityl ebevtrical cormectiomis betsteeon

W th CA-. .125 testing. These .ret hods _can detect ovarj.
semiconuesOr Hhips (haf it eBmBAIEHLoR PRIEE copomically aiigliably. For
instaf 35 SprnipOR e sHStEEE St bCEPLATA AR W SRR FlcHica

estimated that three out of every four surgeries

carried out are for non-nmalignant conditions, and

these coul d possi bly have been avoi ded saving the

patients fromthe surgical trauma. The di agnostic and

prognostic tools presently available are therefore not

adequate to predict the onset of the disease. Genomc

and proteom c techniques for the discovery of novel
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Recently there has been an interest in using

| ysophosphatidic acid (LPA) as a biomarker for ovarian
W@ 2009203036 PA has been shown to stinulate the PCT/SG2009/000050

proliferation of ovarian cahcer cells and has been

found in blood of ovarian cancer patients. LPA as a
- onAlk b Sj tal-\d t %
signls B el e GRps T E e il s G oA ifle e oférComnec

metdinatioe sepatdel hisaltenfatihPhyas of alisoltinK dielettdic t@ prividitlectrical
cancer has been_ highly controversial. In sone studies

isolatign brigieen theangtalliratioge Elostnaahintescamnects srelse refomed tares
inte LS suR Bk b S Yot BB R A E i enif Rlodllg, 0P 0"

di Semizpaductc?Thipecontiivetd SktlRhata@heliontRaBAkEe A drebl)€ electrical

. isolatign protocol of plasma as activated platelets
intergerieets Qftew prowiflenet enly signalTauting, byi atioj circuit signal neajeltieg] thermal

' i: WMLt h her necol.ogj.cal., mani f estati ons.
ma"‘l’r#g?e 21_[’ irrge%%'é?aé%uoprp g)%amﬁje%%t?%?? hg,% ﬁ%llahg'd of detecting
anCofVeag6 R4 NGt Gabstratifihulsch¥ %ﬁc’ﬁnﬁ PRVERE fetallization on a

SUMVARY According to a 1st aspect of the present
lower instilative knyes,ghep laminates an upnen bsuletivejeyrs taitherigwer insulative layer

o A A BB
layefdnd ih @as BeMNet iROnsulithvailayeRto atteEthe mblti-lev eI RétalizRbn.
concentrations of a plurality of lipids in a

bi Bpugramale, senductive tracgs aredspositediora pelymer layeribygputédring, screen

. .e in.a second.state; (b) .subject.i the.trainin
prin3F Bl i, BEPRIBLT Sasiplhuil i freplpacifed i o
pattétil thefirdcbe Tiefeator keproccdSRERARA fér dnbMeshPérNRid d'bn. Plated

matrix, C, and a transforned dataset, Yf, (cC)

throughthcdes are gubispguently fsmed s dritlimg lroughvthe subsBatopod plating metal in
the lgéﬁegltté) F:or%%&mxg glsutlt%?’e\\/'g@ tg'%k? ln%?j ér?ﬁ&eé?x%lg%%ﬁé\%ls are attached

SI's genera
to opposiscsilléswittal palynie? dler, SRS REtaBofld afeipattéri&d ﬁﬁ@gﬁ{mm&' , and
matrix C, and (ii) the correspondip}]lg SVM nodel S 'I%gm]y .
thenghe platefl through-heles ars formedi ncl ude a plurality of choline

A S B RSl SRt s o

layefsQiiqredss Ssoides tHe niBiber Of mehidisRtvatandlLniastidh stég8 AThe metallization
. ..phosphatidy| gl ycerol (GPG o), phosphatidylserine acid
is dx?&gngéga forms vy a&%pec@ eatigi apd idiffening thickness, and is especially difficult

Lol et. ' . hat i dyl i ital
to ST BBLAdH ey B o I A RS RIS ttarapdbosiaphy
PlatethfutightholeSavith snidlindiahiersRSyd probibiveexp&RRRHPILET throu@l-holes
di hexoséllrfécer am de (D HexCer). It may conprise all

also inerfere yrithreptinganddhe siplation geath wopse s layen spunts indrerisesBling and

. ' i,Di .set ..out. in Table D1 . It
buriGE RS it o iPh 8 oG oot B mlinBipors rofy) Héos
Photolithioki 1daés to foindmifeahitPot elédir ]Baiéhl (I%o iteld nh@H, ph i
° rgl;aggyt he |i pids setlt%utei no abl egl E. .Sllt ma\y’p otoresist

.conp | A . . .
reliapityy problemsias highyspest eatios,ighingumlateht ircensistens etaharates, and
' ical . states .may. ceanprise a normal state and a
o %Oglégsgggssf?ts or “fﬂ%‘%@ased state may conprise a
Camherefts, thére lisdResd foi Ainetholl 8F maAKAER 'nﬁxlﬁ’l&?e“r'sﬁﬂs_u‘é?e_r\ﬁﬂ :
The classification nodel may be capable of achieving a
embeddedimétaliizationfthegtds canvemientyorst-effectiverayd versatidpabl e of
achi eving specificity of 92.31%or nore. It may be
capabl e of achi evinga PPV of 97.03% or nore. It may be
capabl e of achieving a NPV of 97.30% It may be
capabl e of achieving nore or an accuracy of 97.10% or
nore. It may be capabl e of achieving one or nore, such
as all, of the above. The two biol ogi cal states nmay
conprise a benign state and a nmalignant state, such as
of ovarian cancer. The classification nodel nmay be
capabl e of achieving a sensitivity of 94.92% or nore.
It may be capable of achieving a specificity of 82.50%

o - o B o N\ 7
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90.24%or nore. It may be capable of achieving a NPV
of 100% It may be capabl e of achieving an accuracy of
w@®30022068086 nore. It may be capabl e of achi evi NnBCDRE2009/000050
nore, such as all, of the above. The nethod nay
further conprise a step (cl) between step (c) and step
(d). The additional step Rm nprise repeating steps
(b) and (c) and sel ecting principal conponents which
endk presypt invedtionl providds acatthodof Malih e P sutsirate THe inthide@providing
may  be such that optimal classification in step (c
an upper H@tl'é%lm lawat apg aé%\s@s@aui?gwe tryer whetgin the uppes irsvitive layer

inc Rt bl Bty A AEBHIARL, Sy v i openin

is in ﬂ@fttxrdxr&ﬁurﬁd:dtlb)l withahctinbaél, Rdwingaeioh86tidfitdmafeAkl through the
conmponents enabling opti nal classification in st ep

inlet @emn&r@pthe@hqrmhyném rs¢lscbfymth¢ Mmgalqdrﬁqdanqmal by applying

enerép@ﬁﬁgtg%}-?o&g&%dﬁ ag,ég}a fyaSt Bihetged Tpdatfizgfionss fe channel

99TRO pre&iit Ve ionldNOPravid ] tetBdd bBakib} h selRtrae @ﬁat includes

after step (e), as assessed by any conbi nation of
provgl@pg;aq msqlgtyve layse Biat ingludgs anpypyer mm]{atl\@dcyg and/a lowen énsulative

tayel GBIV S pbrsy usnleBr§ Gt R ity Bl nsplfivg taver

mclwdem) bfhaﬁ\ﬁelf &t thé ﬁﬂ%gslhngi Snd¥é cRdnfiBl dré fPMill Yordfbfehtidn With one
erformance of th VM nodel . It may conprise

anothes byt Pt than avdlepeneningndisprsingsheingdetivsi layeen ired vassumrcbamber,

=at i t han u CO e retalnln
SRR DR BimBet Berch reating o Fibuf o Bieiitoe i tgof the
chanﬂél%heﬁ ﬁ‘%{@vu%ch%on%%hfﬁﬁ %at&?a%nt@ﬁxéhnl@tgoﬁenﬁ? whitfe t8SvRYam
99.7% 99.8%or 99.9% of the variance in the dataset.
chamher penfaianihe rva@@lm andethen ihgo%hlthﬁ:mbébpmmot@éhc shalnhdtWhlh the

A e -

into bﬁtfnoo butsof@ind ihd e 19RE 203 Heenl sﬁhﬁfﬁﬁ’g 28 hoRksolfliRenherial by
co ri se one or

the plot (scree test). Step Z) may
applyjpg enesgy torfbe aorbsalidified mtymddime ¥ torming axdeadiend glicivasle in the
cmm%ge nmet hod may conprise inplenenting SVM using a
efault |inear kernel. SVM, ght may be used. The

bi Thegrescht uﬁfaﬁﬂﬂr@lﬁﬁ}li_'oﬁ@@z[ in%ﬂho& of Riakifly & MIBloBuidic @vice that
from an_i ndi vi dual he |'ipids may be rdentified by

includgs; proyiing W@Wsukm@ layes. misidler m@d@tymlamgndﬁawer ingulative

oy B Rl MR PR B P v Ptve e

includesa viaf ihe Jowdriidulatile tayer ichided Bohalificl] £ thd inled Bpeith, the via and
quantified as set out above. The concentration of each

the ctlmmeh anedy flyid coprmunication with aslapethernthen ﬂpwmg/mmesohdlﬁed

i | di St.d th
a0 ol e ol b ok it e Bl ine
the thESdellﬁ%d BiatetialiByl app@ﬁﬁ%’ EfbiridtoltRe ﬁoregbhaﬁﬁa%at&ial ttﬁ&eby forming
present invention assificati on nodel obtained by

emberded miallization that prpvidss em electsededn fhednlebdpening, thewiganddhe

chan}qgl provi de, according to a 3rd aspect of the present
I'nvention, a classification nodel capable of
di The peesént mv@ﬁtl&ﬁilyﬁﬁﬂvﬁeﬁﬂﬁi@od%ﬁ g%ﬁ“c‘le@ﬂw@l‘ﬁﬁfe&&ﬁnect that
cancer sanple. The assification nodel” may conpri se:

inclydgs proviling sn @per inselaivedayeas 4 mrddheamsmlxtn@siam\ ewdha lawer 1nsu1at1ve

B 1 and VM nmo hovvn i n ;
layef, BREEE, tho pba RS oier el O ALkl RPRURMIAR R Fhwening, the
mlddlé [rﬁhla§5e gg&qﬁaﬁd&fantﬁet Viahhd In Giftles bfa,vme ﬂ&&?&?ﬁﬁ'vglager

an SVM nodel assovvnlnAppenGC4 c) a 34
x 10 transformatlon matri x conprising the first 10
colums of the matrix as shown in Appendix B | and an
SVM nodel as shown in Appendi xC7; (d) a 82 x 82
transformation matrix as shown in Appendi x B4 and an
SVM nodel as shown in Appendix QO or (e) a 77 x 77
transfornatlon natrlx as shomn in Appendlx B7 and an

o s B NA PN o,

E

‘r-b S
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colums of the matrix as shown in Appendi x B2 and an
SVM nodel as shown in Appendix C8; (d) a 82 x 82
WO p@nabsmBerat i on matri x as shown in Appendi x B5PEmEGEI09/000050
SVM nodel as shown in Apperdix C 1; or (e) a 77 x 77
transformati on matri x as shown in Appendi x B8 and an
: A . I
inclu S R 22 BORIR ahd P Gples 1 ini o 3 ol ¥ and the ghannel
are ircflaid cofminomidation with @he angild] theroflowlingtai og o HAiified nfatiiak e n
e cancer sanple and a late st

an, arlg t ag 1 [ age cancer
sequegiafly rdughale ke SpPBdhcinlekbigelie chanpel, G qué_yt e g oute
open Ol ABE AT 38 5 s ol e o

solidified medterialpthereby foringentbeddud mhétaltiz4Ation thitpsdvided af @ledfiHeal trace
of the matrix as shown in Appendi x B3 and an SVM nodel

in the;igles ppdhputich opgnirasethe indet and oytlet viwang thechennghsf or nat i on

' S| £ 82. col umms of t.he rix. .
o AT 0 bl B RO S e
layer fmdebositding @k midille insélative 18yr to B8 ffvwas ifulafife BE IPor ftance, the
shown in Appendi x B6 and an SVM nodel as shown in
methog, mrapbadeg%d% the appes insplagive lnyerrta thf oidde ingdativetlayiek using

e B, SR oA T P A hor i

thempl diffidiom. dn dgidstance, tHRanidletnsiREVe MyeORtdcE aAd iPsandwiched
classification npdel as set out above. In a 7th aspect

betwegn the,uppsy and lawer insulativelayers.nAlternatively, tha metodicandntlude bonding

L. 0 t £ sanple, the t hod
the e AEABEEL RO ALy RRIBAE bR TS0 e,
bondir@nhemiddé insulatiod laferfid teddwéringfative Riydbudife 4 [v%vep adRki®e layer.
and (ii) applying a classification nodel as set out

In thig gpstance, theupner pdhestvg layer qangictsandiis sandwichebbeswpen theippey and
. of i i pi ds. hat i dyl.chol i

mica GG NG L ey AR e Bl P ek FEieh e

uppeogid lowat ddhesinp layeis sandhihsloet adhesiveRyér dotfals.and is sandwiched

phosphat i dyl gl ycerol (GPG o), phosphatidyl serine acid
betweenyshe pyddig alll(? lopven insulativg layess-i pi n,

' ' h hat i.dyl i itol ..
( ERhb st ARe AMC S olinel ARF T sl e inflction
vacuure isactione cpiliary motionorkembiitions @ha8d fl Fof MRAALE WHeahdthééhn
i 5“ hexcgrs%I ceram.de (D HexCer). The plurality of )
incluge fowmne the nenssgliditicd maferialuping greswire iection atrthp indetpening and/or
' i R ' g 2. .1t
vaculh oEn SR )yl e B oy ko™

solidifiedmdtaréal Whilelthepinsidativetlayris dispodeih@ viaduurh thaibeér. For instance,
conprise the lipids set out in Table E6. The net hod

the meghpdican includerfipwing themenmsplidifiodhmatesial whilepressure ip the vacuum

: I r ' cer sample Such.a -
cham Q! i S VB on 3R RSt A€ PRSP i 8  ypouom
to a predetansdedrpredsuRucipgs dtshosphefc ?ﬂe@@ﬁé.fi cation nodel

according to the 3rd aspect of the invention to
pethod cary inglyde solisifymg thesran-solidifiedimaterial bping heat gr
. sfornmed dataset to Support Vector Machi nes
ultrafid R Gi's with an SVM model of the classification
noTied top] iddhd Aid 1oweatiulative Myers dan bb Plas@d, ReramidI6Y dRiposite.
sanpl e and an output of < 0 indicates an ovarian
c ahRecionssolidified maserial ghmbe 2 iquidh osemizsolid onatesial such as conductive

i nventi.on, r.,ovi de a nmet hod of t ai ni ng. an
cpoxRERERE cpfieile i THE coplScive Snul B GRen okt it bl eotd
partidlés, @8ppen ghrvicés ilver doatedRbpief p&ALIRS, gpaphtte pAHUIE [dr *8mbinations

such a nmethod on a sanple of or froma patient, in

whi ch an output of < O indicates that the individual
is suffering fromovarian cancer. The nethod nmay be
used for determ ning whether a sanple is a benign or
mal i gnant ovari an cancer sanple, the nmethod conpri sing
(i) transform ng the dataset wth a transformation
matri x of a classification nodel according to the 4th

o g, Y a1 o, . o o o, o, o Y
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transformation matrix of a classification nodel

according to the 5th aspect of the invention to
w@eoeneadogs a transformed dataset, and (ii) subjBCL/BGL09/000050

the transformed dataset to Bupport Vector Machines

(SVM analysis with an SVM nodel of the classification

d ' .ch_ an ,output, of . > Qi ndjicat.es an.early..
ther The edrulied SRRt st b SRR A B attices gold
particRb &obpé PartichR CveS@ATd @oppeh PhrticleS, oP babid@ibnsitiereof.

accor dance with a 10th aspect of the present
i nFhpemberdded metalkzation tardhs ani el¢ctripabimaceod ax electordeu Swfthermore,

the quhe| S AR5 can e fndiod i £ Bhe b Phashfly
co l&@Uﬁ{tﬁg&uﬁ%mﬁb eS8t BREntRA dan IR Rullla® sib@TteAwith

patient, in ich an output of > 0 indicates that the
embedil¢il wetal ization tisay hasfinengidfh; o inghraspest tagio stangeg thickniessand varying
cancer d an output of. < O indicates.that the
crosf igna) AEfpeite B Plbesefiien i PRALOES i (8 ipiRiiv pvers. The
pres& iGRhtiorf \cah RIpelibllePRREE SinBle nidifllizMYR i@tgh gﬁagﬂ@ss of the number

_provide a nethod of detecting, and opt
of instlatiwi ang, meallization layers: dn additiom theptesentinuéntion hewekshival for a

T R
panel2 BMI shieldsT altbishaband JRYY decidn deviedd that'cBntalh tﬁﬁ’éﬁﬁﬂk&ional

fromor of the individual; (b) transformng t

embeldded utallikationa t r ansfornmati on matri x of a

cl assi ficatiop nodel .accordin o the 3rd aspect of

¢ ha B B 15T el end Y RRIaEes VLIS PISToRL PV ARHDEN] begpge more
appRetRiE bt thdWerdiled de{PpBSdAfASES, O Support Vector

Machi nes (SVM analysis wth an SVM nodel of the

classification nodel, in which an output of > 0

i ndi cat . | d t put of 0
i cat oo an ovaHriet BSerieforcothe Bradings () i n (e
Cagmbeflinidi®s dfahd fresent HIVERRIn WAl B HoR Fully Ees M RS Rith

wth a tran_st(rmt] on matri x of a classificati on nodel
refergnesdo dhadrawings irewhich: aspect of the invention to

geperate a transforned (g%ba et.and, subjecting the .

SRR BT B aRhOR i et RlRiRmohet it fiterdiSeayith a firs
embaditle}oith¥picSerit inve¥hdiodel of the classification

nodel ; in which an output of < O indicates a benign

sakfigse2 A2 aa cross-pestiond] vievs df adnetizided nzaking the slectrical
.tsala_r[’)?l e. dhﬁin éh case of the latter, further
intercongect g, i .?rﬂ‘.’ et with a transformation matrix
of Fip, 8lig8 lokd-StibRdl Vgt andd &Rl MferdAntdith AlcBrASBEGIth a

of the invention to generate a transformed dataset and
secogd binbedimegt infthe presens inventieh; dat aset to Support Vector

Machi n VM analysis with an SV del. of the .

ol 54 TR T4 o ol ok i Tasiod R ingthe efetrical
intefcOlieefindfie Sdofidhbodihegte sanpl e and an output of < 0

indicates a | ate stage sanpl e. The net hods descri bed

abdig Snuy ctess-serpibralvmved amiarafinidit devicarol aecmrdared with a third
t hods. . We praovide,. according to a 12th aspect of the
embgﬁ'ylﬁ‘?g?{)ﬁ?pfeﬁg}tén‘feghﬂ?’ovi ded a method of treatment or
pr FY@PEA-CH'D 2 c%@%&%ionﬁqﬁawsaﬁ aM&hoPSF ik the Iﬂi?reo"l‘lg%dic device

i ndi'vidual, the nethod conprising any one or no
in theédhied embgdimenti agnosi ng t he cancer and optionally
cl assi_ng the cancer, .in an indjvidual by a nethod as
et 18705 A5EsESechERl 1if af Smistolidis devies Msceoripes riang fourth
: LG :h.as a drug known or suspected to
embggm{ﬁlgwkﬁgsé@r%‘%?ﬁ% cancer, to the individual.
According to a 13th aspect of the present invention,
we provide a nethod of generating a classification
nodel capabl e of distinguishing between two bi ol ogi ca
states, the nethod conprising the steps of: (a)
providing a training dataset, X, conprising
concentrations of a plurality of lipids in a

o .. o e
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There is provided, according to a 14th aspect of the
present invention, a conbination of |ipids selected

wo panarivdess gr oup consi sting of: (a) |ipids shownCT/8G2009/000050
Table D; (b) lipids shown én Table D2; (c) |ipids
shovvn in Tabl e D3; (d) l'i pids shown in Table E4; and

Cigh 88 RO PP LB Rl R hane CRIHRRf Bovie
mth@ffo._{mdmrr sing two or nore, such,as at | east 5,

EI ds sel ected from Table D, Table D2, Table D3, '
ige. Fansk 9B aigIceosE-Gectippalpnd tapdelan wiews,respactively, af arselectrical

inter S Rofer n ScatdBef v hinteniRatmet in e SRy inyeifion "
cl RR010 s9bb plAn AL M@J%&r DerSirtibitne HbORIAEDRINE Sith

a normal sanple and a di seased (ovarian cancer) sanple
embediment igithepresen) ingentionk m transformation matrix, where
n s .340.and 1 £ m S|n theflrstmcounns
of Fighd isdtipp R1aE Ytof 0 SR e Rarined iy rdantg e peventh
embdBARht i EFRiAinbERBnapPpP! yi ng SVM anal ysis on a
transformed dataset, the transformed dataset being
gefig: &2 o thy ptananiesy of anigofinidiatlaviet ircavnprdargiervgth an eighth
b(i‘c:‘ncerttr ions of the first n |lipids showm in Table D3
emf’ r‘ﬁf‘aﬂ’re%e&h‘ﬁ‘l"‘ém&’iﬁ‘d a di seased (ovarian cancer)
. €3 Wd dp gﬂva@ of 4 é‘i&&ﬂ’&:&%b@iee 8f accifhoe it nifith
cIaSS|f|cat| n nodel capabl e of distinguishing between
embadiirent inrthsprepntinyedtion; nmal i ghant san‘pl e conprising: (i)

nxf transf ornat i where n < 340 and 1 m
EiE. 14t PR Plag ‘eeof ¢ Feqomyitis dSHie Accomancrat i o enth
emb§&lﬁ¥¥ﬁtﬂn'lheﬁ5%@%ﬂhf&e§%n ad (ii) an SVM nodel generated
from appl yi ng SYM analysis on a transforned dataset,
t h&igsr Efed 5P mechetspectset vibes ofgedhaimesnfor dlobyng a non-solidified

s BB 0 R B SR LA
insub@P 1S3 AcdrdRict Fiththe 1?1@:593{ ﬁvl%tfdﬂ an n x m

transformati on matrix (c) a classification
nodel capabl e of dlstlngU|sh|ng bet ween an early stage

| d | [
f?gﬁsso??rat iaonaﬁ?éf"r‘fa n&"‘h“&?‘gﬁg‘l’% 1 (£I )rn gnnrt g
Co 'Iﬂ)ﬂie%lﬁﬁwhé‘ aesfch t%n %&&té&%o@fméﬂ?@of@é Fr‘e%‘jetﬁ’ RR¥Rtidn hre

Appendi x B3; i1) an SVM nodel generated from
descaippd.ylt n@llswapamaw@ ithhose skitled methe sy howevela that the presénd invention

L RS R3chebR. SRR B e Bt BEALEEA S o or

are orhitled So 8o bﬁhcﬁétﬂl@ deSent thveitidia rduth ab@leare WENLG RN those
a |l ate stage sanple W|th an n x mtransformtion

sklllndtnrﬂmadf (c)(i). The practice of the present

nti.on wll u Iess therw se jndi cat

et B iies-sesCihplq i Sb e rdieynitio} B hcordaice with a first
emb@liﬁ’llnéﬁg ot th%?és&ﬁ'tﬂeﬂﬁb{n ERGHRA iR LA @"i‘ﬂcﬂumﬁﬁhzﬁgl)é layer

which are wthin the capabilities of a person of
102 andl E:hemyalstalcb 104. nInSltletna:rlayer $02 Is a diclectriq layst, andelectrical trace 104
isa @Aﬁlﬂex gl&ggdmﬁ‘rﬁat heelply Irf@é at au%e? %&ggtl%é anngg)ggr surface 108.
Eleciédt frab1045h A0 rémf\n ' G884 1
Ed‘%tl on, Booﬁ aé%q , C%l?gmsﬂrﬂ%ﬂ orsurlf%%gorggt 3";‘? clectrica
tracé’ﬂ%exted&ssmtb bt ndt.thibligh misulative layet993. Bledtrivel travdil04 electrically
rrent Protocols in Ml ecular Biolaqg
com&qﬁ: S @npsltga gcgluegtghwowt On ¥pRSH ﬁrgfacmé()ﬁ st ﬂecq\pa){ly connected
totrir1¥u? 19Jd. Crabtree, and A . Kahn, 1996, DNA
at | on ané Sequenci ng: Essenti al Techni qgques, John
Wley & Sons; J. M. Polak and Janes O D. McCee, 1990,
In Situ Hybri di zation: Principles and Practice; Oxford
University Press; M. J. Gait (Editor), 1984,
A i gonucl eotide Synthesis: A Practical Approach, Irl
Press; DO M. J. Lilley and J. E Dahl berg, 1992,
l\/bt hods of Enzyrrol ogy: DNA Structure Part A Synt heS|s
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ovari an cancers based on nultiparaneter analysis of

pl asma |ipids and supervised | earning. The fl ow
walcagnesmBeunmar i ses t he net hodol ogy for buil di Pgr/EQE09/000050

prediction nodel and di agnosis of unknown sanpl es.

Figure 2 is a flowhart showi ng the training process.

Fi I ESI f . .
r L 2 ar o iy br £lsBi Bt kol slerrigplintersqpmect
100.f 1 ow di agram of the sanples. Case-control study setup.

A total of 2 11 sanples are random y separated into a
t rlaiFig. 2, s’eperanwlailvc &yer Bldtand Towertinsulativadpyset 16 are provided.

oy A ST T T 0 ol o
openih@§ €20 i D1 éxftengfiﬁr%{;glpﬁbﬂephﬁulﬁﬁ@ 918 ﬁﬁd & %paced and

evaluated on the renmaining 73 test” sanples. Figure 5
ﬂuldsﬂbvamms&m prearthepl Bowérpnshldtive ddyst 1 Rancldd¢sacharinel 124.

r l i |d ana e | evel s of
Unoef ihablaR B 14 and Toer e Bivmpl Bardpase Sk s P
poly@tRahieOspr ay | onl zation nmass spectronetry and the
intensity of each pixel indicates the concentration
( fIndtig.C2H3 Bipperohsdative kiyelr D4m5owemhmﬁulye fayer 1 iGuarelbonded to
ation node

uredlnn ve ositive i
one aﬂg'i'ﬁfeaﬁ%@ﬁ afﬁ"ﬁroat ?nbl&b?rg@rw Dyilet opemipgs Lifkand 122 are
i
ahgned @ﬁﬁ%ﬁpﬁégg ;hgsﬁﬂ@lﬁg}ay guezir qu,awa : d’ Shireaalied190 35 2 and
chammh 324 heetin dipideommeni ¢aBoBavith, or&lahétzht:n drusthérBoiré, )msulatlve layers 114

and 1RGN mshlairs e 1037 TRBE Hppee ISufAiv [Rge A ideRpPpb surface
106, SRHBIEr RREBAVOR yérqtls r&%esvabér\éa&a&g‘ﬁbns Ps),

phosphati dyl chol I ne , ceramdes and their
gl mdtig)\2C,denduchve vy pase )2®m¢r®p&nd1g®nﬂyteindnmtlet openings 120

an A S OBROSHS o Y

dlspe§§éﬂtlh§)t1hfé@b{)§{ﬁ§# VB whit VA coliR 90eR #\ iCagpBbd & (ﬂﬁi@?@e‘nﬂlg 122. Asa

patients w fferent stages o r| an canc
resulPK:omhlcpad: epmmpaste mt@ﬂmakeﬂuemaﬂytlmegh 10} opendihg E20, channel 124

and oGfighdpenin 1220 G wondhrouhirins howy pend Tag ptpragmaufiioe layer
102 tﬁi&xgﬁfi}n&{dﬂe ?Cizbﬁi?d aﬁts?iﬂéi&lmle E)ag/eﬁe entﬁxﬁﬁ?l?out’fét%ﬁ&ﬁn 122,

shows di agnostic utility p erent - set
thereby filingphket ard adletiopenings 12(Batld bli?tqmdtchamxet B esent ed. as

s e e i
electficil®acdi 04 Rlifft A duPiBe o £850 ¥n t(:ﬁarfngf fﬂil of

tunmour differentiation, D contro en| gn and
melFiggd asnd crassdseCiynab enewgpf ebnmcehnteyconﬁm 200 inecsrdance with a

o EAG B B b H S oS e
layer%? hind 3iRARGY trade <’2511 ggfk\‘flaf?’veslggé?ﬁm@ i f&l@fe?v,ﬁk 1@%? 23 edBtrical

characteristics curve tonparison f'erences
tracel20thiee routing lidef Insunlative ldya@0? sidhwdes upper surEre 206 ghd Bwer surface

208. F)RoHeA oaRe B4 HSIHES PRS2 U0 A Lot DS soriagadl. TS,
elect%gﬁ tabé POS Bktels ﬁ%%lﬁgﬁqt%o&%fmgﬁguwc} eﬁﬁg@t EREHRA fce 204

gn sanpl es romrra I Tne an

electdcﬁltymdmhedteshlps“ that diresublﬁehmnwjdﬂlbuﬂlb@lmﬁﬁﬂdr gurface 206 and
performances of CA- 125 and |ysoGPA, respectively.

elec%ﬁlb’ qopaediediodermungly 2120 predi cti ve perfor mance
by multiparaneter |ipid markers. Figure 10 shows a
| ayout of the predictor nodel with extent of changes
in the concentration of some |ipids between cases and
controls. Representative panel illustrating the extent
of changes in the concentration of individual |ipids
between cases and controls. Data is represented as
mean + s.e.m and p-val ues obtai ned using the
Kruskal vallls test Flgure 11 shoms the contribution
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Figure 12 shows a receiver operating characteristics

(ROC) curve conparison between a classification nodel
walesovuesdsé r om anal ysis of the 77 choline |ipi dsCct(/SPtog000050

and SM in Table DI (dashed line) and a

cl assification nodel derived fromanalysis of the 340

[ ipid Tab d | A3 is a,.
PR B e ik b o BB P eeonnc
200.shows the | ayout of the predictor nodel. Arrangenent

of individual SVMs for classification of blinded
sdm¥lin4A, Sppdr linsubatiye dayer 214, tmkﬂdﬁslllam\aei layen§16 end lower

insulétgv%:}iygg% Eltpgq%lé / E émM Zﬁﬁlj;l 1?1 9 at %fprt]tggening 220 and
outle?@ﬁg? 20€@f1btenb %hﬁet"&?laﬁ:ﬂ%@i%ya)nd 2&’2” Eﬁ%l'i?i %@%ﬁ&%@ﬁlﬁm

Condi ti ons for Lipil Appendi x B 1:
layer 2l 4 and areispaded andvHuidically %@rakedfﬂcﬁn ohbbanvthiet. DMiddis adjtative layer

e G 5, Ao . s
outletvﬁ'éﬁ ) &%@2’6}(&%@ thri ?ettﬁgulatﬁg @%ﬁ?ﬁ &4 ar&dfjacent to and in

Transfornation Matri x 82: sease
ﬂu1dAupamd1cxt1cBﬁw1tP(Met‘Emdroaﬁﬂrchmtnelsrﬂ%hd 230, r&PectivaR, Furthermorc

inlet %ﬁg ’E\{BS’? ) ) Eglare}%ﬁe)ggﬁld)é;lg % CA@?S-;‘@% ofitnqrgtolutlet channel
and vid 50423t 'IB %_ﬁlhﬁvélzger)ﬁlgﬁcl s i %‘ﬁg aﬁ%gl)atlve layers 214,

Appendi x B8: ransf or mat | on
216 dﬂdmlgm‘d\lﬂhsuglsamas PMpﬁemobolycBﬂ:onEtEA Tr ansf ormati on
{\/\/EIP“ X (77 x 77; Early/Late).  Appendi x .. SVM Model
gtie- B 3mper mgylatie laypselds Brgdlc msplative lmzéw awdlovisael

msulm(fgw R gﬁ:@ bo?%é}iotgrygy%dtg%%fn% th gfécﬁ ﬁoxgl:.n Me layers 214

and Nbcen bebomglet sodelifer didingwdirsDihsmaa ddfusmﬁmmidxhéﬁﬁns&ﬂ\de layers
ts (87; Benign/ Malignhan pendi x . S\UM
216 9“@3’3? %t)@ﬂqr@eé meﬂeaﬂwmaa%eeenf ﬂﬁeﬁ% etfﬁmer stegyKrigaEvely

s 110k 19 PO S I o A e o

then msu@tmslayes 2 EhardyZ 16atae be bémltelrtdgetheﬂdﬁhn@/Mchﬂ&ﬂennal diffusion

step RO (dgépgﬂl\‘%%zmé{l I?Yﬁslgase 4 @@gﬁe i Ci@ﬂ&? layeri 316 and 218
can be ¥ihPsebus E&;t &er %t)em ﬂﬁﬁlsg) )%1%1 ﬁyg%x/lcase,

Model Wei ghts sec Appendi
middidinieblatiné lgyedr 216 E‘ﬂntacfﬁe ancgs BM!Ingred ibetweeh\ppeen dhd loSter msulative

SYM M Weights (77; Early/Late). AppendiXx D
layeré)é/m%(ﬂf ncer Training Dataset. Appendix El:
fnft b RN g%é[}{é i g! (Y ?f? ahBHERSYitPi ta%d4 %utlet

or PR, iR
Princi pal Conponents I\Iorma Vs~ Di sease
channclpwaaand Rﬂpmﬂechv&& anhinet aid otlePeind 226rmd 262 afe dugdexi with

oppo§1§e WEIE g‘ Elg;]%pel 2%40 5 Iugﬁllalgsa el.n %%n%g? e ezg e c? outlet
chanh@§ 294 SRR @et Mag gbt Ear yl"2§\6/ %{E?j arf?ifcilgﬁrtei] %‘ps e in fluid

Conponent’s Sel ecte s Late;
comtDEﬂiédtkﬁDvﬂE&(éFﬁtﬁﬂﬂeﬂ\FMﬂlednsml msﬂami‘ayenmizto 256 aid 218 form

ich, are pre t|v of a biological state of a
msu'é ?Fplméer%é dbus, M s atye ayRe? HuTeviges CRpeLsuRtans 20, apd lower
msuﬁ{%@glgzer%g mllgw m ni ng the concentration

of one or

such as a uraIity, of lipids in the

s ahFig. 4&§6coddmive%po;t)hﬁswae6@§ provided troiatet mad dudles opedrings 220
redict the biological state of a sanple. The nethods

and %lﬂéﬁé‘né etlﬂettsh@m&ﬁﬂ%and 2l lbkebmqshﬂﬁ*a‘ﬂw@%eﬁﬂﬁé’é% angpghannel

234. d(? %1%5(? Sgﬁe %) E?sqlngrsﬁa?ﬁéll%asndgf dl%ﬁé?ﬁ%{] Sid opening

blologlcal sanples as mell as rules for deternlnlng
fromsuch |ipid concentrations a biological state of
the sanple. The lipid concentrations of the
conbinations of the lipids may therefore be used in a
"bi ochem cal " net hod, as described below, to provide
an |nd|cat|on of the state condltlon or status of

o o .. e s
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nodel s may be generated using lipid concentration data
from bi ol ogi cal sanples in known states, as descri bed

w0 noodavmBé bel ow. The bioi nformatics predicti vECTrRGH09/800050
may invol ve biochem cal steps, and vice versa. The
bi oi nformati cs nmethods may conprise sinply applying

. rate S| £l del 0 i ned
220 QSR SRS S L A 22 o B AR Sony
paste36 flow¥&eduentiafyahugh fldt @ﬁeniﬁg 2363 likletCekahil 227 GhlbtSvia 226,
nmet hods of generating such classification nodels and

changel 23b gutlefrviagin, yuﬁfmj chansnl 23 OE'ﬁléi outletapicning ﬁaﬁtghmthwwom,
confte Bt 8 KD EREAE 561 o L e

insuldtivelTayér 202hEdUBR obtletRPpBhiag D2Z, thérakyefillihg nlétlaRB Yhtldt bpéings 220
The cancer may cqurlse ovari an cancer. The bi ol ogica
S

and 222 ginlet ard outlshehranaes 324vand 230aindst and qutlet gias 226 amt232 andighannel
234 mal i gnancy state may conprise a benign state or it nmay
“conprise a malignant state. The biol ogical state may

C O TFig. 4D, Borfdud@R GoxP psREEH is clfed bSla ﬂ?in%@%at,cﬂll@?%gﬂl fffming

an early stage or a late stage. The tefm™ovaria
electricah trage'2044n inde@nd putl¢tiopeninga 229rand 289, ioletrpnd atletehaniedn224 and

230, ilTand owlet Vi A28 1 i crBh i and premal {gnant -
C ol § isQNPoss!sbetfonhl B of RirrfGidicRiRVide BOO idtostathce with a third

mal 'gnant tunors, such as ovarian germcell tunors,
embagdimentof thetpoesent invgntign.r Microftuidicdevind S0faichales insulativadiayer 302

and SRR BB P 0Py R o ! AR SR el
field pRtd. agQMAVRUiet 5@ mEhu@BRlppeidrfice SVGEIABWEARERESIM. Fectrode
I ncl ude recogni zed hi stol ogi cal tunor types, such as,

304 ifigndesiempnal 316 et unpst surface Bfuand temuioalsX12iablover surface Be&ir Thus,

I wIh . t b .
e 1t IR el RE e a5, Ay syl e
for capacie hichferhéht HuringS8BétRpROLsiTof H\'ﬁfdtsﬁ{ﬁg%g ifl £&pillary (HIM

assification of malignant tunours. Ul | nt er nat on

showghi on agai nst Cancer, Geneva, Switzerland, pl55-157;

6th e 02. "Early" stage or,respond to Stage,|l.
o EreSbs 8B ot crogsetonal GRS B tnefiPriol BRREt estug gevice
300.and Stage |IV. The biological state nay conpri se one of

at |least two binary states. |t nmay conprise one two
bi lo| Kigi 6 [upperansdativEiayeb3 B, ogddie insslative biyersd 1 6 androwes e

. .0 a a di.se d state.(such .a.cancer, state

iy P e eSS oS RS 58 3PS RRET shmabe b0

exteris #rBug spaninSdhtive 18y2 394 SMalGle RHlafive BYE A6 Gudh @hfimel 322
The bi ol ogi cal states may conprise a nofmal / benign

and w2 324 ¥iad24 entehdgtheovugh sniddle instlative laybodjibcald isadidcest tomgd in
..conprise.a benign s e and an rly state. .Thus, the

Auid RS R PN TG T47a Lobes SIaaes Tt S Sahedes Sppnpel 326 and

outle®Spcifi 8l 'DuTﬁpé)ﬁen%?)ZWteﬁﬁs AR NI6Wer ifsitatfRMR/eF318nd is

~order 1o deternine e status of a sanple. The
adjaderthopind sn fidwomimatnidatien with chamaiel 326 fInswatea|layers 3ldel Heand 318

he sampl e |.s.nornmal or di seased (ovarian cancer).
meP#ﬁB%@“ﬂ%ﬁ?&@&ﬁéVpgﬁ@@%B%“%sed to further deternine

wWhetfer erdnSiidiRle8ay ele [ nt

saﬁlpilﬁ'.a?—’ﬁpher ana@%}{@%’?’ﬁa{lﬁ%@%@@?%@l one

insulativellayea3i8 are olndedteronsanbther wingthernal diffusivar nsukitisghyers 314
The net hods ap

and £ e B st e A Bra el R sl e gt layers
316 GRETETah B R e SRR sl SRRFAUATOORD, Rlerffvely

herei n and neans of obtaining the concentrations are
described in detail below LIPID COVBI NATI ONS Qur
nmet hods may i nvolve determining lipid concentrations
of a nunber of lipids. The conbi nation of Iipids nay
conprise any two or nore choline lipids, such as
phosphati dyl chol i ne (GPCho) or sphingonyelin (SM or
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substantially all of the (a) lipids shown in Table D ;

(b) lipids shown in Table D2; (c) lipids shown in
wqawbaod3s (d) |ipids shown in Table E4; and (RQT/BGHI09/800050

shown in Table E6. W further disclose conbinations of

such conbi nations. W further disclose conbinations of

nsufa&% ‘f‘s‘yefﬁg %a‘i"{ %é(fgg hg@ %8& Ceg gglfa%gteg Rt thtefantl)tlll 1ﬁus-1mlestep and
ﬂlenﬁﬁH%la@lQé‘ ldy&‘sl @lﬁ amf %16 @A}S%ﬁded%éégh&ggﬂﬁgg %c%%@ﬁiggﬁél'fﬁ’f?usmn

step8 &s a@tﬂherwemaﬁm{) ,mstl]aﬁye bg&s 314and I%Mnd iG] atil e Dyerk306 and 318

cané%%m éOO usi)zgonéé@)ge o 240 2 Ogmg:g:ggh A% s%%g %3(91'ycase

mlda'é fnsuldte la§€t% 19 ﬁtﬁélt% hﬁcpi's géndfv‘f n%fgd pPg% fid | fsulative

for exanpleée In the
laye404 lang 8 IR shovvn in Tabl e D3 may be errpl oyed for the

purposes des r| bed |n this docu For ex npl e, all .
or Fuhengre; jnlgt [openipg 3 is@ @Eé‘?‘ﬂ;?%“%% Fuilef opgnigg 328 is

ahgr?ﬁ %1212%1& F{gé eirglali);sg eb&e%rr%g f’g%sl?’?ﬂ %ﬁi §%§3 Hdels399and 326

and via3R4 awtin cblmcbéonangmcat]lon wiithsonefandther. | Rusthediord4fsultive disyers 314,

<. 34 be us d for such analysis. Such
316 %ﬁ%ﬁe&@ Paﬁﬁg?a& ug, &ﬁP?rg%tﬁéwg layee$14 pypvides upper

sutpEopE gy pnna“?#?é% SRR e BN ot o

Tahi EigDeC, condyctive kb33 0fie prowitled lin im¢tiahd otitle wpédifgst 320 and 328,
third of the list, the top.quarter, the top fifth, the

channgls 327 204,326 and vin 324 dvendpfiverinle 33Q)js veatgrthascd andenglides sitver

t
partfeS il 316i3pptisel oo kP efthg 36 whiIE vacublil Sy GHRABNTS Byt
operﬁﬁg 328 A a restlt,@Bnduictiee ink330 flows séd[lfbnﬁalry&hroﬁgh irflét@®pening 320,
st 43 or the first 38 nenbers of the list. In
chargel e ¥ia 00 a4t 1o SREmInEcEESo in it BORs Ppdictiye ink
330 Bits il S BT 500 iRlb et pith 350 at G flacih P2
throtlglmuﬂlet:opdmnmmthsrebyaﬁllmgmbi ad duldet dpeninigs 820 aral 398, channels

fr heI| of lipids shown in Table D3. For
322@9(%%@‘1"&3 41 d be 82. Such a conbination of Iipids

[
ot EFEE oDy SonBUE i3 s bUNeHEN FERMPAAAY |ty phing et
ther¢biyfonhsing klwotroder80¥ah irdet@Ad outbet operiings 320.an@0328, channels 322 and 326
onhination of lipids is shown in Table E6. Yet
and ¥ig32fer conbination of Ii pi ds may conprise the first
30 [
(i T i S GRGRI M ofnichdeHhdlz o3RO R ol BllioP it o fourth
embbdimEabbfthEpresédt ivventian tMivesfluidie devicp40Ginomdedinsativedayer 402
the Ijst of 340 |ipids _nmay conprise a selection of

and elegfrofie 406 o fsvlative layer 40348 & dickstricpyes and shscirods 40455 iam electric
{
ﬁeldé;%l&tj@. gﬁuiaggg %g?lj méﬂ%@sgﬁ%%%@r& rfag ?%\ggn'ﬁrgffg&&% IE1lectrode

404 lirichidgs teirmirah4 10 siuppér durtbw:hmsl ahas,felirodd1404 éxpirds ire but not out
out .in Table D3. A subset may_ conprise choline lipid

of HP‘B\atl‘é@(lébfﬁt 40 asdétha @ﬁ@déﬁﬁﬁbﬂ@% [ eatrodls 484 prviden arrglsplaic field
ol e il A BRI 3830 il HonBAP s g

shoxaxh) (2005). A corrprehen3| ve classification syst em for
l'ipids. Journal of Lipid Research, Vol. 46, 839-862.
Li FigsoBATBD mesrossseatiopalidewsrdiconettiod pfmpldng mitsoftvidivyderice

400SUBSTRATE W TH EMBEDDED METALLI ZATI ON Sum Huan Ng
Zhenf eng Wang Cross- Reference to Rel ated Applications
This application clainms priority fromU.S. Provisional
Application Serial No. 61/064, 179 filed February 20,
2008. Field of the Invention The present invention
generally relates to substrate manufacture, and nore
particularly to a nethod of making a nultil ayer
substrate W|th enbedded et allizati on. Background of

o, . 1T .. Y T 1
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operations such as capillary electrophoresis with

m croscal e sanple vol unes, fast reactions, rapid
waledoeadiosn, ease of automation and sinpl e tranBE¢E8G2009/000050

bet ween reacti on vessels. Microfluidic devices are

also referred to as "l ab-on- a chip”. Electrophoretic

t f .Dbi [
o 4 B R B S B e e TR o
insulBiNA 186 4 £814rk PEOVIdUAO U pRr HRhISGH 18 er WEd ﬁi&ludes inlet opening 420 that
determ nation, genetic mapping and the |ike

exterds &uw@ph’pﬁresméatseﬂmﬂés Wdﬂlmmuatlveday@dﬂm mclmipechaanel 422

[ | fiel
and iflaPh SV b Bl AR PG Hblafie BHE 45R0d isgfiacent tand in
ﬂuld%ﬁﬁfuhicﬁtufﬂ Witk ciemdelsepaifdufative Ia?ex@ '4311 'lﬂ%tanﬁ Q'i‘gj gre iRtk Such as

heir different rates of novenent rou
PMM«‘bbupwlmaxbOﬁh@ rates are infl uenced by the pH of the

the.mass, apd c e.npl ecul es, . and
tﬁﬂaﬁg Sﬁﬁnam?r insHiafiye %e/%ﬁ “emé‘il atiyeinyer il pad fower
insulfiRAhyek 388 ark BbEILIAD BRE EJEotHJr%ﬁlg EhedtinSNifFEASA. L Msxltllatlve layers 414

el ectTical connections between®sem conductor c
and 416zan beibended tapathierduringrd filst therenah dnfﬁismn smpcund mhmahéuyatwe layers

416 8gjab Fan Bebabied DeetnBia g Aaorghmel GHhSIon gtepodigmetively
insuliRQhyerCAl6Sing 238 %axFF%/ &@th@pii i & a ﬁ}Ft;@ermal dlfffusmn step and

i nterconnect’s usua contain nu ers
then instleti volayses 4 1 hvartdad 116i caa b bonded pagetiiee duding at;dcemdtﬂlt:mnj diffusion

of .an jsolating dielectric to prov
step. eﬁ%%@? BiernaiyR e ey 14 40 HHea sy %Hyers 416 and 418
can Ye'sRfRd1EnEatlsly H&Bgé@ﬁgﬁﬁ&t &rﬁ\?% ﬁtﬁtgg@thl&‘slgaﬁ Iﬁ{iﬁ%lotn% In L gvery case,

i nt erconnect substrates oar
middhaiinsilatokilgyend thiC@dactsSerdi is smxdwmdhed betiviepts upyan tmdtlwvet msulatlve

1 e%ﬂeve a phenonmenal rate. As a result, electrical

ayerp ects of ten provi de not onIy si gnal routing,
bUtyridedRor€ | iiletb nﬁig@{@' Hﬁé&ﬁ ’['R{}a&fé?%é 42
nmechani cal suppé)ert andlsel ectri caI unctiona Bening 420,

chan) 422 and via 4124 Atel it ﬂuaymmmunhsatroatvet}rmmmambn rIéowever via 424 is
i,cal l. des tallizatiqn on a_ | ower insulatiyv

sealeff i Rerithulis favec BE Eimhemer THCOMaot 414y B 424 41fdorm

insulht®WEky éra§2'” ”Pﬁdsvgﬁ)ﬂe?}iﬁﬁlaﬁvgla?gﬁhlﬂrm&s%f)ﬁ I P6E&AL 068 And lower

dd|t| onal metallization is provided on e upper
insulatineeUyer 4@ pioxides loowvegt simfacei498. bet ween t he insul ative.

| " t.th [ti-] J tall t F
e HiE A€ chbiatvs i o asiovided olsb epetuee D, siagipl ARz and via
424. | @M iRP4S6 ﬁ%‘%er-%éfﬁ{hi@ﬁia[‘ cﬁﬂe divef PArRbiEd fvis

hot stanping or electroplating. P oto I 't hography 1's
dlSpﬂnS@@ntmsbﬁopemrMZOsvhllet 1hmltth&d&3&r 4Thmrdéspbbelin atviaeuum chamber

I OCESS. eat or. anot h | ayer, and so on
as thppressue tﬂﬁﬁswﬁ Fambgiaoisgss ligmenYacyln dp Aigpspleric pressure. As
: t
a resh 't 'dohéhﬂﬁv@ {hkobe %W&%@ﬁégﬁ%fb@ﬂ%@t Hehid % &l‘)nﬂe'i‘ 422 and

hol es to connect vel ftrac
via 4241 ohtmherewmdq; lcenductiverinket2élenfers 1hs11arv€e laytet 4021 Ehdough inlet opening

opposi te sides, qf 0 the nmetal foils are
420 ‘aﬁﬁpewé&magt%ﬂm@t/% 4&"@5@5& ingjplgt oneaing:479, shapnel 422 and
via 4bfrough-hol es are forned. Conventional substrate

manuf act uri ng has nunerous drawbacks. As the nunber of

| aloelig. 8Dyeordirtive ik 4D66iS cohertedifrbmra Ifuidii Bdolid b3 tappling heat,

nd | am nati on steps. The netalljzation is difficult

thera?bs forgiing leqtrods 404 dhinies peening 420, shanagl 4A2ramd vig 4.

t hi ckness, and is especially difficult to formin

embedded cavities. Lanination is difficult due to the

nmetal | i zati on topography. Pl ated through-holes wth

smal |l dianmeters are prohibitively expensive. Plated

t hrough-holes also interfere with routing and the -

situation gets worse as |ayer counts increase. Blind

and buried vias address through-hole limtations but

reqw re many nore process steps Photollthography

o s a o . o o a
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providing an insulative |ayer that includes an upper
insul ative layer and a | ower insulative |ayer, wherein
wo b@oupioes i nsul ative | ayer includes an inlet BPEERGTGI/000050
the | ower insulative |ayer 1i2ncludes a channel, and the
i nl et opening and the channel are in fluid
o . , . ' oL | et.
oo i G i BBoiAdnf Hin O idilh, rcbiel, B Hefhica
intercérmetteS0) ivverotdahcawith & 6 fih @fibodintdnainhe prebdift ifeition. Electrical
creatin% a_vacuumin the inlet opening and the

intergqaisete100 inghedes insulafivglagerR98 and Flegiricpldtpcaaf4 r inwlativetlayer 502 is

. ] t ' il e 0 j
o ic i ool e B ol A HER. POTREGIRRF R % wover
surfb 806 add Mobvet furfabe508) Blb@tical &rabey®Y intl1QA& tgnihdls 510and 512 at
vacuyum chanber, thereby flowi ng the non-solidified

uppergurégce 306. hus, elaetripal traeg $04gxtends intp but not threughdpswlativg dayer

52 L L L AR e

benchthaippbysutfase306tind tElRash@Rakible 8¢ Fig0IB, tul is Jhewh RAFREYB for
The present invention also provides a nmethod of maki ng

convgnignee offillustration. delo¢taeal intericonnest $Qfkeanbe ovanyfantyredrin appasner
. nsu Lye.layer 1ddl e insulative |ayer and a
mnnk%&g?&%ﬁgﬁ g%¥¥gmgg§§}’ wherein the upper insulative
| aFRy. 10 B tofl planaiew of QéctO@ Rt@BonrebEo0 ifl db@rdanssivth b ¥ith
| ayer includes a via, the |ower insulative layer
embpdimientia shespreseatinsentionn lectrical inteseonnpeti0 dncludes ingitlativeldyer

hannel are,in i.d ni cati on W.th.one .
02 bRECIFCATOR Fieed 4 ol 005 IREROEIPIERY) 8 dibtbedf B, and electrica
trace$ 604 @fid 669 dr¥ rdulting Webs. tiigulathe@iyeP BENIndMdes ey sRfa861608 and a
t he channel, and then solidifying the non-solidified

lowerserégce gnotishovapp Bleatricab trageP4tincludrs terovinalé i (indiéd d at upper

st PR B RNR A Tl ey .

Elecaftd] frat@s 60v0atided06 ekiead it beiMtot kHr¥@sH inSilatieIByeP 60 | K@&tridal trace
met hod of naking an el ectrical interconnect that

604 betweeregminals $il @ pndy6 knis bpried in ingdativeilaysr 63 keneath uppes@heface
i - af ] aye n | r_insul ati.ye. .l aver,..wherein, .
608 PO PN e b B B S R Ruica
trace260b trbweiltérgiina0PETs 41d,616heburieddh ensulktivé RilyerveD2|bai&kh upper
includes an inlet via and an outlet via, the | ower

surfacg §08 and thas isapbvisivls, butds shovemfor senvenienee efilustration. Bleetrical
interC eft ?(ﬁpcgﬂ 'b@%%mﬂ%&ﬁ:e’d% G inANd I!aﬁt}) teKe'c%% 0 %{oﬁg?c’t 200.

annel”"aren communrcatton™\ (
t h®ip. 11 &M R panadw SD¢lkEHEd] StertBiuRict P00 mQQsIRMnca With a seventh
through the inlet opening, the inlet via, the channel,

embedimegtin the preseat inventiase Fleatriieal insgrepnnegt 70rincludes insulative layer

e fiod reternal b ving.
702 SRLUREY el 1, 08T Vot e B Gt i AP ce 70
is a puliegies mBilaiveilz@k 7T0Dinciidbs BFRY bife 206 AELIoWeE ﬁirfacta (not

trace in the inlet and outlet openings, the inlet an
shovgn); [Edectrigahacer 74 inabude tarménals 7i0e 7k (TH A7 16and 788 hturpper surface

b j th i Lati I to.th Wefal .
705 B8 R PR 51 o S A Bt o
704 baween tePmiaR 7110)EIR2, 716 gh §ahd 18 Rbaked ilinsulAedRef 701 Bfieath
nmet hod can i ncl ude bondi ng the upper insulative |ayer

upparsuxfage H6@ad és thusndt aisible, Hubisshows iferconieniensk of illustration.

L ffusion bondi ng_the m.ddl e insulative ] ayer. .to
Elecrical {grettinefloRlo 325 bt Prlalfartulid v FaanBe R FlsGiigH ingrponnect
200t his instance, the mddle insulative |ayer contacts

and i s sandw ched between the upper and | ower

insul ative layers. Alternatively, the nmethod can

i ncl ude bondi ng the upper insulative layer to the

m ddl e insul ative | ayer using an upper adhesive | ayer,
and bonding the mddle insulative |layer to the | ower

i nsul ative layer using a | ower adhesive layer. In this
i nstance, the upper adhesive |ayer contacts and is
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The nethod can include solidifying the non-solidified

materi al using heat or ultraviolet radiation. The top,
woradhesoand | ower insulative |ayers can be pl aBt1/862009/000050

ceram c or conposite. The ndn-solidified material can

be aliquid or sem-solid material such as conductive

BB/ DAY S i SRV YA A1 BB0B IS AakE: SRR cighin

e can | er par par

embddimaﬁrof Hitrprésehteifiventivh.VMicré flaidRAe¢12B 1800 ifdthides Gis6lative layer 802,
graphite particles, or conbinationsthereof. The

electradagi$Q4 and 806 ard @@Him8%tbﬁtﬂm@dm@ 802;1S| a dieleettic Jayer, and

oG5 4568501 H0SAL LT3, S B g RS oo st

810 ddbwat jueface (hbteih@%) ElB&r&lé’@ goriaM mlaélhdez@hhﬁals ®2P and 814,
be an electrical trace or an el ectrode. Furthernore,

resmcmelmbgm gurfase 810.i Elgctrades 86harid 806 qumldomarhuénotdhrough

h |
insulfyRTafke S8 S ftp SRR ey B SICRE0HR & Singleftposgd terminal.
Electrdded SQM%ME%EAI@%M@dh@Eum&y fHab & sobsHglient bonded to

hi gh aspect ratio, varying thickness and varying

termmnl@ém ged8l4 mpeoslr\ralpreat uppertsurfacsl 8 0. Capillane808 ncladesdnldt

opentfs Bt 13, ol ol B P ki B2 b s i i

comifitifiBatioBGATHd RSB oMEr. ISWehplesRR) ifdét dpeﬁugﬁm/ﬁldm@ and flow into
metal lization layers. I'n addition, the present

chanpel\B3 s flayn threngheshinnsli824ete outlet @enmglae82.(hmde&2>; aifd then exit through

outf BB 8 AR B R e S SRR gl for
the fRIRFsagipdain GhRGEI DA ﬂbvﬁlgg/ {oCcttlet GRhing 32 aEfectrode 806 from terminal
t hr ee- di mensi onal enmbedded netal li Zati on. These and

812 totitsdr-stfaped endacanchaneel 324 I&algssd arf inswlatiys loyer 802 ibaneatht wpper

i b . . t f. th t '. d.., .
surfaf £ 0 RECRETis FREGSBRP Pl ol tht SolyEniphoftarffisfpbiah oLikewise
electfyde\808 GOnFeRMAAIBA11S it9 T-shBFedng heat chhhe B24 Rbured in iSWtative

be nore fully described, wth reference to the

layeroﬁoa\hen@ﬁl unpemmraqe 819 and thus is nat wisibles butds shaywmfor wmnmﬁce of

it SFblerF prifle SR BEREL: s 8161520 R G ptea i

1nsul§ﬁﬂ§51§y§'Q02 berath wipersurfate 81 R{dRES i9 ﬁlomiiglb@ b&th§ shown for
el ectrical interconnect in the first enbodinent; Fig.

convsmp@,ceapf dhlustratiere Micseflidigidevico B0Geandicananufastyred i in a manner similar
to gﬁl$§gnect4 accordance with a second enbodi nent in
nq b ente vention; Figs. 4A-4D are cross-sectiona
Vi Bips 191s aﬂo??lah@’i’ev@f)f ﬂﬂ:‘ﬁbﬂlﬁdﬁ: laevied 900 il deddrdance with a ninth

i nterconnect in the second enbodinent; Fig. 5is a
embediment indhg present inyensiono Migrofiuitiof¢vices209 indudesdnsutative layer 902

and GEGEIE 00 “mblipvealet b i EeHE Ryl o) Al POFETR g n glctric
ﬁemrpw@ oﬁxsﬂanm'lglya 90b MRulles er Wirdice 906 \Ah& 8 ld\ﬁbrts{iﬁaéel‘(hét%hown)

nbodi ment is a cross-sectional view of
Electrwler A in¢ludes temumde9101amﬂc,‘2:1@rad appss swifade 996f Ellnctrhde 904 extends

o GG i B0 R B A B oz

buriédl ﬁﬁﬁ’dfuhdﬁvé 1£5eF500 KeRedth uphie sﬁﬁwet9h6 QH® Atk '??ﬁﬁt vidib1e; S’out #3hown

and 9B are Cross-sectiohal and top plan views,

for conwequisnce oillpstrationaMietofloidic deaficei 990 ean ba neoufactured in a manner

ordance with a 6 fth enbodi ment in the present

S“mﬁ‘ﬁ?f’e ‘d‘ﬁldﬁ"‘cié ‘s a top plan view of an electrical
|nterconnect i n accordance with a sixth enbodinent in
the present invention; Fig. 11 is a top plan view of
an electrical interconnect in accordance with a
sevent h enbodi nent in the present invention; Fig. 12
is atop plan view of a mcrofluidic device in
accordance with an eighth enbodiment in the present
invention; Fig. 13 is atop plan view of a
n1crofIU|d|c deV|ce in accordance mnth a nlnth

Y T LT e o, . - e
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Fi gs. 15A-15D are perspective views of techniques for
flowng a non-solidified material into an insulative

wo a00en0%086 subsequent |y provi de enbedded net al | PZBBGTNING/000050
in the insulative |ayer inilaccordance with the present
invention. Detail ed Description of the Invention hi

AL BOISTE bl O PGB s

embadlmheiﬁtthé presenoiwention. IMidrdfluidié @evadel 1000 aMEYRE instladie layer
he present invention may be practiced w thout such

10021@%(’3&1@0(1@3&% drsulative daser] 002 iap diclstriclayatcandrelastddet 004 is an

ot to ohsc rese
el ARl HsfiT b 400 iRt TR0 i RV Sitce
(notskovim)e cEléo&oaél eomrxhclu&sgemﬁnmoos Spper uffabd M08! EldcRdde 1004
of electrical interconnect 100 in accordance with a

extepdsrigto tarpeithrough insplativelaperd 967 and isaalead-end elgiteade that eontains a

B T M A -

lOOﬂbéiie@tﬁtubF& shFN& 1,008 3Hd BHuS ¢ ot GRIbIE, HAER shén ot cBnvenience of
ine. Insulative |ayer 102 includes upper

routin
illusiratigny d%lcmbn@n deviest00xnan bg oranufastured) in otnrdnoed similarde
nnm'gldl Iudﬁ@ termnals 110 and 112 at upper surface
P08 eﬁ’éc Pect rical trace 104 extends into but not
t NIFROTS A 18D 28 pethel@Veiewef tednRfules f&qiovﬁﬁga&ﬁonl%dlﬁed

el ectrically connects chips that are subsequently
materialiinteah insulatbyedayes to smequm@ prodiide embeddedandtallization in the

ted to termn 110 nd 12. Figs. 2A-2D are
"mu%?8§EW§é8?9%ﬁé¥w9“% ?ﬁ"ﬁ?ﬂ ¥%f making el ectrical

| NEEFEO 5L GlonlBAdifled ant&al 2100 i¥ ngénsh@% ﬁkﬁlﬁ@vé 3y&1102 at
114 and | ower insulative | ayer are provided. Upper

inlef apeninglil (4by digpansd nazzienlOadews thraigh chamehbl 08208d axits insulative

tayeR blg258 o Spie 0 pfeepfE fodengBvied) £ Mhis o EPicied
mat&R@ e 800 Beves fntdtindi Gu@bf MsHRRRS lﬁi&q 107 RFeQRBsAB YabiRim suctlon
Lower insulative I%%fr 116 includes channel 124. Upper

Dispensanazeievid 06 isyspaced namsulabvelaycrrrisl 02 and slegned with idléGopening
110§ 484 Du Rl Toefots v 1YY Potaa it 8Pt P2 ot oo iyt avties

vaa&&ﬁm@ﬁgnhﬁ@ﬂﬁgbﬁéhﬂgﬂQIQHOther u3|ng t hermal diffusion.
Furthernore, inlet and outl et openings 120 and 122 are

al iy Kigd ISB,tnondngd!éied anageriid 1200 is dispersed indelinstlaties layer| 1202 at

mle q%%%@%m%ﬁm i0f Bo 1 hﬁgdg%\éﬁg?ﬂggpc Sine 520]82 and exﬁs 1nsulat1ve

1ayeFuzam 'bﬁﬂét@)lpethJH§ wtm i mlsl onedobidikbd neidial 1800 ﬂwe into and out of
i nsul ative [ayer 102. Thus, upper insulative |ayer 11

msut%m layes1293e ressmsfe 4e presm,zechmmbcnawehj dctieniherzle/ k206 a;yettacts

ower su e 108. conduct i
insofie BB |15 ome 87es B P Tuerruripgtd o Ginlpiapening 1554
OPeA FRY15E2kbratiaid xﬁa&laﬂhmﬁ'mslsgﬁsed GO HitTatiVE1d &%02 at
paste 126 includes silver particlées and is di spen
inlef cmeumgriB@ﬂ by dispénsg no24de WQGI, fows intioichannelt 1368 anéewppiallye dills inlet

onesP454 55 RRERA P e S B i SERTAES 35 OB ot oo

1nsuia¥91e 16T Fifflerfitie, Ghuldtive 2RBP1 108 id dRpoded upef Oﬁﬂlum chamber as

wor ds,” conductive epoxy paste 126 enters Insulative
n0n+say¢|ﬁed Gitdrial t30Hlawn iato inpdativedaye? 03 dnitielly,ghe vacuum chamber
i nsul atjve layer 102 throug %E*outlet ening 122,
is e‘faﬁg?te@ﬁ?f&r ng 3 Vapuutm i 1515t PRANIRE, ﬁgé el 3981 Thereafter,
L.
non%BgdllfilsaaC l#fcria i-ngO i9 'c?rgt*n%all% ?&Q%Iﬂngrbe%Ye? ?g&?ﬁg 139335 fhe vacuum
el ectrical trace 104 ininlet and outlet openlngs 120
and 122 and channel 124. Fig. 3 is a cross-sectiona
view of electrical interconnect 200 in accordance wth
a second enbodi ment of the present invention.
El ectrical interconnect 200 includes insulative |ayer
202 and electrlcal trace 204 Insulatlve Iayer 202 'S

- . o . S NN A
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insul ative layer 2 18 are provided. Upper insulative

| ayer 214 includes inlet opening 220 and outl et
wop@ailogy3R22. I nlet and outl et openings 220 aneiCR2R2009/000050

extend t hrough upper insul asive |ayer 214 and are

spaced and fIU|d|caIIy separated from one another.

ddl 216 | t | ]
chanitSrefiure}s Hopised Bom B tachim 1, AfHespicispresstre S8 pdgoul, there is
11tt1e2>38@ Flle_@aueé froitBetiéch Ble 1245&% e?d%@ oPH6h-<obli fRodtrRAtekidl hB@w&m the

e insul ative | ayer 6 and are adjacent to and in
deadfdnd irdchannehl ﬁO&:astnomomlﬂed inratertal 300 fbowd tewards and eventia iy

contGi IS sl BORahGreL e BTSRRI ohiblet pRFAL D% eies that
non-§dli‘&l‘ﬂeﬁ%dt&ial @m‘ﬂ@l]s 1ﬂfbdan\‘l'fﬁls%ﬁgt 11%31304 hf¥\&annel 1308. This

i nsul ative |ayer 218 I ncludes ch 234. Insulative
techiiqueds parﬁmzlaﬂ)zwal-amtbdfdﬂﬁﬂmg dpddaendl cmamerl}fandsnd%m won-solidified

ol ycarbonate. In Fi nsyl ative layer 214,

ot s PSSR Do 2 dg R FERRHE noul at | ve. | ayer
t

e gD R Colldn i BRg 1400 i iR TR AL 1R P02 o
inletdpcmmgl@#bynsﬁctidnemnﬂb 1406, flosisdmto chamehM8tand leventually fills inlet

.. nsul e | ayers 216 and 218 can be_honded toget
OPenen&#‘*H% d45$1eﬁ+§+ nQj-$ é@ﬁ@@@? 1400 3@ e ‘étmg?t out of

i g&ihe

insuf ‘8?‘%"%%*5*‘ - Rt Rl £ el BI02NE aRABLE L SRR hamber as
non-soisllﬁadtmatmdl ayen flowsdl itcainsnl 2tive layen 14@2. binitcidg, the gatuhmrchamber

duri 6econd thermal . dj ffusiqgn step

is evaqua BOreating A \GepyR in inlet opening 1 ﬂH&néAgmgth% Thereafter,
|

mwcggﬁaé%wt 00 RUBHS AP B0 25 Bl RABRLON Nex.

non-sdlffiedimaterva 1¥0C B Tontinvatiglbressuns injertddvatol inlgeopeding 1404 as the

contacfs and i.s sandw ched hetween u r and | ower
vac pmperretajng the vacuumm,. o el y,weﬁ@? (ﬁm materig) 140045

I I
con i oGRETLARE G5l o 12 AUkl g
eleveaﬂﬂfromtﬂhemacuum:to ﬂﬁﬁ)SﬂtﬁdlC@S@sme Faitheymert, aisyringe hot sorntains

injec3n nae HBB A APSIOTLAN! YoPPLE Ginehiondie sy harabel and the
preséu?é ﬁEre@:{édat m&&on fRotaR @haﬁﬂgl 1498) AR tzﬁ&aﬂmﬁhﬁ foitséldified

lurd ¢ n|c tion with one another. FurtHhernore,
matenlals lAO@tthmegli Brjet operizdgl] 408 lifitoahdniiz] 8408 rimeitheswhsxt siuee channel

1408 hEinsTRe yagbina gok aolt B BRier L TACR oD i1 phingh LAUR. there s
littleRr Y ipPtiSurk %ﬁ{bawé&,q&@legggée% di* n-s8fidi emqféﬁm VA0 and the

epoxy paste 236 i s prov et an out
deadegndrin clysn221408 sl n@2lidifiddahatarial 1(400 fletvs tdveandsednd eX2utually

oSV oo PO
and Piaé With lngﬁ-s@iﬂﬂﬁé@mgﬂeﬁﬁeiﬁﬁ sdb@%cﬁl 11!'1"){ Enveh&to QQI%%@ ef}é‘élg@crode.

vacuum suction 1s appl |e openi ng
r e$heé presend imentionie wellexitedfos reanidfabtuting waltteypn sulistratel with

t ugh .j.nl et opening 220, inlef cha ne 224, inlet .
emb#ffsg?%éﬂilman gugh a3 gle Ririsal trases gacsel rrg?m@wgm@m
O [
cloctfrtl i %paé*#%*%ﬂ’ﬁﬁﬁé% BN shldls vé“?hﬁ?*f‘%%% R defices
that contain tirpedinnghsionél eatbddded hetallizatidnat i ve | ayer 202

t hrough outl et opening 222, thereby filling inlet and
outlheinsulatiyg layar canbe ﬁw&ppgzand 1ﬁ‘l"@tm%\1rlﬁl“’6 mees oringlyde the upper

o 5 3815 0 I 000 B e e

cured by appl ying heat t her eby fornlng eIectrlca
trace 204 in inlet and outl et openings 220 and 222,
inlet and outl et channels 224 and 230, inlet and
outlet vias 226 and 232 and channel 234. Fig. 5is a
cross-sectional view of mcrofluidic device 300 in
accordance mnth a thlrd enbodlnent of the ~present

Y . - NN o, .
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insul ative | ayer 318 are provided. Upper insulative
| ayer 314 includes inlet opening 320 that extends

wo boooagtesapper i nsul ative |ayer 314. M ddl e i nBai/aG2002000050
| ayer 316 includes channel 1822 and via 324. Via 324
extends through niddle insulative layer 316 and is

TR R
chaniChndWr |vﬂ¥s i® A8 BthniRfeatiCH WitR Bn@ﬁﬁﬂlhé?g Ir?’&ﬁht?dﬂ efedipper and

through lower insulative |ayer 318 and is adj acent to
lowerinshlatrveflayersanddhenmid dbeinswativeilayrer(sh@fHany) c80ts: a wide varlety of

elec L ngul. at %‘gflggéer%ﬁg%é Gﬁslacgrdmgégmﬁ ?I t||% gbgr?ded
togetﬁéi‘Xx?ﬁmﬁ%us Wa%&udlﬂ teRthil\ @i ind3RA iRldFve nin¥patterned

i nsul ative | ayer 318 are bonded to one anot her "usi ng
adhediveclayaxs. bhikewiss) thﬂchahneimhm:tvmsecahdmw suBdréussiap&lahdcimes. For

o R oA B s
througﬂ %%dﬁ@ﬁ&f‘ﬁfve ot altd ?sé&féﬁ%é H)Wemsuﬁh('é }égéro& a blind via

tep. Alternative ative'layers 316 and 318 ca
that dae:nbmnmkebluttrmgﬂirm tth]owagmwlﬁmreﬁhydr her mal di ffusion

st n insulativ yers 314 and can be
oﬁ*@@ﬁov%éféf ﬁ.eﬁfgnrﬁe% ‘ﬁ’é‘r’“ ? fhgdFessnt invention,
and i x éd"tﬁﬁt \/31'151%' Iﬂ 1ﬁ¥zﬁmn§ &gﬂll%b\yeﬁéén?sy&ﬁ%e%ﬁe without

31 |nsulat|ve ayers 31 can be
depar&ngﬁdohathetsuaie;ofﬂwrpﬂexéntmgmlbnr during a single thernal
diffusion step. In every case, mddle insulative |ayer
316 contacts and is sandw ched between upper and | ower
insul ative layers 314 and 318. Furthernore, inlet
opening 320 is aligned with channel 322, and outl et
opening 328 is aligned with channel 326. Thus, inlet
and outl et openings 320 and 328, channels 322 and 326
and via 324 are in fluid communication with one
anot her. Furthernore, insulative |ayers 314, 316 and
318 forminsul ative | ayer 302. Thus, upper insulative
| ayer 314 provides upper surface 306, and | ower
i nsul ative |ayer 318 provides |ower surface 308. In
Fig. 6C, conductive ink 330 is provided in inlet and
outl et openings 320 and 328, channels 322 and 326 and
via 324. Conductive ink 330 is water-based and
i ncludes silver particles and is dispensed into inlet
openi ng 320 while vacuum suction is applied to outl et
openi ng 328. As a result, conductive ink 330 fl ows
sequentially through inlet opening 320, channel 322,
via 324, channel 326 and outl et opening 328. In other
wor ds, conductive ink 330 enters insulative |ayer 302
t hrough inlet opening 320 and exits insulative |ayer
302 through outlet opening 328, thereby filling inlet
and outl et openings 320 and 328, channels 322 and 326
and via 324. In Fig. 6D, conductive ink 330 is
converted froma liquid to a solid by applying heat,
thereby form ng electrode 304 in inlet and outl et
openi ngs 320 and 328, channels 322 and 326 and via
324. Fig. 7 is a cross-sectional view of mcrofluidic
device 400 in accordance with a fourth enbodi nent of
the present invention. Mcrofluidic device 400
i ncludes insulative |ayer 402 and el ectrode 404.
Insul ative layer 402 is a dielectric |ayer, and
el ectrode 404 is an electric field plate. Insulative
| ayer 402 includes upper surface 406 and | ower surface
408. El ectrode 404 includes term nal 410 at upper
surface 406. Thus, electrode 404 extends into but not
out of insulative |ayer 402 and is a dead-end
el ectrode. El ectrode 404 provides an electric field
for capacitance nmeasurenent during el ectrophoresis of
f|UId sanpl es |n a caplllary (not shown) . Figs. 8A- 8D
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and 416 can be bonded together during a first thernal

di ffusion step and then insulative |ayers 416 and 418
waeavohasobonded t oget her during a second ther naPCT/SG2009/000050

di ffusion step. Alternativaly insulative |layers 416

and 418 can be bonded together during a first thernal

di ffusion step and then i ative layers 414 and 416

can be bonded together during a second thernmal

di ffusion step. As another alternative, insulative

| ayers 414 and 416 and insul ative |ayers 416 and 418

ah be Aimgthedefanikinga mbsate, cBPESAET during a single

c
th LA f ' I sge,..m.ddl e .
Bl A TR0t R L in e oo
insulative\R9eT ihighpdss afliled dhoRihg) the lovak insBlatify/RYér iddddedncth4diil, and
Furthernore, inlet opening 420 is aligned with channe

the iglebopemingds in fipid compunicadonwith theichamel; 422 and via 424

o BBt oA 5 o s B o BAPAE o S QRS wnd e
Fusdlidefiyiiigitke ndrnsolideidd \nRatérdll 8 Spphlidg edekBy Nte AdBsdIRfified

insul ative |ayer 402. Thus, upper insulative |ayer 414
matgsiab (hegeby forpiag embedded ametallizatign in thewhannehsul ati ve | ayer

418 provides |ower surface 408. In Fig. 8C, conductive

ink 426 is provided in inlet opening 420, channel 422

and. Vi aTHethetho@ 0l biainh Y SintlaHing pfovidinga Wid@é inkaIaA e layer that is
uid that includes silver particles and is di spensed

[ i
sandwighsd pefiween Hisawperand Jowerinsulativa dayers: whereinghemidideinsglative
i ed .i a vacupmchanber as .t he .nressyre in the
tayeCinRAREEin Beot ot B RAT BT Radl il 8 Bt Ecomsink R4 the
charpeessure. As a result, conductive ink 426 flows
sequentially through inlet opening 420, channel 422
and via 424. In other words, conductive ink 426 enters

i ngul atiye | r 2 thragugh inl et eni ng_420. byt

dods nothEuellat s pynedie boafhe BRREP B fiygr o e
middI8 iittlatiPeRy&disigQherfilabdifRbiof 24d Ebﬁﬂdi}»i% theddidldlelhsutitie layer to the

8D, conductive ink 426 is converted froma liquid to a

loweg dnsulating layprsing thenmad diffusioar eby f ormi ng el ectrode 404
in inlet opening 420, channel 422 and via 424.Figs. 9A
and 9B are cross-sectional and top plan views,
r egpect THemgthodlof elagf Df in@l%ﬂinglbbﬁdiﬁg fHeapbetifflative layer to the
..accordance with a fifth enbodi ment in the present
-middlg insplativelayen using-anpper adhesivolayes dhat Somagthand ig sandwiched between
' t] l. . n rical .trace 504.
e RSt BB BB RS B B2 pid B B v o e over
insubdtie€ layeroising 4 lRGRr Sddsive 1a¥er thatidonicts laf®is shiGmicRéd Between the
. layer 502 includes upper surface 506 and | ower surface
middjggnd lowsg insplative layerse 504 i ncl udes terninals 510 and
512 at upper surface 506. Thus, electrical trace 504
extends into but not through insulative |ayer 502.
El act ri Tat nietivdefoldm 1einoRdihg! fRywThg tlehoh-bOlidAed MmbteriabPusing
buried in insulative |ayer 502 beneath upper surface
presgue erdionhyus is not visible in Fig. 9B, but is shown
in Fig. 9B for convenience of illustration. Electrica
i nterconnect 500 can be manufactured in a manner
si @l | ar The nRkigsdtdfickaith 1, HcRidaR M Ehg HGonfsbHdifidd niaferfl using
top plan view of electrical interconnect 600 in
vacme sictiomce with a sixth enbodi nent in the present
invention. Electrical interconnect 600 includes
i nsul ative |ayer 602 and el ectrical traces 604 and
606. Insulative |layer 602 is a dielectric |ayer, and
el ectrical traces 604 and 606 are routing |ines.
Insul ative | ayer 602 includes upper surface 608 and a
| ower surface (not shown). Electrical trace 604
includes termnals 610 and 612 at upper surface 608,
and el ectrical trace 606 includes term nals 614 and
616 at upper surface 608. Electrical traces 604 and
606 extend into but not through insulative |ayer 602.
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706. Electrical trace 704 extends into but not through

i nsul ative |layer 702. Electrical trace 704 between
W@ 0osiieBe 710, 712, 714, 716 and 718 i s buri eRCT/8G2009/000050

insul ative | ayer 702 beneatl® upper surface 706 and is

thus not visible, but is shown for conveni ence of

i1 lqustr g4 I | cal Jdnternconnect 700 .C e . .

it ac it Bijthof of Shih F3pclbiyg ERARERE ndssotfffad Raterial through
the ¢l 460 ae oitie? Oferigin tHlupper Mshlafvelbpd. Vi ew of

m crofluidic device 800 in accordance with an eighth

enbodi nent of the present invention. Mcrofluidic

deyi ce i hcl.u . insul at.ive | ayer 802, el ectrqdes

503 and BomedRy 4 Shim FoWodtindfe vibkindIobr Fafivedamns we
plastic.di el ectric ‘| ayer, and el ectrodes 804 and 806 are

electric field plates. Insulative |ayer 802 includes

upper surface 810 and a | ower surface (not shown).

El gctrodes. 804 ;and 806 incl.ude termnals 812 and 814,

r eg pect ﬁ@%W ogto? g‘ﬁlﬁ’é ?’ %E??’Bglée UPpst ar%ﬁ%\??r‘&ﬂ@%“‘@dﬂy Ihefe
ceragfd® extend into but not through insulative |ayer 802

and are dead-end el ectrodes that each contain a single
exposed term nal. Electrodes 804 and 806 are

elegtrigally.connecied to circuitry,. IS . ..

subsequent F%thﬁg Hggjﬂl“} » WRerein Ahg %0“8%55‘3%& mgjorial is paste.

respectively, at upper surface 810. Capillary 808

includes inlet openings 816 and 818, outlet openings

8201.and Taemethoed of tlaimm &0, vBRteinthieqtastatisecandudtiveiegoxy paste.

comruni cation with one another. Sanples enter inlet

openi ngs 816 and 818 and flow into channel 824, flow

t hnpughTaOARMH 0BMdink 90, Mlekh HRRSAMYT %& theSfcAudes sil

and then exit through outlet openings % gﬁ% §22.mesSlver
. partigleg,cgol & pasticlen Goppet p8UEes s veradeated peppet partelesyeeaphite particles, or

or..the, fluid sanples in channel 824 flowing to outl et
c°’“§%‘8%§‘ﬁ§“§%‘§“: El ectrode 806 fromtermnal 812 to its

T-shaped end near channel 824 is buried in insulative

| ayer 802 beneath upper surface 810 and thus is not

vi $3b1 e Theymethiod of plam 1 f whereio tveeminesolidifiefl nidtériad is @midoetive ink.

Li kewi se, electrode 808 fromtermnal 814 to its

T-shaped end near channel 824 is buried in insulative

| ayer 8GBe hrtRALACHRPES, WherSiA 8RR BAducdnd idkiySvates-vasd.

visible, but is shown for convenience of illustration.

Simlarly, capillary 808 between openi ngs 816, 8 18,

820.and 822 |.s buried. in insulative |ayer 802 beneath .

up gg'r s ﬁ? i gmg P g clamy, 1# ’h“ﬂl},er?’g ﬂ}?o‘iong'i’%’iv% fnk in ey giver particles,
goldagtivlesf &gy EOpYEIEsS iR Bdatdd doppér PAA&; ofonibithdtidhs tereof,

evice 8 can be manufactured in a manner simlar to
m crofluidic device 400. Fig. 13 is a top plan view of

m ¢gof | wi di c.devi.ce. 900 j n accor e.wth .a.ninth
erbScl il TR BRI R Baed Al iatpRFLS the channel
devi ce 900 includes insulative |ayer 902 and el ectrode
904. Insulative layer 902 is a dielectric |ayer, and

. el &t r odbe onthod of ghaine | sghereio the ehbeddedinetallization firmse tube in

the&@ﬁfr 902 includes upper surface 906 and a | ower
S Abe (not shown). Electrode 904 includes termnals
910 and 912 at upper surface 906. El ectrode 904
extends into but not through insulative | ayer 902.
El é81 r odbe oBthodof vlaim 1; whereindhessubitbate isch Bic2oflidio deiviee.
in insulative |ayer 902 beneath upper surface 906 and
thus is not visible, but is shown for conveni ence of
|1 St T ght fithollof LRI 4! Whée e Ss2HE isca?lrbfl%?ric(fl interconnect.
manufactured in a manner simlar to mcrotluirdic
device 300.Fig. 14 is a top plan view of mcrofluidic
device 1000 in accordance with a tenth enbodi nent in
the present invention. Mcrofluidic device 1000
i ncludes insulative |ayer 1002 and el ectrode 1004.
Insul ative layer 1002 is a dielectric |ayer, and
el ectrode 1004 is an electric field plate. Insulative
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| ayer 1102 at outlet opening 1110 into vacuum suction
device 1112. Thus, non-solidified material 1100 fl ows
WO pa09/168086 out of insulative |ayer 1102 in respROBESGL09/000050
vacuum suction. Di spense nag2zle 1106 is spaced from
i nsul ative layer 1102 and aligned wth inlet opening
1104, and vacuum suction device 1112 contacts
insul ative |ayer 1102 and covers and applies vacuum
SUQDI 0N The mRAHII cRBRAR NI WHerdih Hd subbtrdté B-anTENSI shield.
non-sol idified material 1200 is di spensed into
i nsul ative |layer 1202 at inlet opening 1204 by

i Nj,ecti | 06, f. th h ch | 1208 d
exs 1 AunPapE oEmAkiR s sPsEAR. omBRETE: opening 1210
Thipsovidig ar® Rishldii{d ﬁ?elrgl?dt fchbs drPdlipef MUtV taPerBnd a Wer

. of ‘insulative |layer 1202 in response to pressurized
insulative dayew wheteit] the upper insulativelayarGacludastandulst opesingathie Jawer

. yer 120 nd covers applies pressurize . .
Ry, SR S ARE RT3 e e i i
comMficaAba HithioRE antth&@buhot WRAGniohtlel shRRged i nto
insulative |ayer 1302 at inlet opening 1304 by
di slspasing theinsubative (eger inlaomeuuinnclemdiegnnel 1308 and
eventual.ly fills inlet opening 1304 and channel  1308.,
Thivaciiling b vpeyim Sy SEIY CiesBee § FEwa i BIst ORging and
the &lahndf thbwsul ative layer 1302. Furthernore, insulative

| ayer 1302.is disposed in a vacuum chanber as
© nodlosving alidn-endidifiedamaterial 186 thefihletwpeningovhitesthé sdduum chamber
ayer 1302. Initially, the vacuum chapber is . . .
conly B ogeion s oVt st PURIER i T chpbet while egulative
layet Rdaidd i tie@R0Gh chalber, hBRHFASYRE ’thé"&ﬂl'-s_%(i’ilditmdfdllﬁ%ial into but not

material 1300 is continually dispensed into inle
out ofthainsylati 8Okyers andtbevacuunchanber pressure is el evated

from.t.he vacuum t0,.at pospher,i ¢ pressure. a resylt.,
t naPLAiBEng B APeegfai e BRRu by ol Giehey i Tomaotidifed

matérﬂﬁ,dth&gbd)eﬂﬁﬁh%fa NQ0-cAQ bleBlrdde 88 tHERh&(dep! 1300 and the
dead-end i n channel 1308 as non-solidified materi al
1300 fl ows towards and eventually contacts the

oper g DSBS RS BenBE TRtk BF Gar sap G FLmaSalhrovgh
the nll® Opering RtAhe chidrleBwhild SressBRSRA itﬂnglfa]e&gﬂ lcﬁﬂﬂb&l?é}ﬁtﬂfﬁ% trhe vacuum.

1308. This technique is particularly well-suited
filling dead-end channels and vias with.non-solidified
matgri al.that, i hsequent . nverted to a.dead-end
ol a3 r o Hatnados ST Retpobe iHise f nppefiBRT Al troueh
the infet @p &R eslthie henreNwhilGpredBre iAYIRY vabd#iR cBimbét ifdreases from the
openi ng 1404 by injection nozzle 1406, flows into
vacwyiva imepredetegninediprsssure. ual |y fills inlet opening 1404
and channel 1408. Thus, non-solidified material 1400 .
flows into but not out of insulative layer 1402.
Furjaher nihe@nethdtbol MimVA , Wiei théfulaiveia$RaS ad uPPexaand lower
_vacuum chanber as non-solidified material 1400 fIows
insulative layesul ati ve | ayer 1402. Initially, the vacuum
chanber is evacuated, thereby creating a vacuumin
inl et opening 1404 and channel 1408. Thereafter,
| NjBCt i OfheRRAROEoL AR NOWhekinthé tiladld MGer i Gies Odpper and
and covers inlet opening 1404. Next, non-solidified
loweminsulatise 1aypOandsa moddie insudative lgyee thatissandvieldddsttweenahe upper

i.nl et. openi 1404, as t. vacuum chanber retaips the .
and\}%‘zemm'ﬂe&}vteggﬁ&% P fis _,ml{i@ﬁ Insglafive Wédnﬁﬁii“éﬁ p betysen pad in
flui e hitRhfidn thﬁﬁ?ééigﬁt b%klnﬁgaﬁﬂ m&h%@.' et opening 1404

as t er ressure 1s e

he vacuum cha evated fromthe
vacuum to at nospheric pressure. Furthernore, a syringe
that contains injection nozzle 1406 and a piston (not
shown) is disposed in the vacuum chanber, and the -
pressure increase at the piston (but not in channe
1408) facilitates flowing non-solidified material 1400
t hrough inlet opening 1404 into channel 1408. hi
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| ower insulative |ayers and the mddle insulative
| ayer(s) (if any) can be a wide variety of
web@otiosos@l |y i nsul ative materials such as pl aB¢1/862009/000050
ceram c and conposites and2¢an be bonded together in
numer ous ways including thermal diffusion and thin
i nterveni ng patterned adhesive | ayers. Likew se, the
channel s and vias can have nunerous shapes and si zes.
Fope.i ST @ethod ofllaigh 21 vhéten fhe hoi seleRfledmateAhlas toRittive
can be fornmed by a through via that extends through
epoxytpastd ddl e i nsul ative layer and is sealed by the | ower
insulative layer, or a blind via that extends into but
not through the |ower insulative |ayer. The above
deszri prhdmebd ofAaiRPE E Swhetdinfhemdh-8olfiR&PMARAASs ebndudfive ink.
present invention, and it will be appreciated that
vari ous nodifications and i nprovenents can be nade

wi thout . departing fromthe sc of t resent
oot i B¢ BREpa BPaRS], e BB e TelRofE Bl theshannel.
conprising: providing an upper insulative |ayer and a
| ower insulative |ayer, wherein the upper insulative
| a9®r i Hld mathed aficlaim 21, vdiseai thg deadrend edewtrode fills Hwtinlebopening
d ayﬁr includes a channel, and the inlet opening is in

and e FPP € muni cation with the channel; flowing a
non-solidified material through the inlet opening into
the channel ;" and then solidifying the non-solidified
maBd@r i alhdypethpdofclaign 2hevhpyein thetshbstrateris s olicwilfridécidevice.
material, thereby form ng enbedded netallization in
the channel. 2. The nmethod of claim 1, including
provi di AGn@h&d SithSkind's Hli@bilyigic RYRE, dohkising: Sandwi ched
bet ween the upper and | ower insulative |layers, wherein
t hprovidiel an uppsuinaulaties layey oy midddd insidative layenatrba looveen irsntative

e eSS et o SRR v
inchide§a VRDB 16WShalldti8 1dy@Y Rclulies 4 Hfnfdl SHliqhd fsed bﬁéﬁiﬂd%lthe via and

| ayer using thernal di'ffusion, and bonding the m e
the dhasnel areiin 8uidgpmmunication withome apothert thenve | ayer usi ng

thermal diffusi.on., 4. The nethod of claim2, includin
ofiaT i 4 Ao BRI raeereL o Ry affovdh B b opgpige. e U and

the dhagndl;aind\&nl ayer using an upper adhesive |ayer that
contacts and is sandw ched between the upper and

- i delidefyingshe non-saidifiedematerial iy appliyiigregerei bo thie ddih-golidified
a2 B St e 0 b B L B e

operfifid, eVia bAEtheIcHEH®R]. and | ower insul ative layers. 5. The

method of claim11, including flow ng the
non-solidified material using pressure injection. 6.

The,net hod o laim1, . including flow ng the
noﬁgSoIi FPF@ﬁﬁﬁgfgkpgﬂﬂﬂéPﬁﬂgvacyun1suction.7. The
MepRAEdiAg the!teh, Thiddleiafd lld%r RfbufatiO¥alérs Wikl the inlet opening, the via

non-sol i dified materia t hrough thée channel into an
and thetchannedhen ng i n the upper insul ative layer. 8. The

h laim1. wh [ he . d |
g s Ry sian Thee e e e iR o1 ai
1, belIng e thidBleURREHVE T of RIRE 10wes Hisalaiivelah@yer s are

ceram c. 10. The nethod of claim 1, whereih the
non-solidified material is paste. 11. The nethod of

clai,m 1Q, wherej he paste .is conductive ep aste,
12337he Theedhedat a3l efudipgusing s pOt bty fateral using
presSRE el HelfletSeningl | ver particles, gold particles,

copper particles, silver coated copper particles,
graphite particles, or conbinations thereof. 13. The
met hod of claim1, wherein the non-solidified materia
is conductive ink. 14. The nethod of claim 13, wherein
the conductive ink is water-based. 15. The nethod of
claim 13, wherein the conductive ink includes silver
particles, gold particles, copper particles, silver
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the channel. 18. The nethod of claim1l, wherein the
substrate is a mcrofluidic device. 19. The nethod of
wa@bk@boibie wherei n the substrate is an el ectri cBET/SG2009/000050
i nterconnect.20. The nethodlof claim1, wherein the
substrate is an EM shield. 21. A nethod of making a
substrate, conprising: providing an insulative |ayer
that includes an upper insulative |ayer and a | ower
| resil| atTheandtioesf, clatmey1 Sindluldiy fltwaRE themdHlsakidified htéfial using
includes an inlet opening, the |ower insulative |ayer
vacuym snqiieast an ewfleh apaningindhe insulativedayespeni ng and t he
channel are in fluid conmunication with one anot her
but not with an outlet opening; disposing the
| iUl atThéandtRUPST dldim?3 1Y A idMeRIMRANg HR\RA48diINEd Inlﬁf%nal
vacuum chanber, thereby creating a vacuumin the inlet
usinghgehii ng and t he channel ; then flowi ng a non-solidified
material into the inlet opening while the vacuum
chanber contains the vacuum and then through the inlet
OpHNi NOrHethéthdd6F GRS inclﬂaiﬂgesohﬂi‘fylh% ﬁiélrféhlsﬁﬁdlhed' ﬁlraterlal
remains in the vacuum chanber, thereby flow ng t
usingniiradolet diatienl naterial into but not out of the
insulative layer; and then solidifying the
non-solidified material by applying energy to the
nogy. sol THiithétRsk SEd AR Al whéﬁéﬁf BB Yod-51THI G MatefAds Estductive
el'ectrode in the channél. 22. The nethod of claim 21,
epoxy padtaidi ng fl owi ng the non-solidified material through
the inlet opening into the channel while pressure in
t he vacuum chanber remai ns the vacuum 23. The net hod
of3g¢| ai Thednethéd\6f st ™, Wheid e hOE s iSPinhtdiiAll i€ Bonductive ink.
material through the inlet opening into the channel
whil e pressure in the vacuum chanber increases from
t vacuum t rede er m ned ssu 4. The met hod
hﬁ(:I alc#h tﬁ%ﬂ‘é{)‘e‘i‘lﬂl :{lh FW%@EFEGEO ea@egr ¢ chanpel- | pper
and | owner |nsulat|ve | ayers. 25. The nethod of claim
21, wherein the insulative |layer includes the upper
arfld.| oviEhe methed of dlaim }aypberimthd clectrpdidfils the ilétapening, the via
dt#a er that i's sandwi ched between the upper and | ower
rve | ayers, and the mddle insulative |ayer
i ncludes a via between and in fluid communication wth
the inlet opening and the channel.26. The nethod of
cl4i-m 2A mm@mmmm inférEoragctyeqmaprising: i s

dug d,of o
WP URire HPRE haB R Tavet & gt FRtelne 1 et ROET inlasive
layer2WheréfhEthee; Pﬁeﬁ G’ns%fatl% & iddludedrifletlopdamgd@adn %ﬁdet opening, the

electrode fills the channel. 29. The nethod of claim
midd}elinsylptevedayertiabudes an indetyizansnrdlet Yin, the lowee inisnlative layer

e RS ARt B B TP B hchanne
are iNBi{AQSnBhurdi@ion %idh dieah&thét!idhc devi ce, conpri sing:

providing an upper insulative layer, a middle
i nﬂnguamn’rsayéuﬁeé meitesial spquentialy thraugh/tbe injstepeningdheintet via,

e b RSl VR G BBl IRR S VT T s
. nﬂidﬂmﬁh& &M%olidm‘e!dtiﬁ&&mi‘b? Uil enérgd tJ :txe nbfﬂ k&idified

openi ng, the via and the channﬁﬁ are in fl
mategielthen¢byLoimuing \ﬁmbhddﬂi anctalbzation that bHWlddS tawlehgtmal trace in the inlet

n sol idifji mat t hrough the inlet
and%ﬁ@m@m&sh et}}l"a‘a&ﬁ a‘ﬁ %ﬁﬁﬁaéﬁaa‘{f’& then sol i di fyi ng
the non-solidified material by applying energy to the
non-solidified material, thereby form ng enbedded
netallization that provides an electrode in the inlet
opening, the via and the channel. 32. The nethod of
claim 31, including providing the top, mddl e and
| ower insulative layers with the inlet opening, the
via and the channel; then bonding the upper insulative
Iayer to the ntddle |nsulat|ve Iayer and bondi ng t he

N a



33. The nethod of claim 31, including flow ng the
non-solidified material using pressure injection at

wo b@oitodoed openi ng. 34. The net hod of cl ai m 31, PCT/SG2009/000050
including flow ng the non-2olidified material using
vacuum suction at an outlet opening in the insulative
I r. . d;40 |.aim 31, including
sgz?%?di f@?r%e ﬁdegﬁ%%&s%lr h‘fﬁdl%{@d mat eri al - usi ng heat.
3Groviiiag e dopomiddlecdndilew & insul dtive WilieROviBPIhe SHIEYdndDut1fe
non-solidified material using ultraviolet radiation.

openings, the ialetandieifleyviag prd the ghannglkitheai n t he non-sol i difi ed

jal. | .l \\e._epo te, . The met hod of
i@ hd SprP RN !By RO R A Risyiie B g 00
C Godldizithemidako indativel1Syel RS the thvdr ifSuBitiVe Bijer. Wher ei n
the electrode fills the channel. 40. The et hod of
claim31l, wherein the electrode fills the inlet

[ h i d t.h | .. : ) f . .
OB e 1 B4 DR Boind g SRl win
pressiieQijiectiontht #e MRPBpeninpsul ative |layer, a mddle

insulative layer and a |lower insulative |ayer, wherein
the upper insulative layer includes an inlet opening

ang an -qut | ni.ng,, the mddl e insulatiyve |ayer . )
o S hod B, ingFugihedvias img-splidified fpaferial using
vacuﬂrﬂgwtﬁhiaygleloan@troﬂeﬁﬁgudes a channel, and the inlet and

outl et openings, the inlet and outlet vias and the
channel are in fluid conmunication with one anot her;

then fl.Qw ng, a n-.sol.i di fi.ed erial, sequept..all .
t %Ough eﬁléecql?ﬂ (gt?d%ﬁ’e‘hi’ H’ﬁfudfl}gesgﬁaﬁéf‘g thego tsﬁg3 rial
usingtHegt. out | et via and the outlet opening; and then

solidifying the non-solidified material by applying
energy to the non-solidified material, thereby formng

enpedd netal | i zat.i on that,. provi.des an el ect.rical )
© P CC Piheltitfod piunnl). nieud SR B nonaohifiied matesie
usingQilfrdv@életvadiatignd t he channel . 42. The nmethod of claim

41, including providing the top, mddle and | ower
insulative layers with the inlet and outl et openings,

i nl I i d.th . th .
18, B0t G0 DALyt

epoxy p&std. at i ve | ayer; and bonding the mddle insulative
| ayer to the I ower insulative |layer. 43. The nethod of
claim4l, including fl.owing the non-solidified

(r)rg‘tggir h?heﬁétﬂ%}@fﬁéﬁ gng?liegqc IF ﬁ{)‘gr%(til’i&iﬁ%}jing{gﬁ%lgis conducﬁve 1nk

flow ng the non-solidified material using vacuum
suction at the outlet opening. 45. The nethod of claim
419. i nchhgdnethodsef ¢lain 44, mhereirethn clectsiohl terick ififld theathenned
using heat. 46. The nmethod of claim41, including
.solidifying the non-solidified material using
uls0; aviTHegheth@dloBdlaifia 1, Wherelihe BREMRA Bfce BB 4R ififet and outlet
wherein the non-solidified material is conductive
openiggp ihe nles ped outlet vipsendrtheichannet. cl ai m 41, wherein the
non-solidified material is conductive ink. 49. The
met hod of claim41l, wherein the electrical trace fills
the channel. 50. The method of claim4 1, wherein the
electrical trace fills the inlet and outl et openings,
the inlet and outlet vias and the channel.



