18 OCT 2006 WO 2005/ 074339 PCT/ US200/ 001341 PARTI ALLY ETCHED EI ELECTRI C
FI LM W TH CONDUCTI VE FEATURES 5 Field The invention relates! 8d0idflation
of connectweoeovomducti ve features on flexible printed chPcTuist®soyispartially
etching dielectric filnms. Back round to An etched copper or printed
conductive circuit pattern on a polyner filmbase may be referred to as a
flexible circuit or as flexible printed wiring board. Originally designed
to replace bulky wiring harnesses, flexible circuitry is often the only
solution for the m niaturiReRTHLEYETHUENDIELREIHIE FIDM current
cutting-edge electronic assenb &% ' i and ideal for
. conplicated devices, flexible C|rCU|9E@Lsfghh§€$%?P§%§ range 15 from
si ngl e- si ded conducti ve paths to conplex, nultilayer three-dinensional
packages. Commonly used dielectric filnkp e materials for flexible
. el ectroni ¢ packagi ng include polyinde, yester terephthal ate (PET),
random fiber aram dy, grw@ntmlrxmeglw fornSdBbR bf QRnecF2RGRIRCHVR 1811@6d bPMdGhiEdevi ce
design create the nee materials wth properties or design
possi bi lities mutggagsiisdypesialipeishipg ditleeirinflshse perfor mance and processing 20
capabilities. For exanple, a lower dielectric constant allows faster
electrical signal transfer, good thermal performance facilitates cooling
for a package, a higher glass transitiBatkggsundel ting tenperature inproves
package performance at higher tenperature, and |ower noisture absorption
| eads to ¥ignal and‘ifAthgd 5?%@%@1%&(1a9ndwptg‘ﬁérrcuamﬂﬁﬁngwérpo ¥mes Gl Raseaxy 25
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fulfill the requirenments of conplex, cuttlng-edge el ectroni'c assenbli es.
The film has elx:ceﬂacehulky pmmmmnee@s dlgxthlezgctime srodten Qteablylsptuymaﬁmtheow

dielectric constant. u sta prese sui tabl e
materials as SUBSFIZFY nqi}n ?Vleeﬁ?tﬁ' %doglf%gﬁrlretm (CH&:P% e%ge’leﬂ;}gngr\'/leasselﬁghﬁ

frequency perfmmﬁt@ﬁﬁ;exéhowxdéhl ﬁireﬁmﬁlﬁcﬁteﬂﬁ&ﬁces&lbdlbﬂm&[ut desigi dohdioAdrandept i on
than 30 polyimde filns. 1 1 2006 WD 2005/074339 PCT/ U 52005/ 0013. 11
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under the Commonly used dielectric film base materials for flexible electromc packaging
include polyimide, polyester terephthalate (PET), random-fiber aramid, and polyvinyi
chlonide. Changes in electronic device design create the need for materials with properties
or design possibilities surpassing previously attainable performance and processing

20 capabilities. For example, a lower dielectric constant allows faster electrical signal
transfer, good thermal performance facilitates cooling for a package, a higher glass
transition or melting temperature improves package performance at higher temperature,

‘ and lower moisture absorption leads to signai and data processing at higher and higher
frequencies.

25 Polyimide film is a commonly used substrate for flexible circuits that fulfill the
requirements of complex, cutting-edge electronic assemblies. The film has excellent
properties such as thermal stability and 1(;w 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

30 polyimide films.



general term "conductive bunps" such as those present in contact sets, also
referred to as interposers, which provide tenmporary interconne®{ballfor
exanpl e bgiywagetmiegrated circuit testers and devi ces panderods@siz4( DUT) ,
during test and bumin. Qher structures of 5 this type include integrated
circuit probes, and conpression bunped connectors involving flex
circuit-to-flex circui.t,. or flex circuit.to circuit board ,nterconnection.
-- Sunmmary An ag Ee %:t{e%]f‘:hit%rgaypar]sé)s"elﬁfl dEi A7eh ?nélﬁuﬁllg:)%‘?/altt"dgsstﬁ%tc}%ir%‘Eiggtg’ef or form ng
a conduct i vgnerdiQedautgondiicti ecthethst euch asliheteqetsentan todtary ssghldo prf@mdssas
conprising:. providing a digelectric film havi a first side, a second side
and at Ieas?’g&?éerﬁi“ﬁ‘gcﬁ’iﬂrqv _tB‘i)p‘Ha%'ftﬁrF?‘BF%onrfg%xﬁ@p'ﬁ bﬁﬁ‘”ﬁﬁ’é}mfgﬁfﬁdf ace exposed
at said firgfuied@rshd IdVcedi@lep el (DUTH, dubihg ENWEGLMAR! iRt Ghihgsthe _
dielectric filmfromaround the planar surface of the netal plug to provide
a di el éct ri ®isftypermdhedeiimegraied sreniiprabes, prdjaserréssion prioped agnmgtorhiardrinem I n t he
process an ghtf zia‘r}guigto—f\{éx%%cm Yr ng éifclult?odcirjcﬁ't%grgiqg(t:o‘%lne&#ou.g.s and the .
control | ed etchi ng may provide an array of °¢0- pr] anar netal lic proj ections.
In the process, an array of vias may be filled with nmetal plugs and the
controll ed etching may provide an array of netallic projections surrounded
by a dielectric mask. The process ther conprise depositing netal on
the metallic pr%rﬁs&{)éc&)@f th@preRAOHUGRioh Bx%_vf&@@ﬂgn%ésyﬁ)rm gagiipg out from
the nmetallic projection to cover a portion 20 of the etched surface. In the
proces®, t heumfi atleeed td cditledine fiay, seidppreceseomppoby cripvidnae dielegwicyimr | 1§ qui d
crystal pol yner /lor a l,yim d fo]o)o} Il RGL udi rboxyl ¢ ester
ctyucturar HTea T R s RRu N i RO TR RS d R BRI R ST
be copol ymarceoapbsad ai saig fpstplie By ihe dieleetie it hahasiaty cadhégone disdgaaicy mer s
cont ai ni ng p- hydroxybenzoi c agi d. _ The pol yi m de copol ymer . be the
reaction prg'&h@?'f‘(%@“%‘h‘réﬁ@ °§ ﬂ’?:‘i“"dﬂ‘?tﬁd’] tﬁﬁg’r’(ﬂeérﬁléel%/ﬁ“g(ﬁf“iwﬁénﬁiati c acid
nonoest er apByBE bAfdctiod Frotiting (REREERS In hO Plob&k laakiny SGRIRNG veliedi el ectric
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filmmay include using chemcal mlling reagent including an alkali netal

hydr oxisde. Witemehbplsgsand ticlcpitridled etgbieonmaynipvidaan bety oficaplapgemeipliani ne. The

al kali nmetal_hydroxj assi o[ He)'¢ a t,he api.ne nmay be
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produce the conductive bump extending out from the metallic projection to cover a portion

20 of the etched surface. In the process, the dielectric film may comprise a polycarbonate
polymer, liquid crystal polymer and/or a polyimide copolymer including carboxylic ester
structura) units in the poiymeric backbone. The liquid crystal polymers may be
copolymers contaimng p-phenyleneterephthalamide and/or copolymers containing p-
hydroxybenzoic acid. The polyimide copolymers may be the reaction product of

25 monomers including p-phenylene bis(trimelhtic acid monoester anhydride). In the
process, controllably etching the dielectric film may include using a chemical milling
reagent including an alkali metal hydroxide. The chemical milling reagent may further
inciude an amine. The alkali metal hydroxide may be potassium hydroxide and the amine
may be ethanolamine.

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

conductive bump protruding from a dielectric film, said process comprising: providing a--



dielectric filmhaving a first side and a second side; applying a stop |ayer
to at least the first side of the dielectric film the stop | ayg0OCha¥eng an
under si de wo 63aba88 With the first side of the diel ectpimubiohsvnbarmng a
cavity in the dielectric filmthat extends through the dielectric filmfrom
t he second side of the dielectric filmto the stop |ayer; depositing 5
conductive er. a o.for €0 i nplug in th avity:. . r ving the
stop | ayer ?%%%mﬁhnehw?gs%mssﬁ%% %ﬁgt%&ldec’ng'lg%’ég?lﬁngafsﬁp(rfﬁyfar()toea;(%ggg%a_ surface
of the condast sigkeofphadjcieatnfimgltheadidpylayee hotingg inkderside &l coatacti it the first r om

around the conducti.ve pl surface to formthe conductive u pr ot rudi ng
fromthe di & "e‘ﬁ'ﬁ?‘? %GLF?tﬁﬁggﬁ?rfgmﬂF%?:&asvéwﬁh ¢ fig FW@%T‘EM‘W%I@S%%%&% ng netal
on the condugietye bk MBmSHERbRBGdd df tRi@ads R toitit Sopafilr MefdsitRGL | ONS

| ateral to the 10 vertical axis of the bu to cover a portion of the etched

di el ect¥ic sudfetive majeniakthdorpy eanductive plyg iy hagavaty; cmoving y stopyaysefrom| | ed with
metal pl UQSt‘r%rﬁgsttgilagoptﬂgﬁfeﬁk%%girhgtt&ggp Qea”s%}’fa&fog\{}%efc%ndﬁﬁve%{}g%oﬁfrcgféaf?@p' anar

metallic projections. oces an arra cavi ties~may illed
with netal pkhigsthaditlectie fbaftanobded tet cindagivepig pardace defoan tiardoaguctfe netal | i ¢

projections, surrounded by a .dielegctric mask. In e process, the stop |ayer
may be a nmebPynP PRiRHDE g%ﬁhe @%e%c lt“?'lﬁ?t?—“i?f*%?t”éad’ ’%‘\’E‘feé OMRRSE [AePOSHIng e

process, thegefll 61 B téddbctlviebImPRYCHRARN dx EBdLouR } SRRk s RAMTBhe | 1 qui d
crystal polyner and/or a polyimde copol yner including carboxylic ester

struct U al uertiead ajipof thebyer toreer¢ra esiorsd e ctcherbdiblestnagiplaes. Tofthameceps esent
| nventi on p%x?%/dﬁ‘}%? cﬁt@e& g%g?@ 1198 wlif? @%{‘gu& anfl %F’cgﬁiﬁégnég eQ%ﬁE gﬁgﬁm’ﬁ! ng trrom

a dielectric €SS co g> provi ectric film
havi ng a fi esinsyiofleo-pladaranesadliomdiestiche.; Infthe procrgs, an angesficagtiesmdyie fdieél ectri c
filmthat extends t rou%h t he dj el e%tric filmfromthe fi ﬁ.st side to the
second si de “df Mefpdplugs anddhg qongroliqd gfg ‘%ﬁ%yﬁr%"géeafmﬁ'rébo msrallic PRISHEMSs econd

si de of thesxﬂ{cﬁh@e@tb?ia(aiécléchmrﬁ#&hIﬁﬂﬂébro&&@, thORG VR nla§ b_é?la%&qi]aﬁ&f, sy the stop
| ayer on the side of the opening adjacent the second side, thereby formng
a cavity; depoBishiptdedonriddeer via tiaretepsathedisldcaicila eaf@m@assa plug in the 25

cavity; re i ay-er mg qgg j diel.ectric film
to expose 29 Xlgél}%oggtg p%%? ?‘lllela%lgrﬁa{igﬁgle plalﬁfg§ n] @gﬁtcgéﬁh?rg%llgdhgdg ing the
di el ectric tarbonylic esteramaatural unite in the palpwotnotackidong surface to formithe
conductive bunp protruding fromthe dielectric film . The process may
further conpri seR'Eﬁ% §?Heftr96 t'??é’[r%tqlemd?l"ef’ﬂ@ QfBﬂﬁ‘?ﬁ@tﬂr%ssbfﬂrn%”gﬁéﬁ that it
extends out chfiudiv@Mdmy pfitulil RRSa difle&RY Bm, IddRbdes LRnRisihfepelehed
dielectric surface. In the 30 process, an array of cavities nmay be filled

with matal glelrgsiciim haties ¢ Brst side tndch secanilisilg; famying pr enehicke iatthe diefegtyicof
co-planar M allaf Gdla@leSish MSictbdbid Afs AER AR et R 1FHhE ol sifRY bd €S MBY 3

dielectric film; applying a stop layer to the second side of the dielectric film such that the
thereby forming a cavity; depositing conductive material to form a conductive plug in the
25 cavity; removing the stop layer from the second side of the dielectric film to expose a
surface of the conductive plug; and controllably etching the dielectric film from around the
conductive plug surface to form the conductive bump protruding from the dielectric film.
The process may further compnse depositing metal on the conductive bump such that it
extends out in x and y directions to cover a portion of the etched dielectric surface. In the
30 process, an array of cavities may be filled with metal plugs and the controlled etching may

provide an array of co-planar metallic projections. In the process, an array of cavities may



1 8 GG 2006 WO 2005/074339 PCT/ US2005/001341 be filled with netal plugs
and the controlled etching may provide an array of netallic pmdj(dchitbons

-sur roundeghdotods®l ectric mask. In the process, the steprhay®somype a
polymer resin layer. The dielectric filmmy conprise a pol ycarbonate

polymer, liquid crystal polyner and/or a polyimde copol yner including
carboxylic | (ts. i . Anot her
aspect of tgz l%[r\ggltéhilé&l}ﬁ\[}%natn?yﬁ C%?%‘?/}e ggﬁggn%?tploglle %,.?f?ﬁ%? |ng an

el ectrical pugnmematsuﬂnuxtaledihpedﬁemtribaask la thegiroces, t}els@@tla}@nmeymponents, t he
article co HSlﬁg dlll & tr| ] | m havi.ng a]flrst Sl(ﬂ, a]]is'_‘g[gond si de
and at | eadVBYie™ tlad/Frf he dig, Cmc 'mt“ilﬁé"ai"Bf‘%e&% Yapopals pYPHe %hyi ng an
etched fil Wﬁfﬁdlﬁﬂerﬁﬂd@ta]ﬁ(ﬂ‘)ﬁ&‘idﬁtchﬁ‘olﬁrhérSﬁch&hﬁJgecarEdi?hc ekfr Shehed uhitd i portion

including an etched surface adjacent to the netal filled via; and a
conducti ve thanpmesxcdadbaes- upward fromthe at |east one netal-filled via at

the first side gfonlNg,di ShRELEL: hidilbn bREEOHIEHL KE pRmREOVI di ng

el ectrical connection to one o east a pair ronic
conponent s.elenicillken@etiéniceyeeh Iaelemmdmcd:»ﬂevﬁetrbmcrpommnemx,ttmclout wardly in X
and y directions |ateral t he, ver axi s unp fromthe at |east
one 15 et SRR & YRR ELINER Tt choea ot a8 BB TR e e
article mayi£RRId&EHANMALHIRY hadhg £Qtdhe@ AR pSADAILE bii13:8t LI MRSsidel B2 array of
co- pl anar conducti ve bunps may be surrounded by the partially etched
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i nvention sur ace ani electric
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contacts t i npr el ectrical nuj nterconnected features. An
advant age 'Fas Ogﬁgﬁ'ﬁ‘?%%’f@ofﬁntst ﬁ'éh‘ﬁra&c fhec Fl‘t"iech’f"ipénatyﬁé'te“% he use of

pl anar bumyueRRiIRAGE Sarill Y BMEHIND 1RSI e GLrtisdl Ak b (e Buip WoRtkh A&kt dilet Ch than
previously 25 known, simlar structures. An advantage of sone enbodi nents

of t haspr egeawl-fillad siatte eaver apartien ofithrsetehsd duréack.v Bhe asislomanermisishar arynduct | ve

el ement s ar 9. SnhARhd bl SRSty bPABIA SolBE e Bhps gt ration. 4 18

surrounded by the partially etched dielectric film thereby forming a non-conductive mask
around the conductive bumps.
An advantage of some embodiments of flexible circuits of the present invention is
20 that they have both surface uniformity of the dielectric film, after controlled thickness
processing, and uniform, planar bump contacts that improve electrical continuity of
interconnected features.
An advantage of some embodiments of the present invention is that the use of
planar bump contacts allows interconnect structures having finer pitch than previously
25 known, similar structures.
An advantage of some embodiments of the present invention is that the conductive
bumps and other conductive elements are suiJ/stantially ahgned without the need for

registration.



WD 2005/ 074339 PCT/ US2005/ 001341 Brief Description of Figures Fi @ -1 f
illustrate a nethod of the present invention. Figs. 2a-2h illuéltégﬁeZ ﬁother
met hod of W@ao(Fés8ht i nvention. 5 Fig. 3 is a digital i REHESHUSANISHNducti ve
bunmp nade by a nmethod of the present invention. Fig. 4 is a digital inage
of a cross-section of a conductive bunp nmade by another nethod of the
present invention. Figs. 5a and 5b are a schematic representation of sensors
cont ai ni ng conductive 10 bunps of the present invention in an open
reservoir and channel, respecti fyDes ongfFigures schemati ¢ representati on of
a sensor contai ng: ' ~ nt invention in a closed
channel . DetaiIggggégg?ﬁgg%%%gfgﬂﬁgﬁggép%%ﬁ%?ﬁfﬁgﬁétated, concentrations of
conponents are pFigs@af2bdllseneianother metierdns thefprastoinvastiorequi red, detail s of

the present inventipn are disclosed herein; however, it is.fo be understood
hat "t hbdi scl ool BRBQARi® AT ey Demareny mhed SebfetBpoc: 11 ¢
structural apéntfouncti onal details disclosed herein are not to be interpreted
as limting, but 20 nerely as a basis for the clains and as a representative
basi s for teachi¥ig bina digifa] image pha ¢rpws-segtion of & capgustiya SRgp @ge By anothsr pr esent

i nvention. Iﬁﬁm§BP&EhQ9wﬁhﬁ%ﬁﬁkfic filmfor the flexible circuits according
to the presen I'nvention can be standard polyimde, liquid crystal polyner,
or pol ycar bonat eFigs. 8h @cd §b are afschemmtic epeesentaien of &hoys adntaniing &nBugivet o about
175 gm typically about 25 gm or about 50 25 n%thick. This all ows

ol ot at PURPSGH GEGRERPYTIAPD B CREMEFTIY P FPBF eI bl e pri nt ed
circuits. Duri _nnghﬁsqul:ﬁemasi_a Er&lititbntof i MnSdREn RGeS Hductiientipgbemtric film
may be selectively reduced in’'thickness, to formthinned regions. However,
typi cal | y befegmngingentionimatlagpdghanmel addi tional |ayers are added .to the
structure, so that the thinning of the substrate does not substantially

af fect handling. 30 Processes including chem cal etching, also referred to
herein as chemical mlling, are $sislabDescfimionpartially renbving regions in

flexible circuita co risjngngkyinide, 5 8 OCT 2006 ..
15 nless ofherwise Stated, concentrations of components are presented heremn

terms of wt%.

As required, details of the present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are merely exemplary. Therefore, specific
structural and functional details disclosed herein are not to be interpreted as limiting, but

20 merely as a basis for the claims and as a representative basis for teaching one skilled in the
art to variously employ the present invention.

The starting dielectric film for the flexible circuits according to the present

" invention can be standard polyimide, liquid crystal polymer, or polycarbonate dielectric

films, e.g., generally about 12.5 pm to about 175 um, typically about 25 pm or about 50

25 um thick. This allows implementation of conventional 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.

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

are suitable for partially removing regions in flexible circuits comprising polyimide,



WD 2005/ 074339 PCT/ US200S/ 001341 pol ycarbonate pol yner, or liquid crystal
pol ynmer substrates according to the present invention. Chem calg mil 1006hg

t echni quewares/epivopri ate for use with either batch or PCEARLIA0OLIS

manuf act uri ng schenes for producing flexible printed circuits. Formation of
one or nore vias in a dielectric filmmay use a technique selected 5 from
chem cal M|k RBonafTRRRARE SR iqHd bn‘yl:thl%lﬁ‘i’b@sn\t%ﬁés RPd ik the PREnYi @s are then
filled wth conductive material. Stop | ayers of netal or polymer resin may
be used t o ifaiidn (CGiemicat hislifeoeshatduererospprdririadonisawith Fiker it ect ric film may
t hen be part| al | t t burrps t hat protrude
from the di‘8M8eP '¥SI Igarﬁpal%%nn Cgl%l}'c n?r ¢ 'l‘cmrﬁqfelx%l%lg}mge%uyg dfor via formati on,
the foll ow ng nBbiiatisi efpnpoomersiasifa pre&vmde‘mnalagzommethnmebﬂémecattached to
a dielectric film Th rocess. co rise of step | .udi ng

provi dfng dro et gl ‘? mseRaisrhflipgan %"’fe" gggo%ng‘eé"aéé‘@otﬁﬂl g‘? A | ayer
of metal, ap@ldoRdlictite ﬁﬁtetlla@agioptl?/@rsfo'fﬁﬁ{al&'ﬂw retsmngﬂb%lueé‘dttalféauftmbm has an
underside in contact with rst side of the dielectric film Atie

| ayer may ehd StmdsionwéBhedtvins. dhefsleeiric Almmay theatba bartialpegtchedic form appdtyi ng a

| ayer of uncured Qt t.h 0 of the 15 dielectric film
exposure of " %rﬁ%ongﬁ%ﬂrl;g %Sht% t(?rge{gulds?r Eetﬁedlgle%[gﬁn ‘of radiation provides cured

phot or esi st exce{Hen ichentital hﬁmsgasoﬂai momh|farﬁ1,an@emlfawm@mpmﬁ@ préceke uncur ed
photoresist renoves it fromth ? | east ope portion. An etchant_ applied to

the at'?] ead¥ovise 2 5eRAUFYS bRBP appchied tnedieleqtric film, h PRASESSEPBPREE A EMBST| m  The

cavity is egsf m&%&;bfg ﬁowaﬁgme@&@hcrmmtﬂamggIfﬁrstalh@aﬁh £ebsildlslde. haygs to the
undersi de of t | ayer . The via typically has a 20 substantially

cone- shapedemetad:ybmlrfdéfr atémfrib@lﬁmaslﬂe of Alypliglegitic ﬁlrrcbmcmﬁwdsmmmyer to the
via wal | and ttﬁ?f d?rosf't Sk 1n1 aﬁ(ﬁé 139% a[TEe éen‘{ﬁela‘?ggﬁéﬁcean%av' ty for

net al dep05| I on provide a ne Pe-Via netal plug

has a substmﬁlll@bﬂ yAfﬁﬂralﬁ]ﬁﬁn§ul’a]§/&aﬁuﬂ%ilea’d@hbforeahuﬁ)shdd@ﬁmldayielbf ot net al

attached to theflrst si de gf t he dhelectrlcfllm the o ﬁ&OSItﬁ end of
gu e

the vila, tHEISRHCHIMLFRGSHRYT heuRaRiedRaogissistdp 2 patey pEaditipnides sutefe second
si de of thephgfo?ésﬁpéxu;ﬁ irf dt hddst oﬁ@?@?ﬁbﬂ%éw‘%ﬁ:pla%ﬁﬁed% tHERhedred pARERNE Tirst side

of the dielectric filmexposes substantially planar surface of the
netal plug. rem@vealltwnet%p@ts]@@t erigepoftions Angiciantgpplich éo B of least @rneaaortfqnltcm This

first ot 0 bde 8he B Geoklc Mo afe ERRD 0% 801l ahlnuBflis from

around t he anar ace 0 ovi de ctric film
havi ng a n&hadiuhlban@rawre@ﬂlieande%@dqowfoheﬂum lgméthlerlafe mnjzpléauymemaal addi ti onal
deposition of netal on the netallic projection can produce a conductive

bunp Rt endPhtPngely soResieedorsy “‘l?r'éﬁ"‘ﬁ"édc‘]t‘”?bns (as well as in the z

Applying a conductive seed layer to the via wall and the underside of the layer of
metal activates the cavity for metal deposition to provide a metal plug filling the via. The
metal piug has a substantially planar surface where it abuts the layer of metal attached to
the first side of the dielectric film. At the opposite end of the via, the metal plug may

25 extend out of the via and overlap the second side of the dielectric film.

Removing the layer of metal from the first side of the dielectric film exposes the
substantially planar surface of the metal plug. It also exposes the first side of the dielectric
film. This first side of the dielectric film can then be controliably etched from around the
planar surface of the metal plug to provide a dielectric film having a metallic projection

30 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
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nmetal lic projection to cover a portion of the etched film surfacgycihig
formati on ®am2@nhanse retention of the plug in the via. Avw@idhés@iageordi ng
to the present invention nmay have use as an electrical connector between at
| east a pair of electronic conponents. For exanple, it can be used as 5 a
test probe, an interposer, a die attachnent neans in a chip package,- and an
el ectrical conti@gton)) From thilhBrilid pt@etios @Cdsedr.a paklon OF HaRicEE] MEEsBRALIAY Y
known in the art. Processing of flexible circuits according to the present

i nvention has f§WPﬁ“I°&F?’t‘?“@%“°Féete‘t“ﬁé05?‘88@%“ ¥Ff VBnited States Patent No.
5,227,008 that desgyibege pcrcefaﬁ@%nﬂp@serﬁq{vmmn%yhfabémag&aé&#&é@e through
hol es, such as vias, and related voids. This patént and the present 10
application ar®nmtmrbcﬂ~yemﬂ1®@ha ;Eur@rﬂﬁhqqrcmaqmmpbmmtse§ot oappEdics d wxd & e
printed cirecui art | adéés/a teh e re |ons . eg| i(lre S emﬂcatl on of

mat eri al s “and %ﬁg%@éog’g a@aﬁtg POt %Te S PSTATA PP B8 %D Sfe5mCal anpl e,

al t hough pol yi gshder 1h§bﬁﬂﬁnﬁ38§ocid’taﬂluﬁ%ic}ﬁ atis@deralBUBBIvhat et eri al used in
the manufacture of flexible circuits, patterning of dielectric, substrates

is primrily acconprestes o flexihleis it eecoEding ke preseHaBYARPEBAS SPUFERFNS or 15
drilling and |as océ?ln 1R Staq:%rﬁ% &t Ro. rﬁ@ggé 11f de@ﬁlb\éé Wog&sH%Bg%dlf&mdef or

hol e formation, Ts atively common. scribed 1 n Uni es Pat ent
No. 5,227,008 f ltns|ttsp1p¢lss|t1bb@htmlesmuglduc~easchéntl@tadi Vyidet Tierhtant argl thepresent ough
hole5|aneX|bI i mde circui as needed for .electrjcal .

i nt er conndct i owpﬁ%ﬁ? éﬁ Cf”ﬁgmgty g&le‘is S}gﬁlan%ca}?eti’ ﬁ?eéa‘) P:m?‘tcﬁ%[% %l?apf@tedﬁgv&%\?er
control | ed et chiving paftiaihpettheld 0t forfs @EJHERE ki flc StioneF Yha@tiblk hﬁdJ]brbcetgeé‘a%HﬁﬁnééomYDM y
used 20 polyim de 1‘P | ms swel |l uncontroll ablé in the presence of conventional

et chant sol ut i BHhgreviondy diselgiee Fer apmple AlhpyEPRl et {7iths Bestfieavrnty Hyse ses

mononers of pygy in DAL,
bi phenyl di anh{/gg{%é?&wal u%'d%lwﬁégﬂgf%ﬁewﬁ%gﬁlﬁrclea?%SJDﬁ%ingI%?%l de poI yrrer S

i ncl udi ng one substragsas mfmar}h:es;eommlnﬁd)ncbbﬁsucmcebestwedn'ted;apicektumehmg om

rom £ 15 Gy BUME DR GG €7 aha CRRgHy » CIrPLRBOF PR Tols RO TABPERL A,

NP from Kanekareﬁampmﬁm@ﬂ,AsTaHgMQ:.edq}alpﬂ&d SkitdsPateff N&. 329 7 09p R isptibleid) t he
presence of conventional chem cal etchants. Swelling changes the thickness
of the film apadusagheamseally etchediypsad tarepghrioles i drxitls pelwanidscirogity, as veaded| ead

to 10ss of conkfobefilu Bhaheflecibh bBLN GEBRSS ANphIEFIRLRboREARBH LAt Ur es

due to etchant mgration intot am na
“controlled etching without hole formation 1s very difficult because commonly used

20 polyimide films swell uncontroilably in the presence of conventional etchant solutions.
Most commercially available polyimide film comprises monomers of pyromellitic
dianhydride (PMDA), or oxydianiline (ODA), or biphenyl dianhydride (BPDA), or
phenylene diamine (PPD). Polyimide polymers including one or more of these monomers
may be used to produce film products such as those available under the trade names

25 KAPTON H, K, E from E. L. du Pont de Nemours and Company, Circleville, OH, and
APICAL AV, NP from Kaneka Corporation, Tokyo, Japan. Films of this type swell in the
presence of conventional chemical etchants. Swelling changes the thickness of the film
and may cause localized delamination of resist. This can lead to loss of control of etched
film thickness and irregular shaped features due to etchant migration into the delaminated

30 areas.
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etching of filns, according to the present invention, is nost N I

wi t h subst{yanioh@deysonon- swel | i ng pol yners. "Substanti al | ycrasz@wehising”
refers to a film that swells by such an insignificant amunt when exposed
to an al kaline etchant as to not hinder the thickness-reducing action of

the et ching pro6esoy FalnGY TR, adiefe SXARSRL il BuhQTR REEAANL RO uti ons,

sone of the polyrm S such an “extent that
t hei r thi clnesssbaaniaibt ndresveflingpbiymetsy “Swdntantdilyetniswellieguefersan a film cont r ast

to ot her known lyimde fi.lns there is evidence to _show controll abl e
t hi nni ng ofthaAP’f’%%IﬂW“f‘?sl’g?gg‘sc(’ﬁ\/‘gﬁuﬁ‘bﬂ’]émfef‘mﬁe&ma&? PEREt3sEhMOLy s,

Japan) . ThendeXihs dkeessQEdueik Reonlof the @EhRE pPAce4C tFIf Mamitl vBer dApbda@ pol yneric
backbone of non-swelling 10 API CAL HPNF filmsignifies a difference between

this pélyi i sunceichant sbwioproramantdee pobamifsedescribrataberesvilmyaihtosectsatel | i n
contact w teQ%eﬁJ tgﬁghé?&h.%h?&f{mot b/é'é’ff&%kezp'éﬁﬁroﬁa%}ﬂ,@a&ﬁ?&' Imis believed to be
a copol yner at derives Its ester "unit contarning structure from

pol ymeri zi ng of Iinomeae tsotha&hove pgyiprdetfdmy teneis ebide(ct kd sieivichiitrodlablei d

nonoest er aphydri I ter i.t .containi ol.yi mi de. polyners 15 are
not known c‘@ﬁﬂ’ﬁﬁ 8?&% W?ﬁ@b\%\gﬁ?i(a‘fa@g‘dﬁ&%‘m%‘?gq ﬁ%}?@‘a%%s Blt"‘.“i ]_ﬁ‘B"l“H'e Ft, it
woul d be r&agARAKEbLAIR ¥ALNESEBA] Gl & the pbISheHObdckEMRLAMY- R Yi M de
pol ymers dependi ng upon sel ection of nononers simlar to those used for

AP| CAL'OHPNFAPISAEHTRYinfilmesigrsfiesgudiderenss petivgen this pohmigide afd grbdrypplyingide pol yer sf or
films, which i AP GAk . . o] etched. Materials that
may be sel é’é)%ygl(fr{&gatiaﬁecr é’als]élf M;—%I lﬂg(?ﬂgée%r?wgﬁgfgélfl{e%rét%gll]%ont ai ni ng polyi m de

pol ymer s i ncl udePIC 8L dirplFgobimide $i{asibgeved ta baetdpolyaieethat dbrides idiegthenol

bi hydro-trinmel|itate), _eth gl ygol bi dro-trimgellitate),
e e R G A SRR TR
bi s(4- hydr oxyRRNMMc acBUhdnbedr afthyafiad) yEEQstef ihBEdntddhEpolyimide polymers

bi s(4- hydr oxybenzophenone) bis(anhydro-trinellitate),  bis(4-hydroxyphenyl
sul f oné) bias¢ et kpelyocammaraplly. Hawever, 1 pry Hyedinary phiB mothy By weidd be 25

e e
bi s(an nobesalzerihe) monousts simitactoahosb s dori ARIOARLADRNTE Buctbiyahédseatduldbenzoat e)
ol Ut ons. GRPRG PR YR B Ghtimvich, ke ACAL TRV iy ve'*! "9
controllably etched. Materials that may be selected to increase the number of ester
20 containing polyimide polymers include 1,3-diphenol bis(anhydro-trimellitate}, 1,4-
diphenol bis(anhydro-trimellitate), ethylene glycol bis{(anhydro-trimellitate}, biphenol
bis(anhydro-trimeilitate), oxy-diphenol bis(anhydro-trimellitate), bis(4-hydroxyphenyl
sulfide) bis(anhydro-trimellitate}, bis(4-hydroxybenzophenone) bis(anhydro-trimellitate),
bis(4-hydroxypheny! sulfone} bis{anhydro-trimellitate), bis(hydroxyphenoxybenzene),
25 bis(anhydro-trimellitate), 1,3-diphenol bis(aminobenzoate), 1,4-diphenol
bis(aminobenzoate), ethylene glycol bis(aminobenzoate), biphenol bis(aminobenzoate),
oxy-diphenol bis(aminobenzoate), bis(4-aminobenzoate) bis(aminobenzoate), and the like.
Polyimide films may be etched using solutions of potassium hydroxide or sodium
hydroxide alone, as described in U. S. Pat. No. 6,611,046 B1, or using alkaline etchant

30 containing a solubilizer.



hydr oxi de al one, as described in U. S. Pat. No. 6,611,046 BI, or using
al kaline etchant 30 containing a solubilizer. 8 1 8 OCT 2006 2T 2006

2005/ 0743390 R6ekfoWS200S/ 1101341 Liquid crystal polymer (p&Pusiovdamsqiepr esent
suitable materials as substrates for flexible circuits having inproved high

frequency performance, |ower dielectric |oss, better chem cal resistance,

and | ess noisture absorption t lyimde fi. . LCP fil r.epresent
suitabl e materiar ma%ry%t@tf‘? rat Zﬁsj&]:")(%ﬁ m¥ feg(eis%nlt8“1%g§6%ﬁlfﬁnsﬂsﬁa\§'irl%gat§5p€°ﬁpr oved

hi gh fr equeneybipeirduiis Fanpemptaae high ifeheaty pefobnsite, 10 didSsidToisShdtee
absorption than polyimde filnms. Characteristics of LCP filns include
Celectrical fFhiEughisganceniiddesy meistyp abiemtipn hap selyimiefilng: 500 at saturation, a

coefficient of tihgrfills rEXRAASLANLIARRERACKY NBstraled @l rREiblchEcGRMAGH used for
pl ated t hrough holes, and a dielectric constant not to exceed 3.% over the

- functional fmmenshiep freamgey pirforkrpcet lowaBiBlpciricTieess endjessefdigirglabordier t i es of
10 11 quid chyshaliRel MIFET Sniielednoun U @GRl RUbicil iRl LGS, th
processing prevented application of Tiqurd crystal polymers’to conpl ex

el ectroni c assgrbl le&shanlhgsat ehamionnt tdeffickat ofxhérmabexpateserappedcigr ei N makes
possi ble the use of LCP filmfor fleﬁiabl e circuits. Non-swelling filnms of

li quid crysthalofdi sopes eseddppnipted thipughdiprt 2prbt Gi8let®F SONSPARINH $GS€opbl yier s

contai ni ng By RMYaoRk ?récﬁféhé hg%rﬂf(iﬁHﬂé%G@ﬁ. %;@s@b%ﬁéﬁma(ﬂl%ﬁé}ﬂes oko_Cor e- Tex
Inc., Ckayama-Ken, Japan) and copol ymers contai ni ng p- hydroxybenzoic acid

such as0 LCPlgid friystahpOlenessragre Beown fredouslyeagidihcultie aphmyocessingpeeverited i qui d
crystal pol YIRESiendf g HBCRIEA BIcknbl S AERRELLY  EOTRE by BTPTRLT C
pol yesters PR Ud) ng %oporlyy rs contai n?ng p-p enysf ene erepﬁf al am de such
as that avadltilideeddserited hedam rhakas possibleahdBisAGCt LCP i &pdRxiGrdrcdiex | nc.
Okayama- Ken, Japan 20 .and. copol ynmers contai ni ng p- hydroxybenzoi ¢ acid such
as that avail abllg“"l]‘?’f‘éfélf“g%ﬂ‘éls PE‘é‘é’én&rﬁ%tﬂé’ob’@lgmé?mf‘ﬁf’rﬂrwtﬁrPQVe?%‘.S, Ltd.,

Ckayanms, JapRRdind csholrhéd ddnYaififl YoBhylehdbteshthdinyidd &lch ROBME Ry BRtnAPI CAL
HPNF polyimi de is the presence of carboxylic ester units in both types of
pol ymets st r GeteaFasdne. EXanphaKenflagan) tnsiopolpoery eentiuingp-dydrokyhenzaiqusidude

substit ut edsf?f: qSEB§%W&Z§5%?%n§%§Q@}598‘5199%58 , such as those avail abl e

under the trade” nane L astics, alg"ttsfield, MA, avail abl e
under the trade FikmefAphidXnktabpolbat, aillog which ekhibis thisprpmety, condpgigni , PA, and

avai | abl e ug:%ﬁlratig Qo?yctstre?sqr?clpdaiﬁge col\p@l}%%nt];i;icl)lrgpl-?i)a}l%r?;lenlz{e?e%%]tihglsam%e\ghéh as
that available under the trade name BIAC from Japan Gore-Tex Inc., Okayama-Ken, Japan
20 and copolymers containing p-hydroxybenzoic acid such as that available under the trade
name LCP CT from Kuraray Co., Ltd., Okayama, Japan. A similarity between liquid
crystal polymers and APICAL HPNF polyimide is the presence of carboxylic ester units in
both types of polymer structures.
Examples of suitable polycarbonate films, include substituted and unsubstituted
25 polycarbonates, such as those available under the trade name LEXAN from GE Plastics,
Pittsfield, MA, available under the trade name ZELUX from Westlake Plastics Company,
Lenni, PA, and available under the trade name MAKROFOL from Bayer Plastics Div.,
Pittsburgh, PA; polycarbonate blends such as polycarbonate/aliphatic pelyester blends,
including the blends available under the trade name XYLEX from GE Plastics, Pittsfield,
30 MA, polycarbonate/polyethyieneterephthalate(PC/PET) blends, polycarbonate/-

polybutyleneterephthalate (PC/PBT) blends, and polycarbonate/poly(ethylene 2,6-



Pittsburgh, PA; pol ycarbonate bl ends such as pol ycarbonate/ali phﬁé hg
pol yester blends, including the blends avail able under the trad HHD&YLEX

from GE Rveshiwm33®i ttsfield, 30 MA PCT/US2005/001341
pol ycar bonat e/ pol yet hyl enet er epht hal at e(PC/ PET) bl ends, pol ycarbonate/- -
pol ybut yl enet er epht hal ate (PC/ PBT) bl ends, and pol ycar bonat e/ pol y( et hyl ene

SR e O R

bl ends, and "any 0 carbonate resin;
and pol ycardsstnatdpotyepbbyatedcpolymels sech a9 pblycabdmargiobkepgleyet hyl ene-

t erepht hal at e(PG P ol ycar,bonat e | yetherim de (PC/PEI), and the I|ike.
A sinmilari Wep&;gﬁwge/’p ﬁg) BéP’ V&téﬁnﬁt(?}ﬁg(ygt?ﬂﬁ‘aﬁgod/ E‘F@‘saf’g\lthedg‘f:yner s, and API CAL
5 HPNF pol yi m dg sin%la&i%}ebeﬂﬂ&ﬁﬁﬁ%lﬁﬁrb&ﬁ{epﬁwﬂ b s@SfoBmei) kAP AgaCh type of
pol ymer structures. The existence of carboxylic ester structural units in

t he pot ymeHP&iFnablpgads the presesee Hfsabpryhg exte vong interFtyps PhRokinghi fi es a
it < L de A :
nown 4o STTrIEs Tpk iR of by ater Qhitlee) B H L AR Rg o7 Gt i1 m

i s bel i evedoti-ewdlengAPRIORA! YN fitnhsipniflesra difeende bewgtethis pblyimile andahdrai ni ng

b1 St r | el PPV TROCES EmS AEas BiovhAgr Hepmaes i ebrErctiiis o cont ai ni ng
pol yi m de pol ynﬁPEA@HﬁNprlgfgﬂ@é’\ﬁln{:@mgdt%'He)é-co%‘!Q%ﬁé’r%atdEr%eQﬂ@es%fr ordi nary

skill in the art, it woul reasonabl e to synthesize other ester unit
cont ai'ti ng updEgitaride stpohyntes palepentitayf nqromersgedleding pphesflemononmers simil ar

Dol v e BEfteine peialonidkF annibicl) YRLASRE I IS (FERRICHh DEL AT0¢ ©f
APl CAL HPNEse nsaknobe oomfrtercﬁﬂlllyéb!loymw,&blenh ofidedirary sktiB irf fhabrtiayoldébsel ected to
i ncrease the nulnber 8{6 .ester containi ng. ol yi m. de Q‘%I%gers i ncl ude

1, 3-di phené?as‘li\agf’é%ﬁ? Yze qiper g3ten yngt gpragariing pg ‘B‘hB‘H ers depending upon

bi s(anhydr geitdiioN Bt MbhdHed simBirty iRREusEd 166 AlPIMA S HRNIY duéhr syhihkdBlduld at e)
bi phenol bis(anhydro-trinellitate), oxy-diphenol bi séanhydr o-trinellitate),

20 bi 3% 4- hytreos hshieneglof palyimidsedplymesy fanfiyngr which.ilie Ligyid gryetp] polymers and

0 O S RO BN AP AR RSt vy pren

bi s(anhydr ehetruinted dficttat @htainingdotiiipide pollmbis Schrde 1 Bodipizenalk tey(anhydro4- di phenol

b1 5 am nobHEURtE). 1SS BRERY OB oA oyl B @Hn nobenzoate) 25
bi s(am nobeRnzoatg), bighsbibiREinhidf& rimellitate), oxy-diphenol bis(anhydro-trimellitate),

20 bis(4-hydroxyphenyl sulfide) bis(anhydro-trimellitate), bis(4-hydroxybenzophenone)
bis(anhydro-trimellitate), bis{(4-hydroxyphenyl sulfone) bis(anhydro-trimellitate),
bis(hydroxyphenoxybenzene), bis(anhydro-trimellitate), 1,3-diphenol bis(aminobenzoate),
1,4-diphenol bis(aminobenzoate), ethylene glycol bis(aminobenzoate), biphenol
bis(aminobenzoate), oxy-diphenol bis(aminobenzoate), bis(4 aminobenzoate)

25 bis(aminobenzoate), and the like.

Dielectric substrates, such as polycarbonate, liquid crystal polymer, and polyimide
films having a thickness between about 12.5 pm and about 175 um, typically about 25 pm
or about 50 pm thick, provide suitable starting materials for circuits of the present
invention. Materials in this thickness range are suitable for handling by equipment used to

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

5,227,008.



Dielectric substrates, such as pol ycarbonate, liquid crystal polyner, and
polyimde filnms having a thickness between about 12.5 [Lm and{glpoatzi@d75 pm

typi cal |y \gB8ayisdssn or about 50 pm thick, provide suitpdtesibdidibng
materials for circuits of the present invention. Materials in this

t hi ckness range are suitable for handling by equi pnent used to 30 produce
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cont ai ni ng gsi‘é'rblﬂ?ﬁs}"el Cuﬁﬁ% ﬁ—lbhéﬂjfletnsbls@n@ellltw&ﬂld"'ﬁoﬁbe@d@leﬂﬂ’)y(ﬂm@) as(trimellitic
aci d nonoester anhy ride) as a 5 conononer. The etching step of the process
i nvol ves commeemsy Thermiediogdicrod s PEICess Ry ol s® Piasng Urmasksdarean ofthe

concentrat eg?lﬂngﬁd fil ‘?If(g%Hn@&mfa eidla ﬁ(aléllgé(s)eg{h'(lj'lg ﬂﬂ&aﬂlée aRhGRAR S DElude

aqueous sol ons o nmet al s and t e|r m Xtures w th am nes,
as descri bedqguebws sohitibeschf Stkaki wta%ydem:@eslhbdthsu RRtnRO & 1th ankinkly as 8¢sdizd211 Bl .

the type anth DRIDRHRELoBREOVe oo JRPP 1B P}t (L Ek ik ket ling an -

al kal i ne et ¢hantieddaingg opelelwesia fﬁxﬁ@e;&iﬂd uﬂ&ﬁﬁk w@hrcaahllcmlessnﬁqw goBgnetict i e from
about 10 seconds to about 20 ni nutes. t the dielectric filmin

i me of
the et ¢hant filfet BietsBigesine #0 etkalre esq#éﬂtfhw?ﬁ lfeéw‘feééﬁfewd FRE prseldss steps
descri bed alQyfeMBymdork BANEH &doRf 1fatRat fd}nmﬁeg eBReinB 9f tht Bdiewidual steps

or, in automated fashi on using equi pnment designed to transport a web 15
mat eri al thtﬁbughthcH@h@t@t@weséqumboml@ﬁinalswpwey roll to a wind-up roll,
whi ch coll ects its t i ect | vel% t hi nned

regi ons and indeﬂaéfr? Stis Sgegfﬁescﬁh?d %P TR eﬁf)ﬂ uC{ fﬁ%gﬁc @fﬂ%efs? gn  Aut omat ed

processi ng uﬁiaadlal Mqﬁoh&mﬂidnif@ediﬁéhhdh&lsm'gbﬁﬁlplhaﬁ d&lgmﬂ t(e&aﬁsmm Precessi ng
stations for ap exposi ng and devel opi nq rghot oresist .coatin
vel | a8 et cAHGoLH g BEPRGCT RENARE Ao P 1a) BTt BNy Lib s gmer 111 m

of 20 the siRLd hbehcBRLIRYit MaRBbAREILRBYIRhRed ELGR 8 iibAhdRSSr | ncl ude a
nunber of spray bars with jet nozzles that spray etchant on the noving web

to etch thos@ntmﬂfsd éepﬁfmtﬂw@q}mrrﬁ@n Aptoma@épmessylg@m@swqbrhmﬂmpH@ﬂ@r esi st.
The fO| l OWI r“gt g&%S OPPIO(R?.SEII\{é Q%?ong?or lylgg, c pOSq‘l'gI%}lcll HCVBBH”E p{’[&or@gtl on I na

single
coatings, as well as etching and plating the metallic parts and etching the polymer film of

20 the s;[arting metal to polymer laminate. Etching stations include a number of spray bars
with jet nozzles that spray etchant on the moving web to etch those parts of the web not
protected by crosslinked photoresist.

‘ The following description provides detail of conductive bump formation in a single
via formed in the dielectric film. It will be appreciated that a number of such bumps may

25 be positioned at any point in the film depending upon the design of a printed circuit or
related device such as an interposer. Processes for bump formation according to the
present invention can provide a substantially planar, conductive bump projecting from a
substantially uniform dielectric layer. Individual bump planarity and co-planarity among
adjacent bumps are useful for improving electncal continuity between touching conductive

30 contacts. Contacts having improved electrical continuity facilitate formation of bumped

flex structures, e.g, interposers, of much finer pitch than any available previously.

11



via formed in the dielectric film It will be appreciated that a nunber of
such bunps may 25 be positioned at any point in the fil m depdrsdifiglllfpon the

desi gn ofwe péded circuit or rel ated device such as arcirniserposigst
Processes for bunp formation according to the present invention can provide
a substantially planar, conductive bump projecting froma substantially
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sol uti'én, LH‘T?‘PT"“H‘é% fher devslopedpsing aéjr‘]éteééwué sRlaianng e 3 Qe i rélkafie | ocation

of _one or rﬁ@?ﬂ%arﬁ?}lﬁ?@ s;lailcl%ion The &?:El%gzﬁﬁexﬁ@zﬂ& H&Hﬁ:«%e&‘&h&hdéﬂlﬁﬁ éﬁb%aﬁ’cfn dehe
laminate in a bath of concentrated al kaline etchant solution at a

t enper at ur enbet merevias 0{8. ah pIROE.coftinues with ThregsisrbEtbe bahisatems hathtofcover ed by
002 e A S i O PR SEABPRER o eSS i o oo
etches selected areas not covered by crosslinked photoresist. The exposed areas of
20 dielectric film are removed by chemical milling to provide the desired vias through the
film.
The step of chemical milling uses an aqueous solution of alkali metal hydroxide or
mixture of alkali metal hydroxide and amine, such as ethanolamine, to dissolve dielectric
material to produce a cavity that is closed on the first side by the continuous layer of metal.
25 The metal layer resists the aqueous alkaline solution used to remove dielectric material. In
this way the metal layer provides a planar closure over one end of a via, which extends
through the dielectric material. The metal layer acts as a plating stop during subsequent
deposition steps and shapes the material being deposited, such as a metal or suitable
conductive filler, as it accumulates 1n the cavity or via. The residence time in the chemical
30 milling etchant bath, to produce vias in the polymeric film, is from about 10 seconds to

about 20 minutes.
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The step of chemcal mlling uses an aqueous solution of alkali netal
hydroxide or mxture of alkali metal hydroxide and amnine, such8d¥{T 7006

et hanol amiy ﬁqmggngb§solve dielectric material to producecgyeamstboiziihat is
closed on the first side by the continuous |ayer of netal. 25 The netal

| ayer resists the aqueous al kaline solution used to renove dielectric

material . 10Nk SuiEY LG TR B, JANRLL ARG bS8 55 BLANALLGLASHES payer one

end of a via, whic ecfric
| ayer acts aenaepkﬂmtmgmsMmedein@usum@equent&Pdepe&nﬁhomomﬂmﬁSKﬁnd shapes

the material bei eposi ted, ch as or .suitable _conductjve
filler, as F?m%.@%hﬂﬂ %@efﬁw%ﬂ ‘Hﬁﬂﬂ936ggm0#%h"WW& FeRPHEREPIP RS n t he
chem cal 30 9kd ik laRGnRdcCH AR firatabh pihed gn@faeﬁﬁprw@sdépesm&eomhmw wlilm is
from about 1 seconds to about 20 mnutes. 12 1 8 0 C T 2006 WO 2005/ 074339

_ PCT/USZDOS/GUWQﬁm“ﬂ%PBPWhﬂﬁﬂﬁﬁﬁeous solution, containing from2%to 5%
al kali metal carpp yae%%fggevc;ezayhgreo Rnols Bbute) hEIREE At i L 9MApout  20C to

about 80C, preferabl about 60C, to strip e crosslinked
resist 116 knowm tetimiduasiimaidng sﬁutpﬂrmgeﬁctqnde:nphmamnels|(®lrbonloayretal); s | am nat ed

to the first flash gtateg C@ E g(fvent.deggsltlgn oflagdltlonal met al
5in subsequ’ﬁ?rS‘BPzi 'R °pt B B@é’%gar bt A A R LPeIRKTOES renove
cheni cal M lplatifgo G4y RMES 1o eptRit b 86)ubive skaHOMfEr 1 BE(HBE Sh8&E in | NCl udi ng
sputtering of conductive materials (carbon or netal), inmersion coating of

conduct'? ve cseryant fgHers) omibe syrBacsaf etclaspd %?fvithgrOSvceé|bééh%f%§§11melaat| ng of
metal may b m‘é&ﬁQd E%g%o%ink s& an%'}Qéfﬁ&d'o\f% epﬁ)gfnﬂg gé(ﬁduc&»%%eédl} Rign in 10

subsequent |gures he sur aces of cavity produced by
chem cal m [flirssgneializatidnl’ usthod tesdribad aleg9 liid 19 Ope 18 Uine ab bEApEichro s cof

Genort bed PRty pafgn P§BctaY Rhyine TpfefiGrions” byt N wo BN T 1o oy

Pat ent Appl iseatidyenis lgpidallg aboat ﬂ]tl’d&bblﬁﬁ!&d) nitWiHout BI0 t6 AbdNe 20008 DRR.IG60an The
seed layer is typically about 10 to about 200 nm (about 100 to about 2000 A)

thick, 'but CahasvepEi STy BH IR T RifcBEnded uet; SABINE PRBIct HECH 1 BHEd use.
Seedi ng pr0%F&?§h1@ﬁ'to%§lh‘é%h1?e'&&%@ﬁwta‘l’%@ﬁhl yﬁabﬁﬂar ei%eeralgssalamgckness of

metal, usually copper ctrol ess plating, lectrolytic'plating or a
conbination6b£HMﬂmnﬂMmgdTheM@h&ﬂmngfﬁB@ﬂess flrst requi res application of
phot or esi st (not terial.

Exposure and devgﬁ o‘%& pr?ﬁessge Efé%quﬂrgﬁapﬁgf’glgp ﬂ£ph°t°resmt ?no?cﬁown?m

second side of the dielectric material. Exposure and development of a desired pattern

20 provides openings over the seeded cavities formed previously in the dielectric film as well
as the desired circuit pattemn.

Deposition of a suitable conductive material 122, e.g., copper, in the cavities uses a

suitable metal plating technique, until the cavity is filled to a destred depth. Typically a
layer of metal will extend onto the surface of the dielectric film outside the edges of the

25 cavity, as illustrated in Fig. 1c, to form metal traces. As the cavity fills with metal, the
planar underside of the metal layer acts as a barrier or backstop to which the depositing
metal conforms. The backstop confines the conductive filler so that it forms a
substantially planar face that is coplanar with the first side of the dielectric film. Suitable
plating conditions include a current density between about 0.005amp/cm? (5 amps/ft’) and

30 about 0.08amp/cm? (75 amps/fi®) applied at a temperature from about 25°C to about 50°C.

All photoresist is then removed.
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20 provi des openi ngs over the seeded cavities forned previously iﬁrb tT%UB
dielectric filmas well as the desired circuit pattern. Deposi gi orj; a

sui t abl e yww@RelpLizde material 122, e.g., copper, in the pawutioesos8s a
suitable nmetal plating technique, until the cavity is filled to a desired

depth. Typically a layer of nmetal will extend onto the surface of the

dielectric fil tSi he. 2S5 : cavy S kil r at in Fig.
le, to form ma'zE é’l%getq‘rsl%"ggos&'e ig&gtﬁga E‘g@‘lawf? ﬁ?f%o%%i tﬁaﬁh n(’étag? ue F’%ger O%F?Efgnar
under si de géiestolfiehertidlalrid flyeis randwd ascxpodzar surfece dtheldakdbinetpl filongdhech t he

depositing . netal confarns. e backsto nfines the copductive filler so
Chae it f orm SsEE e h RFge 8 ol e Pl SR b OB PR SO ehe 1 r
side of thg dinfleRediatailableinddPuicl At famdPEIVACE TOM Gholn BIBGrdcRGhitide a current
density between about 0. 005anp/cn2 (5 anps/ftz) and 30 about O0.08anp/cn2 (75

anps/ % z) WepMaply PlamMNenperat ure from about 25C to about 50C. Al
hot ist i . \
photoresi st 1s {%%gldrb%%}éﬁn at g‘%st ugntgteEsdlot%} Pqulrf?qp}'r%ﬁg%?é}go?é@ﬁ? exposed

PCT1US2005100134 ubseque e circuit/via- a

fl ash Cu andtetiale Thyweercanedxqirbbles mdthsumdnt tdaknodegyltie taguaes bump plitsigupnoved to
expose a s rfage of t.heh | at ed net al filgi‘_g]g the. via, as i.J]lystrated in
Fig. Id. Rglﬁ‘?i\g PR Prepifdn B A DIPHPE AT FTH RO e Rt T g ERHY N NP hat i s
comer ci al |iyifamaihél densitp ads th hen-tihidia vaape PERVA- ETCH from El ectrochemi cal s
5 1nc., Maple Plain, MN. It should be noted that subsequent stegs do not

requi te appl i cats FustefedimEio 1@ sprductvebpmpifermatiqhprgcesdensitgidsmigabr obl em wi t h
current tecgk fi il : LAl . h i st
t her eby sugﬁmelg% @gémg%ﬂ%dnth?@g{ gﬁjgﬁn%takgg& \t/rgrfgllt"hgg %hggl}cg%'?ﬂgﬁ%?#y?g%% uni form
current demsaduyousaaliort of atiah-matdl hpdronithorpeix tutdofAskalinewed hiydrbede amd Fi g: | e,

conducti ve bu ormati on .proceeds, usin hemcal  mlli for .controll ed
i L A A L S N R e
aqueous solijleb@B fivh, & Klyimme] ldfuid Wbt $bigR e br polychibosat®fthakkal i met al

hydr oxi de and. am ne such as_ ethanol am ne, sélectively renoves dielectric
nat er ial  f PGHcERer©tegied 57 thedlash getal laxer r Frermilqryshegigp! mikiag teagantfe, | i qui d

F1 Bah et al oy o R e o A B Y RO a0t
aqueous hydthanolaener Astheithxtkness o6 fhe 43%s miotfidrs sleereastsy the plataiemetaidn #0%6a
et hanol am ne, A5 & ey LB EKNESS o i S Lisolion il SSRLS555, the Pl ated
substantially equal in area to, or smaller than, (depending on the slope of the via walls) the
20 diameter of the via, as shown in Fig. 3. In this manner, a conductive bump in a dielectric
layer is formed.
If not all of the exposed substrate is to be etched to the same depth, partial removal
may require lamination of photoresist to both sides of the flexible circuit followed by
exposure to crosslink the photoresist according to a selected pattern. Development of the
25 photoresist, using the dilute solution of alkali metal carbonate described previously,
exposes areas of the dielectric film that will be etched to controlled depths to produce
thinned regions of film. After allowing sufficient time to etch a desired depth into the
dielectric substrate of the flex circuit, the protective crosslinked photoresist is stripped as
before, and the resulting circuit, including selectively thinned regions, is rinsed clean.

30 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 _.



protrudes fromthe filmsurface as a frustum shaped projectiaon h€V| n
pl anar surface substantially equal in area to, or snaller t Hath{ T(éﬂfﬂ end| ng

on the sl qpg.0fsdhtgsvi a wal ls) the 20 dianeter of the vi ﬁCT/@gz(ﬁhmll n Fig.
3. In this manner, a conductive bunp in a dielectric layer is forned. If

not all of the exposed substrate is to be etched to the sane depth, partial
renmoval nmay re U|re amn |on t or esi st f O f the flexible
circuit foll owd reﬁ th%?(l tﬁ 60"0?@25 S r?tﬁued m&no‘% hgsd‘":“'leiiCg cc?frla H éa{o a
sel ected patt erfcshnemewem;mmmmas qiuohheteaﬁmqymmmesnﬁ)hs 1mhngxﬁethmderaﬁreme

sol ution of alKkali rret al carbonate descri bed vi ousl y, poses areas of
the di el ectri c*@nf mdireesionsaaierally & tg? ¥erlepl pgs Bﬁtﬁ?g é'tsf’effeﬁf"'ﬂ& 136'52?‘636'66%

t hi nned regi on%m@%ua‘stahﬁal1y$fe1'=peﬁdlahirth@%1a%yBifa Bhi8Purfabd B thediQb & ﬁmﬁ@fé red
depth into the dielectric substrate o | ex circuit, the protecti

crosslinked phdherdsidsd ppiont pivppyedaraibe cilyamderence gherch ﬁ@ed @ggh ppmgltecﬂldre@uu t,
i ncl udi ng sel ec | hi I OnS i se I 8 0 _An ti onal
E‘ %{CYBCB‘I I p:icljs [lu f'lﬁd st Flﬁ d]uc ] 1% r?ons ldq ebum\ﬂs h gol d

subsequent step 'S t0 over - € Cco Ve

or ni ckel / gol dplicotof psteatahenc A bdid@dsldgdde Acmndumbe vaan;bmmm b)@ﬁ@l‘meﬁioatis ng can
14180¢c¢cT 21%06 2005/ 074339 PCT/ US2005/0013-41 increase the size of
the portion of 8 He i rﬁj protruding fromthe dielectric filmlayer. Caps

formed according torthdicshafihi SMAk:- paatﬁ.% vgpyxﬁeba@ln'g%ﬁ ﬂe%émqaﬁhek%hm% ext end
outward in the x and y directions laterally t he vertical axis of the

bunp, wher@ "velatddoagtalaxerectiopeBersxample.agprer gurbeitehmqrﬁlapyg pes peyrtintdensity t o

the plane of a, o‘?ﬁ d ;n%:fgmn a}n:ﬂgfft tgl o%“i'Oﬁ XHJIIF{PGE)@ gslﬁﬁ)b@ﬂ@eegx\%oupded

portions may over ap t circu eac osite sides
of the di el ect r25%C énd a’mput&ﬁ@"@ Iglowsivmaplemg Wedd cgmehtfdens'rﬂyef ahoat 0. a@lparmgcrp’ort i ons

hol d t he bunps ce tec m from bei n sl uctive
bunp nmade by tﬁ,g Wg%fﬁ})tﬁ E’%”tBQI%GWR M :&:’d"ps 123%2@%&}’0%3§&de ating
vary dependi ng saftih BeinRiPbveaPRliAEeS PorfrhBt d%lﬂnytoleOL@b @t eflp/tRE alo BipeindCt 1 on.
For exanpl e, copper or nickel over-p gatln uses a current density of about

0. 005 anpiten? (teatawb%M @rzy/cmo(‘*ﬂwmnﬁ/ﬁ bgBveamprohs® (Jwadabmléﬂ?"@z) bet ween about
25C and about 50C, 001
2 e 03U, 500, ¢ B8l HEle PR G HRER e SUEARIeriSRR e BPAUL o0 007

and about 50C, Zhaﬂ"ﬁlstpm’teﬁrm\tdlvb‘s heagla hyarof pblamemigsictdes a aaye:wfmm agensity of

gle)? \l;lvteeg g_éoﬁ{m / C@Z 5)% E&S/ t2) 'Ihclgol)tngerafr?a?/ tepgotgr%sgir(rﬁégynozthe Su1ta%m1%41-f t2)

_conductive polymer. As 1Ilustrated in Fig. 2a, the first step s providing a dielectric film

20 | material 212 having a layer of metal 214 on one side, such as a layer of APICAL 2HP
polyimide laminated to a layer of copper, typically about 1 to 5 pm thick, Laser ablation
or an equivalent hole-forming method such as mechanical dnlling is used to form vias 218
extending through the two-layer matenal, as illustrated in Fig. 2b. Following formation of
a desired via pattern, a polymer layer 216 is applied to the side of the dielectric film

25 opposite the metal layer, as illustrated in Fig. 2¢. Application of the polymer layer closes
off one side of the vias, thereby producing cavities having substantially planar bottom
surfaces in the dielectric film material. The polymer layer serves as a barrier or stop layer
for subsequent deposition steps and shapes the matental being deposited as it accumulates
in the via. Conductive seeding (not shown) is then performed;s described in the previous

30 process with regard to chemically milled cavities. As illustrated in Fig. 2d, metal is then
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An alternative process according to the present invention is iIIustrat ed by

Figs. 2a- 2h. This process involves using a |ayer of polyner ;ﬁjﬁgéﬂﬂﬁ

~layer of Wwebalspassf backstop for filling of vias. The p@hyjmw
phot oresi st or any ot her suitable non- conductive polyner. As illustrated in

Fig. 2a, the first step is providing a dielectric film20 material 212
having a I S| I el f AP 2HP
pol yi m de Patreﬁ1 hoa%) a&% zaﬁ%}ﬁ‘f/cg{mg @o"ﬁ%@’r ﬁl? @%}e@a ﬁqai SO%T’etr b '0#1 t hi ck.
Laser abl abffdial 19kr 204 (@gghiowa), eclﬂfonhﬁﬂe&-l frmesrarmgothmtnkmd cﬁuﬁlhfeﬂﬁreﬂec hani cal

drilling is used to formvial extenﬁgg t hrough the two-layer material,
as illustrated 1h5Pelvger byer 2#8|151 W"ﬁ@’o‘fcgr FPOTPETNE ﬁ‘etﬂ’@é‘?dr"%ﬁa \Pi‘aée“ﬁht tern, a

pol ymer | aygfe a1 818 STiRIRIhESE tB@ebeﬁd%e%@s@facéﬁ%v‘él »@lt@%rh'e%hlf dflefp 25 opposite

the netal layer, as illustrated in Fig. 2c. Application of the polyner |ayer
cl osess of flicloerse iyere13f astilstroted i Fig.Rer eby producing cavities havi ng
substantially pl!' ?’tﬂaspr c%gs:[irgjn?)ftﬁlggt;u%gjrc tolﬁr)1 ﬁceonguc%v &4 I’I G ]fl |Je X me rial. ‘The
pol ymer | ayer serve A Ear fForr8uhsé nat eposi tion

steps and sti@peHowber, rﬂ?et]ﬁbcteai mbpmajgdd@mﬁal irﬁdnﬁeuatetste@c;ﬁ:anﬂtuétﬁteesay in the via.
Conducti ve_seedi ng (.not is then perforned _as_described in_the

previ ous 3bigsridds %}‘d\ﬂoft}‘?“? %%})d/*tc@"?ﬂ]@ﬁ‘i A dralsptrie ilmei O anayibeilamated;
11 UStr at e ucFed @ polfBindl oo 9B porkDa WOh2005 Q7 3390186 14520040T3xC T

2006 plated to forml ayer , Whi Ch I s each cavity. The plated netal may
al so cover dpotly atackedofo preduak CIrayteﬁtanzismh(tasa estodged, betveeeh therdigtestrad filor aces and
ot her net al (f:t rcwet]af eat ures. as‘ll' uert%cli %rEe ayer 216 is then renoved, thereby
exposi ng t A R e R R N R P R R e VI a 218. The height of " t he

exposed netal sTHeteaaaer, assmhmeld inFighzd, Bsplibaiog RY pldtoretia abd gatelect ric | ayer
212, as illustrated in Fig. 2e. Further processing of this structure to form

a conduct i géveb’ﬂ%“wqylbeb‘ée‘je‘ﬂﬁ?‘%ﬂsﬁé‘?i‘m‘ﬁémwec%\ﬂ@VéPdlo‘ttﬁ‘é“ﬁ’ﬁb\‘;‘é@é" PRay i ncl ude
optional i gfiglAedborfis tafﬂﬁq)%oc%s delsdmsga fn%géﬁdﬂg coﬁin%?ﬂy-gxtme%qj §aggknpor tions of

2h). A cover layer of dielectric fil | am nated over the plated
(and patt eamérdatwné{oaﬂw%gﬂéﬁ Tb@ﬁhdremgwceshmamvm bms@dwtoanleqdhh«scme/ezzs or 10

directly aty ched roduce es that ar d betvveen t he
dielectric iifmmc mé‘ﬁe ak e C(§\/S'edre ay eretlec;lféerl a}i'ﬁwasgrev PPU% etcgg% {ACFi g. 2f.

Ther eaf t er polg@er lhyerd 316, ah &gt |prart5ngof tRdielequrid lap@ma@rbe@émcpmtmx@ssest and
pattern devel opnent may be used to expgse_ _portions of d| electric film
and/ or the “@EN/BV“I%?%P“?W fﬁ@"mg ﬁFW%‘HS‘ﬁ@E‘?ﬁ (phpvroniile 2By JEBdsndescri bed in

copendi ng, dmmkaﬁcem%cx&&m% Sfm%toﬁaecﬂéme,pa%dnwe RNty BiRadfs. The

t hi nni ng process may even to selectively renove
20 the structure may be covered with photoresist.

As with the present invention, exemplary chemical milling reagents contain about
45% aqueous hydroxide or a mixture of 40% potassium hydroxide and 20% ethanolamine.
Appropriate selection of the bonding adhesive between dielectric films provides a stop
layer that protects underlying circuit features because it is not dissolved by the chemical

25 milling reagent.

As illustrated in Fig. 2h, the thickness of the dielectric film around the filled cavity
may be reduced at the same time as the reduction in thickness of adjacent areas of
dielectric material. As the thickness of the dielectric film decreases, the plated metal in the
via protrudes from the dielectric film surface as a conductive projection having a planar

30 surface. The surface is substantially equal in area to, or smalier than, the diameter of the

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



"dielectric material fromthe side of the dielectric filmthat was previously
protected by the polyner |ayer 216. In fact, portions of the di glgeg{ir (86

| ayer may W@ 42By8¢ to expose netal |ayer 214, therebypdpufiongerasaonnect
surface 230 (shown in Fig. 2h). If it is not desired to reduce the

t hi ckness of the dielectric filmaround the filled cavity, this area of 20
the structure nmay,be.covered wt tQresi st . wth the present

i nvention, exefpiaPYIEHERERpe I?ﬁrfgﬁeﬁg)yr B%Ié:gﬁ?nsm?(a)%lwg?aﬁ AL "h%%alﬁqsueous
hydr oxi de or adedckbddrsdoaf 40% pot assi um hydr oxi de and 20% et hanol am ne.

Appropriate selection of the bopdj ng adhesive between dielectric filnms
provi des a stop Ia!}"élgPe?ﬂé?mbF‘BQ@&‘P%‘W&E‘&?%GH@HEW‘B%ibﬁcaf’%ea UF e PREause it

i s not di ssol vVedmpyprbh&iicd @t 8R! dicdR B sbind@ Ak ERARM as thSreldricuslafadmst i n Fi g.
2h, the thickness of the dielectric filmaround the filled cavity my be

reduced ats t he patareedidiaiestrips sublientradly perfacbiggiswation ibetves the gpndaafividumps arkas of
dielectric materjal. i e Leleefric fi ses, the
pl at ed net al iﬁgeﬁe}%i{erm |5E%r%8{‘%%§§e Cf%?tgﬁ{u{'ﬁgg E’?Jgﬁé’cﬁl? E:S ¥ :;{)Ar?f%ﬁg gﬁ@ as a
conducti ve projewtehtumahppioachea [plpadasingnduniva taturdsherrsundtdicedielsctric _
o o S e B e oL St i S e 2
augnent ation ofwé BiParattrdee® £dpd: FRAE pallhn AR AR DA% Rirlds\da2 0 8P1341 net al

projection may be performed by application of additional conductive nateri al
as described apveing tha dgfecirdayer do theseemuentioad mpprodchen aigsresaten batweant i on,
because the co i - i I I jrate are
formd as the Nouge ehfmeRT BigL I Mg pLb R Al Bl REA SURERL P, D
perfect regist rsafficiont thetsweemnminheinc epdudionvaedumnp fsanplained doeetar leestbayer is a

consequence of the,. rmation. This.is in contrast to ny. .conyenti onal
Cobroaches for PPBUTENRG! B A FyaripeSitraityERPtber g T e B8Pl ¢
material, e.g, desgn@nah@itoi mageable material or printed sol der masks, which
often require two separate process steps: one for patterning the conductive
bunps and 'one for 1Blapartiepdemgtionrcceriier éxihe presqnd uentionhas appheation franidE onal

approac hes, m %ﬁﬁ&‘;’ §1§}frﬁ1wd%ﬂc&%'f Qaye¥ Eﬁ?cu‘tm\egiﬁetc%mgsf}fn? 9&&%&“1%%5‘9%6& S

often a problemand can require desi'gn constraints iclent 'to assure a
m ni num r egi st nafuding doolactrsats ead infgposerpthai madredivepech, Aighldesssty il8a@n@mection

erbodi Ment s of LG Ry S Bhod 34 bR UBA AL B kuS] HATARLE b SERY o

including large arrays of conductive bumps. High density interconnects, produced as

20 -described, offer advantages over some existing commercial interconnect systems, which
provide contacts having less available contact surface area than planar conductive bumps
according to the present invention.

Fig. 5a is a schematic representation of a sensor 500 containing at least one ™

conductive bump 510 of the present invention in an open well or reservoir 530. Fig. 5a is

25 a schematic representation of a sensor 500 containing at least one conductive bump 510 of
the present invention in an open channel 520. The difference between the open well and
open channel configurations is the shape of the indention made in the dielectric film
around the conductive bumps. These indentions may be of any shape that can be produced

readily by conventional photo-imaging processes including truncated cones (Fig. Sa),

30 truncated cylinders, polyhedrons, channels, and combinations thereof.
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design constraint. 15 Planar bunp formati on according to the present
i nvention has application to a wide variety of printed circuits)g0CT 7006

mul ti -1 aygl £ ,}3%353 flexible circuits and connecting $bipi&biss@ei34d NCl udi ng
contact sets and interposers that require fine pitch, high density

i nterconnection capability. The process steps outlined above all ow
formation of bunped,flex structures Iudidn | ar ge artra .conductive
burps.  H gh dentis) e EOHHEL IR Al birdad o e Ry PEamPF 8

advant ages RVedch&RIE s8Xdos t THGcRRITRY Fitedfacd Wiltes FOARAenBIS I8 (ot shhiing h

provi de contacts having | ess avail able contact surface area than planar

conduct i ve UM eI IAG Rt Kaigp BT A al“rWé‘HielaB?lreaﬁf@‘“ wtapisvih schemat i c
repr esent atg Q. of cigrpfRsor 500 containing at |east one' conductive bunp 510
of the present 1nvention in an open well or reservoir 530. Fig. 5ais 25 a
schemati ¢ repr e¥efratthosenefh ekcisalestbe cd@octivo htmp namiy farmddeashovorie conduct i ve

bunmp 510 of_.th ent invention | 2 i fference
bet ween t hd '%fpgaﬁp'&eﬁ?w%fﬁﬁ to %ﬁm e ‘ﬁ %Lind onﬁl‘?cgfﬁsaﬁeghei CQ%C Tﬂ% aghape of the
i ndenti on nrE&&miRg itoudipe hRet Yel seleftiveRreris @i RGthbit@leoRHEGhd thRKIMEPS. These

i ndenti ons may be of any shape that can be produced readily by conventi onal
phot o- i nagltﬁ*f‘g?/ igpchiellsniy thevdea Ritide Afithervadk d& acemmudish thigy 2 laygn of pheforepigincat ed

cylinders, Yo ‘ ANDRALLPRSdtth SR he watk 1 8 O C T
Sh06" o 2dEErEURH SRR AARITE Fre AR SRIOMIAY AR OB RRe s L bunp may
be usead as aanwnét}e@bm@déveb‘uomeéccan@séypmoane tecsU¥dightobivegh Tpliotgesisor . The
sensor i nt t npeasures
The ol ect dibnTtedror bt o dhTEaT gl v SR hut Bl Pat B B act vt n
t he sensor t@b]ﬁﬁhlﬂ(bdﬁ&redfim]gbdelIid’m]tchﬁp:&eﬂﬁOI‘ eI ectrode, the conductive bunp
can be forned -as_shown in However, to formthe well around the

el ectrode, the HERMeEETHH fﬁ’éﬁ glreF%Cher%‘ﬁ%] fesurie thep Rersediqieird aay thepe

sel ectivel yexﬁo%g@g/&éoﬁanotfmm 1@@&&@%&39\/&&% rég%rpmﬁé(ﬁeleémc fiffwdice! ectric film
in the area outside of th . To acconpl i this, a layer of photoresist

i s | amisnat extthed ﬂetdadlecltrayfdm szth cathlee bﬁhtp@b@sribsmatq, sr mdiﬂmlqpacmehan@d to define
i ough & ROFBEDH Bro > hROH OHER shArEr BB Moo BB B s 7556
aqueous solyutnpen of SOdI um car bonat e to obtai n t he desired i mage of the
circuit patter nThlS partial etching method creates the well and exposes the sides of the copper
plug plated in the via, thus forming a copper bump protruding to a height of 30 um from
20 the polyimide dielectric surface at the bottom of the well. Additional copper may be plated
to slightly increase the bump height and to form a cap to increase the total thickness by
0.5-2 pm.
" The well may be of any given shape including the truncated cone (frustum) shown
in Fig. 5a or the channel shown in Fig. 5b, and have a depth that is up to 75% of the
25 thickness of the original dielectric film. The conductive bump(s) may be of any shape
mcluding cyhinders, truncated cones, polyhedrons, or combinations thereof. The height of
the bumps will generally extend 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. Alteratively, the height of the bumps ma§ be reduced by

30 performing a second metal etch step.



PERVA- ETCH from El ectrochem cal Inc. can then be used to etch away the
exposed portions of netal |ayer 114 to uncover the region of tI]eB grehmetric

filmto b@vé)lgmgrlg.ﬁlgggj. The dielectric film which can be degRys06d¢eR§ bonat e,
or polyimde, can then be etched using a 35-55% KOH solution at 70-95C to

formthe well around the conductive bunps. This partial etching nmethod
creates the wel 'g-‘%%dl GX%OSS@ Lhe e%laﬁgﬁo.afseﬁ %ecoc?aﬁ,ger A4 ghatsedft qi the
via, thus form nga EBFPETAHURD °pr St P Uditig Lo Y HEPGRTBF V36 PR $8m 20 the
pol yi mi de direde@Gh¥ednGos i f @6:ed aianhd1eA bayt bY@ 630 hds beerabiéd toAskcintth@n@khecopper
may be plated to slightly increase the bunp height and to forma cap to

i ncrease t HBClEGRG I ﬂYe(ER’h%t&'éedtfga““GI: 59 ¢ .ulﬁi’erﬂ‘?é%\?\éﬂ}enﬁﬁs}asﬁfeg&?’ ad#? gi ven

shape i ncl ugia@gsivB Gaykf, WCAHBHb A Tonifdidd s tHEMrarSANR of IR cHhdictian@r t he
channel shown in Fig. 5b, and have a depth that is up to 75% of the 25

t hi cknéss ofhetchp lagern mahglsolid e ke ppeaings hrauglt e thidknebac ficoe labermaysysomay be  of
~any shape .ingludi cylinders.. truncated con ol yhedr on or

conbi nat i onbse at%%“éeéfogggé W#rl@r rﬁseelr‘éq'll'i’ S%:# as ﬁﬁtesglgﬁnnf)ngﬁgi Efjal %%‘ﬁfeé?oa’ {‘/ene%(t end to the
pl ane cr eat@ddhyivi benmp aeits heckhantel aceeliahatih@verdil eftkatcsp aydrj then Addi ti onal
copper may be plated to slightly incyease the bu hei ght and to forma cap
on the bunp%ons&rcpé? REPPSAED 2T S THE G PRI SR b Ry higP BE ElitlRed by 30
per form ng @uagepnd sBial etch step. 18 1 8 OCT 2006 WO 2005/ 074339
PCT/ US2005/0013-t1 Fig. 6 is a schematic representation of a sensor
cont ai Wi ng condlféth\?@pgmmgce@# for Faking p isaitiof thewesentenvenypngndpdss ¢ channel . A

cap | aver GaQ.0A3 RN, AARSTh A1 A NEBULSAGROfALRE. il R ERbAdG 11 m over an
et ched channel . The czfp ayer nmay be a1 erm)pEi astiCriim 4 f"ape or
adhesi ve | ayevidedMAl firt dopger bednayeaispatked ohw atflte sfde s the pulyiniidefind atttice

conductive film 5 The cap |ayer may be solid or have openings through its
t hi ckness. t}l“’@é\eﬁs faRgept Wﬁi})’oﬂﬂ’ggﬁlowégaﬂg’éﬂﬁﬁbé?W&f K’/@é‘!‘% ‘@rtof‘é‘g%ﬁ{?}ﬁ‘iﬂe?f such as
that shown ey 475 O, @%;ior{any,aaqqkttdh%e oMIRReIR hronRARYS e My bRy gxi sts in a

channel or well that is covered wth a cap layer, the " conductive bunps can
serve Hs stdapetigd htfoguppdapositiboef thlrsoappdr asediayen prevent it from

ool 2psi 9,01 48l dogl Oy BATIR) SRR Ml IR S i:
pol yi m de d$Ed1ediom Maébénmid i Gimilfaciedhahé Scond (unmetallized) side of the polyimide
film. The photoresist is patterned to define via openings by exposure to ultraviolet (UV)
light Fhrough a phototool or mask, then developed with a 0.75% aqueous solution of
20 sodium carbonate to obtain the desired image of the via pattern. Vias are formed by
chemically etching the polyimide film from its second side using 35-55% KOH solution
heated to a temperature of 70-95°C. The first flash copper layer serves as an etch stop for
the chemical etching of the vias. The photoresist layer is removed after the vias are etched.
Once the vias are formed, a second chrome or Ni-Cr tie layer is sputtered onto the
25 second side of the polyimide film (including in the via openings) to a thickness range of
about 5-30 nm. A second copper seed layer is then sputtered onto the second chrome tie
layer to a thickness of about 50-200 nm.
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

30 0.5-3 um.
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provided. A first copper seed layer is sputtered onto a first side of the
polyimde filmat the thickness range of 50-200 nm foll owed b@@ﬂ%qﬁf | ash
3411 1S

copper phaghfgoupzs o a total thickness of 0.5-3 m Optpenesionso
chrome or nickel-chrone tie |layer nmay be vacuum 15 deposited before the

deposition of the first copper seed |ayer. Subsequently, photoresist such as
t hose avail abl e,,upder .t he t F320 or_ .SF310 fr cPDermd is

| nat e on t HAOSREh G Trha & PF S TS he BRI he

phot or esi stirdufiryqairduermed dr teade bomigpads andaelideNgRl Y erdapos by expaeurdtd r avi ol et
(W) light_ through ot ot.ool or mask, then. el oped with a 0.75% aqueous
solution o Vﬂ@hgggiuﬁﬁfgg?t%ﬂé)ﬁ é“afl'b t]E?BtdﬁYerleﬁﬁé"tgggq°raégequﬁ§ﬂgt‘(6¥°fp he via
pattern. Vi@unéRodn@leTBohibY a dehREiAelof cibugh dﬂ&eﬁnh%dﬁ@ioﬂl Rbpiser fsithel fromits
second side using 35-55% KCH solution heated to a tenperature of 70-95C
The fitst tlkeionlatedppiorthe sepend flngh apperdayente fere the dnalyifcwit leadspnd chpngt cal

etching of _the . ias. . ,The phot.oresi | ayer is renoved after the vias are

et ched. C)nBlélg%eﬁewa@i%%tshwg(Pees ?8?%%03?£(§5%%%0nd chrome or NN-Cr tie layer is

sputtered onto AlRute KOS a0 a83-d% i0hisetl erepole/theph@oresibtfdnt Beth widesng i n the
vi a openi ng@%1 to a thickness range of _about 5-30 nm A second copper seed
e

layer is tpiEfe diglsetiefiin Ot elrhad avabialie an i AcE ECH frgpefleqtepchemirglckness  of
about 50- 20 %rtheﬂ%spduate@amsda%]l—gfpoka@og@ta s,gmb%tﬁ sih&eofftﬁéﬁ&:ya@h&srgve%g ayer and

then, second copper seed |ayer is plate \ copper to forma second flash
copper? | ayesurfraypithe platchinslehEEing dfe vadiobich w30 beroFie3hqyiop surdacg oBtheCT 2006 WO
20057 074338, sl o o6 103 s A AP alellolQ05RbiSLed 8 STDALFId Qediifegond 11 ash
copper |layer a d pat&erne 0 Getié" ¢ rcwfry (aCI (CUrt St TECES Or | eads,
bond pads gRgolyliridé dicR}rarthpperaireit leAB3GER chiheanStE €as, vhidi\ard piggdedt hr ough a
phot ot ool or mask, Lhen_det%el,oqped w th 75% aqueous solution of sodium

car bonat e P8 PAORPSS N PRETUHBFENGPIOESSScuitry pattern. Additional copper

is then 5 el ectx opbialesict i9RPhatddqo HR ORI £ilcAR Bids BRBR seddd Side bPthE Or m t he fi nal
circuit |leads and copper plugged vias to thicknesses of about 20-40 m A

di | ut @5 KOHdslskwir ifibm aai2 pRLegye layen fdiawedby dntespc etblinppiche ezt Sist f r om bot h
sides of the djelectri Gefdel . [ t ' > _as, PE TCH from
El ect r ocheRi (Y,lg}qhe ﬁl%cqs,[ngi%g 51[5 ﬁ)enknoﬁss g@h@oatgpgﬁ%;tv%g&ﬁ% }h%gh%gg’ggug?%/ﬁﬁ on both
si des of t bfckpeds oM deorizRidedBickngs bfabautSonhnea ikl thitendsk af dutm®tah. filling

the via (which will becone the top surface of the o
Alternatively, a second layer of photoresist may be applied to the first polyimide side and
pattermed to define specific areas where the dielectric film is to be thinned.

20 The height of the copper via exits remains unchanged during polyimide etching.
Therefore, 30 pm tall copper bumps protrude out of the etched polyimide surface through
the remaining 20 um thick polyimide film and are connected by the copper circuit leads on
the circuit side. All copper bumps have substantially same height, which is determined b;-

the original thickness of the dielectric film. Additional copper may be plated to slightly

25 increase the bump height and to form caps increasing the total thickness by 0.5-2 pm.

Subsequently, a nickel layer may be plated onto the exposed copper bump from a

nickel sulfamate solution containing about 300 grams of nickel sulfamate per liter, at 20

amps per square foot to a thickness of about 3 um. Finally a gold surface layer may plated

onto the nicke! layer from a gold cyanide solution containing about 1.7 Troy ounce of gold

30 per gallon of ammonium gold cyanide solution, at 3 amps per square foot to a thickness of

about 1 pm.
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“bunps) on the first side of the dielectric and discrete circuit traces on
the second side of the polyimde dielectric. Copper circuit |eadgyp 17806

connect Wiy}, 25({%71@395’ whi ch are plugged wth solid COpﬁ@ffugiﬁB%/{ﬂHsﬁhe
circuit plating process. A photoresist is lamnated to thé copper circuit

side on the second side of the 15 dielectric filmas a protective |ayer
foll owed by dielectric etching of the entire first polyimde side using
35-55% KOH sol ution at 70-95C to reduce the entire polyimde film thickness
froman origikRalpiihi ckness of about 50 mto a final thickness of about 20 m
Al ternativel'y,” a second | ayer of photoresist may be applied to the first

pol yi mi de si de ahél ppaolyemivisdiln avadabicimdapbeirdde dame ARSCAhSHE fiolre di el ectric
filmis to [ : ' - ' it emni Bs
unchanged dgrg?eqﬁg T%g%ij?ﬁ%g’eéwea?' éﬂﬁ%gm m%cekile 6?3{;&9@%{ l%@%ﬁ&%@%@é@ bOErrps
protrude outhe@blyinlide Bincivedprpeidsd. riSgen dismétercaastwire figined thineugh @redaminmg 20 pm

thi ck pol yim filma re conpected b he co; ircyif, leads on the
e cui b sy By Ston O SaTA RS That G SR APy SERHP A, i ch i s
det erm ned Riacpédhed Sriakaly, t:l'r'? G&Ksl”‘ag:%ﬁed}f) tHenBcoll 6lde ot thi QicldclrPfiAGGAitE onal
copper may be plated to slight 25 increase the bunp he;p%ht and to form

caps i ncr easlosrg offipae ewd eff the Wit kheegudiiye gusgerpiomof cahersagilenst wnder the ni ckel
| ayer may b I iedl ul famat e
sol uti on’ cofidEeSTOIAW iBLRIRAFCEPERA) ) RO LA niglii Shupkd!| L210,

anps per sqbthaimeMN)otasapplidiharcikmessoroiattat okt vi8sidewdHisnal |y a gol d surface

| ayer may plate onto the njckel |ayer froma | d. cyani de sol uti pon

cont ai ni ng abpu?suf?’eﬂueﬂt y2 b“é’“ﬂf]ayﬁ%‘?fjc’?h%reﬁlétrw%j?'f‘ﬁ‘ﬁ[\é‘gf’" gﬁtﬁ%ﬁ’i? fifhol d

cyani de sol yeishtratdl Tie SHERSedR wa$ SR [0QRFind ArcRititaki@ghcoOfeatu@beyt | m 20
1 8 ON 200b WO 2005/ 074339 PCT/ US2005/ 001341 EXAMPLE A 50 gm pol yi m de
film avail Beingexpadio vigavieleh (b )duhethmpgionphopaipl oF i3tk Rethbradevigrsfo, Japan,

and having @, 4066 1 SRR S i teQae@irdd ihS i 0f 5 the
pol yi i de fi |“§n%vva"gh‘gr8%/%‘gtof’."q’f5§ gm o 0ahE iucdndd s %%?C?ﬁﬁ’gﬁgh t he
| am nate by palkratAd thumititibk hyefAGcdppseras tikn38cgoplitead fomefcoprotwiamgiest ( SF315

provi ded by MacDermd of Waterhury, CT). was applied to.the second side of
Phe. i o1 ot FOTIOVE e ot 1Yo GOEe it B EAegPet et AL SORC KB duct | ve
suspensi on @migad bon avail abl e under the trade name SHADOW CONDUCTI VE

COLLAO D 2 from El ectrochem cal Inc., Maple )
A dilute KGH soluticn at about 3-5% was used to remove the photoresist from

both sides of the patterned substrate. PERMA-ETCH from Electrochemical Inc. was used
20 to etch away the flash copper on the first side and about 3 um thick flash copper from the
seco;1d via side. Now polyimide surface was exposed after the first sided copper removed.
A photoresist was laminated to the first side of the substrate having the circuit traces
{ thereon to protect the first side, followed by polyimide film etching using about 45% KOH
solution at about 90°C to reduce the overall thickness of polyimide film from about 50 pum
25 to about 20 um. (An alternate process sequence could include providing an additional
layer of photoresist on the second side of the patterned substrate, imaging and patterning of
the photoresist layer to produce partially thinned polyimide in selective regions as shown
in Fig. 2g.)
This partial etching siep exposed the bottom side of the copper that had been plated

30 in the via, thus forming a copper bump protruding to a height of 30 um from the polyimide
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10 Plain, MN) was applied in an inmmersion bath to the via sidewalls.
Subsequently, an additional |ayer of photoresist was |am nat edmrﬂnt[hzguﬁfi rst
side of heysubsihate. The photoresist was patterned tpcfgkbdsogiicul t
traces and space features by being exposed to ultraviolet (UV) |ight

t hrough a phototool or mask, and then devel oped w th 75% aqueous sol ution
of sodium garbonate to ohtain the desir i e of circuitry .1 ttern. A
15 gmt hi céle{e%}% urg S YISO PR BR iéﬁi @%Fér %Eﬁg'g?tgydnfr%sﬁ]%ﬁme)éﬁl ]gtra% ul f anat e
sol uti on owgbmi hasisesd siagy @fth bbout 01512 i twiabthaRBeskpr m a trace | ayer on the
first side of the lamnate. A dilute KOH solution at about 3-5% was used to
renove the photdPesuettlys melsl wabelpted prie the sxpasebeqpren il dibst r at e.

PERMA- ETCH f rOm;rﬁéemﬁfaggéag%ﬁgtatbagmpy\@é sﬁ?%ﬁo?ﬁgaq}ﬁcﬁ%g%fﬁw gnht > flash

copper on the first si out 3 gmt |'ash copper e second
via side. Noaw gobl wasmlded sue fhaoekdddeomexgpddadnidt santidre 3famps persijaleed copper
renoved. A photoresi st s lamnated to the first side of the. substrate
havi ng ¢ he fof PaPiekiesefabou i dommisr wfa&e&qf cppdictiye COPPEYRIPS A | owed by

pol yi m de hiliph @lefRirddind SeRDpBBRE ushp mdibtess MstiteaRbate. FRMH didGert 0 I educe
t he overall thickness of polyimde filmfromabout 50 gm 25 to about 20 gm
(An al t er nfiow apewsdépon @dquiemrte abonill &6 km ¢l - Lomnmpmed divelgpedfonblmpsi onal | ayer
of phot oregj 0 0 i . t S trate, 1 0pging and
pat t er ni ngmovf%gat 5ﬁ%ﬁ8foolreésrt?t g‘fsr lﬁ%}y{agﬁavin %ba%ge J%Iépag)g?ttﬁgﬁﬂniat inr]lllrrl]g% pol yi m de
i n seliecti vigut B jonE2 . @sng kevaproduwsedwigh subgrantiallp pnfrantfhak that effiredy st ep

exposed th bottgm Si d§. of the .qﬁrg;)er t hat ha% beeln.npl_at eﬂ} %0 in the via,
thus form MERSEBEPEFASIAEMBFOY FUAING cPedote LyRt Planedd uh's Pohithe

pol yi i de_ rokhch pofiivhAOB6 INOrBA0RE0 FARAFGTUHSRARR ke latingiebect [ c
surface. (Additional copper may be plated to slightly increase bun? hei ght
and to foﬁﬁﬁcmg%%ﬁb%p@gw{??ﬁ oAlseeer Hams. varied ifiom Boat 1 Hhine Wndgsn
Subsequent |y, boxﬂiz‘ﬁb‘ﬁlm &gsmlg ated onto the exposed copper bunp from a nickel
sul famat e solution at 20 anps per square foot to a thickness of about 3 m
5 Thens gol d wasByhmh@ght ofiteseraempi atdee banfplasiwaa ngadutledysanp adeofflomets on at 3

anps per squar fpot to,a thi of .abo 1 A numher, of ~arrays of
conduct i veg‘@glb'g%l”_’c%ﬁ%ga?%mge W@ Iﬁgmd‘?eé:[:@%]to?‘i‘ @W?lﬁgﬁ?@a g?@ﬁﬁc ed using
t he procesgAdgne hehfekndaBvAdicIRIgn BintbRiEicSeht bAdDMt akMeirichabdRale0. 75 nm) to
about 125 m gl. 25 nm were devel oped for bunps _

surtace. Profilometer scans for flat top bump samples revealed bump heights of about 25

pum (0.25 mm).

20
It will be appreciated by those of skill in the art that, 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.

25
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having a rounded profile. O her bunps having dianmeters of about 150 m (1.50
nm to 10 about 200 m (2.0 nm were produced with substantially. ?hepqg%
surfaces that offered larger surface areas for contact with rra

connectors. Over plating is used to formthe rounded profile whlle the fl at
profile may be forned by elimnating the overplating step. Spacing between
bunps, regardl ess of size or shape, varied fromabout 125 m(1.25 mm) to
about 250 m (2.5 mm). 15 Bunp hei ght of several bunp array sanples was
measured using a profiloneter available under the trade nanme DEKTAK from
Veeco/ Sl oan Technol ogy, Santa Barbara, CA. The neasurenents indicated

uni form bunp height and fl at diel ecClaimssubstrate surface. Profiloneter
scans for flat top bunp sanpl es reveal ed bunp hei ghts of about 25 m (0.25
my). 204t will e li ght
of the ;%fesent di s@%gﬁg@ﬁﬁ?ﬁ %é&%ggtl‘%eb‘ﬁn@dﬁmh %d@bh& %t s;h@l scl osed
her ei n \pirdd&ﬁﬂﬂomiﬁ[smgl ng fromthe sSpi r|t and scope of the present
invention. 25 22 J 0 process. for form ng a conductive

bunp att achedr?\¥dBea; défrlé@fl? %@mfhavw asfg%ﬁldepaé%r@slé sidsrpf P& leag-onp Vi dillndy
di el ect Gﬁ&alfﬂléé%w%{a‘glaﬁﬁf dorike é&ﬁ%‘;ed 2 SRR R Seafde dl@ L §A@t one via

filled avl ng anar surface exposed at sard first side
of said di el echfrblitably ktﬂhmg@ﬁlﬂrcbélbcahb filre fiohi agusdsad glaahesuifat€of daldintabm

ar ound sal d plan r surface_of said netal]., plug to provide a dielectric film
having & yesiorovide pAisleses Bl brape ager)e A 1pp protoudingfhersfroess of claim 1
wherein an array of vias are filled with nmetal plugs and the controlled
etching provides an array of co-planar netallic projections. 3. The process
of claim1l wWithegiroceasofldiay 1 ofhescian at®y ¢fi vidseade lled withtnadtalplugandnke t he
controlled etching provides an array of metallic projections surrounded by a
di el ect cpBirohesietching moxidss gp agay BfCQSP]&P%metFJ@Pﬁ’FFéPCt%ﬁpH si ng depositing
nmetal on said netallic projection to produce said conductive bunp extending
out fromsaid netallic projection to cover a portion of said etched
surfaced. The process of claim 1 wherein an array of vias are filled with metal plugs and the

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

4. The process of claim 1 further comprising depositing metal on said metallic projection to
produce said conductive bump extending out from said metallic projection to cover a portion of

said etched surface.

5. The process of claim 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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5. The process of claim 1, wherein said dielectric filmconprises a polyner
selected from the group consisting of polycarbonate polyners, l'IdemB
crystal polyners and pol yi m de copolyners including carboxylic r
structural units in the polyneric backbone. 6. The process of claimb5,
wherein said liquid crystal polymers are selected fromthe group consisting
of copol yners cont ai ni ng p- phenyl enet er epht hal am de and copol yners

cont ai ni ng p- hydroxybenzoic acid. 23 1 8 OC T 2006 7. The process of

laim5,. wh i i d l.yi m I ' S. i th ti ) duct of
R B A e SR S R AR A I
The progasRicOdf mbin@rd inc“lﬂ&ﬁgepiﬁhéﬁ'l&e%ﬂ’érlhﬁélliﬁ@laé{d %oﬁlge%%& %g#d}idipl.el ectric

filmuses a chemcal mlling readent including an al kal i al hydroxi de.
9. The process of claim8, wherein said chem cal etching reagent further

i ncl udesg, an ine. 10. .The, pr.ocess .of clajm9, wherein said al kali netal
hydr oxi e 1's 16PHISEFL SE berhriein seid corellably siehtpe saf RismnA R se 8. The
proceSS_cgémfchpmmiag nRgES iActhiiRg 8h SRR bl Ayldkidg @ dielectric filmhaving a
first side and a Second side, and at least one via filled by a nmetal plug
having a pl anar surface exposed at said first side of said dielectric film
conprises: applying a stop |ayer to at least said first side of said

di el ect r9-c fiThepreesss o elapn Baybereintsaid dhgmagel ewshiagapapsnt fwribeninalodesdnamiseai d
first side of said dielectric film formng a cavity in the dielectric film
that extends through said dielectric filmfromsaid second side of said

di el ectrigc fiTh® proc&gbflclain®p, Whatein; satdieftiegdi ieabheRedde is pitastRbeliyRdxil®addr m a
conductive plug in said cavity;, renoving said stop layer fromsaid first

si de of g amige é¢ dhandlaniel mt o expose a surface of said conductive plug.
12. The process of claim 11l further conprising depositing netal on said
conductive bunp such that it extends out in x and y directions to cover a

portion of sarkk mbediedf eliaih @Giterdin el k@Caf. providing Bhielpetel€ €1h® hating ladirgd slde
wherein an array of cavities are filled with netal plugs and the controlled
et chi ng 3dascerns side, apd al/leatt ope vigl flledbyrrenetal plug pavps e Plapgs surige ex@saitat 1006

14. The s%{cf)ﬁr%%d?{)]f%icf‘hﬂe%&ic%@dn%rﬁ@s:array of cavities are filled with
e

met al plUugs an
applying a stop layer to at least said first side of said dielectric film, said stop layer

having an underside in contact with said first side of said dielectric film;

forming a cavity in the dielectric film that extends through said dielectric film from said
second side of said dielectric film to said stop layer;

depositing conductive material to form a conductive plug in said cavity;

removing said stop layer from said first side of said dielectric film to expose a surface of

said conductive plug.

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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controlled etching provides an array of metallic projections surrounded by a
diel ectric mask. 15. The process of claim 11, wherein said stop 1@ngqgmﬁ a
netal |ayer. 16. The process of claim1l, wherein said stop layer is
flash-plated netal layer. 17. The process of claim 11, wherein said
dielectric filmconprises a polyner selected from the group consisting of
liquid crystal polymers, polycarbonates, and polyimde copolyners including
carboxyllc ester structural units in the polyneric backbone. 18. The process
of clai %1 whbiedirpcaspef @@@plbm@m a w@ayaofcnamt@emeufdleﬂmm netal plygaarid thet

id I h
2 ol anat EioPaEaBoR pRin N oy AR oltfp aubipdbl P e Bt~ "

conprises: formng an openlng |n the dielectric filmthat extends through
said dielectric filmfrom said first side to said second side of said

di el ect rli% fiTharragsss of dainnl brwiereinyaid stap laydards smetahthyei.de of sai d
dielectric filmsuch that said opening is closed off by the stop |ayer on
the side of the opening adjacent the second side, thereby formng a cavity;
deposi tiigg cOTktysibieseondbie 1 Blwheeih aidspRaRdics Ny-phidd nictalIRjed Cavity;
removi ng said stop |ayer from said secong side of said dielectric filmto
expose a surface of said conductive plug. 19. The process of claim 18
further npr

ext ends St 1 SPERASRESalh 18, ke 30 08 AE P E Pk Ee Uy Ei el Bton !

di el ectrtheg fo@ﬁﬁsungzﬁr lighi® cryEtaLss pmers, pdlmmcﬂn&twdqjonylﬁﬁﬁﬁdpawm‘rs
cavities are illed wth netal pIu%s and the controlled etching provides an
array of nelydingsachoxike aster trustussl eits Brige polymerig backbore.2006  21. The process
of claim 18 wherein an array of cavities are filled with netal plugs and the
controlled etching provides an array of metallic projections surrounded by a
di el ectrig. neBie praaess 'Bﬁ elam’l Qaﬂﬁelﬁﬁh&dtqi dﬂfpﬂcﬁmdm@eﬁiﬁl&t&aﬁﬂn aiving h fiygkides a
pol yrer re5|n | aye process of claim 18, wherein said dielectric
film condidiaseso %ﬂf ylﬁélat @éﬂ@@ﬁ atp filledrhy & Iﬁ‘étalgpldil HavIBE diplanapgprice exposed at

pol ycar &Wﬁ%ﬁ%é?ﬁﬁ?ﬁ&d{eiécﬂ%ﬂ ik éi-ﬁ%r?é gpolyners, and polyinde polymers

i ncl udi ng car IC ester struc units in the polyneric backbone. 24.

An article fOformmg\lancbp&gmgnnﬁie&héléttmalﬁlmolimeﬁtehd)ﬂhhﬂigmmﬂ diledtdasitmdropai r  of
el ectronic conponents said article conprising: a dielectric filmhaving a

first sited fiest sde thenid pegend pide af smedislecHielilst al -filled via, said

applying a stop layer to said second side of said dielectric film such that said opening is

closed off by the stop layer on the side of the opening adjacent the second side, thereby forming
a cavity;

depositing conductive material to form a conductive plug in said cavity;

removing said stop layer from said second side of said dielectric film to expose a surface

of said conductive plug.

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.

20.  The process of claim 18 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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dielectric filmfurther having an etched filmportion on at |east said first
side, said etched film portion including an etched surface adj a¢gmit206sai d
nmetal filled via; and a conductive bunp extending upward from said at | east
one netal -filled via at said first side of said dielectric film said
conductive bunp providing electrical connection to one of said at |east a
pair of electronic conponents. 25. The article of claim 24 wherein the
conductive bunp extends outwardly in x and y directions fromsaid at |east

one netal -filled via to, cover portion of said etched surface. 26. The
article2bf cllaFRrosssTffims} %\yﬁarﬁmaﬂnraggﬂw R %tﬁi#leg &ﬂ@'dﬁ%‘iﬂxlé%iﬂﬁ%he 27.
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non- conducti ve nmask around the conductive bunps. 26

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.  An article 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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