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METHOD OF MAKI NG A MULTI LAYER SUBSTRATE W TH EMBEDDED
METALLI ZATI ON Sum Huan Ng Zhenfeng WAng

W@r@W8403R8¢ er ence to Rel ated Applications Thi s PCT/SG2009/000050
application clains priorityltfromU. S. Provisional
Application Serial No. 61/064,179 filed February 20,
2008. Field of the Invention The present invention

MEEFRICD PE ORGSR ST R i S SEM B SDED

substrate with enbedMETAELIZATION on. Background of
the Invention Miultilayer substrates with enbedded
netallization are used in a wide variety of

appl i cations such as mSaemoHizam Migc devi ces and

el ectrical int erconnecis. M crofl uidic devices are
smal | conpact devi ces 4feng-WaBEm cheni cal and

physi cal operations such as capillary el ectrophoresis
with mcroscal e sanple vol unes, fast reactions, rapid

det ecti on, ea_@%ﬁfRélHPe%@{d Rﬂaﬁﬁ%ﬁlmﬁhﬁn§ r ansf er
bet ween reacti on vessels. Mcrofluidic devices are

alThis applieatiopdtlaims pgority ftvmold-Sa Pochviigional BipplicatiopiSeria iNeg
r.at J of biq-nplecules is critically inportant in
61/06%’322@"&0?%%9@&86& ot echnol ogy techni ques such as

DNA sequenci ng, protein nol ecul ar wei ght

determi nation, genetic mapping and the |ike.
El ect rophor esi s sepaFistdeef thebiawentionl nol ecul ar speci es

o TR gRetimesbtind SRRl e T SHSRAE manbbsFiuls, s Sarepggioularly
to a kR Sfirkakind RuRils s QRBEAL Hithhibedic haahizRaRds due to

their different rates of novenent through the
solution. The rates are influenced by the pH of the

sol uti.on, the nmassg, apd char t he nol ecul es, and
the strength and %ﬁgqognﬁaf%%vgygm ric field.
EiMéltildyePdubkipdt &) WM BABERIcP ifialIsatifh S-Hde i 4 Wide variety of

_electrical connections between sem conductor chips
applicatians snebtas ouemilnidicodeviogs ard edentricah otéreennectsnoni cal | y

o Mt B8 stiintcaie Bl S FORBS HaP e smisghansabysica
operaflbéuch @2 bR eRcREIHORAR Wiltemididsesle sﬂiﬁlﬁ@olumes, fast reactions,

_interconnects usually contain nmultiple |ayers of
rapid deteetiors sasecif antomatiph and simpledranafenbetweenyreattionrviesselsng

Miatléf%@x%?lle%g?saal}e ia 30 lreﬁlerlrg@to%ls ellag—%tn-rai-cﬁﬁ;t)"? provi de

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
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i sol ation between the netallization. Electrical
i nterconnects are also referred to as interconnect

W@ wstiowBes, printed circuit boards and mnul ti -BEI/G2009/000050
nodul es. Sem conductor chips continue to evolve at a
phenonenal rate. As a result, electrical interconnects

. . [ n j I t i ng. . Al .

signdy bE B oo Thesd tkecShit ety ofin sllp818f2s ofinerconnec

metaliizabion sepatatalippatenatifg thyeds of bui iscRting dielettrienépiovide electrical
Conventional multilayer substrate manufacture

isolatipn petaepsy themstalljsatione Elgctricabintesepnaectsare glse refemed toasi ve

. | amj £5. [ l.at | | ayer to the

il sub el BOPLELAHRIES nPUS ARV Er Lo
adgehicondictorehips lcbatiitue @ evolve it @\pheiRinenhl fte AUIRSult, electrical
insul ative layer and in vias between the insulative

interceRnsets oftgn prowidediot enly signakrputing, but alsetcircnit signal epatching, thermal

: n ive traces.a deposjted on a pol ynmer
maty %?/}ggrﬁ L%ecg%ﬁ?aﬁgéﬁpr?gﬁ mgc@eﬁ%ci%ca%ﬁlﬁﬁf%ély m crojetting,
hoCofiteatibhdl Smifilaféreabstap ﬁ&ﬂdfﬂ:turﬁ’@?ﬁ&lly bRAGTes RitYallization on a
often used to pattern the traces. Thereafter, the

lowgs insulative Jayer; ghsadaminates an uppsr insnlative/layer taithe lewerdnsulative layer

I -1 hr h-shol es...are s equent |y formed b . .
and BBl ERiOH FHGONNE el Bl RN e B etperippotasive
layet 4ifd i a8 Detwkeh BiYIRGTIativRSayety thicon¥Ethe MuRERVel hStallization.

anot her exanple, thin netal foils are attached to

opPersexamply, gendugtivetrases gnewlepdsitodon a polymertapér Hysplitteringescreen

ol ISR AP ASBERORY, PR bBER B BL T

pattéii tHeéftruetd) rTHegeaRas tHuPTBERY S refcail FsiahothBSlaydtCaddWaRRl Pited

| ayers increase, so does the nunber of ne ailizati_on _
throughdhqlesrre subiseqnestly frrmed g drilling through the sulistratgiand plating metal in

f.or it igh aspect,rati.o and differi .
theHofes e Binot die Fufl RIeSEREE) g SR BRtmtlo bRl s are atachea
to oppabiesidash ofa\Polynie layed thd akiaPfoilk &eQiaﬁém&ﬂﬁdin%jMﬁ)télﬁh&é}@phy, and
netal lization topography. Plated through-holes wth
thendhgplpted thipughchelengre foymsHi biti vel y expensive. Pl ated

th = o lnterfere with routin nd ,t

51 COHAORY SRo By e ol B st o s mymber of
layesrificrbase| octioes e nagbeCSEmEthIlioatdh-ana | nihation! stdps O The Bitallization

requi re many nore process steps. Photolithography

is difficylt 4o fomwith a highawspact fatiefand diftering thieknsss, ryd igeppssially difficult

Al ' i.abi.li b i gh
o 5 booBRRRATAS AP Wikl S B AndSR
Platetl thiyugh-hofs Qﬁﬂﬁ@nﬁlt(ﬁﬁﬁet&@rar%@ﬁ?iﬂti\)eiyf&p&fsfve. Praeeihiudh-holes
0 y

there is a need for a netho making a nultilayer
also dnterfere Atith rapting anddbeisination gefs Wopse s taven donntsiircrease. Blind and

buﬁ&f)ﬁ\c{semd?&ts ‘thrSSE—ﬁ(% ﬁlgﬁttahgr?s Bt geq\llnercra rsnaa}lil {n%i'esﬁjrgrcreasg gteps.
Photolithography leads to non-uniformity of electrolytically deposited metal, photoresist
reliability problems at high aspect ratios, etching undercut, inconsistent etch rates, and
numerous process steps for resist lift-off.

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

embedded metallization that is convenient, cost-effective and versatile.
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The present invention provides a nethod of nmaking a
substrate that includes providing an upper insulative
wo agenomsa a | ower insulative |ayer, wherein ther/seme/000050

i nsul ative | ayer includes ah inlet opening, the | ower
i nsul ative |ayer includes a channel, and the inlet
opening is in fluid co W'on Wi th the channel,
flow ng a non-solidified materral through the inlet
OpEhe prgsenbinverition providesal methodlof Migang @ butdirhte ithag idchfes providing
non-sol i dified material by applying energy to the

an upper insplativg ly@ andadersransulative fayesy wheveir the uppes énstilative layer

. ' ' i ch: ... The, present i.nv i 0 .
incFEL 1 SRR U2 08 SAIRRE T BEUBEER SBbap T B opening
is iniflofd con@BuriEcaivh HWithGhé&thanhél fléWwing @ noA¥ekditibdialeRal tHARSh the

an upper insulative |layer and a | ower insulative

inletjopening injihthe shannek end thee solidifyingthe pen-sdidifiedimaterial by applying

' ek the | r_dnsulati l,aver .i.ncludes .a
enerif Yo PR oty Bl g B e B et 8 o ghanncl
f | Thelpresumeinve@ainl 440 pib¥ilest\BetBO@bBRkiRE h sittratdildl iRfudes
out | et opening, disposing the insulative [ayer in a
provigig amingHatitsdeyer thahmghudesan unper inadative layen aika lowen enselative

creating a vacuum.in, the i.nket opening and the . .
tayof B8l Bl S s Ao S ap PP iR v insptve layer
inclidea tiidnfél, SidaRé fflet\Upenifis AtPthY S4Bl H#ORIEA cERMuAIcATon with one
t he vacuum and then through the inlet opening into the ‘

anothgs duheat Wit anoutlpopening) disposing|the/issulativedayes iri mvacuem chamber,

hanb hepeby flow ng the nop-saoljdified
evac AL FatlA Chignbelr rély eregng Ry tieilet dnspis and the
chanhélethes Ao ivitigf ddhdsoliifiel it éridl irfdd fHe@hl e GPefinkg A hilk¥he vacuum
applying energy to the non-solidified material,

chambiee periging thervperynnandethen l@mgbm@a;ip}e@ deening int;egc bl?meltyhile the
sl YE3ERt DG CY30B, BT DR ST e

into buitsiek 8iiti ofthd iadativedaydt, el ehen3SldiBfingy e BN 861idfIEH Material by
| ower insulative |ayer, wherein the upper insulative

applyipg energy o thejeen-selidi ateria nthergby forming aidtad-cpd slettaadenir the
chanh@Y€er includes a via, the [ower insulative |ayer
I'ncl udes a channel, and the inlet opening, the via and

t NEhe prefene invaiiteon disd provideSOMBINOA 6 PinaRiRg WilibroBGRlic device that
anot her, then flowing a non-solidified materi al

includey,prewiding anupppy issiativedayera middiggaslatiye layepand alogedinsulative
I h olidi.fyin he nonssol.i.dif.ied .
e Whefe e Soor BN TaREing ki il AGpD R ghsSlative tayer
includes £viagthe 16V iaduative ldayencRidbdRendPindlthd Bk bpéhidg) @le via and
(SrOVIdeS an electrode in the inlet opening, the via

the chprnel we ie Buidrommuication sdtoneianetben then flawing amapwolidified
matefat ibagerﬁ{allm&]& iy ix&clat%%grrﬁhg,%e \Irigtarelé %Q:ﬂz%%ntel,taﬂg {'hen 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 PEERGHG/000050

and an outl et opening, the 4viddle insulative |ayer
includes an inlet via and an outlet via, the | ower

: < . |

el bk U e SR 1 nl 310 bl vl ihd R ehanncl

are ircfhaid weinnamécation Mithiotle anvihesntherdflowing \ai doh-solidifiad aategial
thep flow ng a non-solidified material sequenti al

sequingiaty gioyshdhe mletopeagithrinlet we, thechanngl, the quﬂﬁt Amanstbe outlet
opei QUL L SR AU BT A8 s pon

solidified mipterial, thérebyfonmingl ctibleddud midiliizatitn, thitpesvedes ah @ledireal trace

. e@gdded metal i zation that provides an el ectrical
in the ynlet and putlet apenings; theirletand outlet yiasand e, chamnel.i nl et and
0 ' : . Th t hod can include . .
oo Eheh oSOl AN e SRR S8R e
layer] aigitHontlingehd mydRile insulativedayd ROthé Revelinbdlagive RistY. 3ok #Btance, the
| ayer to the | ower insulative |ayer. For instance, the
methpgd enigclude bonding e uppst dasulptive layensp dre misdig insulativellaygensing

. i i i ve | i h N : .
thernlgP iR 86 Sorafithhmiddic Ry Ber S bR 0 Ganseligiap ey usine
themiahdiffugioml Ih BEsinstanses tHeadiddle issuldivé g er@ntadislahd 4 QARdwiched

this instance, the mddle insulative | ayer contacts
betwegnhe yppes andhicwves insplativelayers-hAlterpptivelya e nethed can include bonding

] ; I ! r ernat.tvel t.he net hod.can
the ubl i Bl LB ' e Al ety B8 o e e taver, and
bonditigdhé middisisalativelayér e theUsw & dnsulative RBer AFRNESo%Rr hdhéSive layer.
and bonding the mddle insulative |ayer to the | ower
In this instange. theupney adhesive fryercantagtsrand dirvanilwishpdiyesween the uppes and

. i ' | ayer cont.acts .and i
il RN 1 BRI ARBRI S A OPF g e e
uppet addower ddhesine thgbs, dndihkd Riviey fdhlesiyETay&ddhfeisand khahdwiched
sandw ched between t he upper and | ower adhesive

betweepythe middle and lower mualativelayess-ve | ayer contacts and is
S i e ' e I r.hnsulative .. .
DB HERURAC b T S My D5 e i,
vacuuin Buctizini chpillad imotiba drabmbiiatichsAh&@ st For indiaféd, t¥method can
inclua(r’]aéuum suction, capillary notion, or conbinations

pwie the-pen-soliditigdmatesia] asing pressire tnjedtien atithe inletoperigg and/or
- i i t &4 | in S injegtion
vaculf{Sy 0 el il G B 5 Bl R SRR R S0
solidifiet nedteriyd evhiile ghe i ativet i@ iscisposddsia al vachuissl Shdnhtsei Pt instance,
e nonsolidified material while the insulative |ayer

t
the meg“’éi c8p dncdyde; flowing themeprsekidifipdmaterial whilesprassues, in theevacuum

irfs 3 Val | on-sol idified material
chamBEs AR ebBTh, % Pl hO G AR BarbEt bR BOR A Phouom
to a poedeteamiricdigsessarel sach fcatinasphent plessiRer 1 ncreases from a

vacuum to_ a predeterm ne ressure such as atnospheric
pr'stIgthpd can include solidifying the non-solidified material using heat or

ultraviolet radiation.
The top, middle and lower insulative layers can be plastic, ceramic or composite.
The non-solidified material can be a liquid or semi-solid 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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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 non-solidified material can

be a liquid or sem-solid material such as conductive

0 .or. conductive ink. The conductiye.epoxy..
ther e BRI SRt gl eSS R et gold
partieRPRBppd Paitictds SsilveSiddadedcofRR b AHCIES P BsmPiRAtidrs tfsteof.

graghl te particles, or conbinationsthereof. The
comdeembedded mctallizatibe canshesan- dhertriad] waceor hn plgsteatiea durthermore,

e Bt O G S Ehesns S
Comavathdedtisty, theprefint inlBRidANAE fRch MBkiAh]dr 2ahdnaft WAl

be an el ectri cal trace or an el ectrode. urt her nore,
embediled andtal izhtion theat had fineawidtn ahigh aspéct ratibevacying thitkness and varying

forma.tube.in the channel . Adyantageousgly, the
crosys esRRAL PR FRRElacVRGR a3 A PPrnies b e iplatig dayers. The
preséit ifveRABE SRR JBRbALLd %k h SRgleh@talliARioh ktﬁ'ﬁ ré¥aflfléss oRthe number
hi gh aspect ratio, varying thickness and varyi ng
of insulative- andanétatiaatioptayees. i In additiom ¢hespreseat/inyénton iy wal-seitell for a
..openjn i t.he insulative layers. The present )
widg PRt amp RO B et Braredride Rviaes FAGEA uetpmtests fighlay
paneld, BMI'BRAdsIhfRSihal find Htfer Bl'ém%ﬁic‘?lfevibélﬁﬁt 4t 3bhtdh tﬁ{é@-dimensional

metallization layers. In addition, e presen

embedded matallizationwel | - suited for a wide variety of

a i cati,ons such as  m,crofl ui dic devices, _electrical
" naBrERA gﬂiﬂgfeaaﬁf%%ﬂ“ﬁ;?dwg?fd thg prescyy wvgution illhecgme more
appAdfl i ViBR o f LS AiRA IdEscRipUbiE it follgvs.cONt ai n

t hr ee- di nensi onal enbedded netal l1zati on. These and
ot her features and advantages of the present invention

w || becone npre_a rent in vjew.of fhe detailed
description that q’gﬂq (?x?\g'.‘l’tgﬂ%d‘tﬁb&%‘ﬂ“ﬁfi on of the

Dr gwibdainaistdhdpreleht ffveddif \ﬁi‘ll%%me thoPé &y @Rcridd withw

be nore fully described, with reference to the
refergneptp tlagsdrawingsicwhicki g. 1 is a cross-sectional view of

an_electrical interconnect in accordance with first

o Bl Ak 0BT SSo R e il BiFrconneRt I scsordance with a firs
emb6difiat SARE pREGt iMleRién; 0f a nmethod of making the ,

el ectrical interconnect in the first enbodi nent; Fig.

3  Figsa2A12bsare smoss-pastiahal wiews offa nzathael ef auakinggthe electrical
interc.oggeﬁ;s I n.accordance with a second enbodi nent in
¢ Brst erpRediment

interfﬂrgleﬁl

Fig. 3 is a cross-sectional view of an electrical interconnect in accordance with a
second embodiment in the present invention;

Figs. 4A-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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Fi gs. 4A-4D are cross-sectional views of a nethod of

meki ng the electrical interconnect in the second
wepdodoswent ; Fig. 5 is a cross-sectional view BET/8G2009/000050

m crofluidic device in accardance with a third

enbodi nent of the present inventi on; Figs. 6A-6D are

i ERSrPEPhiaR oot e i6in il BF} Pitnoflog RRinai< ifgpriodip gevic

in the fGur@Sehbeaihdn@nal view of a microfluidic device in
accordance with a fourth enbodi ment in the present
i n¥igat3Aoand9B)ere cons-8estional and @xa:splstewws,rraatpevm\@hs oH4n electrical

net hod of k| n cr,of,l ui di c,devic .he fourth
interging 1 Brrordaspg gith el i Gert b G G ibvEahl g

t opigPh @R a"tb?ﬁﬁn VIS DA dldciical infirccihiediff Gédotdafite with a sixth

i nterconnect in accordance with a fifth enbodi nent in

embodimeptiodlmpresentiamention;, Fig. 10 is a top plan view of

an_el ectrical . interconnec ccordance with si xth
eB T b iSp Rlap i o<l et geoordanpenih f agyenth
embg(hlﬁ{gnyﬁ,%}%segpm%,ﬁ%rl cal interconnect in accordance
th a seventh enbodi frent in the present invention;

F| ﬁlg 12isiastop ptaupnqw afha miceflwdic device inodccondaice vdﬁwanmeghthl

b (i‘(;‘corola(rgli‘F wth an ei ghth enbodi ment in the present
CmOoPHNCH Presegtinyentioly’s ¢ op plan view of a

M g{043 W adbp Rﬁaﬁ\%&w@of PmAGEMERAEFicd Jéc@rd&ﬂéét»hm a mnth
enbaodi nment the present invention; Fig. 14 is a top

embpdhmntnmehﬁpreseatmvcntuml; ui di c devi ce i n accordance with
a h. enbod] nent t he sent. i nventi.on;

|
15 1%1 bisftep B V;b"é’&? YmicHp IC&FV‘FSHWQEPQ%CW}H‘“CH

embgalgwn{ligtgelg}ggéngg{vbmgd ggy material into an insulative
 ayer to subsequently provide enbedded netallization

i nFigsel SAaiﬁlD atd pﬁesﬂeay\@rwcws dctmhnttmns for fiotving ehm)qasodadéh:ﬁ
entl on. SCfl | On e vent On hl
materfhL o o s v ket g DReSHehty B uide StRbedds e etligbion in the

insufafife Riy&SA 'ﬂEcdr&Hﬁ%@Mtﬁ@h@ﬁr%seﬂ?&%ﬂtRﬁd I't shall be
apparént to those skilled in the art, however, that

the present invention may be practi ced without such

thn Slt LS 6r Sorre oE)eEar}l%dq?etsgml)t?ona(r)ie the ?nven 1091eS cribed at

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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are omtted so as not to obscure the present

i nvention. Such details are well-known to those
wekiobhiesd3é n the art. Fig. 1 is a cross-secti onedT/SGENO/000050

of electrical interconnect 71100 in accordance with a

first enbodi rrent of the present i nvention. Electrical

cl 02. and
oI VIEH 22D S 308-4eBond Vidt B Rl LB fentig terconnect
100.di el ectric layer, and electrical trace 104 is a

routing line. Insulative layer 102 includes upper
S LlrlfFagélAﬂ, @eperrinsulative iaysm zand 1008 ingsllative tayen] 16 ara provided.

Uppet gulabife B5EE) i4GhMhdiSimlerobendda0 gt et Bfeping 14 iGtand outler
openin?é P204hd m%ﬂﬁohéy@ﬂpeﬂﬁgula@ﬁ@&'ﬁ@hd 4@ Spack@4nd

ectrically connects chips that are subsequently
fluidigaliprseparated frgppene wﬂfeacbm&ﬁﬁnsmmhve [layet H&:latlhgtes channel 124,

Ure FRUGELE O] Bl i ROl e ey e Blfra ar

polydafofieonnect 100. In Fig. 2A upper [ nsul ative |ayer
114 and | ower insulative |layer 116 are provi ded. Upper
[ rinlﬂng,tZBg apberyirsulativé layerc] I4chad lowdrahsubgtivalaygr 10arabonded to

one s3olbeEsiEh BerR UGt Sur RS S /SR opEn A D aMd 22 ar
alignSORAR UpR el Sf ihlel | SEPRAA {bAPSTURPSARRS 196 pnd 122 and

Lower |nsulat|ve l'ayer 116 1 ncl ud pper
channeh 424 ateiin eﬂulichgcnmmﬂm::atmn avithcomeranothern | Rartherendrejinsulalivé layers 114

I t I t | Fi g
and 1383%‘?“ }a*f%g P‘é? % @yEW‘ TBP%’{E‘SF Car Fopfﬁ’slghpa??l%sl I}ngre%urf
106, érikﬁloafeeuﬁﬁlaﬁ%il & 198 (?W&tsWerlé floger mal di ff usi on.

Furt her nor e, et and outl et openlngs 120 and 122 are
al Inghg.dZ@yl cbhdurppe) epdxg pastel $26fs provddedeih irleand Hutlet, openingg 120

and ]iE &P@ ﬁl o ](#)4? géqngscqjﬁ%%ﬁg)gg@]ééﬁg%nd C egrs]lrl]veelr p%r%lilegtat?d {sn
dispehstd &y ARk ﬁpedu%s}doa‘;lﬁlléevakﬁ}fﬁ Sectibhfs ﬁ@ﬂe&-&ﬁ)\ftﬁf g%emng 1%2 Asa

i nsul ative Tayer 102. Thus, upper ul ative
resulp convdudtize qpqurpasia rlZ@ﬂewsﬁ}:@uexarauyltlmmgh inles opemiinig/E20, ehaanel 124

r ovi r sur,face,108. In Fi conducti v
and QB Pl 122, SEOer Bt cauinetie pppuipadis PGt Faposulative fayer
102 tRRRBH RSt opefin ?fldo &ﬁ’@eﬁ{éqns‘ai@%ﬂ mxgﬁ SUﬁttlét‘()getﬁH 973

paste 126 i ncludes silver partl di spense
thereby fillingrihlet ambaniehopehitgs Wa0 el mmmdmh&met 120 is applied

S 1, SRS e300y S SR G i
electried? trabd B R inibP dh Pt s PREM D2 1Ad chdxﬁlnepﬁlle r

wor ds, conductive epoxy paste 126 enters insu ative
| alyigr 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.
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102 through inlet opening 120 and exits insulative
| ayer 102 through outlet opening 122, thereby filling
w0 ndoetiosmsal out | et openi ngs 120 and 122 and char@ebGi@4/000050
hi Fig. 2D, conductive epoxsy paste 126 is cured by
appl yi ng heat, thereby formng electrical trace 104 in

B 0D B Q05 ¥ s B S LGRS bR
200.1 nt erconnect 200 in accordance with a second -

enbodi nent of the present invention. Electrical
i indiig ddn apper 200lative layeieXl 4, middlainswlativedgyr 226 andilosver

o B S 500 i SR B e 20
outlet QPthin3P2D| et ahfl %ﬂ{létdpgﬁném and932 bﬂ%@@?&ﬁi%?grcigsulaﬁve

surface 206 and | ower "surface 208. El ectric
layer204 andhare sparsd trd fluididally Sparateddrdii 8naanotimpeMiddle fmsolative layer

T T T
outleBVi8€37d £RA73¥ & RAA ﬁﬁ'&?%lgtgidg& ihfid: 'vg F%e?ﬁ'f@%ﬂég@ bdi¥cent to and in

nount ed on upper sur 06 anofl ctric
fluid comnmmaoicetiort with @rletiand lostl@ Thararetd 224 And R 30; respéetidlyaRarthermore,

o SR SRS 535 e T e AP A
and \l?ralﬁso Jﬂ'élcﬂl_%g? mwingmmé‘ge o 98 %i'cﬁ;d@@ﬁhabﬁél@w ﬂ%ﬁia@&%}ﬁ?ers 214,

ayer are provi Upper 1 nsulative layer

216 ind QI1 8 deesplasticstchogseMMA @2fblyarbonate] et openi ng 222.
I nl et a‘ﬁg outl et openings 220 and 222 extend through
u E‘ﬁ&lg i4¥% yppgriinsylatiyg layend 4, gyddle insulativelayer 246 and lower

. s _ q .
n 5 244 e SRR e G R sy 214
and 216xa B6boralet tepetteh durirgd a £30thamahl diffuséin stépaind $en ihsulsive layers
a utl et vias 226 and, 232 extend through ni ddl .
216@33’&833? b%wnéy@ _rogfgﬁr diripes scens) BermiH diSandien Alematively
nsSEETALEPIG 0 5 RSO BRIl 5B s n
then fiddlativella@&@6 2 b4 andsPlsccead babdndddutoghtien dining eseaomd therrhal dififusion

ouytl et. channel and vi.a 230 and 232. Lower_insylatiy
step.| Ay aothe] t?‘ﬁ%‘!‘ffd%“’@ﬁ%‘%@?‘s 3Lhard Rlogrd pistive pups 2}§and 218
r.
oo EinAAeG BERPLASALFUPIED FEH B P REIEy s

middlevssilativeleydr 2Y6 corid@s amitis sandsvichied betvaen upper ayé fovit Ssulative
1 ahg F’%{T d to one another using thermal diffusion.
ayerp /L4, e |layers 214 and 216 can be bonded together

! i d 216 _
i b 54 Rbntlis90 20 28 o sy vt
chandels 22¥yarsl 236 respectiivelyymid inlief dndsiutlet wiasP6 adH 282 et dligaéd/with

oppoiaﬁq.s Y toig\élgqnlpg]%&%%tﬁ élﬁl};%i%;d qléllfgxltlg}af?pgglggg %en% 2t2%9igiert] zelrrld outlet

channels 224 and 230, inlet and outlet vias 226 and 232 and channel 234 are in fluid

communication with one another. 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



10

15

20

25

30

then insulative layers 214 and 216 can be bonded
together during a second thermal diffusion step. As
wa@pwvhesod@l t ernative, insulative |ayers 214 aneicR3620am%0d00050
insul ative |layers 216 and 218 can be sinultaneously
bonded together during a single thermal diffusion
. ry. i ddl e | 3t I r .
220 iRnchlin GG iDRo1 8 GliCopehid 22, A5 8 R olligive coony
pastei236 Wlo&is isvgheht@algthroaghtintet dperlifg 220] ilbiedhamied 224, et viapzh,
out| et openi ngs 220 and 252 are aligned with inlet and
changg, 24 toulletann2i2s opthet channeb2i®) andeyfetcapieniak 222 alncptheswerds,

cond 88l bl st 238 8% A TRY S bhg St R AR e
insul2R 1ayes 2@PArough logtletpenia Qizz%%&&%ﬂfﬂﬁbg irdet4n@ B6tlet 3Penings 220

inlet and outlet vias 226 and 237 and channel 234 are
and 223, inlet il quiehehanaels 22handi 230, inles andowthes vias 226 ank232mnd channel
234i nsul ative | ayers 214, 216 and 218 forminsul ative
“layer 202. Thus, upper insulative |ayer 214 provides
U DR Sig, S, tasdc@RbepoR P Padt@I8Y isichied |b§tab%§in|gfh)éﬁ[ théreBy forming
provi des | ower surface 208. hi Fig. 4C’ conductive
electrgad srgce20dtin indgand ouflet openings 220 and|282, ialetiarslutlet channels 224 and

openi ngs,, 220 2? i@l t a utl et channels 224
23O,Hﬁega2@81’1ﬂq%maé?5§ é?t cgel?lﬁgg%% and 232 and channel

23, SRNAGSIsYRioBRIOVYwW B GofAdilic devlcd 806 irsddodr@ince with a third

particles and is dispensed into inlet opening220 while

embogdiraent of theqrésent ineentipp! Mictofluidiadavise 360 dnlwdys R@@lativeslayer 302

and age A04 e sig fier 805 0 Alertef Taprapibriockae Sphisan electric
field Bl?a’lge agﬁjlat%@z[%?kozzﬁﬁl’ud%fgﬁlt sldffa@e 26 andblvkElurabsRe [Electrode

. and outl et opening 2 n ot her words, conductive
304 ingludss termminal 320 6t unperswtace3Q0 artd teeminah3dR2 ap Rver burfaggB08. Thus,

e S G i PRSP
for capatitice ARESUr&RNt dBfn@éectdpRorebis bE HuRNEmPIes ifl céf)hgag}n(ﬂo?

24 and 230, inlet and outlet vias 226 and 232 a
showghannel 234. In Fig. 4D, conductive epoxy paste 236 is

cur.ed | yi ng heat, thereb or,m.ng, el ectri_cal. .
¢ s B orni¥ oS s af & Histii s S Bie ShAp i5 G device
300.1i nl et and outl et channels 224 and 230, inlet and

outlet vias 226 and 232 and channel 234. Fig. 5 is a
crlod8g. o tupperansulativelayer 4 noddleindulative layers3 1800d lawer

sl ARG T8 oo, e SRRl S AR R o 0
exteddﬂﬂﬁbu%p@pp@ﬁﬁﬁsﬁh% 16048 18081idd10 sisuBtilY ﬁy&@dﬁfin&%s tRarfel 322

dielectric layer, and electrode 304 is an electric
and via 324 Yla24 extenduthsauigh eniidly émsuB@ize layet Iibemd ipphacent to and in

ﬂuidScxl“)lxrnfmau(l:uecag(c))xg3 wi (cj:halm%\éﬂZf y fwae(r: ?nsgl%%'ve Ellygrcilriiqgcﬁudes channel 326 and

outlet opening 328. Outlet opening 328 extends through lower insulative layer 318 and is
adjacént to and 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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304 includes term nal 310 at upper surface 306 and
termnal 312 at |ower surface 308. Thus, el ectrode 304
we@aena®3¢ hr ough i nsul ative | ayer 302. El ectr oBP€T/SGZN09/000050
provides an electric fieldlfor capacitance nmeasurenent
during el ectrophoresis of fluid sanples in a capillary

R e S R B s
thenGriSul 46RO elig Eiw laAd Bl’@czﬁn%%n&lﬁo%éﬁlé}@hﬁn%ﬂ SeHoad ih\éﬁnzg éléﬁ‘usion

| ayer 31 d lower 1 nsulative Tayer 318 are provi
stepUpAp anothersaltemniative insalative Byets B v hndidks dnd lisdulative biyeng 338@nd 318

hat t th h . upper insulative |ayer 314.
can b e ARty o (qbagpet Bising = Sioale tegmiel iffinian et Ta qyery case,
i BB My 16 o Ao mtaiv

layes@idand 8E8.i on wi t h channel 322. Lower insulative |ayer

318 includes channel (326 and outl et opening 328. . .
m?\l%leeﬂaa% g} opomng33is g g‘t@rvﬂﬁb?ha%“aé?% and Qutletiopgning 328 is

| g faperle

A e o TR AT AL Pl G SR LG 228. el 3 and 320

and 8i2 624 art iR Midecommuidedtion withaineasothtfVFusthemodry,dasubivalsyers 314,
m ddl e

hi . Fi 6B, per insulative |ayer 314 .
316 iy ors ansplap layere O w_eperiymﬁ;%ﬂt%(@ layier 314 rspvidasgupper
Qi ¥§£pﬂr . usi on.
smf%gg?’%?lgsgw ‘ayersvg anc§ %%Hgsalhu’%é%ﬁgge@'toget her

dul Fig. 6Cf ¢ondiictiviednkn3a0 islpfolvided dmirdétapd aoiet opeartings 320 and 328,
i nsulative layers_316 and 318 can be bonded toget her

changgls i3%6 120-yidgvia pdt feendystivegak 330 gstv%qr-based and 1ncludes silver
ol S0 ST L 19 S, B0 £ gt g
operamgi3280 s a result, abhdietiveink330 fbd s seghediflychroupk idetngeting 320,
changRoi R via A0HATABRa 325 and b eRepine e Noevars condicsigink

- LAt i : Ll
0 G A5 A0, A SR LSRR
throsghoqutlet openingr328cthereby fillihglislei aslldusied openingy 820 &dB28, channels

j s sandwi ched between upper and | ower

copt.acts, an
322@@%@%%*‘?%@&3 314 and 318. Furthernore, inlet

0 : 20 i i .
ODSHRIGHEelS WekeaR B0 ) s
therebydoming electopderi04ds id@&@nd odtld dPeningrd20eind 328 Zchametls3PR and 326

ang‘[zéi a 324 are in fluid communication with one
and ¥ig e Furthernore, insulative |ayers 314, 316 and

L) b0 il e R i o
embbdimentof the preagiet invdiGorp r Midrefhfidic deeice 400 inekdes3Bulative layer 402
and electrode 404. Insulative layer 402 is a dielectric layer, and electrode 404 is an electric
field plate. Insulative layer 402 includes upper surface 406 and lower surface 408. Electrode
404 includes terminal 410 at upper surface 406. Thus, electrode 404 extends into but not out
of insulative layer 402 and is a dead-end electrode. Electrode 404 provides an electric field
for capacitance measurement during electrophoresis of fluid samples in a capillary (not
shown).

Figs. 8A-8D are cross-sectional views of a method of making microfluidic device
400.
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In Fig. 6C, conductive ink 330 is provided in inlet
and outl et openings 320 and 328, channels 322 and 326
wa@pahno@3i8d24. Conductive ink 330 i s water-basepPCEG2009/000050

includes silver particles dand is dispensed into inlet

openi ng 320 while vacuum suction is applied to outl et

0 1.NQ,,328. As a result . conductive.ink 3 fl

o e ifas b SRR IR 404 BRI fogvists Yoyt Al and s
insul¥tivé 18yt 41848 pRRJKded?2 UrpRFindMhtiRilaRR 414 HludeSinldt Bp&ﬁ%@ZO that

wor ds, conductive ink 330 enters insulative |ayer 2
extends thsongh upperansulgivieilaygr 3240 Mndileiosulativalsysr 41 6 weliday ehiannel 422

30 r.0 out openi. 328 ..thereby filli inlet .
and o4, VR4%R alehsheoBb pidfle s Rust ol and sl asnd in
fluid@bFmahRatiorwith Bhanh8l 420D insaPiide &P_bﬁé@(lh,% 63md 418 are é)lastic such as

converted froma liquid to a solfid by applying heat,
PMMA er pdlycattomateng el ectrode 304 in inlet and outl et

0 i, N 320 and. 328, channel s 322 and 326 and vyja

32@%&?@% upper nsylafive layerdld, middls ingulatycJpysti4de and lower o
) i . Ny i
insullR 1612 4B8 ur DoREAD SRDGRy il Ping (P (L TRDR Aty chyers 414
and 416chn tieborided tdgathiew durirpyefirstithemeah diffisatstepdmd 4. insulative layers

Insylative | r 402 is.a dielectric | ayer, and )

416 sl P bapals loagihorduring 4 seoom el diffusiop sieny Adtetpatively

; ing!

insull Ayef AT B S5 BBl WebEF ol Y BRI 4HIoASfep and

then ssulhtiveelagk®64 14Tandst 1 6acae be bomtied 46kthex teriisa secomd thetmad diffusion
ul afive er. 402 and is a dead:-end

oyt of i |.a ]
step. g LSS rélf_.?er@taet ingdaTylayest H1A ad<g and [nsulafive layerg 6 and 418
Si
o B ORI YR GCPINEP ey
middig ipswatosdaysedt6 cmddcts/anehis sakdwiched betwaew iippen kndpwer insulative

m crof ] yidic device 400.1n Fig. 8A, upper insulative
hy“Fﬁﬁ%?“&ﬁ&; mddl e i nsul ative | ayer 416 and | ower

| nsgtREhOE, ihRY §penthp10Wi8 aRE Y MA@ haldP 852 | TR ﬁ‘ﬂcﬁé Yfening 420,

| ayer 414 '1ncludes 1nlet opening 420 that exten
chanoél 432 ghd vip 24 ateris fluid conemiayation4xith orel atidther. | Howdvat,ivied24 is

I r 416 jncl udes, channel 422 .and via 424, Via 424
sealet Y Kt Tomla0s HVRT 48 3 R ate. i0BIaS yors 1 4aih 40 418 form
_ . HE . . ° . I
BRI TR o L OS50 /AT o
insulgtinsHayes 4F8/pavisies povey sanfieed#@8e. I n Fig. 8B, upper

i atjyve layer 414 mddle insulative | ayer, 416 and )
| e 8¢5 Gpaiffe ik s Tapieviled bl aeenves SY(E cpmBek 2R and via
424, WSdActhREANII6 Hial &l tied HRE HAE inkRidk YRS phtfides 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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and 416 can be bonded together during a first thernal
di ffusion step and then insulative |ayers 416 and 418
wa@ anvhesobonded t oget her during a second ther mabCT/SG2009/000050
di ffusion step. Alternativaky insulative |ayers 416
and 418 can be bonded together during a first thernal

e e

interdorfriectsi001in sdcoflandswitlnd filth lembbd@ien@in the preséfs ilvehtione Electrical

. . layers 414 and 416 .and insul ative |ayers 416 and 418 )

intergorinegfo09jipghydes insBlativglaperdd and slgetrisaltraga 594 glnsulativedayer 502 is
_ Ef e . ; .

» i85 Tlr SR8 801 1y U8 450 Syl s mcuces oo

surfdee 506 aid lopeesurfabel S08 VI ecthicd tladd S04intindey ternfiddls 810ard1A2 at
Furt hernore, inlet openi ng 420 is aligned with channel

uppeg syrface1506., Thys, electripal frapgyS oextengds it bnt np? thrawgh insulative Jayer

0. f Ui ni.cat.iqgn<ywt h e _anot her.. weyer
502 et ot U RERMRUGET 1y S0 BORG By VNS s02
benekthnipper sieface 506U ltiisiiy fot vaslsle $n PibA9B A isihewh 1S Fig0oBfor

insul atjve layer_ 402. Thus, upper insulative |ayer 414
convigpigeefdllusplion. Skleqteead infersonneatiS00osee beimanufagtureddn aagasner

. ' |.ower rface 408. In Fig. 8C, conductive
sum?a%ﬁo cﬁécglec%ag ﬁ&erconvx\%%t H

pr OV I'n inlet opening 420, channel 422

antigy 10is28p pla@RGUIE bf electsi &K infterBortrecP6008h BcoRBHESwith a sixth

l'iquid that i1ncludes siIvea@Farticles and i s di spensed
embpdimeny in|the preysahinkentipno Blvetrical intesconaest\680linpjusdes irgalative layer

' Yo cu a r as t ressure jn the .
602 SRR les U4 i e 8NPy el Bl R s bdog ) eotrica
trace8 1668 Ghd 606 A6 rcuting $fikks. , IniPitilieiyey 602 Bl upePWMiface 608 and a
sequentially through inlet opening 420, channel 2

lowes serfage4nof 3hown)n Bdedirigal tregedif4 indndnsderimirals G10 and6512 at eppsr

' ' 402 1 hr au i nl et eni 420 but
sl 0 S B LRyl 9BRR 8y e os.
ElectrithPfracep60d did (b8@xtctild alo Bhit 1tbt thratich MidathdAaye 6021 Blectrical trace
conductive ink 426 is converted froma liquid to a

8D,
604 beswieen teyminpls16y9 and Gilis burigtbindnsulatiierayer 663 baneath appergurface

L Dy t i 42 hannel 422 a i.a.424. Figs. 9A. .
o0 i S EREBIL B 8 B 1 U P e, Rl

tracd GOB{LROV¢eviatnhindld 6 Bl £1lG16Gaburiddtif isQRIAeE laya¥d2ibeneath upper
accordance with a fifth enbodi ment in the ﬁr esent

surfacg G apdthus fs|net visible but is shovw for cenvenmoce efdllusteation. Electrical

A O AL e——

el B, 11 62d top pR@EVi&H 8f él8ctficd]l tbicBindct 70D inla0&d#liabict Wth a seventh
| ayer 502 includes upper surface 506 and | ower surface

embgdimentindhe prieseat invention. Sectiiend infereenneet T0rin¢ludes ipulativie layer
70 BB T TR TR SR Py 5RO e 04
is a routing line. Insulative layer 702 includes upper surface 706 and a lower surface (not
shown). Electrical trace 704 includes terminals 710, 712, 714, 716 and 718 at upper 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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502. Electrical trace 504 between termnals 510 and
512 is buried in insulative | ayer 502 beneat h upper
wa@ obae®3®06 and thus is not visible in Fig. 9B T/8G2009/800050
shown in Fig. 9B for convendence of illustration.
El ectrical interconnect 500 can be manufactured in a

e{s Si. N [ . r t ' .
oRE°l2 81 B B VAo fic ARSHORN Echrdinge wifhy I b
emba@lient e trraventincentivi ! Micoheidicdiice 800 idttudes as6Mtive layer 802,
invention. Electrical interconnect 600 includes

electyodes$ Q4 and 806 andeapdbary 80% laswlativeilayer 802 iseediclegric fayar, and

I 02,1 i.el ectri g .l r,.and
e 0 05 SRS B BG4 ANEE P rtc
810 dndUbwér suefateX(h6f sh@%hi FlebtbsiRs SOPRRY 80BUN A tchRAaR3Y2 and 814,

| ower surface (not shown). Electrical trace 604

respactvely,cié uppes surfasa 810.cBlgctzaries 804 ant 8Qftenddutorbat notgl@ugh

. nd .el e ical trace 606, includes. .term.nals 614 an .

insule 15 i R @A o AR LRt nfRin el ao G terminal.

Elecledifes 884 @806 HrOclbétticAlRicohAdcRiAdb cirfifitt BHat SubsYBéntRbénded to
El ectrical trace 604 between termnals 610 and 612 is

terminglsi8dd an814; saspectively, dtapper sedfaceidAe Slapillapp08 indnfesgelet

608 d S 1. .not .visihhle t is sh for . .
openiign L e A ot PP afe 52 ol ghedne 894 nffoh agp in uid
comhlifeRicAMtHOGHWR6Rer, Saipld| chite? iitet@peniAdds 1 ardW18%6d FIBw into

i nsul ative |ayer 602 béneath upper surface 608 and
chann¢] 24, flowthroughshirine] 824 to dutletsiponings 820 anaB22narattben exfit through

illustratjon trical i ntercognnect 600 .can be
outie phdfFigs R 881 $77. ke S04 4 A0F PRy eq P Aoy messurement for
the fluft QPN chandBIB24MlBinglth dutlefopelifgaN EYdcB¥d©$06 from terminal
electrical interconnect 700 in accordance with a

812 todtsdnshapedhersiienrehaniel 824 & tpirisd éminsulatiemiayesB02 beneath upper

El ical inter. t. 700 includ [ At | | ay.er .
surtag S0 i B s PoTVOERIE, P o O rtPRien Gt i Bon S REise
electfodd 88 GG tefimin@ys14.to A5 X-sBhS&l dnld Gedr chamfef 8791 Yubied in insulative

routing line. Insulative l'ayer 702 includes upper :

laYﬂWfbs@@ﬂvlux@eamfa&e B thand tlbmd fsaotvigibls, butiswkgwn for convenience of
. Elect 1 7Q4, | ' 712, 714, .
itusta 5, Sy, G Bs beAReHE SPenisis B0 BB, Ry i Py im

insul@tiveElag 80D bendath uppet surAbO8 D ardthsY i8 hbiAsibRy Bhit if fdwn for
El ectrical trace 704 between termnals 710, 712, 714,

convenignegrnd ithusgration. PMidreftnidia devise)BRQ ¢apde| ragnufachped inewanrter similar
to %%%r%diﬁgr&ac 706 and is thus not visible, but is
me FVIEGeni ence of iIIustration: El ectri cal

i _nF_Lglt EPRNAGH FEQQ]i@ﬁBf:hﬁ:rélﬁﬁ&EE Aevibé 90D inhcBordBMbRS¥ith a ninth

simlar to electrical interconnect 200.Fig. 12 is a
embediment inthe presenbinventiono Migiofiuidicidermiceed W00 aclndesdnnuativa tayer 902

L th .a i ght.h.enbodinent af. t he.present, i nv {.Qan. .

and bR Baf. PRV IR IRErgHB  4, Belgtyle e and ploo RS dEiar pgioric
ﬁeldlfiileﬁ&t RElegvSader 808 ikiifies 0fper 3Rfdce A0 aRPS lowddStadel (H& shown).

ayer 802 is a dielectric 1ayer, and
Electrode 904 includes terminals 910 and 912 at upper surface 906. Electrode 904 extends

into but not through insulative layer 902. Electrode 904 between terminals 910 and 912 is

buried in insulative layer 902 beneath upper surface 906 and thus is not visible, but is shown
for convenience of illustration. Microfluidic device 900 can be manufactured in a manner

similar to microfluidic device 300.
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el ectrodes 804 and 806 are electric field plates.
I nsul ative layer 802 includes upper surface 810 and a

wo oweno®se f ace (not shown). El ectrodes 804 andp@D8G2009/000050
include termnals 812 and 844, respectively, at upper
surface 810. Electrodes 804 and 806 extend into but

TR0 B e NP O o

embbdiffehtlial the fresemt fn@dﬁiﬁorﬁ MicoThidid Bevadecl 08D @fdhides alsudative layer
connected to C|rCU|tr¥ that is subsequently bonded to
a

100% @Mﬁlm@e 8004 dnwnlativg, Meék(ﬁ&:ls admle)m@amp@érel@uodfaw4 isan

cocfighel e, RNRY Ryt Bl el BPer PR 1Ml o B e

(not@ki@vi) Hidotrode COUATHEILER teralinabi1008 &n@pem}ﬂa&! 10082 MMcESde 1004
enter inlet openings 816 and 818 and flow i nto channel

extepdsgintorhup pot: thyoygly msuhavmbyers,@m fuad ig @tdeed-embdmtmgs tig contains a

o R L e

1007BéRthpBésuffide 1006 ahd tiud 1ssxﬁﬂmsﬂﬁe bt ﬁ'%ﬁm& for %3ﬂvemence of
flowing to outlet opening 822. El éctrode 806 from

illustration. dicr@huidic devies 1 000xian be thapnficmeedrin e mzanner siilar th s
ulative layer 802 beneath upper surface

. d
mcrgﬁ{ﬁ{dgﬁw%?vﬁ’?{f@i s not visible, but is shown for
COBYRN1 398D Gke Slbérépééwe%w@ef tbtHrfeS for fROWEEE 4 AsIRsdHAfed

fromtermnal 814 to its T-shaped end near tThannel 824
matérigl inte areimsulativelgysr 4o subsequently pooide bmbedded mgsglization in the
s _not visible, but is shown for

1nsu§a§xggq¥$réﬁ%§006$a%c% %@t¢%gregﬂ Lin¥ERHAnL |y capil lary 808

betyPR) 192 8Un 3R dFib8 maferit 1 1DA0 dRPEhsBL utd &sﬁuﬁvb@lgyérri 102 at
i nsul ati ve | ayer 802 beneath upper surface 8

inletapgringd 16fbby disprinb¢ nozzkat1 06sflemothrough mhmmnbblmend exm‘ insulative

L MRS R TN ——

mat&RY il 060 AGDs infd £hd ol of Ts@aiRilaRr QPOZ/iner@éﬁéﬁse”ib h&funt&fttion.
devi ce 900 in accordance with a ninth énbodi nent in

Dispense qnzaledd 06 lwewmfmm utvul@twﬁ lam¢rd|1@2 dad/aligned @ith inlet opening
1104 %lﬁ :Jggelﬁ%{}llesqﬁ% ﬁ%ev ‘621 lqé cgntaﬁ: @F’é d }?elcl?if/%;}j 5? algﬂg)vers and applies
vac@hﬁﬁkh@ﬁiﬁ) &Qﬂ-t bengfp Eligctric field plate. Insulative

ifr 902 includes upper surface 906 and a | ower

Hige 13B,oonssolidified niiterial 1 240:is dizgerisnd intiel esuhanv&ﬂnayml 1202 at .

SR T X MCRETE ——

layeEl 202t 4t @8t WPéniRe I MRE NTHUR! AnCR1idifidd thaddithl 916D Acwdintd zﬁﬂ out of

in insulative |ayer 902 beneath upper surface 906 and
insulaftiye laysr 1292 in response to pwssmectimwmort olnjestion rorzbni296ebntacts
tra M crofl c devi ce 900 ¢
insolgiye aeF 1A B Yo U e APl et Gotte i pmoning 1204,

devh §gs. 350, Edrﬂsoh@ﬁiddsmﬁeﬁﬂmm ﬁ"(‘hs;{)hﬁéé’d Hito Mstlafld 1yl 302 at
devi ce 1000 i n accordance wth nt h

inlet opening 1304 by dispense nozzle 1306, flows into channel 1308 and eventually fills inlet

opening 1304 and channel 1308. Thus, non-solidified material 1300 flows into but not out of
insulative layer 1302. Furthermore, insulative layer 1302 is disposed in a vacuum chamber as
non-solidified material 1300 flows into 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
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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

el ERreH 550 3 s R s BB A0 AT S ter s
little®¥ h& PRSsukdfréht DefwedR thell BIdRORI gk BE HbREJ1NIR ddaN RErial 1960 ARFthe

is a dead-end el ectrode that "contains a single exposed
deadtepd in ¢hahnel EBe% as rwaissolidified inatarial 306 fhaws to®8@ls iasd beaniuatly

e B e 5 B o
non-§lidifled Wt &r 1 900 AN SHRS dnﬁ'fﬁlsﬁ?@?dﬁegﬁlﬁ]ﬁ@@@a&?&aﬁﬁel 1308. This

manuf actured in a manner sim/l ar t crofluidic
technique is parti Ol arlFwgld-suified Aot Hlling deadserdsthamtel syand wiasweithofion-solidified

t.echni.ques for flow ng a non-so]idified material into
et e RS a g GrBF el € agem R Koy de. embedded
o | i _' . L. | i . . .
o RSP, B0 PGBl 40Kl 0 AR UREF 02
inletopenisgn140diHyiigjdctivatnerzla 1406, @ldwisintd ichgamek Bt08iant @eventually fills inlet

openie Y0 an Fhsni d 498 Biust pono O ToHERN AR ow it Brot ut of

insuldtfve lﬁxlér TEL R @r&cﬂ*&‘jﬁst&ét% {%;f&? iS Hispheaifg l\'%(élﬂl?ll cehg.mber as

Into " S, non-so

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

.1
is evacgied; thershy ereRing Anrev R i st pRening k104 and shanngl Lj08q bgreatter,
i il FocRIRIATR AL, O PP SO 4.
non-syjdifiedamaterial 1 40Gis contimally pestureinjepdrintognlbdd@ningri 454 gs the
st R S s Ml g aB st 0%

o’ . r .
condy ARG o UE IO USG50 8
elevafalifom i vasoumdo dthedphenicrésaire ] FOfhdrinows a syringe dbnd conthins
.. of insularive |ayer 1202 in _response to pressurized
injecip B HO0 i 8 ATOHORGTERE) EZbORaHin Atk Gers Sharfpereand the
rehy 2 AL B0 20016 BB A oot
mateniah14909|through bkt op¢rdng B4041i80Chamnetlil 448 r1s eithérchse, since channel

oot RO bS5 ntse e e s oo 408, rere s
little_?_)‘ﬁﬂﬁﬁoi’@édﬁ ﬁ%h_ﬂﬂéeg' 1eRMAE bk F3P-sphd e ARG 14488%nd the

us, non-soli materTal™ 1300 flows 1 nto but not
deadeend i thannel 1488 iay porl-solidificti3an@eri U400 Bows teyardsvmd| extntually
, , . harb |
contllc@( e d%asdc-)gnd. SI'h(ijsI tS osqeu% ig Sm%cmgr‘i)lfj werfl-%ui?ed tg; ﬁﬁi?lg dead-end channels

and vias with non-solidified material that is subsequently converted to a dead-end electrode.

The present invention is well-suited for manufacturing multilayer substrates with
embedded metallization such as electrical traces and electrodes for microfluidic devices,
electrical interconnects, display panels, EMI shields, 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
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non-solidified material 1300 flows into insulative
| ayer 1302. Initially, the vacuum chanber is
weyaoueadoaesd, thereby creating a vacuum i n i nl et POPSG2M0Y000050
1304 and channel 1308. Theneafter, non-solidified
material 1300 is continually dispensed into inlet

o R IR RPRER B 3o B e

chandelse4n@/dr Vidsiif bRl BmniRidali6s With 8né hither D& ¥RBYoH, BR upper and
| eadi ng edge of non-solidified material 1300 and the

lowedigsidatiredayers aldthemiddlSpsulatsvedayer(sp(if atiy) cavbemwileivatiety of

S B0 BRSPS LB conpy o
togetffi?%h&ﬁm%@&aﬁﬁﬁaﬁaﬁgmﬁhalm&&i arfdl thinGheFR g)%{terﬁ&po

ows into and fills inlet opening 1304 and c ne
adhes @08yerd.hLikewisethe chaanéls aphvias canlhave yumerblhs shapesshdfstres. For

. . filling dead-gnd channels and vias. w th non-so]idified
instang, & 0P8 <nTg (7 & dGETRRIEHOI Bt g i b xtends
¢ b i . ) b, ey o

throuh BFHOHR inflaty over @i is POV SN g TR ey 1PHhind via
that exfeads imtp ButGdt thyoughjtiecloweninsulativedayet06, fl ows into

channel 1408 .and evyentuaglly fills jn| et opening 1404 .

agﬁ‘e SHHEGSCHRAPR an ﬁﬁ@?ﬁﬁ%‘ﬁ%‘{ﬂt? %}P‘!F‘?‘Jé’é‘%taf’gaﬁeéﬂ%esﬂtdévemlon’
and iy dppi@iahid it e BN B b R B o made without
departiag titom thieacdperof e presentsiovéntiiohi ed mat eri al 1400 fl ows

into insulative |ayer 1402. Initially, the vacuum

chanber is evacuated, thereby creating a vacuumin

i nl et opening 1404 and channel 1408. Thereafter,

i njection nozzle 1406 contacts insulative |ayer 1402

and covers inlet opening 1404. Next, non-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

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

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 materi al

1400 fl ows towards and eventually contacts the

dead-end. This technique is particularly well-suited

for filling dead-end channels and vias wth

non-solidified material that is subsequently converted

to a dead-end el ectrode.



The present invention is well-suited for manufacturing
mul tilayer substrates with enbedded netallization such
w@soehemBs i cal traces and el ectrodes for m crobdTBGR009/000050

devi ces, electrical intercamnnects, display panels, EM

shi el ds, antennas and other el ectronic devices that

cont ai n three-di nensi onal edded netal lizati on. The

i nsul ative |ayer can be the upper and |ower insulative

| ayers, or include the upper and | ower insulative

| ayers and one or nore mddle insulative |ayers

t hér ebefviaahod offaaking,e subsiate.camprisingul ati ve | ayers and

th ' ' ' i an each.

| Erogigh i deBSt oot B4 e sl PG §RGin the upper
insubadiv@apérdadludes antidlbt spesingthé [ever ildulafodialéraicluddld® HRRRI, and

and | ower insulative |ayers and the mddle insulative

the inlgt epeping is inffluid gymampicakonawith the chanmielt y of

el ical ly {.nsulative paterials,such.as plastic, .

ce iz o SoliiFida Rt R0 B e B chei By BE Hfingly and then

NU atdefygWee/ Son-SutidifbdREatérite biapplding th kP B Hon-Bbiified

i nterveni ng patterned adhesive |ayers. Likew se, the
mategigh thessby fameing embedded mesallizationin hgshamgbes and si zes.

For instance, a dead-end via for a dead-end el ectrode

can be formed by a through via that extends through

t he. m dghemethod batlait® 1] iaMadingd pebviding £ alidile ¥ulatife lap¥ahat is

insul ative layer, or a blind via that extends into but

sandyi¢hed hetoiegh thehwpetanddowerdnsulative dayersy whereinithe middleinsulative
o AL B PP S BT 02

charidk i ous nodi fications and i nprovenents can be made

wi t hout departing fromthe scope of the present
invention.Cains 1. A nethod of making a substrate,

CORpri si-ng. Rraovi.di ng,an upper insul.ative .l ayer and

oner + B mefiod gt el o RolBRE b B b e i iifva T B the
midd18 B tlatinelayelasingthérilabdifRbion; ad ,bohd_nﬁf, tHURIddienAsill fivieISyer to the

| ayer includes a channel, and the inlet opening is in

lowqrjiggulative layerising thenmahidiffasione channel ; flowing a
non-solidified material through the inlet opening into
t he channel; and then solidifying the non-solidified
mager i ailth&mnethorlof clagn enigciing ®ohdifg BRApHE ihslildtivedayer to the
.materjal, thereby form ng enbedded netallization in
-midglp insglatise ayer wingmEmappet wgesiw laggrahatcantagthand igisprgwiched between

[ ol .M lnsul aid ve. |l ayer .that i.s.sandw che
the B 8 AR R RANE LR R o Bipe THE i d oyl SRR R ower
insutafi®e Miyelistng d1dWenidhesive Biyer thattohtade andtis\saadwiehsEsdiwaditthe
in fluid conmuni cation with the inlet opening and the

middlg apg, lower insulative layers.

5. The method of claim 1, including flowing the non-solidified material using

pressure injection.

6. The method of claim 1, including flowing the non-solidified material using

vacuum suction.



3. The method of claim 2, including bonding the upper
insulative layer to the mddle insulative | ayer using

wo b@otredosei f f usi on, and bondi ng the m ddl e i nsECESG2089/000050
| ayer to the | ower insul atil¥e | ayer using thernal
di ffusion. 4. The nethod of claim 2, including bonding

| ayer - uara Bk 1 MHEaYE tbiGehe Rt Rk Epatnhrouen
the chansd iictwiat bettbt BENIBER thd@ppePRSiilaidayerddl e i nsul ative

| ayers, and bonding the mddle insulative |ayer to the
| ower insulative |layer using a | ower adhesive | ayer

3, A O B0

plastieic! udi ng fl ow ng the non-solidified material using
pressure injection. 6. The nethod of claim1,
including flowing the non-solidified material using
vaguum siction.. 7. -The t had of claim.1, includi
{1 G ng t mefliof OF gleimy { Whsieln daecympss Pwﬁfglﬂs‘{lﬁé"quyefs are
ceraffi@nnel into an outlet opening in the upper insulative
| ayer. 8. The nethod of claim1, wherein the upper and
| ower insulative |ayers are plastic. 9. The nethod of

clgym 1. wherein.the upper .and | ower, jnsul atiye | ayers

ar b'cer g’ﬁ?g{e%ﬂpfgﬁ@l rr'e‘?]i‘ﬁﬂ n ertqnaqohfhﬁ?eam?rdﬁ Ragle-

non-solidified material is paste. 11. The nethod of

clai m10, wherein the paste is conductive epoxy paste.

12 11.The Themethed of cleinai ¢nvil@reimtherpasta is doadudivdepoiwpaste.

epoxy paste includes silver particles, gold particles,

copper particles, silver coated copper particles,

gr aphi t ghéadetto i GRHERdif fel - i '

met hod of cl ai ?nlogf%lal\;\lhpé?’ei n tlﬁ gwnégﬁ?%%llbi@%}?g §t§nért1cg1'rftlf‘e3|S1lver
. particles cgpldiparticlos coprier particleslsBverepitod caffperpatictes, Fraphite particles, or
com%ff}) ﬁ(c):osrlgeurct've ink is water-based. 15. The nethod of

LI LR > erein the conductive ink includes silver

particles, gold particles, copper particles, silver

coat ed copper particles, or conbinations thereof. 16.

Thé3 et Rbeimgthod ofi¢lain |, wheseinithe ndnesobidified aiederial is conductive ink.

metallization fills the channel. 17. The nethod of

claim1, wherein the enbedded netallization forns a

t ulbg. i NThe 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.



the channel. 18. The nethod of claim1l, wherein the
substrate is a mcrofluidic device. 19. The nethod of
w@b@bmsbze wherein the substrate is an el ectri cetT/SG2009/000050

i nt erconnect. 20. The nmethod9of claim 1, 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

| N20| at The metiodrof cidiif N SivRerkill éhe SABSIFaté 35! NI Ytfeld.ay er

i ncl udes an inl et openlng, the | ower insulative |ayer

i ncludes a channel, and the inlet opening and the

channel ni cati on. w th one anot her
?rl'not ApEio8 ot i P SR B tbs  ng & he
%@n indviativd l@yé‘% iy ‘ﬁ&éﬁfdh§£}?ﬁﬁiﬁf msﬁl&iﬁ@é@&éﬂiﬁd Etﬂ@wer
vacuum chanber, thereby creating a vacuumin the inlet

insufgivg |13fygr, ahereiththe Glpmmmulatwhbmelfmduﬂasgman]nmpeamlg; i loveat

imsfF R inblieh ¢ e PR ARk s Shaghe errom i

comPRfidafin With@né %tﬁé}fbﬁnﬁét Wil dn®ullBopefin! ati ve | ayer
remai ns in the vacuum chanber, thereby flow ng the

nordl&pomgiﬂmmlatm@ymhawacmmmm out of the

|nsulat|ve Ia nd.t olidj.fying the . .

Vel e Sihin GRmbe g ieplinga Bkuigyinthe inlet opening and
the &AAn&OMEsli fied material, thereby formng a dead-end

el ectrode in the channel 22. The nethod of claim 21,

in dloudmmmm-mhdr@dtm&temai inte tieiiolief opedingawldle the vadunmudiamber
the jnlet ope he.channel . whil e pressure._in )
confs{§ Y YaGHR GG 0 P b 1t Ao e i o3 nneh i thegepulative
layePfentdif iltitelvachi@ | cHEh B, thbely 18w inB ehd ¥Rih- s%(i’ildi%dfdldft‘g'lal into but not
material through the inlet openifg i nto the channel

out ofthe ensplativs layer; amd thee vacuum chanber increases from

of el RofaPufifd Rarnld BT i e wRsotper
matéﬁ}ﬂ therdsy formdgl AddaliRndl BBk Rle itthe chitellet hod of claim
wherein the insulative |ayer includes the upper

and I ovver insulative layers and a mddle insulative

|31 at 196 rHelRr ik 4T nelSriPg o e b R soiifed Bptial througn

the inﬂ& byéetfse mtd/ihd cRaindPRRildpesshit ih knd @cﬁ&ﬁ@ﬂh%trérﬂﬂny\ﬂfemacuum
the I nlet opening and the channel.26. The nethod of

claim 21, wherein the non-soli d|f| ed material is
co r}caiu ct Iﬂ)e method of claim 21, including flowing the non-solidified material through

the inlet opening into the channel while pressure in the vacuum chamber increases from the

vacuum to a predetermined pressure.

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.



epoxy paste. 27. The nethod of claim 21, wherein the

non-solidified material is conductive ink. 28. The
woredobaasoss cl ai m 21, wherein the dead-end el ece€Ds€2009/000050

fills the channel. 29. The2et hod of claim 21, wherein

t he dead-end el ectrode fills the inlet opening and the

channel . 30. The nethod of claim2l, wherein the

substrate is a mcrofluidic device. 31. A nmethod of

mag6.ng Theinethed bEi¢laint2 K &hefin the AbREHIRdife mBleANl if chgivdfive

upper insulative layer, a mddle insulative |ayer and
epoxy pagiger i nsul ati ve | ayer, wherein the upper insulative

| ayer includes an inlet opening, the mddle insulative

| ayer includes a via, the lower insulative |ayer

i ngy . udePhdmethad BEtlainPP whekin the @bn-S0IRIHi &Dmale8l ¥ condiRbve ink.

the channel are in fluid communication with one

anot her; then flowing a non-solidified materi al

* e cnabiumroit 6P A2 CSyiett e BT Hesivedi i G apme.

mat eri al by applying energy to the non-solidified
material, thereby form ng enbedded netallization that
pr 8% deTheamethbé of elaigie2 1, rwherein theldetd-aplsi¢atrgde fille theiinlet opening
d nd, t he channel . 32. The nmethod of claim 31, including

andfhe shanith s the top, middie and | ower insulative |ayers
with the inlet opening, the via and the channel; then
bondi ng the ‘upper insulative layer to the mddle
i n3& at Themiethpd of claimul2 hovidreiy thetsebstiatéds e microfliili¢ deyice.
layer to the lower insulative layer. 33. The nethod of
claim 31, including flowi ng the non-solidified

MaBeri ap ighoPofthASAA fidrbii@alc Ricalcopfisinp! et _
openi ng. 34. The nmethod of claim 31, including flow ng
t hprovshngail uppef ingdlatiret laydrad midslienigsulativgdapes and 4 lrweainsalative

outl et ening in the insulgtive er. 35. The nethod
tayeyprgiety ARSRP it Ty e B e 3l Viraingo e el e ve laver
inchis & WiadtheUSwadnfigdive 183Rr inthi@edEEHARRE1 Ofnd ThéinfBt 3pening, the via and

i ncluding solidifying the non-solidified materi al
the ahannedjarglin fluid ewpenunicagion wWithrone 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.

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.



37. The nethod of claim 31, wherein the non-solidified
material is conductive epoxy paste. 38. The nethod of
w@b@omdi¢ wherein the non-solidified material PEBSG2009/000050
conductive ink. 39. The nethod of claim 31, wherein
the electrode fills the channel. 40. The nethod of
claim 31, wherein the electrode fills the inlet
opening, the via and the channel. 4 1. A nethod of
Meddi. Ng e nedtlesd ¢fl i I1NinCludHp RS ¥ing HRMBhisSlidified material using
provi ding an upper insulative |ayer, a mddle
vacuyrp sugtionial an puties ppening ia theoneulativedayest i ve | ayer, wherein
the upper insulative layer includes an inlet opening
and an outl et opening, the mddle insulative |ayer
| g3, udetheanethdd Gftclalin® laﬁﬂluaﬁlgﬁidhﬂl‘f*mg’ ﬂ@’nohjéﬁhélﬁwﬁlatenal
i nsul ative | ayer i ncl'udes a channe and the inlet and
usingheat- et  openi ngs, the inlet and outlet vias and the
channel are in fluid conmunication with one anot her;
then flowng a non-solidified material sequentially
t o ughTHehfethdd SfclAREN, MudidpSsoliifihg Hie%onlsbﬁdlﬁg@ﬂﬁﬁ:hal
the outlet via and the outlet opening; and
usinggdtradpletiadigtiome non-solidified material by appl yi ng
energy to the non-solidified material, thereby formng
enbedded netal lization that provides an el ectri cal
trace iThelh@hddbfdaia, Qb the H&ﬂh&ﬁﬁﬁe&ﬁﬁeﬁ&l‘n?&mﬁﬁ%ve
outlet vias and the channel.42. The nethod of clalm
epoxyipast¢.ncl udi ng provi ding the top, m ddl e and | ower
insulative layers with the inlet and outl et openings,
the inlet and outlet vias and the channel; then
boygdi NOrHeliRetHRPS claifS3, ¥kt t!h@)‘l@ﬁ-sél?&ﬁ&?mgﬂegﬁl i§ conductive ink.
insul ative layer; and bonding the mddle insulative -
layer to the lower insulative layer. 43. The nethod of
clgi m i nel udi fl.ow,ng.the non-solidified
ebber atte ucti bt oy 1a WL BF leelpdi s s piane.
openi ng. 44. The method of claim4 1, including
flowing the non-solidified material using vacuum
subti | o nlketmethed ofclhiat 3 1o phnierrythe gctradedfilisthé ndet openihgitihe via
dtﬁl I udi ng solidifying the non-solidified materi al
an F eat. 46. The nethod of claim41l, including
sol i difying the non-solidified materi al

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.



using ultraviolet radiation. 47. The nmethod of claim

41, wherein the non-solidified material is conductive
wepegsopast e. 48. The net hod of claim4l, whereeTSGH®9/000050

non-solidified material is22onductive ink. 49. The

met hod of claim4l, wherein the electrical trace fills

t ch .of claim4 1, wherein the
elrl?ét r ?fg%ﬁh?ﬂrlgg%f%% @E%ﬁ@%lmﬁ et and outl et openings,
t heovidingtthetog, iddleindower iAdtlhtivb SayeRaWilEthe 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.



