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WD 2009/ 105036PCT/ SG2009/ 000050 1 METHOD OF MAKI NG A

MULTI LAYER SUBSTRATE W TH EMBEDDED METALLI ZATI ON Sum
WeHH/10§3Zhenf eng Wang 5 Cross- Ref erence to RePEE/&8G2009/000050

Appl i cations This application clainms priority

fromU. S. Provisional Application Serial No.

61/ 064, 179 filed February 20, 2008. 10Field of the

MEFH0D OF MAIING AMUICERAVER SUBS FRATE Wi eMBEDDED
particularly to a neMETADLIZATION a nul til ayer
substrate with enbedded netallization. Background of
the Invention 15Multil ayer substrates with enbedded
nmetallization are usedSum Husm Mg vari ety of
applications such as njcrofluyidi c devices and
echtricaI interconneE%@gﬁ%“é%van&1crofluidic devi ces
are snmall conpact devices that perform chem cal and
physi cal operations such as capillary el ectrophoresis

with mcr 03Cat@ofs@ia‘eﬁen\é@’tdmﬁtedf&%licraﬁaﬁi ions, rapid
detection, ease of automation and 'sinple transfer

b dhiseapplicatiotclaims paesy|from UGVPoovisional dipplichtion Sesal Afce

61/06%}12@@5%@%%&3@@% la?ib;)(rjln;)?_ glhloprml ecules is

critically inportant in nodern biology and
bi ot echnol ogy techni ques such as DNA sequenci ng,
prot ei n nol ecul ar weFight ofdbe baventiani on, genetic

T NN ORI G —

to a nfhddl SGhdkiistg 4 bltHayed bsehia WiRdnBRi gL 8al1ZA AL €
t hrough the 25solution in the electric field and

separate into distinct bands due to their different
rates.of Background of the Invention

Multilayer substrates with embedded metallization are used in a wide variety of
applications such as microfluidic devices and electrical interconnects.

Microfluidic devices are small compact devices that perform chemical and physical
operations such as capillary electrophoresis with microscale sample volumes, fast reactions,
rapid detection, ease of automation and simple transfer between reaction vessels.
Microfluidic devices are also referred to as "lab-on-a-chip".

Electrophoretic separation of bio-molecules is critically important in modern biology
and biotechnology techniques such as DNA sequencing, protein molecular weight
determination, genetic mapping and the like. Electrophoresis separates individual molecular
species in a solution by applying an electric field. The charged molecules migrate through the
solution in the electric field and separate into distfnct bands due to their different rates of
movement through the solution. The rates are influenced by the pH of the solution, the mass
and charge of the molecules, and the strength and duration of the electric field.

Electrical interconnects provide high-density electrical connections between

semiconductor chips that must communicate with one another economically and reliably. For

instance, copper/polyimide substrates contain buried wiring patterns to conduct electrical



10

15

20

25

30

novenent through the solution. The rates are

i nfl uenced by the pH of the solution, the nass and
w@eb@wgesosé t he nol ecul es, and the strength andpdirsGruo2n00050

of the electric field. 2 Electrical interconnects

provi de hi gh- density el ectrical connections between

S8 B8 s TS i P M comnc

metathiyagion éqquayedbw&lteﬁtaﬁﬁg oyt %fﬁ@ﬁbl&tlﬁlg &@reb@ld toprovite electrical
patterns to conduct electrical

1301&2199 betwss themastalleativno ﬁmmnzer@ngﬁm arelsp \mfellrﬁed hvleis
t
intef e sul R BIANE CRANTRs 4B Bl P BBlBat e by

al Beritahdutgor!chipsicontitfue ddlevatal zﬁta'ph&ldﬁldﬁhﬁﬁier IAGs at&sult, electrical
provide electrical isolation between the

lnterﬁ%tmpqs ofenr providemotenly isigaal rowiing buralrosircuit signal |rwchmg, thermal

[ i nterc at.es, printed
man Pgeﬁll{ ?’gelgféagnrl suapr?gﬁn%'ﬁ? gﬁﬂ?ﬂgﬁﬁ‘ﬁﬁ?ﬂ gg’ 5Sem conduct or
Cc hCpaveneibhdl mbiatilaPer@Mbtie: BiniFaddite BRRaNRbroviies mefiiliAAtion on a
result, electrical interconnects often provide not

lowgs msylaslrvg ke, thenlamigaten e uppes insuliativeliayerdo thedowersngiativg layer

nt an | .S nd.el ectr.ic
and 0 PR R SRR o R B i B0 P e S et
layen@iduh iuk BeBvde eGasdidtiviRNB)}tsA8 TonfRbethé hftl-1e98l M&aRization.
| ower |nsulat|ve | ayer, then | am nates an upper

i nEon example p@wpnvmqqssanedmsumma nolymer laygrdry sp@'afmjlg, screen
taI li.zati on

pof S R il AT giet

pattebﬁithmesi NEhekéaRef, #id N&ds@%&é‘feafe@ fSUMbMet laﬂlé}eand so on. Plated
mul ti-level metallization or exanple, conductive

throyghohales ase subseqisstly Emed by diling tesoughathe SUU§§IHt§ pod pltingmetal in

L TR R N R T —

to oﬂ;@t;i&ceﬁldlestdf Q ﬂolﬁﬁ‘@Sayeﬂ_ fﬁlﬁf Batal Rils afepattéhearess f)lﬁ)tollthography, and
repeated for another |ayer, and so on. Pl ated

thent@ﬁﬂﬂ@ﬁﬂﬁep&h%lﬁ%afﬁﬂbwduenlt ly forned by dri IhI i ng
o oAb R et B ReSST Ba bRy g M i of

layefshncﬁed'set sol dok® tHeS‘nuﬁiber @ﬁrh&ﬁl'li@ﬁhdn‘hn@ RR@iBAtiR stdpd© The tnefhallization
mer layer, the metal foils are patterned usin
is dxg'}g;{t

49 farAoyith ahigh aspest ratierand Heffqamaﬂem m@nmmc%@y difficult

f ring .has
o s RNV Rr S B TR AT oy
Platédthfotighdoles avithomsalll digmétershes prohibifReR dxpérive? mlamﬂﬂuough-holes
llam nation steps. The netallization is difficult to

also inderfergwith raumagwdethfa@matlmg% Warsg ag laweqomtg mqneask nBlad and
bun@(f\% addred %‘o@ lg thutaﬁ o l ! %ﬁ]ﬁx{% g}ﬁlg)r) {ngp;? ]H'gcess steps.

cav les. Lamhation [$

Phototith@taphigleadto ropagifoRhity oPéleéu%Mcmyod@Bsﬁwlrﬁaal\M{)ﬁd@oresmt

snael | dianeters are prohibitively expensive
reliability, prphlems aééu@l aspedt raties fasehéngindirents incongistent ¢tahirates, and

nmng}rﬁ,gyg{ocg& rremg‘tqlf?offl ayer counts increase. Blind

Therefore, there is a need for a method of making a multilayer substrate with

Ohi

embedded metallization that is convenient, cost-effective and versatile.
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25 buried vias address through-hole limtations but
requi re many nore process steps. Photolithography
wo e@da01086 non-uni formty of electrolytically deQDSGr®9000050

netal, photoresist reliability problens at high aspect
rati os, etching undercut, inconsistent etch rates, and
NuUer ous process steps f% jst lift-off.
Therefore, there is a nee or “a net hod of making a
MUThe present inveritivnpededer d MetBOd entagdaes sutstratk Ithat aich@es providing
that is convenient, cost-effective and versatile. W%

an upnsy ysulativelsye pnd alop inwintive layerswharsin the uppes insylative layer

o ' : OV et f_pmakin substr.ate. that .
B BRI 508 LS50 IR 8 TR OBl Bpening
is in flofedommisniatioh wathl tBy eiannd 6 +@ing atnbf-soliifiEéd mAkHhRhiowgh the

| ayer includes an inlet opening, the |lower insulative

inletjopgning inke thgebanngl, endither rsqhdéfyalgthenq»mmidiﬁﬁglemtmgal b3 applying
in fluid conmnicati ith.the ch |, flowing.a

eneb o B R b oo B o B connct
t NEhe preseneinvemivh dddogoaaes Dinbthbd8f S Bub%&hﬂf Q‘lhd;g iRfhdes

material by applying energy to the non-solidifie ]
proviging1 insulativedayepthat mehidegpncyrpetinew atinstlayer andia logrer insulative
he channel . The, present. i.nventi.qn al so ptoyi des .
layes, Bl S iRV E R pc PSR 413 dhetac? obist rafagve lover
includes 4 Bisdhél] andahé i@ lopbiag and Gk URRBelRHe #PIMBA comimhRbliotEwith one
er and a lower insulative 10l ayer, wherein the

| a
anothgs bt natygth antquilet opeping, disprisingdbe insulativedayep pemvasgumichember,

I r..insulative, |l ayer.includes a channpel. nd t he
evaciiifiE the LR shamben, WErely STFRRRE S y45uii 19 [ ffef opentng and the
chanG€IN1ReR 16 Hir g noM-dolidA1RE nidtéal fito tHetinledperink WIAIR RN dcBlim

openi ng, disposing the insulative |ayer in a vacuum

chamghign pesdains heyacram ang therethyeugh dhm iolet abraing integhe thannel while the

. . ' vacuumin the inlet openjn d the . .. .

insufff el P h R by HaisReC yerhy HoMn E mor Stiqifigd matera

into biitehot BRI tiIARI1ANE ehiek, An fifen\sORAIBN g fhe HOARBIRT fi6PRbRE MDY
the vacuum and then through the inlet opening into the

applying epsgy (Rrhe son-sadidifiesmaterialethprghy forminged dradiend elgetrode in the
chanf@cuum chanber, thereby flow ng the non-solidified
material into but not out of the insulative |ayer, and

t hhe prebdnt irventitth d1§EprodidesPinetiod bEfakBh @ mhidloflBMic device that
. ,applying energy to the non-solidified material, ) )
includgepiomidinganuppgr inswative-layes, asniddieripsidativie layepandmlomst insulative

layexzﬁgélct]l%gp glgﬁgérr &#{uYual%n% il:&gre@:clzlges{) f gv .eg 8§eil§ng?51te I?r%gdlgfinsulative layer
includes a via, the lower insulative layer includes a channel, and the inlet opening, the via and
the channel are in fluid communication with one another, then flowing a non-solidified
material sequentially through the inlet opening, the via and the channel, and then solidifying
the non-solidified material by applying energy to the non-solidified material, thereby forming
embedded metallization that provides an electrode in the inlet opening, the via and the
channel.

The present invention also provides a method of making an electrical interconnect that
includes providing an upper insulative layer, a middle insulative layer and a lower insulative
layer, wherein the upper insulative layer includes an inlet opening and an outlet opening, the

middle insulative layer includes an inlet via and an outlet via, the lower insulative layer
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i ncl udes providing an upper insulative layer, a mddle
insul ative layer and a | ower insulative |ayer, wherein
wo b@oapipes i nsul ative | ayer includes an inlet PEERGHGY/000050
the mddle insulative |ayer4includes a via, the | ower
i nsul ative |ayer includes a channel, and the inlet
i i t j anel i0qf | 4dl.d.
incluEATCHAfnl; 8 (4G PGl bl O, h@lfetaflg bl Vs and the channel
are imfiwid comindinidation 24throat endthdr, thewflewingal do)d-sbhgiﬁaﬂ fhatehigl
and then

i nl et opening, .the via and the channel, >
sequegilTy raghe indet apming thesniet v, tracbammel iy o o
open oL oy R B A IR b opt DGR

solidiffed natérédl, thereby fogmirighembeddedanétallibaionnBapedvidesaa electrical trace

. ., present invention also provides_a nethod of making an
in th&nled apd efet pReningsotiarle! 0d sutletoigs dol thecchapnebyi di ng an

j | : 1 ddl e J [ | a . .
o PRl A5 LA e Bine e [Rf Sulaieef 8 ol s e

layer] @adebontling|thih@tddieninkulhtele 19RE B the lowd i1abivé 1996r. oL Rishbee, the
e mddle insulative layer includes an inlet via and

the m . . . nin \
methgg, cag) jnplude onding the uppsrdnsulative layer to éhd middie insdntive layer using

o R RORRR LB AL e i

themmnalitiffiisionl 6 thaothstahiee, deanidele iuRitive 1dybrdoht AHRY Y GadwiRRed
w th one angther, then fl ow n? a non-solidified
t

betwegn;the ppper andy lnsver insnlative layersigAltematively, the ogthed eap inelinde bonding

] ' ] . .outlet .via and the outl| et
theuyls S0 I 0P BT i toE s B B, and
bondingtthe imdddidinsalativey/lapg t€ tRNEYerlifsuldtiRe er ushePA iolet h@Rsive layer.
material, thereby form ng enbedded netal lization that
In thlE: ins{ange dhepprer adiesive Jayer goatastsiand israndwiched betean the upper and

. ' ' tlet .th h [ .
midd ARG 9eiS A ANl {pBR T 4 PRgTRIR Brtiveen the
uppet adelowenadhbsivelagels canidribelodvet ¥dhesity Rier cdnthcRAAE i @ndWiehed

m ddl e .insul ative layer to the |lower insulative |ayer.
betwesy the middle ard lowepinsaletivelayess i ncl ude bondi ng the upper

[ ' ; 1 dd| e.4.i | ati l.aver ing ..
| b E L Aol 1 AR PRy el Phgton.
vacuum pectiong cpiléary @weion siumbinaténs|tReredt. Fok Stah& tH¥Bhethod can
In this instance, the mddle insulative

. i ffusion.
mclugégl%\gls@? BRn-golidifded mateni] ysing Recgsuse tnigstion ehibe ilgerpening and/or
vacu+r[r?] ‘gﬁ%tlgéﬂ% g{rﬁdﬁl\gég?é]egﬂngg The ﬁlehl%ﬁ Q:grﬁ hXG %r?f:}au g:}ﬁ)twgnegt ﬂo %orcl:-a n

per 1nsulative

solidified ahaterial swhiilatthe/iasulatj@rlayes istispaedif RSac@dh dnyter] PorGhstance,

and bonding the mddle insulative |ayer to the | ower
the method, can iRcdideflaying themgn-solidified materiakwhide prassure. in 1181 vacuum

I S, 1-Ast t ' | ayer contacts and .

chamb ¥ Sl A Gy s PR e ANE ok RUF e B0 o ypouom
to a predetsrminddpeessutduch aBmbspheEpreaiags, contacts and is

sandw ched between the upper and | ower adhesive

| alisraethad gan melude splidifyingdhe nen-sodidified paaterial using hert ios

' between the m ddl e and | ower insulative

ultra‘ﬁg{/égﬁg%ﬂé_ nmet hod can include flow ng the _

NoThestop) widdieghdTewer infllativ@ 143@rsiiaft B8 Plastic¢, Rb@ffd S bomposite.

20vacuum suction, capill arf( motion, or conbinations

t hEresm-sotidified matenial 6an beeliguid husemizsalid material such as conductive

epoxy paste or conductive ink. The conductive epoxy paste can include silver particles, gold

particles, copper particles, silver coated copper particles, graphite particles, or combinations
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i nclude flowi ng the non-solidified material using

pressure injection at the inlet opening and/or vacuum
wa@navilas3@t t he outl et opening. The met hod canpel/s62009/000050

include flowi ng the non-solidified material while the

i nsul ative |layer is disposed i n a vacuum chanber. For

s dcnln ro' t,he .. .
therigl TREFdtgui e bt S Lo bt bty st sold
partidfes GOppR ParticRRBIINEr badd T &"tlcl%§ 0P E&HiBitAtforis Phdrb6T.

vacuum chanber i ncreases om a vacuumto a

pr dbecmbedded metallization earsbecin chestridahisanoloe ai glepm;bs GFughermore,
T hod.,c I [idif di fied

the Jpld S MEGUERTn @ i Snnél o Sordte BEGIIR Fhnshe  op.
M ddbsht@dudl P Whé pk%ﬂﬁﬁ%ﬁ%% daR YSirSa ma-1RFer RUGsHateCwith

ceram c or conposite. he non-soliditied nmateri al
embedded lmﬁtthathu itleht bas ﬁm:mvrdﬂo Iahlghrmp®t ratib, \sm;uhg tisckness and varying

con ive e aste. or cond ctive i.n
crosgSRHEAL FAPeg SR Rh o% o BESE  ie ipbative lavers. The
pres&f il eRB6H édnl RperfBRREEWItR ﬁ'éﬁlgféln?éalhﬁdtlbﬂ §{ ‘E&'ﬂxﬁgs P #Humber
particles, graphite particlés, or conbinations
of lrﬁlﬂ@@ﬂ@ﬂ@ﬁﬁﬂﬁﬂti@m&&@’ (Iﬁ@ddiﬁoxﬁ thepreseof mvﬁitmnamwdlllsumdafor a
i nk. ter- ﬁ\sed or_aqi) -based and incl ude sil

wids el 1t ppligsRin et Aemionigis Jepcearigrigpal dnersppnggts, display

pand) Eﬁ\ﬂ%h%?%ftexﬁ% L dthen el@irofif '?f@h@é!;tthﬁ %nttclﬂﬁhl%gfdlmenslonal
The enbedded netall'i zafi on can be an electrical trace

'embgcidedmeéalhwlonde Furt her nor e, the enbedded

II|z on.can fill .the cha or forma tube in
A olter 55 pod gatARGIESS Ok RE Prsraat R R Tk Hegpme more

appaﬁ’éﬂ't‘ 11{ PleW oF ﬂf@-ﬁettdxreh%&hpﬁ&pﬁfaf Rijswwi th enmbedded
netallization that has fine wdth, a high aspect
ratio, varying thickness and varying cross-sectional

shape i n channel ities, s.and, openings in the
i nsul ative Iayer?"#ﬁ’é’sﬂ?@é@n‘t ﬁﬁ%‘i‘l‘ﬂ“&g can be

PeEhfbolRskntd Jffth@pRbcA@in ekl &%&ﬁoétfﬁry dREM GxR
of the nunber of insul ative and metal | zat’i on | ayérs.
refellenctaddlnqqiremngshewtmhsent invention is well-suited for

10,wi de vari of a lO.SSUCh
m Bl L Grose tenpial Qe eeienl pisreanbesh biseardance with a first
emb8ilisRRhevt (R PRY&t i¥htighi €l ds, antennas and ot her
el ectroni ¢ devi ces that contain three-di nensi onal

enbigsddA-2eare ctosssectional views of aTimatlod ef mhkatgtbe eleetaicalr es
and adv ages ﬁf .the present invention wll becone

m‘e‘i%%e%‘b‘gg ¥ B 8% of the detail ed description that

fo F%WSS a Blrolsﬁﬁec@&%ﬁ i b0 MctidAPinfdr@dHh&9$h accordance with a
15Enbodi nents of the present invention wll now be

second embbdilient gbe pichend inveition; r ef er ence to the drawi ngs

In F\llgqsI ER-4D are cross-sectional views of a method of making the electrical

interconnect in the second embodiment;

Fig. 5 is a cross-sectional view of a microfluidic device in accordance with a third
embodiment of the present invention;

Figs. 6A-6D are cross-sectional views of a method of making the microfluidic device
in the third embodiment;

Fig. 7 is a cross-sectional view of a microfluidic device in accordance with a fourth

embodiment in the present invention;
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Fig. 1 is a cross-sectional view of an electrical
i nterconnect in accordance with a first enbodi nent of
wo b@opowsent i nventi on; Fi gs. 2A- 2Dper/8G2009/000050
cross-sectional views of a éethod of making the
el ectrical 20 interconnect in the first enbodi nent;

Fi g, | Swa_Ccross-sectional view,of, an electricalg ., .

| figs SRR A (RSBl RERS of ¢ MY of BefimE R nfRisimidip doviee
in the fsurth iR diménBtvent i on; Figs. 4A-4D are

cross-sectional views of a nethod of nmaking the

el Bigsr94&and 9B argrcrasprsectionalrand tap plae view's,gnspedivelyn of an electrical

e

Pr 8L 14 isla ¥ Plah Wbw of an eledmi@Pint@forbbtdh Gccordance with a sixth
cross-sectional views of a nmethod of neking the

embodiment in thejpresedtinverdionn t he t hird enbodi ment ;

Fi g. IS a cross-sectional yiew of .mcrofluidigc

el 0 15 Ge BRI o rvical odtingg B apoc vtk pseventh
embbdifeR{ if redclVEREAtRA: VO ,

2009/ 105036PCT/ SG2009/ 000050 6 Fi gs. 8A-8D are

cr bigs 13 mattop phh vikveofa micrefluidicidovicein avadridanpetwith an eighth

bg&.crof.l i di c device.in the fourth enbodi nent;
embpdiment 1y AheprasegRINXplion; oss_sect i onal and top pl an

Vi B85 13 [$95BF plan WRW of £i@ofRR AEVice f ackOHdRlde WA hinth!
accordance wWith a fifth enbodinent 1n the present

embpdiment indhg préfenyinvéttions a top pl an view of an

el ectrical interconnect .in accordance with a sixth
o BB Ao Rl HHATD P L BNATORGG AEYigh n 2ceordande; with g

emb8dibfAt Rl B préiaREntih; &hgCt ri cal interconnect in
accordance wth a sevénth embodi ment in the present
[ nF st 15@91 ?Il;iaga pe;@et@veade\wofpbd)mwsﬁ;r dlbw;ing a non-solidified
materplaf {n?g aluiJ {n(sjllllgti\geel\a{)l/e% (teo Isu sg(fu%gtli)sj }?rr(ls/i%evgmtbgd(ﬂag n(leeltgnéart]ion in the

insulative layer in accordance with the present invention.

Detailed Description of the Invention

In the following description, preferred embodiments of the present invention are
described. It shall be apparent to those skilled in the art, however, that the present invention
may be practiced without such details. Some of the details are not be described at length or
are omitted so as not to obscure the present invention. Such details are well-known to those
skilled in the art.

Fig. 1 is a cross-sectional view of electrical interconnect 100 in accordance with a first
embodiment of the present invention. Electrical interconnect 100 includes insulative layer
102 and electrical trace 104. Insulative layer 102 is a dielectric layer, and electrical trace 104
is arouting line. Insulative layer 102 includes upper surface 106 and lower surface 108.
Electrical trace 104 includes terminals 110 and 112 at upper surface 106. Thus, electrical
trace 104 extends into but not through insulative layer 102. Electrical trace 104 electrically
connects chips that are subsequently mounted on upper surface 106 and electrically connected

to terminals 110 and 112.
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10enbodi ment in the present invention; Fig. 13

is atop plan view of a mcrofluidic device in
waemonamsce Wi th a ninth enbodi nent in the preBensG2009/000050

i nvention; Fig. 14 is7a top plan view of a

m crofluidic device in accordance with a tenth

' L on: 15, Fi gs...
SRR 25D a0 b U5 R RAE Ry BE B85 R0 B mrcommec
100.flowing a non-solidified material into an insulative

| ayer to subsequently provide enbedded netallization
i rﬁ;tl‘h@ 2A apbertinspdativajayer 114 and dowetansaudatine idyet hid zpc pewited.

ot RSB PR 20 R AL 1881 B e

openinB€ 120 ARE1L2 dxiendMhroRgh Wplr ﬁ@lﬁﬁﬁ\'f&lﬁ?ﬁ 114 aid '@k lspQRed and

apparent to those skilled in the art, hovvever t hat
ﬂuldrtcaily q@pe@mdtfrqnm ongariother.nbywérangulative layed] 1 intlodés cshamtel 124.
of .the det |Is are not be descri bed
Upnef GisglatVs a5 El4chn I e e 1B LD e Besicsvches EvaEh
polydafbogidel on. Such details are well-known to thpse .
skilled in the art. 25Fig. 1 is a cross-sectional view
ofInd‘hgclB uppér msmla&we tayereklid ahdGower insutativel fayeel M drlbonded to

oA bl e
ahgnsd %&h Pﬁ@éltetehasC@fck% 11 hﬁy&{ﬂeil%% s42o and 122 and

di el ectric layer e ectr| trace 1
channed 124 arg ihifluéd canmpuniedtion mlﬂlamerandm& i Fucthertiese tmméatlve layers 114

rface surface 1 ectrical trace
and 11§ formy, H}Sé‘&gge @@?rnh%ﬁg uslfepeaﬂ&ugaﬁe E:Y%ldﬂéarmgﬁ?sr%sr surface
106, %Qﬁowzpﬁﬁulaﬁb@ﬁ%r'lqg rovidds 36 Per sfaqlognds i nto but not

hrough insul ative I'ayer 102. Electrical trace 104
eI ledtig. |2121I_cloyd1mune1emmy paste p26 tstpmwdfrdansmlbtmdumﬂeﬂ gpenings 120

and lgg ée %glrellt gﬁ{) gq@ﬁé{vg%g@ép&q%n %f 3nc u&msl \?elr Ip%{rtlcles and is
iSSP s . v
resulf, pomtuctineepaxy paste 126 flows sequentially through inlet opening 120, channel 124
and outlet opening 122. In other words, conductive epoxy paste 126 enters insulative layer
102 through inlet opening 120 and exits insulative layer 102 through outlet opening 122,
thereby filling inlet and outlet openings 120 and 122 and channel 124.

In Fig. 2D, conductive epoxy paste 126 is cured by applying heat, thereby forming
electrical trace 104 in inlet and outlet openings 120 and 122 and channel 124.

Fig. 3 is a cross-sectional view of electrical interconnect 200 in accordance with a
second embodiment of the present invention. Electrical interconnect 200 includes insulative
layer 202 and electrical trace 204. Insulative layer 202 is a dielectric layer, and electrical
trace 204 is a routing line. Insulative layer 202 includes upper surface 206 and lower surface
208. Electrical trace 204 includes terminals 210 and 212 at upper surface 206. Thus,
electrical trace 204 extends into but not through insulative layer 202. Electrical trace 204
electrically connects chips that are subsequently mounted on upper surface 206 and
electrically connected to terminals 210 and 212.



10

15

20

25

30

In Fig. 2A, upper insulative |ayer 114 and | ower
insul ative layer 116 are provided. Upper insulative
wo a00enosbiél i ncl udes inlet opening 120 and out | BCT/SG2009/000050

opening 122. Inlet and outl&t 5openings 120 and 122
extend t hrough upper insulative |ayer 114 and are
spaced ,a fluidically separated.fro ne ot .her..
- FHES a2 i P o RS o Ried SEhaRAe FeSiiil inygpropnect

200.i nsul ative | ayer 114 and | ower insulative |ayer 116

are plastic such as PMMA or pol ycarbonate. In Fig. 2B,
udpdiig.idds upper iinsuldtixg dayer1 214, sondill¢ imsmativerlayer 21 6 wad losveer

imsugi e 2 e rovidnc Bt vt a1 Metodh ot ppgning 20 and
outle?ﬂ%gﬁ%_zlﬂf e éng%ﬁﬂet‘églpmn 928 @ﬂ%n@fhr&@ﬁ%ﬁér itdffative

inlet and outl openi ngs 120 and 122 a
layer@hd amdbhre sated ard flnididally separatadifiron: ahé amother.t Middie insulative layer

another. Furthermre, lnsulative layers 114 and 11
216 i pgsiplet hapnl _251*,819@ vig 336, OpffEichagish &30 idkast vig 232, Inlet and
ol RUEES 8 2l g B AR L0 Sy
fluid Eommuiicatieowill atlet\and eptiet chaastse224 26d 230, pespedtively. iRurthermore,
. ..inlet and, outl et eni ngs 120 and 122 and channel 124.
inlet ghannel and yia ?3’6&%9 2§§§feespwé an &um&@ily senatated fiomoutlptehannel

. . oo : . % .

1950 020 SRk O 4 1 CRERO I A4, BB e 214
216 and2d8 atei plastie gootyasRMMA dfol§dachamateequent i al | y t hr ough

iﬂ['net‘ openi ng,lzg@wchannel 124 _and outl et opening 122.
| nndtig B, Hepd dnsuiative daves 214 pddle msulative layes 246 and ower

o . : ing :
L DY AR 0 D B A SFEIOpy We 21
and 216 ear by bondel itopgthien Hadinganfirsothetnedl diffisiunrstp ahd Ghenridsul#Aive layers

216,%3?1 2%2@%@%@ F%&ﬂﬁyétgﬁ% senpd Bl g Cf@g;%pg Alicgtively
insulfiRAbirCRl6 dd18 ch e bondelftdtouf3P il d fist BRI QEHfuskfiYeep and

then uiselativd lagére 214 arsb2 16 cah de bondedadgelitd duringa scoonkhthesmalidififusion

a, 25 second epbodi ment of th resent i nvention.
step. A BI<E 2l ey tsHEYS layesd 2 [ hend Al and insufasive {ders 296 and 218

o R n AR gk sl b S Ry o
middieinsilative layee 216 nenthats andais sandevictizd Detweeh upgees angh foaver insulative
sgillac 06 and | ower surface 208. Electrical trace
layers P‘Hﬁ? es terminals 210 and 212 at upper surface
2 ' Ny .
¢ o, Bl ahd bt obddiyh 226 Apd M3 £E S1ibfba vt iyl B outlr
chann¢le 224 a2 30y respectieety sandhinlesartdratletvias 226kamd @32 atd atigned with

oppoglg%%]tgg?)g gﬂl@ggltp23:4m ) ;’3&3&%‘06 gtdzr;l_li%gt .Ocaanldl 2&2, inlet and outlet
chanf&9 %Mﬁ%@fﬁf@ﬁ& QQ&&S&Q%@?}E atﬁ% g%ﬂ%%d cﬁn@'&nﬂei’zﬂ fire in flnid

cross-sectional views Ing electrical
commnaieattomnwittc bne24hdther. Furthermore, insulative layers 214, 216 and 218 form

insulative layer 202. Thus, upper insulative layer 214 provides upper surface 206, and lower
insulative layer 218 provides lower surface 208.

In Fig. 4C, conductive epoxy paste 236 is provided in inlet and outlet openings 220
and 222, inlet and outlet channels 224 and 230, inlet and outlet vias 226 and 232 and channel
234. Conductive epoxy paste 236 includes silver particles and is dispensed into inlet opening
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In Fig. 4A, upper insulative |ayer 214, mddle

i nsul ative layer 216 and | ower insulative |ayer 218
wa@e@9posmsé ded. Upper insulative |layer 214 i ncled®sG2009/000050

i nl et opening 220 and 5outl%t opening 222. Inlet and

outl et openings 220 and 222 extend t hr ough upper

220 d/lﬁﬁ:%l@l%dng ﬁ%énﬁx & r?éillan s t qltl"él{ Cﬁg %@%lr%ulljtvgdnﬁ J:tw% €poxy

romo I €71 nsu ayer

pasteZBG flows serteatidlly/ tﬁxbuglhﬁﬂmebexﬁﬁéilzo et chhrfel 224 inledsfia 226,
channel 230 and outlet via 232. Inlet and outlet vias

channe 634 piytistaia 238 endetchatosks andgulet apsning 222 lnl el wordss

cond B RSS20 BT ER e 40 o e

insuldtivell e D02 Broubfliotietopehiag m tRétebyVfilfing %ﬂet%ﬂd odtt& oﬁéxﬁngs 220

Eaced and fl ui di cal I‘{ separ ‘ated fromoutlet channel
and 222 ginlet andb@Bletiehanpele 224 ande230; indetland putdet viag @826 213232 and channel
234, i ncl udes channel 234. Insulative |ayers 214, 216 and

218 are plastic such as PMVA or polycar bonate. In Fi g.

48n KR, cbﬁlﬁlﬁﬂlﬂl dpORy bANXEI3Aih 4:ureH‘b9 ngiinﬁslféb@ﬁlbt\éﬁy fonmng

| ayer 216 and | ower 1nsul ative | ayer are’ bonded
electrgad tragect¥en inlefiand ouﬂetropamngh 320eid @32, inles embautletachaaqeés %24 and

20 B AP PRI I 0 81\ 261 e
AnFlg 3R RO REcHRARNAE LPERHRGI IR el 128 300 AFARAdaAISHIIP third

usion step. Alternatively insulative |ayers 21
embagirdertt 0§ thegpmesiont iventien. Mngeﬂhldlc dtmqeﬂQO andhudes instxllaevenlayer 302

R A T T NN O T

field ?laﬁef UndulativeiBRr 3@indRat \Ppepbdrbd ?(56 dfd lobv@ﬁéﬁhﬁ&é 3’(% Electrode

ayers 214 and 216 and insul ative |ayers 216 and
304 mduwrtelmand 3 bt lmp@ousfaye Bemateltetnigalt Yi2rat bwwer slgfm 308 Thus,

cteSHRSp e 5 S 3 HRLAL Y e

fi ENERE mi¢RROEm e dutify\EEctiopRbledis bY AuldadbRs ZldcApR t
orcAl%ﬁrtherm)re i nl et %\% Iete openlllngs 828 an%l 2%?2%%

showa).i gned with inl et and outI et channels 224 and 230,

and inl and utI t ,vi.as, 226 .a
[ ERESAE gt sro sstforal wgPS oL ineliogior BkfaniCR sk device
300. Thus, inlet and outlet openings 220 and 222, inlet and
outl et channels 224 and 230, inlet and outlet vias 226
anig Eig.26 A5 mgperinsutative 284r 3ik4e middle Iiruiillzhtiwhmnﬂ 16and bower

sl o 1R RS A PR T i S e 30 e
extedd@ oast et AVAAtiveldyd 394 NAdIY Bﬁﬁl’aﬁ%‘ [y&CA 62 ude’ Bﬁlannel 322
| ower Tnsul ative |ayer 218 provides |ower surface 208.

and 39 B74.FVig. 324 €xtendridivaigh veddip ms;alqtlas {aye23® and upmbanenletd and in

| d | et 22
fuid SRppicelidhtin Shasssl S5 Loyt iRIRURe et SHhingudes cBinelaps and
outle@Bﬁe 3RO hngzﬁ‘ﬁ ex@ﬁﬂ&jﬂl‘f(gdg\ﬁo@&q}i%lﬁﬁétl%e?% and is

i ncl udes S|Iver partlc es and i s dispensed intd iInlet
adjaqu'enm ang in fluid communication with channel 326. Insulative layers 314,316 and 318

are plastic such as PMMA or polycarbonate.

In Fig. 6B, upper insulative layer 314, middle insulative layer 316 and lower
insulative layer 318 are bonded to one another using thermal diffusion. Insulative layers 3 14‘
and 316 can be bonded together during a first thermal diffusion step and then insulative layers
316 and 318 can be bonded together during a second thermal diffusion step. Alternatively
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220 whil e vacuum suction is applied to outlet opening

222. As a result, conductive epoxy paste 236 fl ows
waegaamiodal | y t hrough inlet opening 220, inletPChaame)/000050

224, inlet via 226, channell0234, outlet via 232,

outlet channel 230 and outlet opening 222. In other

ns i Bt 3% Wi o R B Lo Jumet oo Girkiion tep and

then! ﬁb%lﬂtl% 1a yerslzaqx @hd 2%&%%6%%%&@& d8REEh 8&0Rd fhermal diffusion
t her eby ling inlet and outlel o enlngs 220 and 222,

stepi Al anotherdiltenmativ, mshhtmelagerﬁzm a3 153d insulative wydrs 316 and 318

ut.| eﬁ Vi a%}{lﬁ?zquea é‘ﬁé and cha n%&@éd&@%%‘? Inevel'ycase

mid@i® Eﬂsbﬂaﬁ% B?él’tiﬂ 6'cBRaGDnd 8 ledgﬁ t%g%% defi %h?érraﬁ& fog?eq fhstlitive

inlet and outl et openings et an
lqmmaﬂﬂandahhnnels 224 and 10230, inlet and outl et vias
nd 232.and chanpel. 234. ) Fig. 5 is . a ) .
1eL00%6, %‘IOPWE&\?%Q is ﬁf’ 1ghedrwith ehapnel d92.cand gytletjqpening 328 is
Qﬂ{h%%?e ?} %&5@1&% % %H&i’é, %ﬁzﬁﬂﬂ‘%ls 322 and 326
|nvent|on Cro c devi ce udes’i nsul ati ve
and viay3a4 ak(da fhnﬁccmhmmhcamda vathne Iansuhbxat}?uvthexlnaye,rins’iﬂhﬁvb $ayars 314,
I and el ectrode 304 js an electric

ctri C . J .
316 fﬂ?ﬂ@ mmdnsulafing laver 3076 3§, appeyinsulatve layes 3 14prayides upper

surfsid %bégﬁﬁ&ﬁerMu \é’{éérexsﬂrs Sﬁdé’s% Fﬁu‘?ﬁ% 15304

I ncl udes term na pper surface and

t elxrrFigaGC,sdoadatmfcﬁme:BOasl piozited 30 thiet Bhdi sutletlopedingB203a4 328,
extendé@&hrou i nsul ative | ayer 302. Electrode 304

changels iz 4 aivia 374 Gondpelivedhk 33 Hcraterhasedanddneladas silver
pam?fég hﬁkgﬁ% V\sﬁ‘éﬁsregﬁﬁg 'irﬁ%t @8%‘15?’%& {év?blg g 4 (Lél&t Iugﬂ% s%?@kédl t8 ]pthet
opemngﬁﬁ&ﬁ Qs mfeslﬂn k:bmglcﬁv«:fnkBBO iflding sekuehtiatly2Bgh inlet openihg 320,
r insulatjve |ayer 314, mddle insulative
chmms’?i?# 3@@2 amaﬁké% QHtist ?Rﬁelqga?g?ér hgqt@eraw Bregnsiustiye ink
330 Hﬁglt% eéft[hzﬁds > ﬁr oug pgl}eé nsu at Ive d]% ayer ?iiﬁ@&y@;zﬁz
throtghdalitlet opennigeﬂﬂSyﬂieﬂehy @itlingifdei andll omtlesopehimps 820 a3 28nchannels
Vi §§?4. Vi 324 extends through mddle insulative
322 |s adjacent toand in 25 fluid
co t ]
5181 %d%@“‘e T SADRClmined EPAPR RS LS ol heat,
theréhytfbemng pleotrody FA8n mléteand Suﬂét foperghgs nmmndmas Jhahnele322 and 326
| ayer 318 and is adjacent to and in fluid
and ¥ig3fni cation with channel 326. Insul ative | ayers 314,
31
irg Ads g Esd Q&gphﬁw%@@g R EWGeOlor \246RERRVifha fourth

embbdlmﬂlad)f the pfagm linvgiiiora ndidrefiwidic device 400 imchides insylativeddyrr 402
andghe bonded _t o. one. anot her using thernal diffusion.

ctinderd0g e Insylative layerA02 s diekeclric]ayss, and elrstiode,d4 ik an electric
sl T g B! LA AR AR Ml s 0, e

404 iheludes teemaat d1@attuppérnsatfach 406U Ihas eddcpde 404 Sitdhds inte byt not out

WO 2009/ 105036PCT/ SG2009/ 000050 10 i nsul ative | ayer
of ingylative,layer)2and ivadeadread glectsede: Hidectiade A4 pepvides an electric field

for e HbisblEHREATIR AP U S o o
ﬂmwhﬁfu3|on step. As another alternative, |nsulat|ve
rs 314 and 316 and insulative |layers 316 and 318
ﬁ‘"lﬁﬁe 8Ar-§R) prepressyestipnplonersiofiaogethpd of making guemﬂmdgﬂ device

400therrral di ffusion step. In every case,
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5mddl e insul ative layer 316 contacts and is
sandwi ched bet ween upper and | ower insulative |ayers

WS 16boaosd3@18. Furthernore, inlet opening BEOSGH09/000050
aligned with channel 322, amd outlet opening 328 is
aligned with channel 326. Thus, inlet and outl et

0 . N 320 and, 328, channel.s.322 and .326 d yja 324

artd g o ASHIAGEF Ly B e e g 10 and e
insulfitivel B AV8 &re prdiadddatUppRr iIndGiive 13yt 414 B3 Rfie bt %ﬂ&ﬂﬁ%ﬁﬂ) that

i nsul ative |layer 302. Thus, upper insulative |ayer 314
extensls thrpeghsupperjasulativieflayee 4 36 cMiddielinsdative layes il Ginclules chaanel 422

31 Vi | f 308. . In _Fig. GC, .
and g bV I2E FrseiStyoneh pRod eiaive gl andisadidont o and in
ﬂuid%gﬁlﬁiuﬁﬂzﬁticﬁ?@iﬂ?&%nﬁ@l&zzg HERENS 1363 43813284 aP8 lafé' fastic such as

. Conductive ink 330 i s waterf-based and inclu
PMMA by polygehonatel es and i s di spensed into inlet opening

20 e st ateron 5 oppled o ol UL
insul§t?ﬂ>l'l?éﬁ' 488 dr¥ bbhdAUE Bné Mdiher E 'tllik(i’m§l2tﬁffu%§1§l nﬁ?&lat‘?’v?ezlaygem 414
24, e . I'n othe

Vi a channel 326 and out openi ng .
and 446 rcs be bandedd tigether during3Bfirsethermiad diffisionatdpvand ltleendnsuBiize layers

t hr h jnlet ening. 320 and exjts {nsul ative |layer
416 g 4Y ArpbRerded @&Fths%@m%ga sgeond thergiabaiflopion sieng Afikmtively
insulfVy 1O 4 ARATY RidEbe BihRDtogily A BN s 37 s tep and
then inoulative laykrs 4 bhand 41i6gran He bonded sagettabr Byrigpiecombthbesdl diffusion
t here formng el ectrode 304 in jnlet. and oufl et
step. oy BEORIFE alésspaty, dmé‘g%t}"eclﬁ)&"ﬁﬁ&‘%mgﬂ O 4R TSIt AR YGRS 416 and 418
. o ' . :
e gl oot ok B IR A AN AN, fy o cso
middémipauativerlayeoft 16 bntanteawns saindwadhied betwebh aped hnd iwer insulative

deyj ce O includes insulative |layer 402 25 and
1a“”§§é£??5é"404; Insul ative layer 402 is a dielectric

e i 7l 0
chanhe} W2 asdvih 424 are(s fluld eonmuomieatibf4vithnarelatothet. dlowerat, vidl 424 is

o a5 PSSR A o
insul@iRAbyPd462. FWRCEFREEstRbvOl9% éﬁﬁﬁ)é@\g?glc ?gﬂ' lufadd Rled %?d lower

~ for capacitance neasurenent ~duri phoresi's
insulative layes db$provides lowear apifhdeaO$. (not 30 shown). Fi gs.

O e 08 B0 o sl BeEAL RSBz v
424. IBonductive ink 426 is a water-based liquid that includes silver particles and is
dispensed into inlet opening 420 while insulative layer 402 is disposed in a vacuum chamber
as the pressure in the vacuum chamber increases from a vacuum to atmospheric pressure. As
a result, conductive ink 426 flows sequentially through inlet opening 420, channel 422 and
via 424. In other words, conductive ink 426 enters insulative layer 402 through inlet opening
420 but does not exit insulative layer 402, thereby filling inlet opening 420, channel 422 and
via 424.

In Fig. 8D, conductive ink 426 is converted from a liquid to a solid by applying heat,
thereby forming electrode 404 in inlet opening 420, channel 422 and via 424.
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In Fig. 8A, upper insulative |ayer 414, mddle

i nsul ative |layer 416 and | ower insulative |ayer 418
wear@9pomysé ded. Upper insulative |layer 414 inclecEsG2009/000050

i nl et opening 420 that extaads through upper

insul ative |layer 414. Mddle insulative |ayer 416

in I \/| ' .

t e agre s A crficedtital ol oty el FerhoBlih B eleoica

intereorthectr50Bfih adcdrdancauith 8 fifth @mbotinten hathe pleséi? zhvention. Electrical
. Insulative | ayers 414,416 and 418 are plastic such as )
interpapECtoy00 daglyded insulatiyelayer 502 ang glepgrigal tgige Sg plapulative layer 502 is

o Ve ] . . ti .

o G AR B il 50 1 Bl RS B B4 0 e o

surfa¢s 506 andlewebdurficé 5085 i Electritd) frdbes04viacluadsaemnifialé 5 Fghd®l0 at
can be bonded together during a first thernmal

uppeg surfage iS00 Thuspelaetrical traee $sextends into bytmot throwghiigswatiye layer

t t.-har [ econd .t her.na
S0 Bl e B dBTRRG oY b Qs BRGETR P lper s02
bencathCippédSsueface 306 dnamisieds hgadiblein Bigl OB i showh it PR 9Bfor
di ffusion step and then insulative |ayers 414 and 416

convepignescofilbustration. dgeetrieal intercpmngctS Weeanbg manufagared in a manner

- AUf US| ep. other alternative, insulative

st agoeériééni‘%!l%geﬁgo%?étzgﬁd insul ative |ayers 416 and 418
CaFigh¢0 & z{l’d? bRA S5 b el REHE thtéroSiicbes00dH abddedadcSwiil b Sixth
thermal diffusion step. In every case, 15m ddle

embpdimgntinithepreseptinventionc ElactricabintarepringctH9A dvaludes insulative layer

e n er d r i Rsul ativ ayery. 14. and 418. .
02 i SHEEHAD B o e U s Gt Bcg Rt 5B rricat
traced 384 arld606 ark Fduting BREY) TR AR layeh 800 BlcludiéLuppefisutfade §68%nd a
are in fluid communi cation with one another. However,

lowey surfape Anqt shewen) ddedtjcal oger6Mrincldasitaminaly 60 amﬂ83%12 at upper
. insul ative, | 4 16 418
st SR SRt B g o A e Rl e s

Electticdl tdcey 60Esnd §0BR%ktend irfte 66t b Chroagltinkive 1hyes B0 ENéétrical trace
r 418 provides | ower surface 408.

| aye ) ver surf . In Fig.
604 petiveerbterrinals 40 pnd 6 is buredindnsulativeilayer A0Zbengpth pppry surface

608 oy BREFpf Bul Ml en ysREs 1 Sl OBl fpoica

tracd 606 ebpenIGthindld €14 Hde] 69PBRidddn 4laRE lager G0 Weadakly @pper
| ayer 402 is disposed in a vacuum chanber 25 as the
surfage 508 andthug istriek visihie, by is shevoe for icanveaieness off iHugtation. aElecinical

. G D s ul d j I nk
e LS L B3 ol Rt 200

chERnal i'2p Pl wiévd offeldetritd) itbieBAinddPTOSIn a6EUdk#RcE Wit a seventh
ink 426 enters insulative I%er 402 through inl et

embedimentig thopressnt inyertionn dileatsical intereonnget 109 inelydes insolative layer

L inl et. openi A420,. .chanpel 422 and yja
702 b EEG ) ol T sy RSB 70 £ Ria ST Bt i Bl e 704
is a foufifig Hnd. | sU1stivieQayr 302 indludys @it Yirfide 106 hnd 4 RVeE Qi face (not
formng el ectrode 404 in inlet opening 420, channe

showy)p Ederdrical trace 74 inahydles caminabs 06 PL2/ 7445106910 G4 Biospper surface
706. Electrical trace 704 extends into but not through insulative layer 702. Electrical trace

704 between terminals 710, 712, 714, 716 and 718 is buried in insulative layer 702 beneath

upper surface 706 and is thus not visible, but is shown for convenience of illustration.

Electrical interconnect 700 can be manufactured in a manner similar to electrical interconnect
200.
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Figs. 9A and 9B are cross-sectional and top plan

views, respectively, of electrical interconnect 500 in
waecwmonamsce With a fifth enbodi nent in the preBensG2009/000050

i nvention. Electrical intengonnect 500 includes

insul ative layer 502 and el ectrical trace 504.

| | i . 502 . . e (G - . .

ot i P4t o PR Vi Sl POV 0B 1 BBcanPEith an cighen

embddiient 0P ¢ préventitestigi PRficrofibidfcateeice 860 aitfuded Whtlative layer 802,
surface 508. Electrical trace 504 includes term nals

electrpges ${dcpnd B96 and eappitary 80F- flnswlatbedayer R0 is acdieleetric dayer, and

i b h dpsul.at i
clecfofBE 602333 B pENSmiOhely Biles” Roploll P ek A PIBoHBAG Goes yrace
810 &idch 16Wer susfabnbesholvil). | Pisttkoies 364 AlySU6 iRElddPRARBMAR 812 and 814,

upper surface 506 and thus is not visible in Fig. 9B,
respastively,sit uppenpurfase B¢, Elggirddss 804band-36eartenddnto but not through
. dllustration, Electrical int onnect 500 can be .
insulyiye 18vet 852 B8 g 05 g Srotrodis i RAGH Cogtath 8 s Bfée3Posed terminal
Electréiies BOPRIFESU6 atdBlectrically cofthédtedkd cirduifty tHaPisRuBsbquéRl tohded to
el ectrical interconneCt 600 in accordance with a Sixth

termigpls $d 2 a8 14, respensivelycat eipperisnxface: §10n Capillacst 398ciatludes inlet

openiis £} § LTS piffsdobetings 370 anb 822 S abpondt§EA plisd Rt Mg
comBusltR1oBGHitH SnelaBiher. SHPIR! Ak idl&pehin@e e £8188d 886 into

are routing lines. Insulative layer 602 includes upper
changel (824.cftove goughthannt b8 2 erouti er dpanio gy 8202 ansii2Rnjnd then exit through

outle y5 e 7P abd S50 oo Eh bR DB PP Gk Sl e thgient for
the flufd $lniphdssn GHnaIEP4GTRVIRS tolIBe! opeHink322. BRBtrof 806 frbifi Mrminal
traces 604 and 606 extend into but not through

812 foritsl-shapecberidengar cheonel 824 echuried it inswlates I8get 868 bemeath upper
Ly S NTAT RS T NN

electfde 808 fidhPienihalr8 135 1S TLRRFA &l nedr! Akl B2 P13 buried in insulative

Li kewi se, electrical 20trace 606 between term nals 614
layer0g benenth wprisisurfage 8 H0 andsthisisinpbvisiblee buts® shdyemfos convenience of

o upper sunface 3 t.hus is not .vi skl but, LS L

itus$ iR, shpactt il RS oespein bt el Biag, i a2 buried in

insulafiVElage 802 bEndafiuppeNsuPRcBIMArRIGhEY iS dof VisiBl&YBH1S Ehown for
simlar to electrical interconnect 200. Fig 11

converiepceraf pliystration, | Migrefluidic deviee 8Q0 canrheananufastured inoompanner similar
a L. ce W a seventh enbodi nent in the present
to mERGRIGR IR,

. ( ectrical interconnect 700 includes
| NFigl 23 _is\"aeto*) P8 viedw S 0mRicAsYthidic @evitd 969 intdcasiBan@4vith a ninth
Insul ative layer 702 is a dielectric |ayer, and

embedimentrin dhy preseatiavaoion; Migrofluidi¢ deyite 409, in¢lndes|insulatiye layer 902

| i ncl ud e,706 d | . .
and QtR4e 897, IoPatiTayer BT b WleBRE 19922 895t P e g am teoic
fieldtphitél Bhiativelldyer 902 inclukits ugpe? sivbsbe 986 aAd a WA sufidel (@G Shown).

06. Electrical trace 704 extends into but not through
Electroda 904 includé¢sdgraninal9 210 & deiRrat upper sutface 9004 Elrstrode904 extends

. ermnals,710, .71 7 16 an 8 is buried i .

into b o et nsausvedopst B Jprirods Sof Be<Sn it 40 12 s

buric_l,dsintiJiH:t'ﬂiati‘Rlv_@‘lay‘éxL %Ztﬁe%eatﬁ’ ) pé_r%m%&%6 204 1R 1Y RVIIBIE, ik is shown
illustration. Electrical interconnect 700 can be .

for cpavmuieme of dlistration. Micmofinidi¢ déviceroOp car be stanifagured in a manner

. .jntercon egI 200. .. WD 2009/ 105036PCT/ SG2009/ 000050 13
similar to microfluidic device 300.
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Fig. 12 is a top plan view of mcrofluidic device 800

i n accordance with an ei ghth enbodi nent of the present
w0 nooenviosn. M crof |l ui di c device 800 i ncl udes iPSTIBG@LI0%/600050

| ayer 802, el ectrodes 804 amd 806 and capillary 808.

Insul ative layer 802 is a dielectric |ayer, and

el 3 . .2/ I j el tes.

S 18 0B oAy SPGB Uebiee Fodd ek Fi g
embbdivint Bulié present M@Entidn0 Whicroflaidi€ HEVIEERD08 Grcladed ink@Rtive layer

include termnals 812 and 814, respectively, at upper

100224 electroda H004g| Inpl atiyg dayes 100245 & dipbestriodayacand elestrodg 1004 is an

el T BV Bt 0 B O R TS BB 0o e
(notsRéwR)D Electrbll€ £004d8616dEAmin 1808 ataipPerubfate 1008! [Etectrode 1004

connected to circuitry that is subsequently bonded to

extepdsripforhat sotghmuglhinselative laperJ802 andeis p dead-endbglectroda tlfat centains a
. 810. il 08 | i nl et ' 816 d
singf poss Birty 4 EIEPIRo {o8 Hi enSi B e oA ter

1002béhehth uppét sUrfa@MUOB afidtHud s Yt V1¥iHIE SubRRhERH for e8ARNRSce of
enter inlet openings 816 and 818 and flow i nto channel

illusgataon. {Misvpftuidio dgrice H¥rah be menufactured|ina nagpeer sigdar3e 0

. and. 822 .and then exit through outlet openings 820 and
mcrggﬂl.dlcéfe&‘ieggg'es 806 and 808 provi de capacitance

e ¥4l BSIRNSD a8 pdriiRclivaVitws S BtHRfqued fot a ffisolidified
flowng to outlet opening 822. El ectrode 806 from
materiat intean ingwative layerite subseqieatheprowidd embeaddedmaatalbizatidf4n ite

in g‘gri d i.n ins Iativtg\’#a er 802 t%eneath upper surface
Sugye EWEF 'Pﬁﬁ‘?rf&“glc &t %grﬁfeg, U shown for
COMYEI}. E51& Shofsolillified tfabdriaP 1100kt HRPERE irfd ﬁﬁ&lw&’@laﬁé?g 192 at

. fromtermnpal 814 to its T-shaped end near channe
inlef epepingilé¥ bydispensé nedziel 106y Bowsbough chatme! LiPBeand exits insulative

0 _and ' t visible, buf. ] h for.
tayet e Puf Qo | tBnloyeRBim SegtonioBiies 1oL crmp aiop-safied
mat&RI VB IGPEREER ol 61 in&i‘lgﬁveag%r 306b RFéspoisdrd vh&inmt Suction.

. 20insul ative layer 802 beneath upper surface 810 and
Dispensgsnazzlerld 06 is spadsiddronp insulativeslapenr] 102 and aligned iwith daletodpening
jllustration,. crofl.yidic device, 800 c e .
1104t ¥ o SRR OBl TRabReys v a7 fpd sayers and applie
vact@y sueliodtoutlet openfriglt 1183 is a top plan view of
m crof l ui dic device 900 in accordance with a ninth

entioHigrd5B, non-sohidified sxaterial il 200:is dispensed/into wistlafivk loyer 1202 at

nio o5 30P b 5R Btls 1B, D5 hYED PSR To B mutaive
layel B at oafdét o?bﬁﬁg 120 BiA, hoh-RMdified fldidrfal 12®) Govd Ricand out of
I nsul ative [ayef 902 includes upper surface 906 and a

insujagiwe tays 302 de respense $¢ pressurized ingeictionl elngtion naAzledk?96 contacts

: rminal s, 910 .and 912 at .. face.906. [FEl ect .
insulBELYE T2 P B e A R BIo GG ) PLepng 1504
El qmg?l SCOfh-REHWRA M t&idl 560 & d?sé:@néﬂ Gt ]}l%ulaﬁvg%as,gﬁ%oz at

in insulative |ayer 902 beneath upper surface 9

inlet dpepingd 3Ad by dispérsk apzzbeil 3065 flews into Snhelrl 308 andenentuably fills inlet

opetiie#04 i B 1308 s vl st Yl ot bt ot outof

insulfiVe 888 P502. Fl\ﬁ%@rﬁ’&%,l&%%%’ géée 3 9%6%@&@&%%3%%h§nchamber as

14 is"a top plan view of mcr vice
nonsobdifidd material 1300d4ldvesninto insulative layer 1302. Initially, the vacuum chamber

is evacuated, thereby creating a vacuum in inlet opening 1304 and channel 1308. Thereafter,

non-solidified material 1300 is continually dispensed into inlet opening 1304 as the vacuum



10

15

20

25

30

enbodi ment in the present invention. Mcrofluidic

devi ce 1000 includes insulative |layer 1002 and
web@otiosmde 1004. Insul ative |layer 1002 is a di B¢ ESG2G02/000050

| ayer, and el ectrode 1004 1§ an electric field plate.

I nsul ative | ayer 1002 incl udes upper surface 1006 and

oo RS 51 Rk PRk oSkt O8 g K e
little®¥ h& PRSsukdfréht DefwedR thell BIdRORI gk BE HbREJ1NIR ddaN RErial 1960 ARFthe

is a dead-end el ectrode that contains a single exposed
deadtead iri chahnel 0% as noiesolidified fraterial 306 flaaw's to@8@ls iasd beaniuatly

in jnsulative layer 1002 beneat h upper, surface 06
contgfythe Toad e Figeimareo e Prefgite ricreao R inieb pEBRal ERpges tha
non-flidifled \edeéridl i 900 SRS dnﬁ'fﬂlsﬁ?l@%eﬁﬁlf]l@@@mﬁ?&agﬁel 1308. This

manufactured in a manner sinlar to IOmcrofluidic
technique is partiolarly well-suiféddfer fillifgdédderslr chapeet samdotiaswathnawslidified
of, techniques for flowng a pon-solidified materi al
matqi G e pverigdap S gaERLAENE v pr ovi de
e 1 | . . l: .
SeRHEASTTROR o et (40 o SR ibBlfive leer 1402
inletopenimn140di Hyiigjdctivatrerzla l1 406, @ld wis Sntd ichamek Bt08iant eventually fills inlet
insul atiye |ayer 1102 at 15inl et. opening 1104 b
OPenmg_slﬁga %3’ Fhszpfld 495 o Busy RefuRo kg e éﬂ%ﬁowmﬁo Biffpot out of
msuﬁff¢41§¥/érri§65.aif %&X,ﬁﬁs&ét%{%ﬁ? ighisﬂ&%ﬁ'ix?gv%%xﬂr% cehg.mber as

into ‘ S, “non- sol

acuum suct 1 on devi ce
non-salidéefiadahatdrid) 9400 fiowes intd inswativedager d#02. Niaitlaily, the vacaymrchamber
102 i'g response to vacuum suction. Di spense Pozzl e

is ev_alﬂle@d? erep ErERfiNgANROTYR it it pRening Li04nd shanngl 1408q Fdgreatter,
injedftbh RoZl¥ %6%8@@&5‘815&1%9\% la q4ﬁ§%g&%ﬁ%§§:éﬁﬁl\g 1494. Next,

1112 contacts I nsulative fayer ers -an
non-sqlidifiedsn @& d 40Mis sontirivatly pressuné inféctediintoiinigt dpehlhg 1404 as the

In Fi 15B, non-solidified material_ 2200 is dj spensed
Vacmfgmgh%f&ﬁm Vesyup- Adigrmatiyel arﬁ’l"étsob‘%iéﬁg mgtensbiAdgs
o - r .
continipBrk et inkd it opuHE LI AGT il Uinmber o8l is
elevafalifom i vasoumdo dthedphenicrésaire ] FOfhdrinows a syringe dbnd conthins

.. of i | at | | 202 i . i zed
injeip B HO0/ i 8 AROHOACTEE) EZbPORsHin s Grogim chariber and the
presdufSitkRhde Ve te&6n AAPRotIR gh&?lgleféﬁ)sflfhgili@ﬁ@ fl ; ing non-sol}dri]ﬁed

pressuri zed injection at 1nlet opening 120
matefialy] 4003kzouglvinles opéming 1404 intetcheired 1480 0niehaticagpe sisexichannel

1404 GRofrins B yiumnas naggolidifimatcriehl R ARG o Shiingi DS, there s
little_?_)‘ﬁﬂﬁﬁoi’@édﬁ fibohd ﬂﬂ@' 12BAE ik JF30a-sphafed ARGk 14388nd the

us, non-soli materTal” 1300 flows 1 nto but not
deadeend in £hannelll488 iay pord-solidificliaterisl 1400 Eows teavardsnd| exrentually

| ayer 1302 js_disposed.in a vacuum chamber _.as 30 -
contybie drachrnd _lﬁqt_a@mua i pBRlAI B eSS fghgﬁnngtdﬁ%end channels
and Viay ®ith 1139—%01%(1%1%& %@ﬂeﬁ%thit!?? subd a{gﬁl O5HYBREd tbS dead-end elgctrode.

evacuat ed, ereby creating a umin inlet openin
130He present irventidn 18 8@H-suifédkfoe afanefacturiog naudtilaybr Sutestrates with

' ' tinual ly di dinto inl
e 0 st o S by ne BEaRh fofero Bl devices

elecm%é%%&?ﬂ{sﬁ% B%s@ %%%ﬂields, antennas and other electronic devices

that contain three-dimensional embedded metallization.

The insulative layer can be the upper and lower insulative layers, or include the upper

and lower insulative layers and one or more middle insulative layers therebetween. The upper



10

15 chanber pressure is elevated fromthe vacuumto

at nospheric pressure. As a result, thereis little or
wooopne®sar e front between the | eadi ng edge of PCT/SG2009/000050

non-solidified material 1300 and the dead-end in

channel 1308 as non-solidified material 1300 fl ows

and I R S S R iR 8 1 s e £ syl various
chaniEBOh S AL mSRRAEON bl b hoREC a0l eand

into and fills inlet opening 1304 and channe
lowerTinswlatived ayersjand thempddle insulativellgyevs) (if any) cacbef owideiviatietygf
degd-end .chanpel s and vias with.non-solidifie
clecefiaft ifaif, AP ST AP 5roB b CARPPLeA7d capbe pepded
toget%ér@&hﬁlﬁg(%us ways in':;jlﬁdiﬁ ﬂlenﬁﬁqilﬂﬁk%h sl thi iﬁﬂeﬁfénﬂ%tp%&élﬁéd

400 1's dispensed into insulative layer 1402 at inlet
adhesiyeelayargy LikOwiskythe cjanoels amd vievaandatelt@nerbhostmpesdnd sizes. For

. channel, 1408 and ,eventually fills inlet 10 openin
instan oISl PO THTER SO SR G781 JOHE oo aia Gt extends
throuélﬁ% thid@WSnduldtfe Myler ARis ?ééiedQIy théwde?idéﬁl%ﬁb@t»ég&, dADBlind via

rthernore, I nsulative [ayer "1402 is disposed In a
that extendsiimta brtmoé thraughtisnlowet inslilhtivedayent eri al 1400 fl ows
into insulative layer 1402 . Initially, the_yacuum . .
c pvg desgipfianAnd gxarpples Whsral @E‘M@e’gs 98t PR invention,
and it Pl ARRRALASH AR mEN AL RS SAEord AR, (oBlbe pads withou
departing froavthe scopel of theqesentigveiod. Next, 15non-solidified
material 1400 is continually pressure injected into
i nl et opening 1404 as the vacuum chanber retains the
vacuum Alternatively, non-solidified material 1400 is
continually pressure injected into inlet opening 1404
as the vacuum chanber pressure is elevated 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 20
pressure increase at the piston (but not in channe
1408) facilitates flowi ng non-solidified material 1400
t hrough inlet opening 1404 into channel 1408. In
ei ther case, since channel 1408 contains the vacuum as
non-solidified material 1400 flows into channel 1408,
there is little or no pressure front between the
| eadi ng edge of non-solidified material 1400 and the
dead-end in channel 1408 as non-solidified materia
1400 flows towards and eventually 25contacts the
dead-end. This technique is particularly well-suited

for filling dead-end channels and vias with
non-solidified material that is subsequently converted
to a dead-end el ectrode. The present invention is

wel | -suited for manufacturing nultilayer substrates
wi th enbedded netal lization such as electrical traces
and el ectrodes for mcrofluidic devices, electrica

i nterconnects, display panels, EM shields, antennas
and ot her el ectronic devices 30 that contain

t hr ee- di nensi onal enbedded netal | i zati on. The
insul ative | ayer can be the upper and |ower insulative
| ayers, or include the upper and | ower insulative

| ayers and one or nore mddle insulative |layers

t her ebet ween. The upper WO

2009/ 105036PCT/ SG2009/ 000050



16 and |l ower insulative layers and the mddle
insul ative layer(s) (if any) can each include various

w@ b@onedose and/ or vias in fluid conmuni cati on W¢SGR®9/000050
another. In addition, the upper and | ower insulative
| ayers and the mddle insulative layer(s) (if any) can
be a wide variety of elecaﬁ' al ly insulative materials
such as plastic, ceranm c and conmposites and can be
bonded 5t oget her in numerous ways including therm
diffusion and thin intervening patterned adhesive
| aver s. Apetheqd efanakinga sybstiste) cOmpRging; as can have

nu ' ' S - i nst ance,, a dead-e
o B it ARELinSPUIRRT and £lol o BARFe ofer fRGefWhe upper
insulativelagdt indledds aAtinlerspeids, the lowed hstgveliagetifclidis\al chbihnég, and

layer and is_sealed by the | ower insulative |ayer, or
the iglehppeningis i fuid commuaication witlytheiwhamel, t hr ough t he

| ower . i nsul at j. I r. . 10Th bo descr. pt.ion, an
e gl ooy Mot IR 01T Y L Endis and hen
| NydHdiflyng, theéish-¢dlidMidd m A6 B bSisliiak eferky & thy Aéh-Selfdified
nmodi fications and inprovements can be nade w thout
mategiap sher¢hyfompiagembedded mpnsalbizationdn thesbamel. i nventi on. WO
2009/ 105036PCT/ SG2009/ 000050 17 C ai s 1. A
nmet hod of making a substrate, conprising:

provi di TBe @Btho@ BEElaind $ Uhalhding ptvidhg #fdde 14 five layer that is
insul ative |ayer, wherein the upper insulative |ayer

sandvjidtied betveam therupper anddewergnsulaiive llaywerss whersinl the middle mpulative
e RS2 Bl b on SR g o e

charinen- sol i di fied material through the inlet opening into
the channel; and then solidifying the non-solidified
mat eri al by applying energy to the non-solidified

materi a hereby f orgi.ng enbedded talli.zation,in

e chabifrdfiof 8 olagh 7 e R BEAF Ny TR Bpr 8RR 1 s me
midgle @shtin@lafersiig tRerinab dilfbion Sankd BYRding HRimAdgleSAGIMve NS Rr to the

between the upper and |ower insulative |ayers, wherein
lowerjigsulgtiye layes ysing thenmad diffision. i ncl udes a via between and

in fluid conmunication with the inlet opening and the

channel . 3. The nmethod of claim 2, including

bordi NngThémethoAF claiifi 8] Athdmgbadaihg R vpber ifdulstive layer to the

.insul ative |ayer using thernal dif%usion, and bondi ng

-midqlp inspfative layeritsingzan; uppen adhesive layerithat contaets andkigisandwiehed between

j . . dif i on. .. 4. . The.net hod qf
the dBePindiicl ibEHR it MES Bine o mic it Be YSORTRSg ffe 1ower
insulativé gemnisty Lloiwes sdhRbive Ryt coHRLts And iy sdRBRichabdwestfthe
_layer that contacts and Is sandw ched between the
midd]g 3ud loyyeg insplativelayersul ati ve | ayers, and bondi ng the
m ddl e insulative layer to the |l ower insulative |ayer:
using a | ower adhesive layer that contacts and is

sasdw cmae neeHodastlaina, chding Rywing MeRbonisoidikisd indRrial using

| ayers. 5. The nmethod of claim 1, including
prespyrgdieriionhe non-solidified material using pressure
i njection. 6. The nethod of claim1, including

flow ng the non-solidified material using vacuum
SU@t | 0N The method of claim 1, including flowing the non-solidified material using

vacuum suction.



WD 2009/ 105036PCT/ SG2009/ 000050 18 7. The met hod

of claim1, including flowing the non-solidified
woreaoendsBe t hrough the channel into an outl et PEERG2H9/000050

in the upper insulative | aygr. 8. The nmet hod of

claim1l1, wherein the upper and |ower insulative |ayers

arg pla aod.of .claim,l,. er ei.

t hZ upp?PE g‘ngioflg\t;\/glflg? %s‘B?‘&?‘u%E‘%"é%‘P% nof- %01&1?%3&“5 through
the &annel to @ bl opénis (HG dppekfpSilgivt oft. non- sol i di f ed

material is paste. . The method of claim 10,

wherein the paste IS conductlve epoxy past e. 12.

h wh h duc.
gast ge |t ﬁ@?m%@oﬁ 2 1? ‘ﬁléerr?el@lt Qlﬁpeﬁ Q}?jgtfltplﬁlﬁ?tévg vels are

plasi@pper particles, S|Iver coated copper particles,
graphite particles, or conbinations thereof. 13.
The nmethod of claim1l, wherein the non-solidified

oS 24 e RN S T o fiein the wnthind 10n s aidayers are

ceratmdc. The nmet hod of claim 13, wherein the conductive ink
i ncludes silver particles, gold particles, copper
particles, silver coated copper particles, or

co i na ons The d of lalm 1,

ei n 819585 }r’e‘f'%‘fr?lf‘%é"tr?%‘ns 1{{&@ “t"r‘i‘“é1 Bt |
17. The rret hod of claim1l, wherein the enbedded
netallization forns a tube in the channel. 18. The
meflhod dhe oiethodhof ¢clainh £, evhrer¢in theqpakts is @indudtiveapoxy paste.
m crofl ui dic device. WD 2009/ 105036PCT/ SG2009/ 000050
19

12. The method of claim 10, wherein the conductive epoxy paste includes silver
. particles, gold particles, copper particles, silver coated copper particles, graphite particles, or
combinations thereof.
13. The method of claim 1, wherein the non-solidified material is conductive ink.

14. The method of claim 13, wherein the conductive ink is water-based.

15. The method of claim 13, wherein the conductive ink includes silver particles,

gold particles, copper particles, silver coated copper particles, or combinations thereof.
16. The method of claim 1, wherein the embedded metallization fills the channel.

17.  The method of claim 1, wherein the embedded metallization forms a tube in

the channel.

18. The method of claim 1, wherein the substrate is a microfluidic device.

19, The method of claim 1, wherein the substrate is an electrical interconnect.



20. The nmethod of claim 1, wherein the substrate is an
EM shield. 21. A nethod of making a substrate,
W@ 2009/10BBAOQ: provi ding an insul ative | ayerCt/ha2009/000050
i ncludes an upper insulatiue |ayer and a | ower
insul ative | ayer, wherein the upper insulative |ayer
i ncludes an inlet opening, the |lower insulative |ayer
i ncludes a channel, and the inlet opening and the
chaonel Tag enetiiddfdf¢iatin G OWHHEIL 1S SuBStraté {sPinEMT sHiQg.her
but not wth an outlet opening; disposing the
i nsul ative Iayer i n a vacuum chanber; evacuati ng

th th ti [ th
it o BB R kine A SHEse R *Fow ng
NOpré&adihglhr hﬁﬁilaﬁVé BYdrahat ifthided APuppet ﬁfsuﬁﬁ%‘la M aliGwer

_the vacuum chanber contains the vacuum and then
insuldtive laykr, whereumlhempp@emuhxyvc hyer in¢tludeshanmnlet omhmlgethb fhewer

nsu atlv re i.n the vacu chanber, . .
inso i L A e Ee o el pronte s sang piegnglyid
comfMini@Hbn @ithORE andiBetbat Aot SyithdRuiletPninBEN
solidifying the non-solidified matérial by applying
endlisppsingthetimsulative daykr iiafvaedineliagsbieg| , t her eby f or ni ng
a dead-end electro n t.he, chanpel. . 22..The |
e tKBHAE BF XpgHusmC Harhes HREFSRY CreEEh HyaHe inth inet Spening and
the Mnéodhbldl fied material through-the inlet opening into
t he channel while pressure in the vacuum chanber
re flovwirg a hen- s(didiﬁm material int@ the iffletopenidgorhitef the vadunmZhamber
ncl.udi n ro t he .n olidified terial thr h .
confafs e yaghup aBeheS vt R i omrie e shpprct while G msulacive
layet RnARGH W8 %ﬁﬁm%haxhﬁ‘&rtﬁ@é@fﬂ(ﬁ&ﬂ@ﬂﬁ%ﬂ%ﬁiﬂ@d&?ﬂ%ﬂ into but not
predet erm ned pressure. The nethod of claim
out Qflthe\lmelabvwlab’ﬂeamdw&lgm ative | ayer is the upper and

| owey. nsu ative layers. . e met Al
27 S5 1 o SRR gl by e ing e 8 fiaogspfisified
mat@id, thefw,r formfiig AddaliRndl BlEEcledNthe®hindfll € 1 nsul ative
Iayer that is sandw ched between the upper and | ower
insulative layers, and the middle insulative |ayer

n | :nge a VI a dﬁ ‘8[ %'}tl d@hlﬁﬁ%wlgg oL AR matenapthrough
the m%w &w@/cﬁﬂﬁp@ﬂ@@ﬂ@égregg the vacuurg €hamb§ r&ﬁilﬁ?éixe vacuum.

aim?21, wherein the non-solidifi material is
conductlve epoxy paste. 27 The mst hod of cI aim

wh h d t
i3 e St TR el Re BT Ah® nop 3o B Faletil througn
the ﬂm@p@tﬁﬁ‘% Rt cAfMhel WhilSprefifreGh Wcuum chamb&%cr&ﬂ@s from the

met hod claim 21, wherein the dead-end el ectrode
vacyumh fosa priedetemmioed pigssureng and t he channel .

24.  The method of claim 21, wherein the insulative layer is the upper and lower

insulative layers.

25.  The method of claim 21, wherein the insulative layer includes the upper and
lower insulative layers and a middle insulative layer that is sandwiched between the upper
and lower insulative layers, and the middle insulative layer includes a via between and in

fluid communication with the inlet opening and the channel.



30. The nethod of claim 21, wherein the substrate is a

m cr of | ui di ¢ devi ce. 31. A nethod of naking a
worawaddoss di c devi ce, conpri sing: pr ovi dP@mS@Zn09/000050

upper insulative |layer, a ndddle insulative |ayer and

a lower insulative |layer, wherein the upper insulative

| ayer includes an inlet opening, the mddle insulative

| ayer includes a via, the | ower insulative |ayer

I Ng6.udeFhemethad BELlain2] whekkin thie Bbn-9pIRIHiEDmafeAfl i¥ cndidtive
the channel are in fluid conmmuni cation with one

epoxypgstRer ; t hen flowng a non-solidified materi al
sequentially through the inlet opening, the via and
t he channel ; and then solidifying the

nop7.sol TrY @ BREISIN 21, WhtrehP the YoRGolRfiéDateflall i @onductive ink.
non-solidified material’, ther eby form ng enbedded

netallization that provides an electrode in the inlet

opgpi ng., t he,via n.d e .chanpel .. 2. e hod
P61 2 Hhermenti B Aam 8. Smerei g dend-eng irops BIS pumane.
and | ower insulative layers with the inlet opening,
the via and the channel; then bondi ng the upper
i N8l at Themethpéd of claim Bk wherhih theidesd et dleatrodafitls thednigt opening
d&%nﬁﬁg the mddle insulative layer to the | ower

an “ve | ayer. 33. The nethod of claim 31,
including flowing the non-solidified material using
pressure injection at the inlet opening. WO
20860/ 10Thanpbrd stxleme? RodEsin the substrate 184 midioBuidic dryike.
of claim31l, including flowi ng the non-solidified
material using vacuum suction at an outlet opening in

t he1.i nspladthy®of ANERE a microfluidie-devies, dRphsHgof claim
31, including soli dl%yl ng the non-solidifi ed mat eri al

us pmgldn@an upper insulgéve 17yes, amiddicingflatoledayer 8dd a lower insulative

udi sol i.di t he n-saoljdified t er.i

tayet o, P RO ooy Feffacs s inlf apenii, ¥ e nppative layer
inchfdesth Madthe 1908 iBulative PayePiicRiabd djélfahﬁ‘éi zﬁiﬁttﬁ‘é infdt oPe?mng, the via and

conductive e OoXy paste. . The nmethod of claim
the leinnel\h@rl@ flnid ¢emmyamcasioh iwdthfdne dnwhcretheal i s conductive

ﬁowmg a non-solidified material sequentially through the inlet opening, the via and
the channel; and then
_ solidifying the non-solidified material by applying energy to the non-solidified

material, thereby forming embedded metallization that provides an electrode in the inlet

opening, the via and the channel.

32.  The method of claim 31, including

providing the top, middle and lower insulative layers with the inlet opening, the via
and the channel; then

bonding the upper insulative layer to the middle insulative layer; and

bonding the middle insulative layer to the lower insulative layer.

33.  The method of claim 31, including flowing the non-solidified material using

pressure injection at the inlet opening.



39. The nmethod of claim 31, wherein the el ectrode

fills the channel. 40. The net hod of cl ai m 31,
wok@waoinié he el ectrode fills the inlet openi ngpCT/hE€2009/800050

and the channel. 41. 2A net hod of maki ng an

el ectrical interconnect, conprising: provi di ng an

upper insulative layer, a mddle insulative |ayer and

a lower insulative |layer, wherein the upper insulative

| Baer  iMTelmsiesd eicldifl A1 indRdHgTbvang thlhofsblidific®@RARYACusing

the mddl e insulative fayer includes an inlet via and
vacuyn setionaf anputlet opraingoindhe inndativetlayes | ayer includes a

channel, and the inlet and outl et openings, the inlet

and outlet vias and the channel are in fluid

C IFUNI TRirh@Rod\bfidlaiM B, MR solidi ksfaﬁg the non-sblififibd\fhaferial

non-solidified naterial sequentlal y through the inlet
usinghgehii ng, the inlet via, the channel, the outlet via

and the outl et opening; ‘and then solidifying the

non-solidified material by applying energy to the

NaYE. SOl THE hétRél S Al 3, inchidfgBUdIFARETHRGoRRBRAAEE material

netal lization that prOV|des an electrical trace in the
using yliraniolghwadigtion.et openi ngs, the inlet and outlet vias

and the channel. WD 2009/ 105036PCT/ SG2009/ 000050 22

42. The nethod of claim41, including provi di ng

t ey t OPFhethétRbEo Bdllm AW heleStt ﬁ&ﬁ ¥&lidifdPhateithllif cdldfictive

inlet and outlet openings, the inlet and outlet vias
epoxmpabte.he channel ; then bondi ng the upper insulative

| ayer to the niddle i nsul ative |ayer; and bonding the

m ddl e insulative |layer to the | ower insulative |ayer.
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non-solidified material using pressure injection at

the inlet opening. 44, The net hod of cIa|n141
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met hod of claim 41, |nclud|ng solidifying the
non-solidified nmaterial using heat. 46. The
metthod Bie methpdofidaini Hig whdicirgths slectivde/filkaghe tndet opening, the via
andtﬁoqlsolldlfled mat eri al using ultraviolet radiation.
@ met hod of claim4l, wherein the non-solidified
material is conductive epoxy paste.

41. A method of making an electrical interconnect, comprising:

providing an upper insulative layer, a middle insulative layer and a lower insulative
layer, wherein the upper insulative layer includes an inlet opening and an outlet opening, the
middle insulative layer includes an inlet via and an outlet via, the lower insulative layer
includes a channel, and the inlet and outlet openings, the inlet and outlet vias and the channel
are in fluid communication with one anbther; then

flowing a non-solidified material sequentially through the inlet opening, the inlet via,
the channel, the outlet via and the outlet opening; and then

solidifying the non-solidified material by applying energy to the non-solidified
material, thereby forming embedded metallization that provides an electrical trace in the inlet

and outlet openings, the inlet and outlet vias and the channel.



48. The nethod of claim4l, wherein the non-solidified

material is conductive ink. 49. The net hod of
w@babmshi¢ wherein the electrical trace fills P(tTHSG2009/000050
channel . 50. The nethod of claim4l, wherein

the electrical trace fills the inlet and outlet -
opENI NGF/Le hdifod &ﬁéimaﬂdin%iﬁtd%negt vias and the channel.
providing the top, middle and lower insulative layers with the inlet and outlet
openings, the inlet and outlet vias and the channel; then
bonding the upper insulative layer to the middle insulative layer; and

bonding the middle insulative layer to the lower insulative layer.

43.  The miethod of claim 41, ihcluding flowing the non-solidified material using

pressure injection at the inlet opening.

44.  The method of claim 41, including flowing the non-solidified material using

vacuum suction at the outlet opening.

45.  The method of claim 41, including solidifying the non-solidified material

using heat.

46.  The method of claim 41, including solidifying the non-solidified material

using ultraviolet radiation.

47, The method of claim 41, wherein the non-solidified material is conductive

€poxy paste.
48.  The method of claim 41, wherein the non-solidified material is conductive ink.
49.  The method of claim 41, wherein the electrical trace fills the channel.

50. The method of claim 41, wherein the electrical trace fills the inlet and outlet

openings, the inlet and outlet vias and the channel.



