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conductive features on flexible printed circuits by
partially etching dielectric filnms. Back ound 10- An
et ched copper or printed conductive circuit pattern on

a polymer filmbase nmay be referred to as a flexible
circuit or as PABTIALEYFHTCHER IMFLECGTREAFH.M

Qi ginally desi anegrpyh eANIhEFAR A ES N9
harnesses, flexible circurtry 1s often e only
solution for the mniaturization and novenent needed
for current, cutting-edge elgectronic assenblies.

Thin, |ightweight and ideal ¥&Ff conplicated devices,

fl exi bt iflen6sH rdelatl® 8 BAmSRNGF EehRSCHvat@RAuLEVE fe@fiites on flexible
si ngl e-si ded conductive paths to conmplex, mnultilayer

t PrnsesL ey Reflly gigbtea disectric@isronl y used diel ectric
filmbase materials for flexible electronic packaging
i ncl ude polyimde, polyester terephthalate (PET),

random fi ber aranmi d, and Rdcksround  chl ori de. Changes
in elegtroni.c device. [ reate. t need for
ot o 5] S AP DR HES ol Rl i bR LGP o Pl i baso

Shy pReasd tohs prfexibteudicyit at isdleriblel prinpdrditngeoace @uriginally designed
processing 2Q .capabilitje For. exanple, a_ |lower
diodPRIRE PRIy TR Bampessesy ‘J!f\%é’]ef Ay 1 ‘I?fl?&tﬂi“? iy S@‘ﬁ@’ﬁef?r the

t fasth S atio At R B B ec RAITEQUABRCA T RCddLE £188tR%icCRQmbNES.
for aﬁgackage, a higher glass transition or nelting

t Erpdigatipight prehidea) o complentpd dseiessoflerable eirat depigh eqlutions range

t UF . r i oF
S FOR SR o R ARG T, uRRSRE Rl Rinh SR ofkages
f r equerrmraenly 24&d Hoflegirivi fdm tasd matermlafoc Bembla lelectomedpackaging
substrate for flexible, ci ' that fulfill.the .
e B eV S Brp B Lt R, i e L pigh PR potyviny
ags@idal iOhanged iecldcrbiiic Aatceaksigh btk thepiePRF inafials tadh pacperties
thermal stability and | ow dielectric constant. Liquid
cPRSEIER PRSIOY HHEF SUTpASERg PTRYICHEY fiaplabs @Rt EeAs @rocessing

N8 &YiliddsS Fal_se,%?fet, 5 RS dibREtrif E&hsiall B106k stk ERcRaM sffal

i nproved high frequency performance, |ower dielectric

| waster,gaed theweal perfirsengedacalifatey erofing for  apckage, pbigherdlase

£ ) ' .

ol EonelE| hbide bipto )R PR Rt tonc byl Bmprgre,

t fsitlower rhoistgt@bsdrpteondexde toadignh banch d4ta pratasstrigae higherpsd higher
sgch as those present in contact sets, also referred

t e%@““?hterposers, whi ch provi de tenporary

i nt er qeiyigede M i EoreniadTP Lhed Bedswae forl Rk BY ek that fulfill the

requirements of complex, cutting-edge electronic assemblies. The film has excellent
properties such as thermal stability and low dielectric constant. Liquid crystal polymer
(LCP) films represent suitable materials as substrates for flexible circuits having improved
high frequency performance, lower dielectric loss, and lower moisture absorption than

polyimide films.
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circuit testers and devices under test (DUT), during
test and burn in. OQther structures of 5 this type

WO nob/omie3d nt egrated circuit probes, and conpr eESI/O$2005/001341

bunped connectors involving flex circuit-to-flex
circuit, or flex circuit to circuit board
I nt erﬁ&mgﬁt'dugpma?ylmuﬁde é&uﬁ%&%&tn‘%f fedth}Es ﬂﬁ@%ﬁ Qhder the
|nvent|on provi des a process for ng a conductive
geoerpltamn Grondustieelbynopsa serhab dose preseht invpntadisels,pisogefssed to as
: [ n i c film havin
1@%&%@&% vxglgcc é&éﬁ% g}g %ﬁ% Qf[elecr)gne"c onofﬁre ex\zllm peab We%a ugggratec}
dietiatestotsagd hamea gnder pdsB(TAIT), duting mEarﬂ)bpﬁﬁlﬁd Odlier staicthres of
E jrst SHQ% g dielectric film control abl¥ ) ,
BisdReiEY énta%tﬁ BEF PO} 3R PYTBRFFSTIOB RHEIPEhePnpFesqTa fnvolving
Srdiragieooflext diRuil®E Akx Bikddt t& Sirddit®¥ard ent@rcshim@btRmt ric film
havi ng a metal lic projection protruding therefrom In
the process, an array of vias nmay be filled 15 with
metal plugs and the contrghhggggtching may provide an
array of co-planar netallic projections. In the
p r oc égsaspeehofathe prgsenf mwni@n weoyidsea piokése dordprintingretaiductive

n con d et ching .may provide an arr
Bitbp R A PR SR RhRa TR BofeE s
mmg a fTsh eldp,r Oeessl sh‘h)anﬂ Wléd%ﬁdSneWﬁlleidSﬁ a@e4 pluig Haing a planar

net a l pr ction to uce
Sé‘ ﬁ‘iﬁ?&‘?‘i’s\ff’ Wd{fésa fhﬁ G *c l.hamomllaﬁgieéqhﬂr&fhe dielectric
REOEAE hlo@Rd & 151‘31‘!‘ Slirfde BORL thé&f Jz\% BfprdvitR £4iQhe4e film having a
surface. Int rocess, the ectric film may
BeaHe p@@fcaorp?ﬂo ipphemsem. Foihg prcess| angurriokyigssnay be filled

[

B B A R e g D o e o M et
}bajcd:(ctmn eln thehmrod¢esgyan drrurqfsztaa imap bk Yitet withmygtabglugs and the

SRS O B DB OB B i

iR, Phd pocdsdag ﬁmbrydmfpslsmomgtlhaalr@aﬁa inexallip peGetibn to
e B etre it oG Do s e et oo cover §portion

ST didhell SRkt EInGHY ;')’l'gcetfsg'| ehedii@b@sd ﬁlhpmgy} doRPIRY a b&%a‘r&ﬁate

using a chemcal mlling reagent including an alkal
PSR, Ly i aystad @olymn@ar@rpé Aipelaimidé dpolygrer walydine caagxylic ester

s&x‘é&h%ﬁﬁmts iR lﬂg Ac 8PS THE hﬁL(lf ajggtal:}%iy@rlner?%gy X I de

e potassiu ydrOX| & and
®ptbia1mcxis aontmeing 3Ephmatdee:reph&lphmidemﬁd/bh@pplyeﬁsmbntalmng p-

tion vi.des . a 0cess for f n duc ive
e RdnEs R b Ae G EM G oy B Pryhedimpritstaes
rﬁ@ﬂiﬁfeksﬁhﬂ@dm@ﬁ-@ﬂér@'leﬂ@ bid(tridel G M%Wﬂgﬁ&hydrlde) In the
PCT/ US2005/ 001341 dielectric fil.mhaving a first side
PIPRISSa CUERUshYY siriyae ths gislepirisdilm mayvgpelydopsing @shemicplaniding
redpRndihd18dinSirk A méthenydioRld8 Crhd &efn'lcjammlfuliherﬁ egpmg)a%?tfl?r

havi ng an underside in contact with rirs side
in¢ludecingymans: rfhe atkiali metal bydvpxide laasclmmc’lta}smm hiyfirexide and the amine

1g%ﬁk%ﬁ&g&gmﬁk!n1that ext ends through the

Another aspect of the present invention provides a process for forming a

conductive bump protruding from a dielectric film, said process comprising: providing a
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dielectric filmfromthe second side of the dielectric
filmto the stop layer; depositing 5 conductive

woratoeniado t o form a conductive plug in the cavkdyUs2005/001341

renoving the stop layer from the first side of the
dielectric filmto expose a surface of the conductive

BlibkGric SRV AAs0kidethe RQend a&e %@%ﬁg%% la{yiﬁljetmaf 1ethe

around the conductive plug surface

fbars@uwtf thealiclégztafilpy, Serstogilavgr Bavormantvedatiidd ie@pnua@ With the first
ro durthe ris | 0o

R BRI n B R ERE Rl b ol e

cyelehnﬁceﬁllm fina theaseeomalside of tha dieledtricefilthite dle sﬁ)pll@/ef;fde]bd’s&ing

to cov ortion_.of the etched dielectric
SR mE ST b sanden® mid B b SVBT: dnGrivs be sfa apfom
the ﬁfsﬁﬁdé%ﬂtﬁb dek@tic Rink Sexpbd atshiace @Pthe @bhdRidti @1 ghil; REntFERMbly
provid an array of co-planar nmetallic projections.

qtqhntgﬂrbe pielseiEs §ilm Fmeareund ﬂéﬁcoé‘éHFFlt"? Byg prfacote form thegonductive
Bkl SR o {AmC it tha$ G HHe P Sorii

provi de a#fgirgéd%ggggtam Bﬁ%&gcfsonse %eroﬁﬁé’dung
lbt;talamdheectoequtuve bwals Ruch fthrat {t hetepﬁscwtsmsg ang lyalirs¢tops lateyd rto the
\inﬁ}/capamsl ofr?l?%bum& gccg\geg ap liilt(])n 1? th gtcc:: «erdI Jég? rllcﬁ%uﬁ,ftgce Ilr‘p?he process,
am(mrpy bB@viies pay ycﬁ]ﬂéal(}n&t RetpigilypIand theicomtiotied ét}tl‘ilh@inay provide

mer and/or a i m de copol r inclu g.
a@ér%w{ﬂ@ anag gl ‘é‘é“tt‘lfff‘%\l 15 5 Fedespanas Y grv%téﬁslnaay be filled
WiatkbanRugsARE HRRLnB RE elchiBh ral) Broad @ 28 Btray mﬁ‘éﬁlh@ﬂrm ections

provi des a process for formng a conductive nP
prrewndadiPng delesie anagk-eindleq prpesss, thersfoptlanst pybes metal layer, such
[ [ g a
ST ZhlmeRh AL e Broce b FSREE i My ThARCD
Hoh@artbpmt@mlym@ , lﬁqdldwryhdtpomeend@rta ipolyirgide téy@lymer including
cafbo%(ﬁgcters tru l arl Imél? 1ntthe p i?ggq%tc b%ék%g ts? othe a)s/:?otng tSIhge
S eco mdloﬂ‘ledz&pén‘t of the p%be&it amtition pfdvhdféls 8 peddeds Hat foinkifg a
i.ng is clo i ﬁff by the stop |layer on the side of
@CH]&%PH%PY&H}* B ?mtah*éel%zf&ﬂals QEFCESS CABPRHYE: fRIPYifling 2

cﬁels@e{d il hactﬁ%casm&ﬂ sH2 2@ A EUGHd Y&e; Ml Al opbing AR electric
conductive plug in the 25 cavity; renDV|n the stop

filgthat ek iedn thisaghs e distpotsicdidm diom the fiest @ﬂ@t@tthq gecérid sidetad the

I
L e G R
dpheing sehdedoff e thelsteg layar érethe sitloof the npdntmg adjaohti thigisteend side,
tEerg@yf ul[rl?ihéug%vg %epgSé l%crs)gglfc W%l&%ﬁ%é% é? O(SW atcHBguctlee P gg 1Snsthe
cﬁom,d et d Wity thelspp By Tronhidb sdcbnd 84 EMEkSdiglbdtrié Alink toAPosk a
directions to cover a portion of the etched dielectric

uifpgepd the copduchye Rpe: 3pdeaisllablyetehipghe delestigifimdtonpggpund the
dagdfctild ﬁdg WirtaBe ELA the |c&9ﬁc%d3uhﬂ%r&%h{gq%dnﬁie QlefirRSi1m.
may provide an array of co-planar netal

Theorasessinprydurthen cornprissdepasiting metel an ﬁwayommcnmhmnp@scm&yt it

e e

rawaessy arofrraywif aditics mayrbejfidied vah me&nhplngumdelﬁb dbyitrelled etching may

ri r h I r
péov?deezglt arrag OP'BO 1l)<1anar me aﬂ &0_]8&1%?18? Inttheeprgctegsp an z?r)r/ag/ of g?\%tleg%ay
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pol yner resin |ayer. The dielectric filmmay conprise
a pol ycarbonate polyner, liquid crystal polyner

W@2n5/074339 pol yi m de copol yner i ncl udi ng car boxgd1/0S2005/001341

ester structural units in 5 the polyneric backbone.
Anot her aspect of the present invention provides an
@rﬁne@ lvﬁthfn%al PRQY bl 8 cHroll&d &Hikd AR} prEABOSELERBs metallic

bet ween at | east a palr of electronlc conponents
rapje¢tionesurondadibyiardigleciricanask e Bt the proféskthdision lagerandyibe st

n
G QR A e S0 SLF Rl
gostdl pagmermandior b palyimitiheopblynst insludiag cirbexylio egtairactuifai hrits in
ﬁgrtl on. |ncI udi ng an etched surface adjacent to the
Paym4Ti4agkpope-a and a  conductive bunp extendi ng

upwaragofheOEpEdA6f @k pleS@s invermdn Fedvades bh hikied o odding Be

first side of the dielectric film the conductive

PsHsAFOBICHPHBCtW PR SRR A P2E GhPlECTONISIFOmPORsRES, 6\? agtigle at
Jo%ﬁgmg Paitlect ﬁﬁln ﬂ%ﬁgmgt &&m QRBR4 s°1de Aﬂa at RGstnL | g@ affilled

t he conductive unp may ext end out ward y In X an
a4, ithecti¢lentrac filat @nla#:r haping hleetvlqutﬁlmaﬂlortwmos aol'eastt e fbsxmaie the

%cglrg?}i%rﬂg r?%]’tl Hl%ﬁ%{ngonetcl}ed m%lce ad ent (teo tPe {:nleta ﬁ%gdo via, fanda

surtace. ar
amatanii/eslmmmrﬂm;g up@hrdcdfonpthas lalr—:asc o.ﬁuiﬁahlkﬁde:db/wmshe fith®ide of

re. I an r copductive, bunps, ma surrounded
tﬁﬁ/d@é@ et g fap dusth'm B oy e tn) %Pe%f»éwne of the at

1 e} m)angof@lda%m@@&%&ﬁtyelnmma@&%mchee GRRSHEY EM&d
bunps. An advant age of sone enbodi nents of flexible

Quradly irsx ard ¥ deecppnsdatpral foriearerticalpxisof thpbuntpafirons Hisyet least one
NGRS S USRS BoltBh hOMILENeanrddd® 1AL EriEfE iy GolobhiBan array

after contro I ckness  processi ng, ani
1] Icamhmarkmn@lccmbtamss Thi atrayi quo«plaeareioe@tcnve:laimps may be

conti.n i nter t ature An adva ta e
SROLIGREbL e Bortal e ARG maBies! Fin £ oy GOp e mask
drdidd tseconductipd Buhags. bunp contacts al l ows inter connect
struct ures haV| ng finer, pitch than previaqusly

Known F 473280 e ket flggblartrayis abhegipsest vention i
(RATRRY BRI Both aﬁfaémlﬁhswmthé aveatit Ia%ext Qatrolida8hickness

conductive bunmps and ot her conductive el enents are
RsQAsEsngnendainifprm nlapaekinit contsats thahenmevsceldegical continuity of
LERbSTERE kQAres? VWO 2005/ 074339 PCT/ US2005/ 001341
lBrllge?r&:l:bescer HITEt:S| on of Figures Figs. la-If illustrate a
met hda adf/arltatge of saaseeamt boidimveatstof dre. préEBIgSnveﬁaerﬁb that the use of

Ll lustrate her . thod of gl pr.es ntlon Eﬁ
Alangt St egnu R Go VS ERoqaiiet SreclinS SRUGE P Bl fhon Rigdie sy
l@oﬂ'ﬁtsﬁ‘rﬂﬂhr@fmdﬂh‘r@s present
An advantage of some embodiments of the present invention is that the conductive
bumps and other conductive elements are substantially aligned without the need for

registration.



10

20

25

30

invention: Fig. 4 is a digital imge of a
cross-section of a conductive bunp nmade by anot her

worsbotizsf the present invention. Figs. 5a andPGhusaoes/@i1341

schematic representati on of sensors containing
conductive 10 bunps of the present invention in an
open reservoir and channel, respectively. Fig. 6 is a
schemati c representation of a sensor cont ai ni ng
conductive bunps of = Fi ntion in a closed
channels R Al etk af%%aﬁrd &treo nresleét s ot herwi se
st at edg concent rations op ts are present ed
herammﬂlhzn&mmﬁneﬁNMkﬂhwﬁedbEﬁdpkedtmdeﬁahls of the
pres i.nventiqon are disclosed herein; however, it is
Fie. ditie 81 GHe4ame PMUCTeTEr e gt A reresen
1Hﬁﬁﬁby exenpl ary. Therefore, specific structural and
functional details disclosed herein are not to be
i nt efjig- dtivgdighal[iinpgeraf ggrosereactiopofipoadyetivsbummmedasbyf agpther
representative basis for teaching
1%%§)§£§#ﬂﬁaé ghart to variously enploy the
pr es d?hgs Smatﬂrﬂbl amena schbieatit rapredengticl &lsesbrsi conthining doaductive
¥EX|bIe circuits accordlng to Hpe resent
‘?“H{Péﬂ 118 RIS MY AR AL PRE SBFY PR Chap R T PeE Bt al
poly ma%” 6 i94 sdaehMeAepreaataBorlbl OfdoF téntaifihg B8ndu&ive bumps of the
gener.a about 12.5 mto about 175 m typically about
DSeRA Bt ARORE e RRIthi ck. Thi s al | ows
i mpl ement ati on of conventional web handling for
formng flexible printed circuits. During the

nul ti-step circuit forBetalpddlesuription the dielectric

II,]: nmrllgl?é gtgerw%%ls dI go%cé(ntraﬁg O?Q?T%onglﬂ? gre @reseﬂt?cfwherf ?]ng

tmmepﬁda%dltlonal Iayers are added to the structure, so

that the thinni the substrate.does not
subst¥EqugF 3‘ {7 %@L@ Pr5FaT nNgtion aresissloseddierein; hopg vt s to

vehandrasdd @hahd dMigolosdl SMbERMEKLE BE nleRel)&leBIphir@ STHRGHe Cpkcific
mlling are suitable for partially renoving regions

ﬁtrﬁctflrabaadkﬂl@tlenarl detpilsdigcdersd hapingregwt (pibeiigferpraied g limiting, but
/ /
rgé}gl | qul %I?Q%OIP e € %ﬁ%sqigﬁ aQQ geg%entﬂgle e 118{3{%95 r%gd?le)éﬂﬁhd in the

or crysta pol ymer strates accor to
o te geniriuslyiempiaytthoprese@hignintian. i | I i ng t echni ques are

appraopriate f.0o S eiht her | i hnuous
anun Ber g g el S OpE BIGh ePS feln 8t Mioet
i8vendot ¢a.be Eﬁhm pelpintide, tiged 6fysiﬁmoﬁ?yn\/dr&ﬁr pblj'cﬂrbonate dlelectrlc

e b T e P ST REAE T B s
@Rt amis allB®s WhAemaHtRiohREBordfvedtlo88l web handling for forming flexible
printed circuits. During the multi-step circuit forming process, the dielectric film may be
selectively reduced in thickness, to form thinned regions. However, typically before a
thinning step, additional layers are added to the structure, so that the thinning of the
substrate does not substantially affect handling.

Processes including chemical etching, also referred to herein as chemical milling,

are suitable for partially removing regions in flexible circuits comprising polyimide,
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with conductive material. Stop |ayers of netal or
pol yner resin may be used to facilitate the formation

wmtoosmtdsd vias. The dielectric filmmay then BeEr/US2005/001341

partially etched to formone or nore conductive bunps
that protrude fromthe dielectric film Wen chemn cal
hibBiShtd Sorit& Dorl1QhidehRtal PEIPRLH ABstrat A0 t
‘%"J)“ |-stte%b>l;|c§1?ocersl(sell Eﬁp?rgv?ﬁess a ggggcuc%ﬁl\ﬁg b%esen
ipventioth e@helrrocaé mililing sehniquss fielapproffire for osesith gthrpratahes a
Cﬁ)nmous marlaufa ﬁ'lir[:r)l sc&}‘x%%ey g) gx%sdgég exﬂ.glg ggnt%é ?1|rc%§:tg ri gf film
met aIFpnm:ph lof6hetad nivire Viesiata diddetrid filgi msy we amefchﬁlhee selected

ielectric.film nder si de act w.th th
s e Eilpe. fheshaivoal GliRS Galtseravisto, She Reer ep Ted

V@ﬁ‘ﬂ &)‘i‘ldﬁl@ﬁ/t\!\@ﬁfénﬁlh %tr?i lweeﬁfrnh&al @ﬂﬁ'olyrﬁ@r@dm }nay B¢ usedtd Bilitate
er of uncured photoresist to the second

y
the %@nﬁfontqﬁ @“1 vigh- ef b@@feﬂ‘?cémfﬁlmmlayékﬁﬂﬁ}}aélaﬂﬁ' etchgd to form one or
HEE VERA. &g@%&h&&%&%@ Sleftcfic fiAdi ati on provi des
cured photoresist except in at |east one portion.

Deve I\félperchappbllrmﬁlrigos mSIaé fax wwpmbtlph,dh@wgwmg mylenep ewcess
qrowileﬁgrpo{up %E\Zeg unfp Kl %hgrg?? % é:le{e 0 ﬁlm Tlge e%rocgeg%: oQi ]:Flsesi a number
dfkepdinelhéiag providing adielddite ﬁlm/hatvyhgl asﬁrassclerahd akéckén(asmlé aA layer

extendi ng through_ the ctr er to the
QFRESPRAP ot et fhgyiest s @ h@f dhel CC‘T‘H R has £ pRergideyin fopdact

@u&@e ﬁ#&b §H@5‘ftth@hllehéctﬁ9 Rfn Sh@ﬁ@@epﬁla}‘;;éﬂlét Be/ees he RREctric and
a conductive seed layer to the via wall

ra%l layge 8%@? Vie addyer ofainpuggdphogresisiia e segend s;@st @fdhg he
I
cﬁ?}%ﬁ{nﬁ% %IBP% ﬁr@ of %Bgccdréd }ﬁ-{ato'iﬁ[glsp{ooa a@qgmg)a EA%E Tior PJOVFles cured
q:hlou)nmst wcﬁtam:a lvdsteam pottioab @Esselmmeappayéto tbé umatedlphotoresm
i rst..side fthe [ c film At
b i0et e LG b Rl Soreh Rafeio B e i o
REtieRd cavity i fthet di@eatiiafilan drm\ce\htyap estshelaﬂye@ onRdxshdeg diough
the dielectric film_ Reppving the #er of nmetal from
the,dielestrig fayey; tg theginderpide gy the lé&%rrqf aanefa# | HheesplyBisally g 2
S%Hﬁéﬁlﬁm écﬁ‘lEJsHapEll @f‘@im@éﬂfsﬁ%fé@ wafi. the metal plug. It
al so exposes the first side of the dielectric film
Thi s Apply#g asjogducyve saae lagerap ehetvid walt 4riditheenderside of ihe layer of
tr ? . of
FRAERAE Ml PR k! SR AEGHBRAIE o BRI DL AE 0 e
metlgllg las psvdqstaotieillyrplaﬁx@r o fater wilchiraiy albdneﬁleiayamf o] aarhéd to

ddi fi.on deposi.t .pn metal. on .t
5 Bist ot S B BBE ! o Fomuireee bb fe i et Sl gy
éxtiind b dfm\Xaamacbvyrmijthegacbxmﬁde((ﬂshevmélécn@@mhn the z 6
WD 2005/ 074339 PCT/ US2005/ 001341 direction) fromthe
net alRemevige djedexer ahmetal framy Bie fisst sige of Bp distectrigdilmegprses the
sfubétzmtl%w Elﬁ’&ﬁ surfadk §f th Qfemifylhg N1t GRE e%@éQﬁ@ﬁﬂé%Mﬂt@HﬁECmC

plug in the via. artrcle according t
fidmesTélrﬁt irptysidg rof immlmlmmau dends cemrothdy tmhadaﬂom around the

&%p&%an«{ oﬁﬁ%ﬁgtgf;)hgg_rt&p?&%e a dlagét{) cf {m l?lg?n%;arrge hific projection

conmpone can
protruding therefrom. Optional additional deposition of metal on the metallic projection

can produce a conductive bump extending out in the x and y directions (as well as in the z



5 a test probe, an interposer, a die attachnent neans
in a chip package, and an electrical contact in a

WO 2003033, t est socket, all of which are gener BCTASkINS0N341
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in the art. Processing of flexible circuits according
to the present invention has simlarities to the
process of United States Patent No. 5,227,008 that

SRS664)FRM ME AeBNS fige@fon mcobcwem pletior oflthsettled filrodudae. This
t hrough hol es, such as VI q?d rel ated voids. This

foamatian camenhapge pEBGERAL the ‘é\gp‘ﬁ 4ti on are conmonly
owned, , £licl 'a&%r(ﬁﬁf@tihé ﬁr@deﬁﬁn&éﬁh@ﬁ Ry RS elub@asl daleRectrical
printed circuits ~having partially etched regi ans
ccmqenwrebemc afleashe poinofelecianie peraponenin gl gy cs@aRls, it can be used as
|41 8 % | Rk, &Y aRle8rical
g? tsﬁ,%ﬁbeh an 1n (¢ orsngrd% Rire%ifécﬁlgl%lrlrto né%h? ﬁleag% acyé%ﬁs ad ectrica
BoHbst rnatlﬁxnnﬁt tegtisadke) slibaf winich 4re gmmhl[yétoo\mm a'tbé art.| exi bl e
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ggt?on%'eﬁrge g a@}f @\Qﬁedl\l@tchﬁlg%ggabg%s {dpréducP A&GbIR hEnte@circuits

uce ¢ y etched vias and through holes in
hh\elxg wrmlb@to}wdnee@nmeqwm psifiepsion ebratarialy #1d REpasey Gapgbaljties
i nt erconpe k Rt &fnd d
PV Qo Al S, A P B R Rt By ue
REsatt aateRial wed irﬁhe/mawfmhtdré bEldxiblbecaits atanng of Jiclggnd

20 de fil nt r ol
ﬁvté éfﬁ%IIé I’}?an%a&r?\ggﬁm 1§ |by (gzrpé?]('tregs s(tﬁpﬁf'l%/ gﬁ&amcﬁgu{whmg or

QRMEafd Bldr¥bRNEH. | @ddhRetd movan of @ollyinhide fh@l&’ﬁﬁll, fo@Hole formation, is
nmonorers of pyronellitic _dianhydride

aslgtehichrrommea. Aedageribest indiniwéd ﬁvres grsmm 1512&%})?88155,@055“3? to
g)po%ﬂgg &@%lﬁil??ﬂcﬂeﬁe i) thr&ugh Wbk gleﬂeglﬁjhé’ﬁmﬁﬁnde%lc&i@' fheeded

or nore ©O sSe nononers rray be used to pro uce
ffod eﬂacrrroahﬁutetcsmwtwn begweendlsecinyia pidbprantesadspit bepad + Hagever,

nane E.from b S
RO s Fn g S als Fomab A Tefy ity Mo AopSTIRNY

Kaakide Gﬁﬁweﬂtunwhtromwiym thd prpgence dicbnenténat ttclsint sobions.
swell in the resence of Ponventlonal cheni

SNiesh sorpRETCiRllE T Aje EplxiTyes %@%S%W%@gle@f(’fpwgﬂ%eﬂrw

afhn QﬁM%)l &Q)@%/dlltﬁ%ect@m Adijrenyl AfanhRisids (BPIIA), r
can ead to loss of control of etched filmthickness
ahenyilene diperiing (PERXpRelyimida nohareryingludigs aRceranire pf Yesgmpqeqmers

i 0t ke §g tg;h%&@hﬁ%gd&% sAiPRShosl ama@@qgé&ﬁée%% e names

ntrol etching of fil
ACAPTON Y K, € ftdneEpl ésBortt de Nemntrs end Cmrspm,s@lr@ml&%w ard

v@}g@iﬁ ,Ilglﬂ‘r r{%a%\el&lé?r?%/\rﬁtléoln, gl% ef}sa}é% rPSI S. qf this {yﬁe %well in the

shekh®@ odfYoridedbnalchemna eiéHahts ESWella’Igwhﬁltgey\hle ithiekapsd thetfom
an al kaline etchant as to no

ranH ey sause fosalized ﬁ@la@eiafl%ofdfm%t hﬂ“se‘fa{‘ H“raﬁéc’ loppfggutrol pfptehed
AR RnesMIRINEXURRSREDed features due to etchant migration into the delaminated

areas.
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5 to sone etchant solutions, sonme of the polyimdes
descri bed above will swell to such an extent that

wa besmn74388 ckness cannot be effectively contr ol PEOU$2005/001341

reduction. In contrast to other known polyimde filns
there is evidence to show controllable thinning of

AP C’@onﬁﬁ“ﬁ eftdhllr{E-:of @Mt RRYiR, tt)rtl%rﬁré%ﬂtqg@en% 9@51%t's@&essful

Q su, Japan). exi stence of carboxylic ester

with awbstentally apn- tS\selImg RW%Q)I memamwl@f refers to a film
tgge}{;\\;v\él\é\éﬁl;}J %’]?fganglo@glll ﬁpégﬁé rf%x%l %‘al !'me %kﬁme chElgnt Gi%hot
Hifdet thetidckoessaeddoingsacadn oﬂ thle tﬂdﬁﬁ@p}bcm tH‘br akzkﬁ;ile rvehen exposed
et chants. API CAL HPNF. pol e f|| | § believed to be
§ SCBR B i ioTyta: sap pLBE Py ES oo SV H i gieh on
tdntiGhUth€lr i dRAtsd QANMBESd oFfebig eBf coREIRABY fedbdiphudi ng

p- phenyl ene bis(trinellitic _acid nonoester

anhy di Peppst twﬁérrkr@ypéplyuwﬂ% fiksrhere i avigleprs! tg shavyeontrollable
ﬂ%ﬁh%g‘%fﬁPﬂ@A@H@N@%mE ROUMLLRABERK G 08 or&vxﬁ\/@t@u T5fn). The
one of ordinary skill in the art, it
qm@glewafmaéaomlose}m Melshlzaé upitsie rtheezs)tmenu ha«tkbgnrmfanomswgilmg

W 1 20 f -
R e R MR PSR! R By A b eqpemice
Byymdnethesareknovwa to exgaimdtohtae mangahﬂé etpiginisi m de

pol y [l ns, . lj ke | CAL HPNF, :
Cont POl alsPlp ot et deliiPas bebet b <o e dur et e
UnitGo@mthelshctitd TR pdym@ S of ARdn6A8E Ricidng PPeniBRde

pol ymers i nclude 1, 3 di phenol

tm(@(naﬁhlﬁgﬁohetstm@n%m anhyirigy); Othenestesjupis ggstining polyimide polymers
J?é 24:an E&n%éﬂcﬂﬁ#’ lHotw%Lgr) to o‘ﬁg Qﬁ&rﬁ%ﬁrygkﬂﬁg |the art, it would be

bi s(anhydro-trinellitate
IbaSS(lééJﬂﬂ’ty dyohdsize wiiet ¢steauai) g:ommlymgipcpihimidfl polymers depending upon

seieftg dq'rglomt(: : ﬁ}r%rr%kf ot tﬁ?ﬁ%?réff‘f) 110{8 ?@?Ldﬁpﬁ.p@uecmé}lmtheses could

dxpa(déthé’lmdga)oﬁpb@ﬁmﬂp belnyflafele)fmtﬂlmé avthistd tike APIGY. HPN&L @)y be
Su on e

blsé Eydrox%%hen¥
Bnigilel 3teREly thetdpay)be seipcledip dnassaypive HERP BN stfe) |
e%ﬁtabhr%(@@"%dfe%bty?ﬂef@hélh&ealt ﬁ)hphe;ﬂol?’blgda Rfkrimellitate), 1,4-

bls(an1nobenzoate2 i phenol bis an1nobenzoate)

diphepoldiséangydredrimg hga(t«amth»dm sheeltbis(anhydreHemellitate), biphenol
G IRNARERER0) iR A RRLAT (R AR Ry

setldg) lms(dldzyﬁrd tlmmeﬂagte)bbls@t@h@dybmzap@emb)ﬁm(aﬂgdmﬁmmelhtate)
mh d n \
e N T T .

wd(kalyioerigttinag 1, 3aq>hemba(amlmeﬁzost@} ubidipE@br 8 V\D
2005/074339 PCT/ US2005/ 001341 Liquid crystal poly
R‘Hﬂ?ﬁ)‘lolffinll??ée)r%’@flﬁé@&wolsw(elaw%e%a@rblahlesloldz;s(gmb@bffr@@aé@)
(fx?fdlghleﬁcﬂ Ibnka%mﬁweﬁwate; Mhmobémma%%(mmb&&w%ﬁxhe like.

performance, |ower dielectric |oss, better
r esi Sehmeide filpgimpyclesetehsil smg @llat@smfmqtamumhmhromde or sodium

fil | It
N R R el I
containing a solubilizer.
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5 inproved high frequency performance, |ower
dielectric loss, and | ess noi sture absorption than

w@uiogiomisske fil ms. Characteristics of LCP fil nsPATu$00&001341

el ectrical insulation, noisture absorption |ess than

0.5% at saturation, a coefficient of thermal expansion

appr q}'i‘cﬁlliﬁ &?staltpg%ep LdH) ?ilrﬁ?féBﬁEenV Skdoik Qr[atd?iagtag Qubstrates for

t hrough h and a direl ectric constant not to excee

Bxle giceits lnarveigflmlnwm)hﬂah frequenwyenstfprmamng doverdr dieldetrictloss, better

T n uid

S IERS, OB, blele REABILLLETp s il

di f f iLCIP ftlme sepmexh spitabtasaeuls Brsetwantee thr flapipleictraiitshaviag

liquid crystal polyners to conpl ex el ectronic

o b e e Y STt S0 iy abporption

e QI AmIR KBS s POBSI I rRiEHE LOPEilRb inefale Elebtitdl isulali®X infiRure

circuits. Non-swelling films of liquid crystal

Aperptinayless dhiamt: 3% at safutieni acopBicipakefdhasmal axpansipnggproaching

R £ ST R TR SR LERRL AL AR R a3

Qapthe ﬁlnamabfnmbmmar!ge b hitld widhgHp- Myee bsnelfielarppperagsiod
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phctahbﬁ oft liyuid qaysogd @blymersao) B@ﬁpl&ﬁele@xfoﬁi&&tdeﬁlbﬁéﬁ YRS éteHadt with

SBP“E gﬁf{]gﬁﬁ@?@eéé’ge Fs;%?%@' Q}fa%e gELCR, fily foz flexiplgisirguits.

undemNohR& el SemNSMRuB st hOYIndid ReMp R onlfX pblesters

lwiana Ken, Japan 20 and copol yners cont ai ni ng
ipc

B enpEIsiEoBta N -phse Hengtererhihalamids aualbaSeBIMd’élrn @ #pan
(ti(;r@q'@x Iﬂaa@ n%aFP -]@1 fl alﬁﬂr O%Q@Cmtallﬁlg% p- Ih y%gi?z’ow acid

Japan. arity etmeen iqurd crys
%ﬁdaSAFEIIﬂAI ﬁHﬁ’(\IEurpmly y]omlme Olgwyare Jgmaes ence of

St ogt el i SR Smitiebfre Lot PP HBF Biabitald Prvie

drfraaticgpelysstars iﬂcludh%d:oﬁtﬂﬁnbr@ s&bﬁﬁmg pipBehyleAbterephthalamide such as
£ chahgonates such as_thgose avall abl e under the
Hayulapg eIy Biedredr PRe BE\plratirag Corpiley B, kayampplen, Japan

A 3bpoARhe®s éﬂﬁ%{mé ﬁ-ﬁ{ rB%@ni&ﬁ:@ld&M tfneft ‘amlMﬁl%tuln@é?Qhe trade

Pl astics enni, PA, and avail abl e under the

rtamdé?Pr%TwﬁoquxEOf L@moésay@ra Pipais t A gisnirity, between liquid
cj?ys{atl @&?1@9113 'an(P A‘P /ﬂlhyﬁﬂ% kf)gg/ﬁntuﬁe l en;%? eﬁ%c(ﬂr c%%o C)illc gster units in

pol'y onate/a I phatic

tioktetypds e ol ymeastiuatiotes. under t he t rade nanme XYLEX from

GE Pl stlcs Plt i.el d, 30 . ) .

pol yé?.{?fs% R @%%‘%fg??b@ﬂ%f Qp%p Elidp sybstitsies pperynsubstituted

pgolyendsnatd3Oduys &y thedRal silablenmbioring tydde nehe LERANRIAGE Plastics,
and pol ycar bonat e/ pol y(et hyl ene 2, 6-

PG/ PBT) bl d
1% B&Pﬁﬁé@gnmﬁﬁeem@éﬁbﬂ frompPisstinke Rlagtics Company,
LRE, PENIndBb SRR un8i9heiie QEIHEMWF’OE%B%%%IP&@%R

with a thernoplastic resin; and pol ycarbon
Risotgpnihisobisethonase blondssathine malwee/rlp;uﬂagfc@dlplyqte pelyester blends,

%ﬁ@%{h? @iegéls Cfi(vFgé)FEu;%gr e lry(f%an 1918 WL%I)P goxX %g]ﬁastlcs,q’ettsﬁeld,
MA, polycarbonate/polyethyleneterephthalate(PC/PET) blends, polycarbonate/-
polybutyleneterephthalate (PC/PBT) blends, and polycarbonate/poly(ethylene 2,6-



20

25

30

A simlarity between the polycarbonate, liquid crystal
pol yners, and APICAL 5 HPNF polyimde is the presence

wmboosardsexyl i c ester units in each type of polBe®EUS2005/001341

structures. The existence of carboxylic ester
structural units in the polyneric backbone of

ﬁﬁﬁhﬁ%j {PU‘@I@)FHI% alﬁlEJNFy Jthdr meﬁﬂ gflﬂ)(ﬁ%’cgﬁooﬂ atfich %rtﬁé?ﬁgplastlc

bet ween’ thi s pol yi mi de and ot her yim e pol ymers
refinitand pelyganervmatetcopalywaers such as;BW(adtonw/tphlyamklamq ne

t%#a@ﬁﬁ‘ﬂ%é(rmcﬁ%ﬁ%lyge na‘%é?béi%é?ﬂ&%}lﬁe P@i%ﬁb illh%\f& to be

Frrves'i contai ni ng
struct mmﬂaxﬁuyd)anwpai ghﬁﬁbllytzarhftglatafllq’iiﬁl’mﬁﬁztl$o]yﬁﬁfsuﬂidn@PICAL
@ﬁﬁ qy bIS tri aci d nonoester

BYYHR ‘S&eﬁ’é SRS Far ‘ﬁﬁy & e APLS 1BicAG! BeR Pl
PQEMAEB! Bhe AiRerdObf JaRRWAICRRTRAGUAI u)fits IHNEIOBmeric®aédbBne of
of ord|n2§¥gsk|ll in the art, it would be reasonable

Rog-s¥iging AL HIBNE filmcsigifies pidiffesense hetwrengthisaplimidgand other

[ I imlar
PR B ARRIALNHDAT, ARV EEMRTnth RV BRGNS, ) 35

expandI€hb H@ng}@lnmlqydllml mbedlevqaddb Yere cepolymner fihiak dejves its ester

S ners an API L HPNF,
Sk, SRt et B gt
lﬁ&frﬁlﬁﬂllﬁid: deil mmamhydrilﬂe) I’Glt]ﬁieﬁtelﬂfmtesdirﬁilm@@ ﬁbl@inﬂﬂdﬂg)lymers
s include 1, 3-di bi s(anhydr o-

d I h
a??v n%‘i“ee 2 Zr‘”i‘{l?& Hovween & orsiod esﬁ%&& tnrthér 1§ yopdhe

84 BidbRNe sﬁ{tﬂe@.&k oftesésen el E&l‘tan‘ilﬁg ﬁ@%\lrﬂuﬁ@ﬂo@})mer@&léwﬁd?@ upon
bi s(anhydro-trinellitate) Ef enol

lestionryanemerssivlar fo taes@)usedzfer AP A HORIF o Ryghtremthses could
t
%Péﬁc(d L{ﬁnﬁx)aggé (ﬁ%@yﬂ'}zﬁg% ﬂolk&%rg?ér }I'ng (\’2%1] hy (lz}lrceb 11(%[11(1 %thl polggnefs and

M@MW oua}'rbhenqttollsbﬂlyfetah@i) Materials that may be selected to increase

Bt RRDRPES s hatrBRb ahSluRds potypers inghig4-tmhenelbis k-
tilmﬁl-lﬁht@hﬂm@iphbmcﬂ bamnnﬁb@&mmer)e) ethgdeﬂe gy eReinhydro-
blséan1nobenzoate

Hmsiiat n‘BB‘éﬁﬁ‘?‘o‘Hi(é‘}hydWrtﬁH’éﬂ'&te)a wﬂlmwmmgl@éslmeﬂnate)
H?i@! “hodrBpRSyl mlﬁéémsmﬁﬁﬂ&%&ﬁmﬁ 'b%(ﬂhﬂﬂ&@@%@ﬁ&%@

bi s(am nobenzoat e) Diel ectric

Wiy dattamellisohbig(4- hw@floyn&lplbd) silfoac) bw(qdl}'droetrlysﬂmte)

gh%&gﬁﬁphﬁ'@&b@%@%@@h&fd qbtglﬁx}elﬂﬁa}g)ng 3- %tl ;h%%l(gll;)ﬁ?amm ben%oate)
Q@dpmnobbls(abmmaelﬁz@ate), athylanecdlycopbisfaimtimbsntottaly biphenol
R R R S e B B G
wdthrhinbbedzb08), mankl liveg by equi pnent used to 30 produce

conventional flexible circuits of the ty e described
in udi¢ %‘iﬂf@%ﬁt@éﬁsw’éﬁ%th@arbosﬂtgilﬂumgfs agmolmr and polyimide

fﬂ%@%émﬁ?ﬁ%‘ckﬁ’&l %H@%Qpéyogtol:b%ﬂm afid oGS E7 {a% about 25 um

sel ectively and control I 'ably thinning ter
aebort 40 nop thigk,timevigy sgehie stanting miatedals forcirades ofthelpresgntof

1§%l%tc‘i})r§ %Lt%lliellyinftglls ltl¥cknlélsrser9ng@ a}eysﬁgtjlg fofr Lelmrgﬁng {)y equipment used to

produce conventional flexible circuits of the type described in United States Patent No.

5,227,008.
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pol ycarbonate, liquid crystal polyners, and polyimde
pol yners contai ning carboxylic ester units, e.g.,

wQgiosg74p3phenyl ene bis(trinmellitic aci d nbnoeskEr/US2005/001341

anhydride) as a 5 conononer. The etching step of the
process involves contacting unmasked areas of the

POl Y BRdckess steph mrwsdﬁvalyaw&ﬁ&bnmye@luah}g%at&ﬁls%@&hlﬂg to the
fluid. Useful alkaline etchants i ncl aqueous

@@thmﬁgorbmclaﬂmhmmftsabst%*yal%ﬁellm eurehprlymeréd films of

N e e e T e
qsequmtseqm niséngfrophenylomt miimnmﬂllttcmrdnnm@eﬂér agthgiride) asiac
08 on%nge?rlp ?ﬂg Stlé@g? st%lp Ef tf)%?r%%e%gglv&?ésﬁcgog r?% Of ta{s:kﬁd areas of the
p@l}mtmn tfilrh @athextob&heedalbdlide arting 21013 t[ysbfud: ﬂkhl)ﬁe etchants include
requires.a tij rom.ahout. 10 seconds to

st 585t Baf Ty HERUR SRR e Bt Prguer yfhi e fodescribed
ifUnhanStade PREATR NES5 IIOVB0BUENNGS 6,403 11 IB1MTiise fegmmts for
The Fr ocess steps descri bed above may be conducted as
€

cqriselice fhipring eisdicleddiin im depend e dhe tgmeeaﬁé thjpknegs of the polymeric
Akt QR Q¢hi ﬂigaﬁhhﬁh HRAIMG R RERRbeHREH 967 %nldQ20°C typically
transport a web 15 material through the process
rsmém tee firoprabautsiGrptonds lapout @0 aninwtesd Qppellrtohq: of thhdliglctric
t [ [ cl ude
@911 ‘ﬁfe C§Ch Fﬁlﬁl g %ﬁ‘g‘gu“%n‘if?‘%nﬁ ik % notvg i ons of
cont Tak _b&)desd etpps’rﬂdsmbtedh ebcp'e Ingambe cdindhmd A lmmt}ﬁﬁbess using

pr.ocess) uses a E devi ¢ t has a

BAPRER 5teBPor? BiteSubR - RphrT bR S iy PE aRpL Y
radéhial evalgh th’tﬁo@l@@ﬁb@uﬁdﬁ& fibm aGEFHlY RUSe a 18ndMY dol1@Shich collects
etching and pl ati he netal lic parts and et chj ng the

55 rodiicer! .C}r?ﬁltafthaz WC{“H%S%?CQY?W Hinnsg fegions gndyigpgriasions of
doRidIRAEpth B BB bAYmSt Ak, MRorhdi&d Mg@esﬁn%ﬁ’égp§ Qe@ﬁarﬁﬂﬁ@&ewce
bars wth jet nozzles that sglr ay etchant on th
thqi\hpmva}véw af prasessingsiatiens fprarplyingf exprengwetst ctwelopmg photoresist
S B 07 S RN Bl Ffio, 00 o
th@stﬂang wata] to palysienimenates i Etcling st tns includea durebe of spiray bars

film 1t wll b ated.t ha

iRkl B BEH: BF et vite iy B g et sl eyt
;ﬁﬁmm&mossmmwbhﬁoﬂestlgn of a printed circuit or

rel atfggfqilgw ce, such as an interposer. Processes for

bunp P esEPHPRHPTRY dessctalert cppdustiverbumm fermatign Inassingle

W R¥hERInaSHASSANM IR Tk WilPbAPBFeciac@REYE hiMBer BEBRE bumps may
projecting froma substantially uniformdielectric

Qegpationer ghanyingin in the fiin peranding epndkrdesign of aprmted gircuit or
r@l%ﬁ‘ Qev@edslu@f?gsrhtn 19@1‘59??& aﬁr%céég‘e%ff&] but‘xﬁrfo}nmog ééc%gim to

el ectrical continui ty bet ween touchi ng con ucti
regsattantestiorGan pawids afsabitangalilynplaow, @dn@icem ingaprojecting from a

It fal te f td umped .flex .
? tantllf?l'ljr eréf ecEnc la rerp glglg;%ldua?lq)f.\ gwg%yﬁgij ccbpl:éaaﬁlt}{ #aene
adjayena bahpsodod Gseﬁﬂ @tllmpﬁ)lvkﬁg eledtridfD cafiHuit) BéR:3&h touching conductive
PCT/ US2005/ 001341 Flé] : Ia-ﬂ illustrate a nethod of
PHECtGr CUBHS T PEATPBHE etral shmfipy rdfdlieteiforgnation of bumped

flex structures, e.g. interposers, of much finer pitch than any available previously.
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bunps. A dielectric film2112 having a | ayer of netal
114, typically a flash plated | ayer of copper, on a

w0 200507483de is provided. An intervening tie | aBeErU$2003/001341

shown), such as chrone or chrone alloys, may exi st
between the dielectric and netal l[ayer to enhance the

bond Fgssid-efahdhratfa &aﬁoﬁéf%@ﬁwehﬁnwnhm %09 fcsrnﬁngr%ha&cnve

| ayer. Chemical mlling, mechanical ling

Yumper Aaml%ﬁmcbﬁ]lnhhv Hawing g dayer of nfegl 4 tmlcaillv A ﬂaﬁtaplated layer of
e t t (0]
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uch, as,, AR 0 a at e, uid cr
Sfeln B e Gl MR et PR SEh Bt Rining fepfoniied Fif, o
1383 &1 Gddy blubdd to JorreLYi inpiedikIBMEL Yies. EPIPMadfadniation &ep
(g)got or esi st rrat erial 116 to.the second filmsurface

pedirgreove b onedrrb ! Ryeryatdilusaafed mfd&S® ayer of flash

pl at gile QRRE#C filh A c()?:h?h&aé po@;ﬁ&lﬁj%ss%ch FOMPOA] . HPNF,
processabl e photoresist material, applied to the

RebEpdeRaty, o lsqu@a crystakmiodymes pBisrfommtipn Inthe dietectric fijm, using a
O Bh RinaNEHANES b AT rpEn tHHoRg F AR A 08 second
fdmrmaghee dﬁh@ltexlpomreﬂ?oy pitmmre@usllayﬂrsf {lisbplade@ppped

usi n e aqueous so % t %

ar kaitt ot SeeRTHERAR i ibR o s i o B
diaednea dide @fitlee cd)ﬁtﬁldihﬁﬁﬂiynﬁdﬂﬁtﬁlm diiihaté,ibeSond’ @rdsslinked Qutingf
one or nore v 118. The.proces ntinues wth

TR 3Ry Pﬁ%ltrﬁ\aﬂ%efrfaihé“ not dhadikeripnen & gide e sraRged
potoadsisnR t1h GeANbpea Akitg b allutdhquolSBREbA LW 8 013e4 Waes, 2R&i
and 120C. This etches selected areas not covered b

y
BegsabpatetHiont witiddesied partsens axgrlsydeped tiea ideptifigpghe location of

&ll'e %¥ ﬁl%er\}l lflklI Iﬂ‘l ch? E@l\’lﬁ!ﬂe Wthqg s?o%l af rt]ﬂel lLﬂ?ﬁlgtetiﬁ) a bath of
provi d e eS|re vias t rough film e step
Qoﬁceohand d&dllmmetdharn golugcesatamemww Qetwod:rui0°6mnd>ﬂ 2(8Ck &hhis
eﬁasalelel?%g ra?e)a(ls rq 8\éeree );ctrr](g rlgn%ecfri] ghaot?rem%} Ssge?(b%se grregsx ofd €
déledtécfil ae rdm’aivedl bathetmicapmiliic® povidihé Yestrbdbiad through the
tﬁg{)sed on the first side by the continuous |ayer of

25 The netal |ayer resists the aqueous al kaline

sol utThekep Sﬁﬂwinﬁbar ﬁmﬂgeuseé &1 RGéduk Sol BRI flaflali nlefal hdb8de or
éthe net al ﬁ){ provi des a planar closure over one
i 1

reef a&ﬂ%}.nﬁtalm NdbaRckameige, Sedbrs etjlhnqlmmmte Hisealyq delectric
MR 'to%rodu@g & cm?gyéu'lat i PNSkd BEIS 3T side glte Elgpng ﬁ}gr of metal.

during subsequent deposition steps an
Thetreatdl ddyeiesisty thiagessis eijaling @@ihtlwsad tmmabveochelscmiot abtedal. In

[ S he. cayi or
GOUA B b HouiP iR SFHIPL LR R L% P e
thtoogtatht diskettic ntaverjat. Chhearetalilgysr acns dshelapiap yiop dintng subsquent

Afs f.rom about .10 seconds m nut es,

6?)%‘}06?2?@%“ %%7%&%;2%_&%85%6&2 such as a metal or sultaY)\D

conductive filler, as it accumulates in the cavity or via. The residence time in the chemical
milling etchant bath, to produce vias in the polymeric film, is from about 10 seconds to

about 20 minutes.
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A dilute aqueous solution, containing from2%to 5%
al kali netal carbonate, may then be used at

wa swpersasur es from about 20C to about 80C, pr efErasdoys/001341

about 20C to about 60C, to strip the crosslinked

resist 116 fromthe |am nate. A protective photoresist

| ayera Hitutd afiebiatseritib® cbﬁt@mfng i 4% &S5y, Elk@h %ta@éarﬁdnﬁf% may
to prevent deposition of additional netal

SeieEbFCRPeaRtPiRy Thn gbal B L togbpw 80K, @res‘erpbla@@out 20°Cto
fHofEdFO %o tsf?lprtﬁé'@ggll%@ M358l 1% ddh | 'tl{éq dﬁﬁgéggl ﬁ@t@étﬁfe gﬂcg?resmt

variety of known techniques, Inclu tterin
leysn aidemingted taatthe firsa Klash(ndatedoOnside torpegvant)depositimmef gddinonal metal

lggagswg @%@%E’g&%se e carbon, and imrersion

el ect or el'ectroless plating of netal may be
used Afer depodice ckatiog uethbwechseidl thalyeg coh@thinanet a sdhiewrof

in 1 ubsequent. fi gures he surfa f the
o O e R o0 AR R e oo et

imnedsér @aesh d)ﬂtoﬁdl@tlvel&rbo@eﬁldSMh{e@mn%le&'ﬁbﬁl%ngr electroless

depositing a conductive seed |layer is the "direct

I'H%tt“élolf meif g be gt fodpradstiomdedvaseep layer 120i(pet shovr is p.
shBseqhdn@ B1%0s) Oh 1R GEEDE the c16Qd cRG IMCE c%@*n?tﬂf %mg’ as

pl'i cation having I nternational Publi catl on
ioyterAeTFigTHe Orcsudablayethod of deppditing 4 gondimtive s@@ Tyer is the
‘ a 0
A R0 088,200 8998 L4 s
pendieg 8ET Paset Aﬁéeahqm@apmgmtmloaﬂ Pabli¢avien Slor Wace2/037pDnThe

d ness, .of t al aI I
B0 Bty b BBk G50 ol PR etk g6 APBECL butcan
bk@ﬂhtdi}a{thﬁklne@i 1stsh1&bteWBr thd Bien@bBilise N YedAiRGRSEAdsIah Sttive surface
equi r apP i cation of photoresist (not shown) to the

upag &H&Eé? B dgr thickestipignelel ysuglbrrepesri ' clecelssshlitngand

dRveh PRt & BrB8alisEst thadder n 20 provi des openi ngs
over the seeded cavities fornmed previously in the

di el d&e plating progasaifrsiwsiinires applichiéondd phetergsisi (ngtmhown) to the
s@@(;nﬁ %fd@ of fre E%?éc[‘rlcqnaté)rfa aE)a)%EJrQ dedegglngrggntt ona des re tta em

cavities Us
mg\n@s op¢ramgsrmge1tth@kmdaqlwawuwﬁ)rrhedtmenmlyl ih Yhei cBelédtﬂ1d ﬁaleh dsavell

d.depth. Typically a layer of netal wll
aSted%“e%crcu’ %aéteghrface of the dielectric film outside

t he @égmtldmfofhheltal’)fe ddadictiye madridl 12l Aofbr) iR td @vitidLuses a
traces. As the cavity fills with netal,

t al
PRl o Gt mhins e e e daenarbdeptinghomenly o

1DRF bf ﬁétal%ﬂlQﬁfeK@ b&p tl{e‘%ul\mﬂe%lﬂ tHe RIRIARRAT M Jule tH@éo%le of the
confornms. The backst ogﬁ;on i nes the conductive f i

cayity pillustrateddn fig. A¢, te [ppy il tragesy Ap ﬂ@wavltyfﬁallsemmmttals gle
&2‘9191‘ @{a@{md\yo?‘ ﬁletnne?alfld EIS cts.s‘als g%ar?i];:r (%rl%gclg o%ltg ‘inch(fhe eﬂosnf%g

Sui t ab ating conditions 1nclude arcurrent
Ibﬁéalwenfnnmdthte b@ck@@oﬁ ampﬂrresrﬂle @&cmnqu&/ﬁ‘lteﬂao tﬁﬁtdt Bemabout

5 s/ f t 2}5 er at .
PR 5 TR Sl b R he 7 s oF e STt vt
pleging ¢edilitichs include a current density between about 0.005amp/cm? (5 amps/ft?) and
about 0.08amp/cm’ (75 amps/ft®) applied at a temperature from about 25°C to about 50°C.

All photoresist is then removed.
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WD 2005/ 074339 PCT/ US2005/ 001341 Subsequent to the
circuit/via-fill plating, all exposed flash Cu and tie

wo 2008074389 bot h si des of the dielectric film iBCT/ESITE1341

to expose a surface of the plated netal filling the
via, as illustrated in Fig. 1d. Renoval of the netal
| ay erguBRYud¥e 1RO Eirctithvih- BN pRatisd) 8 bxJoB&( flash ©u and tie layer on both
comerci al |y avai | abl e under the trade nane PERVA- ETCH
fides pf e diclacBicHBm s a¢sovsd fxposepgsyifecepif dierplatgdmetpk filling the
vglb,%F hf&s eﬁecﬂﬂtﬁg lhh %temguﬁ IEHY %{al E&&Q’ﬁay%% d%% with 3! Etcl?ant that
application of photoresist nater i'S over cones
iprathenrially tvrilebie nader theerbnunegRERMAETEH) ﬁbméﬁednmrm:mlcals
rough photoresi st thereby subjecting an

ent&ﬁgggﬂﬂlhpg varying current density. Non- uniform
C u rr &ﬂ’%od& B8 inbtgd Hﬁasiﬁsdqﬁerm StapsLddi oD FequidlifipHicatibf ofShotoresist

| lustrated in Fig: nducti ve bunp fornation

tsf e s agﬁf%nféﬁmb&%w wit PIrsnh Echmplogy &t Fegpresump plating up
thfb'uélnbmﬁor@sﬁst et is@ljQtihg bt ediird FimptoGRBM Prex'fﬂd'ehdlt'j}g Non—
reagent, such as an aqueous solution of al kali netal
\farTe RyrERat dnsiy lepdirte ngiunifokEbimpRt al  hydr oxi de and
am N\ SHGh.R8 itFiga Qe bafip Frhia
dlelegtrlcanaferga %@%%1tﬁe skdéﬁb¥84%g&£%9%ﬁ§g??ngﬂ
thilling forecogtrollqighiphiniz d&the dietpaind fidmy ét chemizal Iymmg reggent, such as

PR Ry el Tt Rk iR e ot '8

andng dich agdibanbladfifé, dectioels rdiyodeOdible@riOmatrial fdnkithe sﬂfe ofthe

ﬁ@b assi um hydr.oxj de and 2096 et hanol am ne. As

SIS S0 PP dBEeRREL PRy RireidrosRubenaty fist WP%\t od

prefidlslyl flotbhigd 12?1 Ble fINhQhIM IR FERMplaREcHelidhl Sl ACTAR @
frustun}sha proj ection having a planar surface
Cé’ﬂﬁglta&ﬁ‘t“l“éf’ 1 dAueRysdy droxide pregpmixgire of 408 ppgthssium hydroxide and 20%
iBEPERTHN A L Bt ORfe @igle&ﬂg fi¥h @ec\fx@agésséhe hﬁ%ﬁl@etal in the via
diameter of the via, as shown in Fig.
preirudes from theofflth vt fasegs blfmptumrshapadlpetbj smlon lhavmg aylenar |s1$rface

T T DTN
diandteralf tterviag bs §Hooind Eigt 3.1 Intthis Rahiersd dagudiVe bltdp in a dielectric
flexi circuit followed by exposure to crosslink
Wﬁ%wﬁﬁﬁvﬂresist according to a selected pattern.

DeveliofBmbf @ etgdceddabRMARLiOlaR cfthed 16S5hd\hnleRpli padi removal
solution of alkali netal carbonate descri bed

PPYEGIigdanyinationgd pheigresistda both sidenef thy Bexalde eirquittfpllayyedibat
éﬁ’h&slurebcg REARE Qhetpﬁlofbﬁ)éﬁsf QJC!)I% qgﬁ) %L{i&:t@td aﬁérgdpg\?elcg)ment of the

I nned regions of film Af t suf
rhteeesish uging thedlildieslnteh efeprh meltﬂl oax’ochete d¢s@lbed prevously,

e§(?&§§ r@és%f gI (#1{9? tlflcl fith !atrv%Hl %btcﬁeﬁﬁ e&ﬁro?l%cifl%)ﬁlg to 8??8“03

oss I 'nke oreS|s i's'S
thingedrregiohst o m'@rnc Wftreualtowmgmnfﬁwhnngms & ¢t 4 d:iryd ddpthinnedhe

ons d cl ea 30 An optio ubse uent
LT oo abe e e ot TP o et e
baford) ag@Ihd r@ulting ci&lit, Biolubing b&ledtiQE AN 310ns 43 riffedlci@n.
conductive bunp. CNer-pIatlng can
An optional subsequent step is to over-plate the conductive bump, for example

with gold or nickel/gold, to form a “cap” 123 on the conductive bump. Over-plating can

14
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of the portion of the bunp protruding fromthe

WO 20054l7es3bric filmlayer. Caps forned accordi RGTIUS2608i081341
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optional step may include portions 124 that extend
outward in the x and y directions laterally to the
VedckdaSithe &% 8t AE pdrlich BURPbUNEISHRudiNERh GR dla&tﬁc FPRNS. Caps
an axis substan?lal perpendi cular to th I 'ane
négroned aepofdiigto dlfis @m@n@llu setpauayrincdudeiportiona 24 that&xwhé outward in the
ext enen

)>(( aﬁ@?gﬁfcﬁgﬁ%’ lafa%&zl ?%%IB géslrﬁ{:ele] %glls épﬁle 8hr¥18 L{Y] erey ﬁlé:gltams means an
f |ak1ﬁpulxa&nlldllyl13stpﬁmiladarlw] theipgne of a mijoesufaes d)fam)dhel@ctrlc film layer.

pattians, hol ce to tect themfrom
i kst Buflete Mar BT it SeReRisd ke e naedgnsides

I of the dRWatricITili| & 111146trat-Ehﬁl Eighthi %@Bﬁer@ﬁplﬂ%ﬁfm&ka{old’\ﬁe bumps in
p%% dependi ng gn the netal applied to the short

pl

i Precthept Byma being Aislopgsd- éeonpycdive Beypparadeby Hisarashod is
ogﬁﬁwghqﬁ%ag uses a current density of about 0.005
lcn2 ( s/ft2) to about 0.08 anp/cn2 (75
anrps/ f T Cobé'ttlmsle oatrcnhtmngsnz daprendaig oo tthe30¢a! agpliad to the short

ﬁ‘% ed %&@Jl k)ﬂgecﬁgﬁe SF(?t %Hq%lg I’yb%& IS%E%&Q\;CW%;%?I u?eig current density

anpahofit Q@Oﬂa’enpm 5 atnpsrt®)26 Gban6L.0& o pimB (75, ampatid) tidtweeaabout

t d oV ses a current, densi.t

0201 SRASPRUSHIE GBS M et G st s il pfh g o
(400 a7 tb 2houb @ 0NAMP/cAP (R0t anF/E Ftthvéh Abbut 36€ arfiabout 50°C,
al t [natkye process according to the present invention

i anq i1 ofdpflgadRy ehplaiepses aenrrebidensifyjaf abgub § 94 ampieyt (LAeagnps/ ')
USd db8ut®. 0P8/ e (40 @inpRY) beRREEMbuPS 5@ a!néim{ut Sbocret al

as a backstop for filling of vias. The pol yner may be
phot or &8 plgmagive awyesg@mrdnsaﬁoﬁ@mr@semtonvenwnu wsiryted by Flgs 2a-
Y

Dok P8 s L EE L FhmaTib B LSSl

I agcsstomfor hlinegl of 2@4 Blua meﬁnes mdlg be phitbregist oa ahyagytRér saitable non-

B 2 BunE A Rl AR AE e 5t S B B BELe

eqmtebiall Hpthating etayer ofiniegal DBf SrO6heSide Nsudl ad B HARE A@tCAL 2HP
drilling is used g§ formvias 218 extending throug

¢ RVYTIEE lpnated tit Eysrat conpsr tpicaly phorklitg ﬁwaF%ng giscr blation

Fet 4 RGlchHolBlh AR ﬁfethoa sﬁir,@nscﬂs fEhanicd cg'ﬁ @E lseddo form vias 218

pol ymer layer 216 is applied to the side o {he

dPeenséerthiough thet s laygrpoatériab as anstmmdeuh FIlmZbr Foldewing formation of
I l.icat.i h

S LSRR e AR PP T e i

P om?suos the) mamlinyerees ihaswiated 1rS$i§.|SZCa mplpaidnysrll pf t&ﬂ @&yﬂlelt ijibmcloses

surface the dielectric filmmuterial. The pol yne

0P G ¢ de s efsay progheing cxsfigp o agpmbstyngaly bandt oo

SERREGUR fHe KIRRAT filinONateri 2 P Fhptlyrdd? 33BSsch3§ ad Bb £ stop layer

belnﬁﬁdep05|ted as it accunul ates in the via.

£qugR! depRsifiongiephend sharsite maeriahbgingdappeiedaslitascumulates
deské {iR! eéoﬁdﬁcﬁ\téeseafn?éj an%o@Q) ip Ehg[; ?é%or}ll\fe& B &e@%ﬁ%ﬁ érE t(ﬁi arewous

chemically mlled cavities. ustrat ed
nefoggss with r¢garg to chemically milled cavities. As illustrated in Fig. 2d, metal is then
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15 WD 2005/ 074339 PCT/ US2005/ 001341 plated to form
| ayer 222,which fills each cavity. The pl ated netal

wOorenps/atassw cover portions of metal |ayer 214 (BSI/US2005/001341

shown), to formmnetal traces and other netal circuit
features. The polyner |ayer 216 is then renoved,

fiked @twmeysp&smg/htclmlale%%qw&mmle R ShdtImay! aﬁotcl?@er‘ﬁb@lons
218. The hei ght of the exposed tp surfacé 1s |evel
ofimetal {gyer Hdi(gprhown), thiers rr@taérraf@@ mdcothq;mal sznt faayures

illu [
L P! o e UL ORGSO Bl e
ibeétleoma 2180 Vicae deightt df¢hepaxpased setrhyurfancis lkobel it the meught of the

t a strated by Figs. 2f-2g (and
dﬁ%‘?{%ﬁlo %ergﬁffﬁjlﬁp%\atﬁ‘g\?@lfg 1“Gyer of dielectric film 226
may IFarthemrdtadstg of Mestruthie: tpfdineteohdnrdiveBi dﬁﬁvﬂﬁﬁ@ explained

nft al_|ayer, bonded to the netal with_an adhesive 228
Rsfow JHoyr v theyprosersdpndncludeprfipri intamedinte steps 4saHpsiiated by

mgﬁtzf-ﬁg &n€ phedaiest 2|iift XREVLr iaB@r AlaphLelim 2f2ls 'n{E‘y b? Rhihdi&

cover Tayer materia as illustrated in
ovkethe plted (andpati¢rned) stetadiaver, bonded . thfzgetah\pm ﬂICQZ(ﬁlB-‘OYﬁ 228 or

t
Jg%gtkg;féﬁgﬂg?tto%ns otﬁfaél ﬁ{él?eélct??t%l\{@t?l jcmbe %dc%?)ﬁet%ﬁﬁl lshg%letlectnc film
dnaylercotzea lper mhteiizined 1lhlsttaledj1mmjg 26 t he pr ocess
descr.i 0 CO atent 15
R R R e R e M ety
®@VEspriht Hagde LRdICEHGREd porlions bENBNEric Hin®hRBdrthEcover layer to be
material fromthe side of the dielectric filmthat was

tHinBRH A5ERIAE (R e Braces dpspribedkin copsnding commpaly-ousd U.§ patent
dophidatioPRb L 1023 46K, ’f’ﬂ%%lqﬁlﬁ%ﬁ&)&&b fhal BVe5iTbe BN 1B @eléc‘%ﬁglz €nove

to expose netal |ayer t hereby formng a conn
diglpdtragmatpr) ﬁ(Othbmdﬁ pf thg glelthh}‘ filrp that Was we‘ng\tsly Idesctr:@bly the

e L S L e

lb(ﬂaldmelﬂdthmebh fqmimmgor @anest surfhse MOt(khoNﬁen pige 2BNtIf it is not

ary.ch cal mlling re nts contain
LB e B8 S o e Gl P a6 oG Fogo e area o
tRO$AS S kiThy BeHooxkd &itB pRoteRiftet hanol ami ne.  Appropriate
sel ection of the bondi ng adhesi ve between diel ectric

fi | mdspribvhoessent wyepionexgaplagichemisplgpillinggeagarie ponydip gbout

g &i&b(gusfhg@%k‘lﬁg Sr PREAUS 6f 4% b@taﬁf?ﬁn Rae 58 26 e&lﬁﬁolamme
chem cal ling reagent. | ustrated in Fig

propriate selagtionred g h9f1dltlz1 adhgsieg b&eéwancshefkrcltrm fims lpncd/ldeh e stop
IE)LeL hgpprgt@yt's BXdeﬁlpﬁé CRSII{ f@%hlrgg gecgﬁse Etﬁ? na%ngol?/ec{'bﬁy #e chemlcal

reduction in ness o acent area
riill@lgeedgentc material. As the th| ckness of the

Vi e oot T FE tnarsal pRRn B rond Gt led cviey

iy uedul dEat (e @6 ks RV dGtch iRhEO&EssHP a§HéchPsiBas of NE
surface is substantjally equal in_area to, or smaller

dth{%ﬁtpc nengli Asthedhickgress qféhe dielectric film decreases, the plated metal in the

via protrudes from the dielectric film surface as a conductive projection having a planar
surface. The surface is substantially equal in area to, or smaller than, the diameter of the

via (depending on the slope of the via walls). Optional reshaping and augmentation of the



via (depending on the slope of the via walls).
Opti onal reshapi ng and augnentation of the 16 WD
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performed by application of additional conductive

material as described above. In at |east sone

erRef bARRLisn Ay bhSerRHASERNaph RAEH bORIiRRAARRicEmaterial as

conductive bunps protrudi ng fromthe dielectric

sypstipekabort e forned as the reverse image of the 5

pat t er ﬂleaq lqut%hﬁgg&b&dlmﬁlﬂp&ttﬂgh e?eln Xw%ﬁﬁotx %%Eau e the conductive

regi stration between e conductive nd

d ibeﬂngs:prptrmdihggren thesdleiembme fopfned ksethdsvarse image of the

format i i I ast nve

a Sﬁtlgegéeg dgeéec subrstsgatua ly r?a %% ﬁeétfgf“;“{?e F\%Cg{l Eh,e ecgncpuc 1venbumps and

S diefcottiededr Ry cdh@hmt:d’ ofathe BB EfolrAdtione THis idhaicB@rast to many
phot oi mageabl e material or printed sol der nasks, ch

oF?‘bVﬁn‘i‘%'g‘LﬁPP@aC‘%%o@é%lPa% eogreiE deatuesrounsied by S&elecmc

P &tabeRial) b B JusinpShe RNHMESANY MaRHARS pAMNEd QI€r hAkkslQhich often require

patterning the dielectric layer. In these convent i onal

afi? BREREProGHSHPE eneriar pagarning: threramdudtive bemps avdone faed

AdhiHE the Q 19et O ¢

dgsi gn1 %%)nstna ?egtr%t %fel— suf sgl&gﬁ%rﬁ{%ﬁaggﬁf@d&eé%ﬁn&bé gtratlon between

r e@i twp lpattqrmeml cpmt@ptacm@es offes agxqbllan areicbanlamves destgnl oeamtamts

su'lla 1 1§r|;]tt 0 a s 1&; ae 1|111r¥]nunrr(;:l feglsfrﬁtéonstelgr&mf nvent §1n€§/ B%OVSTat least some

deslbgcnmemm sf thapretent iverttlonRabistantialy efhaﬁxﬁmd the RecdTGIOhRity1@ of
g the resent i nvention has application to a w de

vAFTELS gfa"'ﬁrl nted circuits, nmulti-layer circuits,

f 1 exi bpgnaibumy |f6r§1aﬁ&dac@@rﬂﬂ@% {1 Preért UiehtiRShas h;;wllcamjnm&a wide
contact sets and interposers that require fine pitch,

hivgetaebnginged ciritsy weliriaxer pissits il qlwcws anftieannge rgesctures
Stlrﬁ%n%lgoht'a&%gts @mm%r@sérgma{ IQE&TPJ flirgg) t %‘mﬁgty 1}1t§?éonnect10n
structures including large arrays s uctiv
bampbilityHi Tk pesasisteps puttieadabovesdiow forpraodm oflging®d 2x structures
SRS R0t D ELAMAN P95 0 80 GRTR SR ot
c dexcalodds oﬁﬁa\admtdgmmmel ahheg mmhaclbl atéfdoAnet @sems, which
| anar conductive bunps ording to the esent

| RGRiB cBplactEyinedsss t g R Pty 157 R Rlagticghou R bumps
S efeling0GheGRetead ifvendordt | east one conductive bunp
510 of the present invention in an open well or
r eser vBigr Sa5i8@ schepgtic mwarepentatipn ofja sewprs PP pentaining at least one
r @Mdﬁét%tbﬁl:ng%rl'o of thad p%?é'h% ﬁr{vexﬁg)q i anng&h Wehl %r ?etseljvg §§§O HE. 5ais
conducti ve e present 1 nvention
ope«rhemhamwet68®2@lon Phesedpdrf5e9 annaembgawl%hmtenendmem ety 510 of

R ar B SR R SR e PRS0 B St n
C Op\dlLuhhnmEcd&)ﬂgmﬁtlon'ﬂ‘Bﬁe sHapelefthé mdentizh ynalde nﬁﬁe aiajectsio wRE

t hat n be uced _readily. by conventi onal
pﬁ’i?f"é‘f %Frﬁﬁrldﬁ NGOy ERE s Blesq WGF%W%W bepi@ay ehape Bikean be produced

( Fa@ily 2donventional photo-imaging processes including truncated cones (Fig. 5a),

truncated cylinders, polyhedrons, channels, and combinations thereof.
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30 truncated cylinders, polyhedrons, channels, and
conbi nations thereof. 17 WO 2005/074339

weDDAEA05/ 001341 The at | east one conduct i vECTUSD05/001341

may be used as an el ectrode, for exanple in an

el ectrochem cal sensor. The sensor may interface with

a MeasiLeRRR bnddMikBivé Bdthp MBP¥Esed b\ c1dPRBSL E&%xilnﬁe in an
el ectrochem cal reaction between an anal yte and

Hecigeliemiqahsepptit 8¢ sapperanaytinferface Naidra reqasurement dsvicg(nPoshown)
" REDSQhocflrREN N

bt RE S e Rl on UeRfichQRMERL 10 BATR R R i

thebdnsareamates.ne el ectrode, the dielectric materi al

surr ing th st b el.ective

i t haduombhe SRR WRleol sl Gy $RbY GrEFRts o in

Figd. maild. Hoheecarrea faut the dell afouhdide ‘éEl:tkode e dielzoup |rrla$elihal

otoresist is | ted to neta
ﬁug%frd"ﬁfh W%WEF Fegly lfegwwéewaf&af sFsaeine ths ﬂ&%‘f‘ﬁei‘ﬁé’f
thO8ieBikik $ilnk th AL AR dutkiae oLANAUEL Ty @cc@MHﬁsthi@ cd 1599 %ﬁplQ)Yoresmt
exposure to W light through a phototool or

ip i?@tlw@stp sretal ayeidd. dbe phaspressti then m@wa@q@ei@ﬁse the wells
t
a%&lnld tﬁ&d&n@ietﬁ@%dﬁ&‘%l‘é&fo*&t@{@ﬁ pos%% ﬁfﬁ&\@%}lﬁ?u&?n%%hgg%o] or

I mge of circult pa
mskc Thoplinsereasilis thmdevclanedt wign7 Yeaqusewt somtien efsodivaycattivpate
t al er 114 to uncover the

t?é%?%ﬁg%égpg %%%e?ﬁh?g“mnﬁm@%?to be 15 etched. The

di el PERMA- EfTUIhﬁomMabhoﬂﬁmldﬁEIntGEh theo by asd hxoétalt &yayQhe
olyimde, ¢ e etched usin 35-5 KOH

Eodi PotiSin T s bi%ta e anagn f B AR T tobe

SR UTHd di@lecth¢ TIPS whidh can BETIAPaboIRafidnie, JYBLHRRIAE [ERIHES be

the well and exposes the sides of the copper

pl ug
qighsd BHing 3 -ALOWKQH sqlpien ot 4949 frgo dorehp el pigmd the conductive
RhREruding to a height of 30 mfrom 20 the polyinide
dielectric surface at the bottom of the well.
Addi tThisrpartiabeipipes mathpd preated the well el @ilpb&ghthe)sidemftbawper

;{h& pl%%gI n tﬂ?(\r’fggéusb ogmltag gfcz(g)rpg} By rs\}télﬁnllgr,:té;?%g &gw from
the pmymsdzaaﬁeedtmiuuﬁcm tltel‘dbttblhld)m tetvetl. Aedigoral 6dp§tamay be plated
sho in Fig r. the channel shown in th% and
' é\%é EEREGIE H‘&Pp dehfand o fomug gap tp fRcresss that ﬁlzs,glgle%ﬁrby
d.frepariginal dielectric film The conductive bunp(s)
naybe of any shaE i ncluding cylinders, truncated
conedhe pell yiae &e ohany goven clard umaldmgrﬂse trinsated fone Tfrastum) shown
end t h

1{1‘) ?‘h%g& 81?%&&{:12 ggggfi%cgrgm\%%t 1 he S v r% Xeé)ﬁ‘lxtsl?t 1SR, R 7t5 IEof the
tUiiCbiee&:(tfrth&:orfglﬂaﬂrﬂlekdlducﬂlmn &he nmpmellve beyip(Oempit lﬁHcﬁ‘dnif shape

t he bu for

e oS RS e el o eiieaps o s Seieht of

t]‘mb’unhﬁ Wi gere@dllylR¥tend to the plane created by the unetched surface of the
dielectric film. Additional copper may be plated to slightly increase the bump height and to
form a cap on the bump. Alternatively, the height of the bumps may be reduced by

performing a second metal etch step.
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30 performng a second netal etch step. 18 WO
2005/ 074339 PCT/ US2005/001341 Fig. 6 is a schematic

WO 250388 ati on of a sensor contai ni ng conduct PUBURNFIEN1341

of the present invention in a closed channel. A cap

| ayer 630 has been added to the surface of the

di el g féiis aEdHefﬁ‘aQé’x%?re@éﬁtaﬁBl@ bfeﬂseﬁn%&ﬁémmgb&ldaé@ve' TRAUBE of the

may be a thernopl as Im a tape or adhesive

Praspel Inveptipe in dedesed ekanndlafvicarle 6ﬁ%hasﬂveerf #dded togthe fuafeee of the

d

BheqOERPOAY ik slfdohfl, TELE, GO A BHE N T s ape

ylhfaivs dayeh & hatidhesibagy daminatevkto Ithecﬁrstrsesfewewf ittre, cosdichiveailm.
hown i.n Fi.g. 5a. ln.addition, _whe conducti v

e PR 5l on i e eWis® fegueR i bhighss P B i

tee adagl dv@yawvell bh@seredit) @wﬁtals at MYvASn N5 €h edifién, when a

structu ggort for the ﬁap | ayer to prevent it

TOPgHivE W%B% el e ! thatas merésléwaewlapﬁro@éss

domfudiek bitBpstaf hér@éléststrﬁ(fturtahﬁl B8 the E V1 to%}ex}eﬂpllt He@s

the follow ng. A50mth|c APl CAL HPNF pol'yi m de

@lansietor sagefiel m from Kaneka is provided. A first

CoOpPey SEMPL 6¢ h

Cher oo GERPaLASiest B RKhE FLACkQAIR hecchMenib e Gy e

felpwing! AdRean ﬂI}CkaRIQALle’d‘ﬁhp(ﬂmpmrdl@éCaﬁd ﬁ]lga filgam KKaneka is

al ly, first,
Rl it PO PSR peB B o Ber i iy oot Dl i a
tﬁﬁlﬁﬁ&$ taggh dTeSD@0e nhl) &146POBY fitsPflasBlcofgReplhiikgSitp 16 AR thickness
eed | ayer. Subsequent |y, photoresist such as those

%f\?ai } et Qplm’aé)f afiy chiogiger piskel-chgmgicdgyer SRR pachymM
[ unnet al | i zed)
e Ut
pat t &uh@duqnéy,délﬂtomlst/suah @qatememgslabgc @d@dbamr@em@rne SF320 or
t. 1
40 BT iy G T BRI AR 5 b BB oty imice
fHod ﬂihmphambsxsnat patteﬁ”ledltd ddfine via@petasdsbedxporB@ao akratibRt (UV)

s ar e y cal |y etching
ltgr‘?gth @FRF%I%‘O? e S ol o o et Caueniy ssbitigos
déﬁdn&ﬁfb@hdlt@fb oﬂfeﬁﬁlt}ﬁ@ezhtéd ARG HedidaBe@ VIR-BSformd s
first flash copper éer serves as an etch stop for

PRBICEHET thepelmnﬁée m frpr ity peggnd spicusHIGS 0T KOH solution
Hed%&o d 8m P&%Ye%% 70l &t T}D:Qiré’t' fish @Jg?er%y%p @ves%‘? etElhﬁ?% for

vias are tornmed, a second chrone
Bpehemitebeiching of thyeias. The elen@nsjstéaydels ofmaviee afhalths msobee etched.

film I h
rang sy A I el relbdt SRE NI R 18l S ab R A oghe
se¢vad sulpof the pekshrmm Hint heclmmg)mdha:\ha opeRirigh)ao a h}ﬁM&xésstrnga of
e f ab otoresist is
PUCRDRES R 5 PRErpCient Ry ek MR Sva Merond shiogsce
lmpwthﬁa&ds of adyersoi®mophat ed wi th copper to forma
second flash copper | ayer hayi E% a thickness of about

A photoresist is laminated to the first flash Cu layer and then, second copper seed
layer is plated with copper to form a second flash copper layer having a thickness of about

0.5-3 pum.
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Photoresist is lamnated to the second flash copper

wO 20080743800 patterned to define circuitry (circrRi1/US2005/001341

traces or |eads, bond pads and the like) and via
entrances by exposure to UV |ight through a phototoo

or MagkKiordsRER 14GHALPLRARE Wbdda ﬂéga/e@g&qsw aMa&Eﬂn@@toQi‘eﬁne

sodi um carbonate to obtain a desired i'mage of
dicpigyi(giropit raees oF Fadspbendimadnand teolpfiseand \da erttrances by exposure to

or %ﬂt{ tﬁl@lu?flﬁ £ 09&5(9 otr Hﬁsl{' gragveﬁ(l @& Umﬁ 99‘% aﬁréo%( ?cgutﬁo% of

circuit s and copper ugge
sodiutrhdadionats gedatmﬁ a gdbxingd ir24ge 40cimuitdy mitbrt A dHiGbna obpiter Bnhen

e?%cggglg'%% ]pntf) hltlﬁe sg nI% dé% ngo\éle)?rtl?y% E)Ro {hg 1ngt0ér%1rélgp1a<?soz;[ng copper
mug&habk&t&@mEERNBfﬁiﬁ}mfapthlectrochen1ca| Inc i's
then used to etch away all exposed copper on

si de %f utg ’ﬁ@HpSGWPﬁ?H%S fody/essf F moyy the Bhgtorgeist fiﬂm pqik sides
it BéledtBE BIm. fA In{e'tan gtcﬁzﬂ@a%'ﬂ%lé ME:FQ\/IW ETCH %&@e&ﬁ@hemlcal

top surface of unps) on the first side of
Ig¢-eis ghenuped tasigh d?vssc¢lb@<@0te|d iceRriet on betl sidesoof tlnmlssmmndveahng

fég@gceocrf t}retﬂ?ﬁed)ﬁ’lla%i ﬁ'ﬂlg§ ngl ﬁal (9/?1 CB 'vﬁll %%R‘%%he tSp strrf'lacé of the

connect w
haintplk) @athe ﬁrswmaef‘rthajdmlleagc aﬂtbdlmmcurmltpﬂaadslonghmaﬁﬂsme of

O S S BN LT
»pmostoeabomﬁr hl&y@nhé@ichmwdngnyrowsﬁl ectric etching of the
entire first  polyimde side u3|g$?35-55%)KOH sol ution

ot 70 ehseoreistisdamiae fihe FRAPFIECISBI FiierPritie ppqopd side of the
didleek@sSasfa R Ve ¥ g\eﬂfoﬂ@&beé%ﬂ d;é‘i%etaﬁn?&cﬂfé entite fist O

a final thickness of about Alternatively, a
pobdBilg sidgpaipg &3-S phdtQ salitign ama@r%@ tappslucedhe entire pelyimide film

iekds Ak B e i et an S BTG e Q0 o
ﬂ'lteenaltledalg,l’u' seodndtléyer o:mli;pﬁxres\st Maehd dp@llé&ﬁ&hdl&stip:r}?mgig @Eﬂg rand
HirmEPa PRt e B eiriehuine e Retie Bk o SAf ace: "

t h I OUgB heipit@f (HREBHIRE MY e f@inhidl GichRel umu&gepdwnme%mmg
are connected by the copper circuit 1eads on

‘erereéarrt30gimyiall coprer buppsvotigmest dfdheectahap svlamlfimqrf;acss@rmgh
| thi.ck
tgéﬁtletgﬁﬂlm& ol eCtHl(ﬁ( é)%f};nﬁl’d@fﬁﬁg (? Xre 08 %ct% i) %h(ra] %Hp)})ebclngculq ?eaﬁs on

tri I ona
thd atced side All capped bunips hamnMﬁammmlhaighh ehiphtis defimined by

i he. t .t h' k . 5-2
T R G= oE R et e disgrab OB apeaite] frsbenty
iR0FR06 B bGP MElphHAlTRo fofR AR inddéaGikg thebhf BITRAGs 5b.95 B8R

contalnlng about 300 grans of nickel sulfamate per
| i t epubsgguently, agvgks! lavar maybepletef gpto thq)exaoqeﬁuceme wnppfrom a

x@&@%lfg‘mﬂk iscgktg@ 4o¥taﬂn%)clbgutsjl65 5?#"3 olfﬂl)’(:ﬁé’l M8 ;?et %ger, at 20

onto the n ayer roma cyani de SO
apps peri squang faabout thitknesTofapoatBnee. Bihaltyad gbld surface layer may plated

onto the nickel layer from a gold cyanide solution containing about 1.7 Troy ounce of gold
per gallon of ammonium gold cyanide solution, at 3 amps per square foot to a thickness of

about 1 um.

20
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anps per square foot to a thickness of about 1 m 20

wOD0200859074339 PCT/ US2005/ 001341 EXAMPLE A SBCTIUS2005/001341

polyimde film avail able under the trade nane API CAL
2HP from Kaneka, Tokyo, Japan, and having a 3mthick

| ayer of copper lamnated to a first side of 5 the
olyimde filmwas provided. 25 gmdi aneter vias were

gy&ﬁﬁﬂ@through the |ami nate by ablation with a YAG

| aser v

vac o 5 B BB Bl e RRN AU Thelads nké RoRe RLAAE ol

Iéandbel E)Tbk)tohlapdm ahd bdvnngﬁ 3plnil tkmck\Mtyiecbf coppaydaminattd tocif@stesitd of

Bt PR PR o0 L PR R Bes R ey o laminate
l@@alaﬁ])anﬁh hIYONG EkecAr 380 he tiyeralf phcﬁtﬁreslstl\(ﬁpj 18 pl@vldﬂdaiyn

plied in an inmers bath to the v
Nl Q"%?}B%q%%wpplgﬂ R IR Pt giclspric ilm, which
dMred O 8d §Ha ot@R iAMANhEE 00 susPGisioh Bﬁéarl%nda@ai@d‘ble dra&r the
substrate. The photoresi st was patterned to define

(e pame SHARGEK CRRID SGBRE G @bk QWS o Elasesorhymisab b Hapls
BB AN QL Slpoli an o iARersloN A0 oR \BNGRAA! or mask.

and 75% aqueous sol ution of
sodi @nbssaudndnamedqhuompbtamrmf phmordsmwa@ dhniinaterborothe first side of

tﬁ%élﬁ)graltte ylEhe é)hﬁf%%etsg \?'as d)%tt%rg% O r?ekm lc?x%%cie% ancf s&)?gete tl;:ebﬁres by

teingrexpdsed S)a&tda\dlcﬂgthUVD t]]gfﬁtltlhrbughhzq)h‘ﬁtoﬁ)o&i Bimbsh{ Mdathdr ROEoped
Vlgiﬁ on the first_side of the lanmnate.. A.dilute KOH

% Bea SaOT OGRSl (P Birdgtcelgae of circuiry

RRehOA8S ISt thidkQier @Mobge‘i wie theR Blebthplpatt rd2h Re&bper sulfamate
substrate. PERMA-ETCH from El ectrochem cal Inc.

solvdian ove thegeqst layer sanl) the i anfl Sarm actersp byero thyBrst slqiesqf the
1&h@geand about 3 mthick flash copper fromthe second
via side. Now polyimde surface was exposed after the
firse @U@eléloHapb&lpn ptetyom e % was pﬂwdttcolreewsthe whetoresist from
AR e by b, PERRAE LR BRERE Fn Bl g us

tf) elch ewgcthb flaghaloypairion eqefﬂri;tmdetaﬁdwmgt YginngiclabahtcodYikiatthe
sol ytijon, at. about 90C to reduce the overall thickness
SS?OHE Siaypids eV PPIvHOr Siase et exgeseAn sy thofinghddad copperyemoved.

A PHotétdif WA Leni R ACR % ﬁi@t%%%%‘fﬁm%%ﬁgte'hﬁ&ihg% cREAVEAENY
an addi tional _|ayer of photoresist on the second side

thfreante Prpfict Bie disy Slgle,tfgltlcrvmdéy phvigide: ﬁlnaﬁtshlpaww shongd 86 KOH
%igﬁﬁ%%&@&t%écszo thRYE theloQerR &Q&%sss%%‘g&mu&evﬁl L0 ggou)t 50 pum

in selective reg
td Bbomt p@Ajiuli @An em@imrmgosdsegeqeemesaﬂh Inblﬁd&bﬂbbﬂiﬂg&h dedifiénal

lztin?:re ofC p%pp ?ersw% I(;]r‘;Jl the 2&%115) Se ofq{lg Igattemed substrate, imaging and patterning of
the photoresist layer to produce partially thinned polyimide in selective regions as shown
in Fig. 2g.)

This partial etching step exposed the bottom side of the copper that had been plated

in the via, thus forming a copper bump protruding to a height of 30 um from the polyimide

21
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30 in the via, thus form ng a copper bunp protruding

to a height of 30 mfromthe polyimde 21 WO
wWQRoO05/0034839 PCT/ US2005/ 001341 diel ectric surPEDES2005/001341

(Addi tional copper may be plated to slightly increase

bunp height and to form nushroom shape with about

dlel&trdc fiRfatd) (Mabi@bndl BB sSbe) pl:ﬁétbﬁ%ﬂ?‘lﬂl}tlh&eas@ bﬁ:rlﬁﬁ hei¥®3nd

pI ated onto the exposed copper bung roma nicke

tg fermamesheoosbihapd with aloub®SImpsingetpal thigkease) f oot to a
t hi Cﬁp@i}gﬁl&} ?I,qp&léfw%;gs]ted htd" €l (gcogﬁ& h@tﬁ% pnto

t he om a gold cyani anps per
s quamgkelfsolfimaite sautidni at Rh&ss mf scmbmfbotlo athidknbds o etsouod um.

rra duc . C er b flexible
Fien R ow BRAoR Y BF7 BRG e Srg 1fwioprebs egat per square
fASS6 h QG e AP YSout B Adluaiket Sfasraysfdf QBﬂ(ﬁ@@\!&tcogﬁbr %&Qs ih
to about 125 pm (1.25 vvere devel oped for bunps

ﬂr&?\hlerfbelact% fit) warepresiursdeusingithranrogssmgsscrivad pbyed Bamp diamsters
fm AR5 ﬂ-rli_‘lqo 95\}11%1& Q%M 25tp9n ﬁ%ﬂg&ghe?eoo% ;ge% er

wer e roduced stantl a nar surfaces t
hafihge ewndtctaprgﬁle Suhefr Aumpdlraemg dfapretecooftahedt 160 1 (a0 mng) to

SOBFFLA A AR08 i A ARG RS
SO v

ledeersurfadeiangs fdeomwe Wﬂlaﬁdtlﬂg c@ineqlors. Spaglafhgheisee form the

bu , r. S |ze or shape, varied from about
oy Pl ﬁ‘ﬁ? fygroglier LG B £ RARE thEp R e St
ﬂb&m@@betﬁéenslﬁlﬁﬁ)% AegdddBR oBEiEAY sRAPIPVRR WM JBBRSIYS @ith (1.25 mm)
t S| ng a profilonmeter avail able under the trade nane

SG#814?- Y880/ S| oan Technol ogy, Santa Barbara,
CA. By 'ﬁ‘é%ﬁ%f‘%@%’ﬁl%ufngqh%ﬁgleg Qaf %mugumel g wﬁloﬁaa

flat dielectric substr face. Pro r scans
avgykable| ualerithyptrasigmpme EYAKI T ﬁm%bmlbm@cnmlm §argd Barbara,

: 0 It w.ll reci at e

otk Eisufvbl AR Fil v el P GRP B Sl
sprigse Rtofilahaed soms ifer, flac toprgmp sﬁfﬁp’leil@vd’im’de)uh@ Héfgﬁts of about 25

H@O%I mePt s disclosed herein without departing from
HH ¥t and scope of the present invention. 25 22
WO 2005/ 074339 PCT/ US2005/ 001341 Cains \What is
cl ai ged_i s: rocess faor formng a conductive bunp
at t a&el b@ap;gecdeft Betheseof skijl iR thgaqté]’nat in light of the present

disclosure, changes may be made to the embodiments disclosed herein without departing

from the spirit and scope of the present invention.
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process conprising: 5 providing a dielectric film
having a first side, a second side and at | east one

WO 20030743391 | ed by a netal plug having a pl anar pearfsaes/001341

20

25

30

exposed at said first side of said dielectric film

controllably etching said dielectric filmfrom around

said planar surface of saidcigpisal plug to provide a

dielectric filmhaving a netallic projection

pMBetisdlaieedibier ef rom 10 2. The process of claim1
erein an I

\gﬂ d the A@‘é @t—%ﬁr @% f(\fﬁrﬁl?ﬁ %%o%glgég\l\ll% Gtggly\%&nagg%gg dw:l)écﬂg:s‘ﬂlm said
mbpwananmﬂmmalllc prOJectlons 3. The process of

claiml

o1 uge BRTERE T@Mehir P P Sebradersraortat? ailedpdy

ofilledtiyad thétal phuighaetgiaqiisasiuifacibxgedd bysahl filbialid@aif ki€ dielectric

ng k. 4. The process of claim1 further conprising

d B%S|t|ng metal on said netallic projection to

Pr oduc@ntéll81yCRdHiCIal dVdRel BIHPi B &R dici8d Q4 pififia? BUrPARL df said
netallic prOJectlon to 20 cover a portion of said

efretabpfug yralide 2 dicleqtrg filp havinga wetallic gragetion predpding therefrom.
said dielectric filmconprises a polyner sel ected
fromthe group consisting of polycarbonate polyners,

| 2qui dTtemyesesd of ghiny revhsreamah arppbfjvind ate fidabeitly merabplugs and the
po(f &rﬁg%‘c{]egchg%r}%g%é% an a?r‘?i%gtr Stla{nléll? rtggtrélfglg plrJ%r]léctt i3 I n t he
mherein said liquid crystal polyners are selected from

oup con ti of .co rs co njn
b ey RaRER B S R A AHeTERGY CEE1 Grarel i eia] phigignd the
pcéimdnapetm:gz b d@GinGrrayp Of BetalMEpRRRB4I Edd&hded by a dielectric
PCT/U82005/001341 7. The process of claim5, wherein

sg?ﬁipolylnlde copol ynmers conprise the reaction
product of nonomers including p-phenyl ene
bis(trinellitic acid nonoester anhydride). 8. The
pfocesBheprocgssaif glaim 1 \iiéhee fomprining depnsitingIntegdd oy sad ofstatly

fglja% (#netl) E)?qd{lzaa sald c!o%%l%%g‘ Fd”}np ﬁ%&t‘%:a%g?%% m iuldl n%lhﬁ,]prmectlon o

proeessorodn azﬂsandmtcﬁed whfacei n sai d chem cal et chi ng
reagent further includes an amne. 10 10. The process
of claim9, wherein said alkali nmetal hydroxide is

pot assr Hél'ﬁr&yﬁrdf&iadﬁ 1, wherein said dielectric film comprises a polymer selected
from the group consisting of polycarbonate polymers, liquid crystal polymers and

polyimide copolymers including carboxylic ester structural units in the polymeric

backbone.

6. The process of claim 5, wherein said liquid crystal polymers are selected from the
group consisting of copolymers containing p-phenyleneterephthalamide and copolymers

containing p-hydroxybenzoic acid.
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and said amne is ethanolamne. 11. A process for
form ng a conductive bunp protruding froma dielectric
wo 2dosp74338 d  process conprising: 15 provi di ng BCT/US2005/001341
dielectric filmhaving a first side and a second side;
applying a stop layer to at least said first side of
Bai d gl flo8&E bf Qaild §, WheR s‘luﬁiogy@mid@)é@]golyrﬁ@ybﬁﬂprﬁe the reaction
underside in contact with said first side of sa
niipdueqfmdnemers|ipgluding prokrgylanclis(iringellite aciemenasptercanhydride).
filmthat extends through said dielectric filmfrom
sai d second side of said dielectric filmto said stop
8. ayerT he Qlfbud;e pf)@altn hgvlmwnthatdtqov@olhhb'@mhaig stid dicdectnicafilm uses a
ond u ying said stop
emlc? r?l i rg%ﬁe% l?cq sltlg 4 @(a\{l pey h?'%m)g'}ael ectric filmto

expose a surface of said conductive plug;

cont | 1 abl t.chi sai d dj Iectrl filmfrom around
%ai d g%ﬂ‘iﬂ’ﬁ%‘g Pg%lalm ﬁgvhgﬁmsa@ec empigak ‘ﬁ‘ﬁﬁ%ﬁ?&i%@%“d Y san
dag protruding fromsaid dielectric film 25 12. The
process of claim 11l further conprising depositing

netal on said conductive bunp such that it extends

QUt e ﬁro@&g OVCIQH@%HeQﬂﬁsaIdOaH&‘H\ﬁ%taI% 8Lk %rbo@afsmﬁ’lﬂ'h%romde
etched dielectric surface. Ke process of

anfl adigremmewheshasolamane. ar r ay  of caV|t|es are filled with
netal plugs and the controlled etching provides an
array of co-planar nmetallic projections. 24 WO

12005/A0pt 4239 foP (Mg 20:0bd (26 13kinp frétrudiiefr@h @ désetriaf film, said
claim1l wherein an array of cavities are filled Wi t h
HMEELH OPPUYE8and the controll ed etching provides an

ar r ayrovfdinped @bletsic ﬂfr@hﬁ@ﬁg DSt Sderah@ W REREd Bile;a
dielectric nask. 15. The _process of cIa|n111

wher &PRIYiagp gtoB {2y tpagﬂé?st paid fé\rShSé%eafrf SP‘QMCCWHFGF‘IWW stop layer

}famg §§ §n&%§sufe| iR kol withiSH %k&‘ s@@bﬁa@t(ﬁ)@edtﬁy fim;i S @
| ash-pl ated netal | ayer. 17. The process of claim

11 Vitrenineg ancag iy oh thié dicleettie flbn fhiat entendnihrdugh said disdsicyriediim from
s§%'s§c°o§\891de Ef%ﬂi &E‘lgcnqé ﬁHtho éﬁ&% %tlJil yg of lTiquid crystal
polyners, pol ycar ,

ona yI’'m de copol yners
i ncl dehosging asigloxylei mmate sl ®rfosi 4 uaiductdde plugiin said paviite

polynerlc backbone. 18. A cess.for . .form
Cont G T B TIPE PR SRR G & BCIEBTPT B fy fypose s
safthdd of 36d parRAGass ph@pri si ng:

controllably etching said dielectric film from around said conductive plug surface

to form said conductive bump protruding from said dielectric film.
12.  The process of claim 11 further comprising depositing metal on said conductive
bump such that it extends out in x and y directions to cover a portion of said etched

dielectric surface.

13.  The process of claim 11 wherein an array of cavities are filled with metal plugs and

the controlled etching provides an array of co-planar metallic projections.
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providing a dielectric filmhaving a first side and a
second side; formng an opening in the dielectric film

wao bms/osssends t hrough said dielectric film freen/ssiods/001341

first side to said second side of said dielectric

film applying a stop layer to said second side of

said dielectric filmsuch that said 20 opening is

closed off by the stop |ayer on the side of the

peniThg peedgsacbelein hleWE@@@ ARl arsdydd cavitidsareliedivothretel pdugs and
tﬁ@(yc; HX ledde%?)? J)\H@es%g qu}? (‘fdJ n\{%alfmﬁr% ecf%ns gl?ﬂéu%d%ﬁ lgy a dielectric
con |ve I'n sai d cavil novi n top
maWer fron1sa|d second si de of said dlelectrlc filmto
expose a surface of said conductive plug; 25
controllably etching said dielectric filmfrom around
1$ai d The padest b¥aipl LY whedefnagid stopQaylePis Angetd] dayepnduct i ve
bunp protruding fromsaid dielectric film 19. The
process of claim 18 further conprising depositing

15et alThe Prosétk df AHRAMC Wh¥Rin sRidR pIMehisiRth-biated He% ‘fja%/er

out in x and y directions to cover a portion of sa
etched 30 dielectric surface. 25 WD 2005/ 074339

£ RIRELOOR 2 ap T AT, B AR i
fcdmeth@(gmup@bﬂlsmﬂmgbﬁlhnulrgcrpstd\pptyesrsapnlmart@yates‘ anxbqujnmmxr

I
C Wﬁolymers chudl rgrca}bmé}plc egger %truéglraéﬁ%x?scuel Se éjg y\Rﬁa{lﬁlb%}l)grlxe

plugs and 5 the control |l ed etching provides an array
netalllc ectlon sur ounded dielectr
sk A pocessy g Fstmiteacondienss by “Pﬁ%““‘ﬁ%%&@}‘ﬁ dé“i‘?ca"%t%@psald
Prédésy col rlgvﬁolymsr resin |layer. 10 23. The process of
claim1 erein said dielectric filmconprises a
pol ymEviding adieleeiric film hevitgen fisouds a8 Astoond pige;of

pol y?(ﬂ{rmto%eﬁgé WRE §1ele HO W o] $3&ak tmgmﬁﬁiele%ﬁfi film

pol yi m de” pol'ynmefs 1 ncluding carboxylic e
feann sped ﬁusa$1dqm|salé smond kide pﬁﬂagdrrberlumlcbﬂdokbone 24. An

artlcl for an e tr necti o et ween
at | e%r)s¥ln%\a 58 %d Comi 1 gen?flcs al‘(?:}c()i F?g%:n{}le n‘flm Suglhﬁ‘ said
c@emmglselasmmﬂf b}BthB gtop dayet @l e tide of the dpenihgddjagenathk isécdhd side,
tgiqyf a .second side and at | east one netal -filled via,

PR UPRREARE fi I m further having an etched film

por t idepdsiing adndubRetmaAdialitcf tof®h cSldd@ive pRigdn s 6hgg; film
portion including an etched surface adjacent to said

met arerqvinesaidsop laven fom seidrnenced pideohyifslidsatiantiinngg expose a

sggmgggséggﬁh§ahgpﬁ% | east one netal-filled via at said
first side of said dielectric film said conductive

b unp cprtepllplly aghiak eadd dielsatric didm Mot daraumdtseid conductive plug surface

to form said conductive bump protruding from said dielectric film.
19.  The process of claim 18 further comprising depositing metal on said conductive

bump such that it extends out in x and y directions to cover a portion of said etched

dielectric surface.

25



20

25

30

one of said at |least a pair of electronic conponents.
25. The article of claim24 wherein the conductive

wheupoessends outwardly in x and y directi onspET/U82005/001341

said at | east one netal-filled via to cover a portion

of said etched surface. 25 26. The article of claim
2 COMmpiptdEtRGf ARindl § FYerdih a6 AP} GMEaVitiGREIHNd With RBEPRSugs and
é?. The article of claim26 wherein the array of

b entetet cteipgrRievifsensirab of corrlanag etalis paiertioys. t he
partially etched dielectric filmthereby formng a

non-conductive mask 30 around the conductive bunps. 26
21. The process of claim 18 wherein an array of cavities are filled with metal plugs and

the controlled etching provides an array of metallic projections surrounded by a dielectric

mask.
22. The process of claim 18, wherein said stop layer is a polymer resin layer.
23, The process of claim 18, wherein said dielectric film comprises a polymer selected

from the group consisting of polycarbonate polymers, liquid crystal polymers, and

polyimide polymers including carboxylic ester structural units in the polymeric backbone.

24.  Anarticle for providing an electrical connection between at least a pair of
electronic components, said article comprising: _

a dielectric film having a first side, a second side and at least one metal-filled via,
said dielectric film further having an etched film portion on at least said first side, said
etched film portion including an etched surface adjacent to said metal filled via; and

a conductive bump extending upward from said at least one metal-filled via at said
first side of said dielectric film, said conductive bump providing electrical connection to

one of said at least a pair of electronic components.

25. The article of claim 24 wherein the conductive bump extends outwardly in x and y

directions from said at least one metal-filled via to cover a portion of said etched surface.
26.  The article of claim 24 comprising an array of co-planar conductive bumps.
27. The article of claim 26 wherein the array of co-planar conductive bumps are

surrounded by the partially etched dielectric film thereby forming a non-conductive mask

around the conductive bumps.
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