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PATTERNED Cl RCUI TS AND METHOD FOR MAKI NG SAME
TECHNI CAL FI ELD The invention relates to patterned

W@ 2008061355 eat ures on a substrate and net hods oPCTEK2004043606
patterned circuits. BACKGROUND An et ched copper or
printed polymer thick filmcircuit pattern over a
pol ynmer film base nay be referred to as a flexible
circuit or flexible printed wiring board. Flexible
circuits generally include a pattern of conductive
traces that are supported on a base substrate such as
a layer of dielectric material. Oiginally designed to
repl ace bul ky wiring harnesses, flexible circuitry is
often the only solution for the mniaturization and
mov e TePA THERNED (GIRGIUIMSeAND METH QR FER M AKER GroaviE
assenblies. Flexible circuits offer attributes such as
fine pitch traces, conplex circuit designs, and
flexibility. Thin, |igreENgOALAEIIDeal for
conplicated devices, flexible circuit design solutions
r angge {v@AtcH Rt 18 p AR ARNEHE fdaMResRALA b étR1E ATIth&Keds of
mul tilayer three-dinmensional packages. El ectronic

making msrnedreidéuttal devi ces, hard di sk drive suspensions,
ink jet printer pens, and touch or finger sensors are
comon applications for flexible circuits.
Mul ti-1layered interconnBaAICKGROESDare wi dely used in

t he sem conductor industry to. hani cal | y support

| nt AGreAtEA CRPRE BF Brintes PR ST SR ETEGT PR e R Pphyaner film
baSdthPpbd Rl £a MeNiBIBir8aesHRexibl b6 ORaREIboARM BleRble circuits

can ‘be configured to support a single chip or nulti

l e
gendralhsincladela prteern 9htapdiqtiye tdesstthatjapagsupportadeongdiiseg ﬁﬁ)ﬁgﬁﬁ such as
S 1 . ' . . i = GhiD.: .
o e bl e £y B0l L Sl R R, nexivle
cir6€ifry ¢s dfeeneheeaily salafidryfoc digphiaiaamizatidregrdah@dnent wagided for current,
chip to signal lines, power |ines,. and.other )
cu@a&ﬁs&%ﬂfcﬁww%@?ﬁ& HloxiPIF At T P rgrSHeh gsfine pitch traces,
coRPlek ichttiRfesignb Canl MeRILARR RN, I Light¥n@Ydedefor complicated devices,
I ht erconnectlons that redistribute the densely packed

flekipprisui ddsigusuiions (angedpmofinglereidedeqndpetivediarhe $p eoraplay

o L R DB OB LA, i v
suspensions, ink jet printer pens, and touch or finger sensors are common applications for
flexible circuits.

Multi-layered interconnect modules are widely used in the semiconductor industry to
mechanically support integrated circuit chips and electrically attach the chips to printed
wiring boards. Interconnect modules can be configured to support a single chip or multiple
chips, and are typically identified by the designation SCM (single chip module) or MCM
(multi-chip module).

An interconnect module provides interconnections that serve to electrically couple an
integrated circuit chip to signal lines, power lines, and other components carried by a printed

wiring board. In particular, the interconnect module provides interconnections that

redistribute the densely packed inputs and outputs (I/Os) of the chip to corresponding I/Os on
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typically serves to nechanically couple a chip to a
printed wiring board, and may perform other functions

W@ amh/oessheat di ssi pati on and environment al prBCBEUS10041043606
SUMVARY One aspect of the present invention features a
process conprising: providing a substrate; preparing a
first patterned |ayer of photoresist on said
substrate; depositing conductive material in the
pattern fornmed by the photoresist to a thickness |ess
than the thickness_ of the photoresist reparin

theprigérdoniing porrer e additigreio e&ﬂctrﬁﬁldflt?r@gpgfewﬁt an iglgigohincet module
tyﬂ?ﬁaglﬁl isahvbytoMEhhRPRI D upRIaGhip tb atpriR@UtAFAE goértay%ﬁ @y perform

oresi st such that at |east a portion of
otlmoﬁdlunonswacmmt dibsipasioprpbewdronaepekproieaipraddi t i onal
conductive material in said pattern fornmed by said
first and second | ayers of photoresist such that the
hei ght of the thickest pqanmnARN'conductive mat eri al
does not exceed the hei ght of th first er of

phot or es 8¢ asneriGtiias pra%eaéweralront Freur? %B’é’ﬁ? CAYBHEIngnProviding a

UbRSarth g RSESReHRARYES Mot RERY b 501d s@bshbRS8dBtifi
Su&ﬁ% F Ba £$£ye€&%$ uncafegqgﬁgtgre5|st fossald poSifing

comumst/er mlerialdn rther@ttampfann@khy t ﬁpbat@r&slelt_ tpladkigkness lgps than the
th1el§16:t§§J ?f tg‘? gl%aott?rre%an a aﬁ(r) Qper%é%%f)é onﬁ e\f‘h{zﬂgzeq'og Bﬂ&gxlé&@tdat least
pai;tﬁﬂ?bﬁgla@bm@%ﬁlﬁtﬁrﬂ@ﬁttémfds]layﬂaﬁ ph(ytoteslssmchi thah alttleeISES pettion of the
epasi ting conductjve materi d.first cavit
coBM AT RABYE F Gt P eCHR LSS b R sHER B st pafern
foﬂnﬁ)ﬂ%r safRs4nA 9e @nd BHRAG bR BFesiaf sudR a4t 81 HRNAL OF B8 thedkest
i d photoresist and conductive material 1ayer;

po::tumu orﬁgomiupavet waiaridlitoes seiietoqeR dhedreeghit of thesfiews paver of plotoresist.
ea
?\ngﬁ-{ére ass %c o?’%lep Eseht Hv%ﬁlgtl ??aﬁﬁ‘g{)apgrog&% tcbx‘ﬂ?r %{ﬁ% ;?r@éltdmg a

par ver n g Ssa I rs
substriatey hpydyisgh diaykiﬂcﬁlmedreﬂ Iphbtoresisi tsaidrsobatsed; duratg 4 garstn 1nto said

one second portion thereby formn east one secon
phelaYes i, SYCRPSA RIS RO PUEPRTRaY B S Bﬁ%ﬂ%@@wvew ogRg a least
onf ﬁ&%gﬂkﬂe)‘eﬁ%ﬁﬁﬂg Bi 188t BAd BrsBlavitf @slai@Potbretist d&§RVitihY conductive
eposi ting conductive material in said at |east

maperée] Semirhfirstearity yo @ thickneisdess dentthe dialaess of Wieamhelosesish kayer;

t of the thjckest
apglé/g% ansgfond la €L %curﬁ%i é}h%ﬁ)tré s? t s% @‘R) %t §¥(2 F&H#u@twe%aterlal
layRRQueing s Ipsﬂterﬁﬂm@ Ealabhotéﬁ&mmr:em&pﬁdéasocﬁnd deeorprpesient, said second
i nvention feature rocesF onmpLi 'Qﬂ PFOVId ng, a

portion at least partially over appmg said at least one first cavity; Femoving sard uncured
photoresist from said at least one second portion thereby forming at least one second cavity in
said photoresist said second cavity at least partially overlapping said at least one first cavity;
and depositing conductive material in said at least one second cavity to a desired thickness,
wherein the height of the thickest portion of conductive material does not exceed the height of
the first layer of photoresist material.

Another aspect of the present invention features a process comprising: providing a
dielectric film having a first side and a second metal-coated side; applying a layer of uncured

photoresist to said second metal-coated side of said dielectric film; curing a pattern into said

photoresist except in at least one portion; removing said uncured photoresist from said at least
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dielectric filmhaving a first side and a second

net al - coat ed si de; applying a | ayer of uncured
webms06Bs3 st to sai d second netal -coated si de PET/BEs3004/043606

dielectric film curing a pattern into said

phot oresi st except in at |east one portion; renoving

sai d uncured photoresist fromsaid at | eastone portion

thereby formng at | east one cavity in said

phot oresi st; depositing nmetal in said first cavity to

a thickness | ess than the thickne f the ot.or esi
onp BFdion BN, PIING LSt AR PRI TF BBt ARg G pitar n said
firktQavify & AANRKA:E s $thak I tHRkiss bRMEphot6iekiktByed; zﬁ)@l}h? Nsecond

I nto 'sai d photoresist except in at |east one secon
layso of ingnred phigresist torrgidmhotaresist pad ekl |ayero gwingapitisen into said
PP B, A8 b Ry UL SRR U i
saidhieteainyont Grsrengtyatentovagy saginecsied phatoraist ﬁyrmsmdsaaledst one second
hot or esi said second cavity.at .le arti.al .
poipirhergt fhisk auleast esee o i sy BRgpiepRl apfisccbnd cavity a

1eé§f315>£§aﬂy Jwrlsﬁﬁ&é saidat $@sCorlfirbi@asity; AR d&RBRIAG nedM ik yauu 0t least
desired thickness, wherein the total height of th

ong he;c:@né savifyde g mredﬁhlplﬁ@swhgqelm@é sotplheighk elelbg thigkest pomon of the
m&gﬁld%hstt nl x%e%g tI{eI l{ef’ ht eSS Ilay@pgt%}ﬁfoﬁﬁ‘és%t Anot her

aspec i nventi'on features a process
co nmmoﬂlen g5pe¢1raf whazbrmgnansmmn fetees zaptpbgss ngmarmag/ epropifding a

uncur ed ne i ve phot or.esi tp said s
sl T3l ST Aty el Wopdcer e R0 Rt D 4P U s, g batem
int8 QhidipABtordsRIBNtpn S 8Jetht URE péraon; FBIALEHE §4i8 indur@pisddresist from
at | east one portion there y forn1n at | east one
(&}

saigapy lepst onp pedion thrrehydpesing et @Fég@es%wtw ot BlRteretigt; depositing
co@cﬁ(ﬂ%ﬁlla ehgl 1§1%5}$ f{ ﬁ cﬁ% t%\él tfl%kﬁe@s Fésg ﬁllldr‘f h{éqﬁ]]\%kﬂe@? 8f ﬁl@ ﬁﬂotoresmt
SV hrek ayer

ness otoreS|st plying a
la)Pea;)@plynfg glagertoif pesm#aqﬂmtceesw; to $and s@advmpigmrﬁmsi and conductive
eS|st and conductive material .| ayer.. formng a
e SRS iR o B UL s pber TR B b P Bt iy oL BéqTafiggeRond

poRiHR, §8€ SREnPRSrtibDPartisldy @veﬂ@ﬁ@ﬁ%sa@@ﬁtﬂb&ﬂoﬁﬁst @lvlty, said second
overl apping said at |east one first cavit sai d

cagidcarenscravially eerlpnping sashatisas) qnp fweaavlé)p ;5%@“%&?%‘1 gfposed
polsﬁeg éh&&%m% { fioth sHEY lgé/s’t oﬁﬁggésfbrpﬁ’leé@ §tq sf)8§e' deboR cavity

resis ron1sa| t one portio er eby
mwmmmmwmhﬂ%@wm%mmwmmwmm@mw@wMme%memWwa

deglhOt gjé‘(gx?% gtaig}e?%ﬁ @%EE@@%&(&%@ f)? {;1 ?xg&)lgéltfygga N Ithe COIIHLlCthC material

potitnCdfMIRStructiked Rk Rott dx@eddah@heifitiof KizeEst 1@fer bh ?hd’tb@ﬁ@l&haterial.
portion of the conductive material portion of the

st r veothes agpseiof st preseakisention f&f?@#@mn @ficle gpmuprisigg: a substrate; a
coh@¥@be pclfyemghl%raeﬂcg gat't@ﬁ &hb %lraxsé%ngﬁtn%ro gﬂgﬁﬁ&n O tht che wherein

resent I nventl on atures an article c rsing
thswl‘mlh ofathe raised feature is substantially the same as the width of the portlon of the trace

on which it is located.
Another aspect of the present invention features an article comprising: a substrate; a
conductive layer having a trace pattern; and a raised feature on a portion of the trace, the

raised feature comprising at least two layers of the same or different conductive material
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conductive layer having a trace pattern; and a raised
feature on a portion of the trace wherein the wi dth of
w0 b@sneizsed feature is substantially the same BST/URE04/043606

wi dth of the portion of the trace on which it is

| ocat ed. Anot her aspect of the present invention
features an article conprising: a substrate; a

conductive layer having a trace pattern; and a raised
feature on a portion of the trace, the raised feature

conprising at | tt f ot
W e ghP QSIS OhRe O b S GG S R TY (hef and the bwo

laﬁkéxﬁgﬁlﬁﬁﬁnﬁfy Jdgcally@rmer s are substantially the

same and the two | ayers are substantially vertically
aligned. An advantage of at |east one embodi nent of

the Ag}aed%anq egef crr}”\é?%%t%%e ICI%bE)(nﬁltBill! (;f tﬁé oél%% %@érftfo%qs ﬁﬁ?ﬁj ehmmates

for ecl s € Clrcul I gnnment
thoviee fairésisetiangble tikauitith-phe@taot eBgrnﬁhnotohelnena;wanmir@nercoft features.

at | east one enbo nt of S I nvention is :

A I A I M e e G NE e
cirhit féﬂtutré ArSstorttRe biddivart.age of at |east one

enbodi nent of the present invention is that raised,

cir e%mthef edraniags ol llgasiaspnibdiseenapl Yaatesey inyention is that raised
mrgw‘g fefa n?l neq: (ﬁgé 51?#111 %U]%ﬁonaér t&%dlf@ﬁb\g\]nﬂ?st délf&@vs%axmnzatlon

ondi ng ar ea vant age
of@lfeféﬁtude@@ﬂths@xﬂ&e@ﬂh@dgmmt of the present invention is

oo oL o B et SR BBl i con e
anInIBNRERRatRIn @rof isfeaiet thah 8R40 SAES the eRdrabt@iMBSbion of a circuit
advant ages of the invention will be apparent fromthe

feftael owi ng dr awi ngs, detail ed description, and clai ns.

BRI fefin DESRED %&%‘v%a%ﬂ@%eﬁh%w&l 9? 5;{})afe'nt feh tﬁé following

steps of an e the ne he present
drawivigd) idetailed ddsgdptiodpartdaldmsdepi ct st eps of an

enbodi nent of the nethod of the present invention.

Fig. 3is adigital image of a flip-chip circuit nmade

using a nethod gRptPHEYEPTIONGETBRAWINET Al LED
DESCRI PTI ON . .
Figs. 1a to 1i depict steps of an embodiment of the method of the present invention.

Figs. 2a to 2e depict steps of an embodiment of the method of the present invention.
Fig. 3 is a digital image of a flip-chip circuit made using a method of the present

invention.

DETAILED DESCRIPTION
Aspects of the present invention include additive methods for producing thickness-
differentiated circuit features for electronic packaging and interconnect applications. The
methods use an additive process that includes the buildup of two laminated photoresist layers
in conjunction with two separate circuit plating steps. The process is particularly applicable to
any circuit construction, including multi-metal layer packages and fine-pitch traces on flexible

circuits, for which die-attach bumps or other raised features in a circuit are required in
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Aspects of the present invention include additive
nmet hods for producing thicknessdifferentiated circuit
wo e@bs068s5 f or el ectroni c packagi ng and i nt er cOPEIETE2004/043606
applications. The nethods use an additive process that
i ncludes the buildup of two | am nated phot oresi st
| ayers in conjunction with two separate circuit
plati ng steps. The process is particularly applicable
to any circuit construction, including multi-netal
| ayer packages and fine-pitch traces on flexible | ,
combmatipn with high raptingdeasis Aileashons amRodipens oh e pgntgyprovides
S ' ' r ' - jnation with
exp b Gt e S Bl e L e R o7 he
i nventipgificpn advatizge ekatdédsemte enghgidsnanadf tha pofsertvention is that it

rai sed features. wth other circuit features. . .
oo vt erin et S o e S5 st ARG fragy etiened
citbthe fRMBS firdePIRRtra@R. The tRaods bf HEOPeséiRinvefoH Wise a combination

preci se alignment between the substrate and phot ot oo] .
of photoresigomphajerssisiaiatiening and #ndsrBding fo aghigyethe dgsired multi-level

e . . n .

o5 o A AP AR R gk BL EBL) URL DR fSBeorod
hesentluserdesgihtivel dry gype phatotesisvadtasabstentd wishl onlylonk sideeying a

structure. The.negative ot oresi st.type.can b or
copduyies pifing it jreau e RIE I M ERE R eGED §fn bRt of he
ted2RM@t hotGindry type photoresist and a substrate wth

only one side having a conductive coating, but is

easiGopventioapldaibrdeiicyit {RMmETEAtPRDOFCESS IOUM CYCHE F3Fot AR

. - . I e . .
S8R, i P FRpILROBBE1S g CRRUELA Rl ek
fedture@@shae trdieslusing risecohil phvtelitihgyablot wriotesh vgcihguires precise
aliréérggrﬁi)gtev%ﬁqg E}%eairt g )}rtgg‘ggc{ %{ﬁ%ﬁéﬁ) ai”niag%sgcﬁf (#egilresde cqrcﬁ{t rfeca%rg. This
prévesd Blintifea By @R Wighmeaasisrankd, ahd tamui bepplie®ni i pitch circuit that

al i gnnent between the already forned t raciis and j mages
expged dbesilicament qapehitityrod she sagipieht singdditian & this lpmitatioaihpy

AR th SR GRhinBS AR 8 Crehtlfte

ph%f&)?%sﬁslt %ﬁ%@“% ﬁgtteaq‘g cglgga?n%e al i gnr?gn% capabli I ilt)? of re
suppsedmphegiormd. | n addition to this limtation, the

phot or esi s terial .does .not always.fl ow.int.o fi .
operitigEnRirelies ot wmes ot rep fiedt e b bns §tfging bl
gridanel fig-biip ABhiE Aty aad 6theBintugrdiel cirhit @heape AQUPY constructions,
packagi ng constructigns, including ball grid ar ré‘\éis’ .
asfellns dori iptersorRictiar o figday paRals ot Whnggpader eflditiga! circuit

1aRACKAEC tht SBilityCREhEME tIMRIy thicker raised circuit features among other

relatively thinner features such as wiring traces and via pads.

In a typical additive processing methodology, these raised features are generated by
defining and electroplating a relatively large “ capture pad” among the other thin circuit
features, and then masking all features except the capture pad, upon which a relatively smaller
raised contact pad is subsequently electroplated. The capture pad must be relatively large to
accommodate registration errors that are incurred during the second expose and plating steps
that defines the smaller contact pad. If one assumes a maximum registration error of & pm,

then a circular capture pad would need to have a diameter D given by
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as well as for interconnection to display panels,
printed wiring boards, or additional circuit |ayers
WO e@ai061B53 he ability to generate relatively thPCRES2004/043606
raised circuit features anong other relatively thinner
features such as wiring traces and via pads. In a
typi cal additive processing nethodol ogy, these raised
features are generated by defining and el ectropl ating
arelatively large " capture pad" anong the other thin
circuit features, and then nmasking all features except
the capture pad, upon which a relatively smaller
rai sed contact pad;isssubsequently electroplated. The
capture pad nust be relatlvely | arge to accommodat e
registration errors that are incurred during the
wizecORdhedipaser antle phaltdr Rgsedtcepactipadtfeatat) to@asurééhat the smaller
smal | er contact pad. |If one umes a nmaxi nmu
feqtiggwouldshs Rositiopedon e Capthlﬁ]pa3 e extre PhacE F%Plfgi&f (hegeapture pad
to Q&Quﬂﬂw Qgﬁﬁ%nt @rob B4B1tLin G 184¥RIr pacPiIWURA cRY @t trddds and other
where d 1S the dianeter of the smaller raised contact
feq@a‘ds ¢aaidd otherwiseobegmigngde t hat the smaller feature woul d
0§l t ed _on - X -
re qEn ﬁlg atP %}151%1%55 cflmg 51?0375& gge(iilgg%ggﬁ@c#c{) érr’h gci'gﬁgleroutmg
defisti@sS tAt ddadsOdhe @k PRt oﬂ“ the plﬂot:assing néethaalss tiod pmmc&lvémioxmsiou]ld provide
circuit traces and ot her. fgﬁtures cqyld ot herw se

a c,gm@etétave mzﬁk@tﬁgvp@gewgﬂﬁgg eezpqsmattpéo UGB AEPE cm&ut features without

thé)ﬁegggs}{%fg)l éea& gjlré)};hdgr eater routing densities. At
| east one aspect of the processing nethod of the

pr esheﬂltle ¢masimery @f ﬂmw@e@ﬂ@w&@n,a diepgiee pubisteic pariquatly may be
co%d<¥ UI t ]S% SSI 1? ?lge‘?gg ﬁ}]ogzs: Ser Eé%?ldglﬁg a8 @%gs&)uttenng

res mn ou
techajguelr Ehealthinl laye o€ neképctippen troldf plhﬂl’tmn}n lpeﬁmhmm or alloys thereof is
i nvention, a dielectric i%bstrate tlonal

depesHP@USIng § HAHUTEWHIITARAFCIIAUE i GRS AiTER Gondle g o gaving a

th&l@%@@@ff upht® laB8utB 0V AU TR SiR W1 fofeld "B)? atsﬁBﬁQhéﬂﬂ Blatihf8Na Sonductive
thin ayer of nickel, copper, l ati num

mq@qﬁaﬂ asebhiantior makqlwqurh@l@@ﬂatinsnueﬁbéiwqr alloiyp gregeof to increase the

thl&%ﬁ (Eﬂt?xg ﬁ}s}i cée‘é;glgx gﬂeg k! oﬁ 1 0& ne\zvg 04 o%t { %}) abc%ut g o5 thick.
Thi¥Proddds fal He Eﬂlb@%%n%e ar both srigsenthe ﬂiewctrftgsubitra& As an
conductive material such as tin, nickel IH&ger

altgmagyefariiesp aEPadidihicsic sbsteshaving: algyerah op B‘éFs‘é‘
larhitb@E RS (ﬁfbo{l{‘ﬁlrifaber gy GgﬁgHCN lﬁﬁuﬂa?e)d%n&&tl@e Ia%na\kfllﬂglpwally

tvveen out nm an out 5 mmth
have a thlckness of about 1 to 5 um. In either case, the dlelectrlc substrate may be a polymer

film such as polyester, polyimide, liquid crystal polymer, polyvinyl chloride, acrylate or
polyolefin having a thickness of about 10 um to about 600 um. It should be noted that
suitable thicknesses are not limited to these exemplary ranges.

A first negative photoresist layer is laminated on at least one side of the dielectric
substrate having the conductive coating using standard dry or wet laminating techniques. For
example hot roller lamination may be done using dry film, or moisture may be added to the
integral surface prior to laminating the dry film. A suitable dry film is available as SF310
from MacDermid, Inc., Waterbury, MA. The thickness of the photoresist is from about 1 pm
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This process may be carried out on one or both sides

of the dielectric substrate. As an alternative to
w0 bmseesseps, a dielectric substrate having a PeEEES2004/043606

conductive material |lamnated to one or both surface

may be used. A I am nated conductive |ayer wll

typically have a thickness of about 1 to 5 mm In

either case, the dielectric substrate nay be a pol yner

filmsuch as pol yester, polyimde, liquid crystal

pol ymer, polyvinyl chloride, acrylate or polyolefin o
to ptzowit g 1. tTHiedhawsesisois thanorrposed tridtiayioksh ekt g Otherpyitaple radiation,

shqul d t . i ta ' . .
Pyt B W st i ol Rk B e BA S A n e, Suitabl
en@lg0 leveR i SiboayEml s’ kationaf(¥dnBemait ol veastengtheofsbale 365 nm.

the dielectric substrate havi t he conducti ve atin
T e S BRSOt GRIOF YA AR B e S eGiPeposed
pofeATBE @ic PRtofRist A tHeRMePAE pedRvitiPdh dpBropeRR s8BieRd FoE ¥xample, in
film or noisture may be added to the mte(}gral surface

thprasoef aquedusrpsiss ¢ Agute heuegnysofytion ¢, 8 it hbFesodiun ¢rjpofgssium
IS il 5 . r 1.d.

oo SR 5 ABuET AR DL ABEERE i L e MALRL B o

ardwitgdinéb OorCte deeloping Tiag bp hodoarpdishesitbyi isntdngng drepolss@tetio the

ultraviolet |ight or other, sujtable radiation, through
Soﬁtl%gksl’é?yl%%?g&%?r}o £ SWPsEASss! i nks the exposed

por tAR s Riverl dTRoh@RtiSE mafeHhlid e pRIAGT @Ytht eXf)s&d Pdrfion of the
about 50 mJ/cnR2 to about 500 mJ/cnR at a wavel engt h of

exisbngicondgdiveryer haingsigrdard clgctrpplpiing ve cliepraajess platipg gnethods to a

SRS OSSPl SRR T LSRR

phaRRsRPveRIBed Ghe/RIdltion Aon€XcERP lHer woulll be pesieo afthickness of about
aqueous resists a dilute aqueous solution, e.g., a

150w to1abogs Zomiihiclopn peted ks Lin apbes seedusEietayen, s
appl,i ' i .Sl €
328 Sy 5 AP SR 0 Bt TR B o

didemiieibsisdte dsibhy stmdamed diyrog wehlnsndisg tacheigues. tloe example hot roller

sol ytion por sprayin e solution on t ubstrat e. .
pk bRy 85 4RGP eGSR G B Qoo Gl s prio
to {AAEnSIHRARSEyRAME ITHB pAbtofdaRt 1t sufii&® AW hbEtetigtie o fill in the

usi ng standard el ectpr oplating or electroless platin

prevéeusbuformes patiet. cRiserhetoresiss istthprexppediin plitenioss light or %&ber
8BSl EPE SEEM Bl SR Mkt b o
resiuudtable eptay debelsaraation Skm@ssr’ of abmbnsA0 rhEcmirattaow atstangth of
abf%g)} n}nhI "lchke p?lrc}totrgsg)st ?afyert rrr]lgy e }rr?aggd %f‘tflart %%lyctgen o%gtﬁc;n\é f the raised
features (e.g., die attach or interconnection bumps) will not be exposed to the UV light. The
unexposed portions of the photoresist are then developed with an appropriate solvent.
Typically, the openings in the second photoresist layer for the raised features will be larger
than the openings formed in the first photoresist layer for the raised features. The larger
opening in the second photoresist layer allows for more registration error in building the
raised features. A positive resist may be used instead of a negative photoresist.

Alternatively, the second photoresist layer may be imaged such that a channel is

formed in the second resist layer in the region where the raised features will be located.
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A second photoresist layer is then | am nated on at
| east one side of the netal -coated dielectric

wGemseBsE usi ng standard dry or wet | am nati nBCT/US2004/043606
techni ques. For exanple hot roller |am nation may be
done using dry film or noisture may be added to the
integral surface prior to lamnating the dry film The
phot oresi st having sufficient flow characteristics to
fill in the previously forned pattern. The photoresi st

is then exposed to ultraviolet |ight _or other suitab
Remprplelivaepostd pipieastiaiumdhe grap %NBB Fesuﬁm Hs formation o

5;&?&% LJAGh QOShOE Vit Rlafik desired. Th
re‘%w zge\lﬂzensedrﬁgybe evgﬂ%‘sj()fg%&%bout 50 nﬂllscer at oesaaégu%me ©

raiS@fenlyes mall he fermad bg phtige ko 8 dfe cabdustivagBtanial inTtherectangular

Cafll Bgsaﬁt lg%ér%%?ss {%qémresa Ve eze é?ng gﬁ%‘{&t\]en'i Bl%g tl%nzll%ép{aﬁge described in

thé p&ﬁbﬁ@pﬁﬂ%&ﬁplﬂfbcbﬁﬁﬁl&}qw% brdﬁﬁé alignnesnp o8hd phatotdaiat llaMsrs in only
ht. The upexposed portl ns . of q@dﬁhOt resist are
OHF HE?FU@Q\%P’%H}E@ ot dregens v [ﬂla}nﬁto thegpsieRit. Typical Iy,

the e;&k ngétrdght&g%te%q§ﬁ’srég t@fb%%eeﬁals%& fdaf¥ 8 wii@ thelr&imum

rai sed featur l'arger than the openings
hefght ofittie raisetl Heatire ngt exgbrsting the h@ghtl céiy@rﬁmmh%qxesm daysePuitable

COP‘E‘V&% gllg eg\%g %?r tﬁls%%r eocﬁlche‘{ tg’? I aFel gre lg{}ﬂ}ﬂl‘? d)%ﬁécﬁﬁm or

allbhethergbs ed features A positive reS|st nay be used
i nstead. of .a negative p ernati.vel

sec éf]%psg%tf%aruggq By P%l?/t@]:;l % o;;}?edgglpq{ﬂg b coraprisipg eéubstrate by

plihnhelirdud ihRrBeh dtohfienaRA BRE WIRSH &ithdsalEPortifnsidTehe dielectric
reglon where the raised features will be

subsuis s R crofl ks edhpesied pationoof b dicgeic subsuae
maafrh}a rton-me%ll iz SrHJ)ns of thet sﬂ%t&?{éé@%%eggbgg)fp\%ﬁiggge ﬁ[ﬁ%&éﬂoﬂ{resist layer or

Ies on port ons oO
mdyaieSoich AahetRisedside ofthe detbctritizabstates @Hlsfe&ﬁingrm) invdllves

be forned by plati t he condyctive mate
coplagtingEmagkedasgasof #e pob %wﬁﬁ a f%ﬁaﬁ“faéf‘sf{ f’é@”éwe |e@il§lg fluid.
Usshll bikIBRY et@lahBRABN e equ@Jhstsbl%uéllst AahatiinyRal d§8fokidee dnd their
the previous paragraph because it gU|res precise

mlatwg;mnelmmmﬁs ehdesptipadonésiSsPat| Mo® r5§2 903 and/6.4A%211, for
1nttr él%lﬁtglhgpes a& T iﬁec{ ﬂ)a&]s 15 dlge&ﬁfh ek %1&1?reénﬁelﬁerﬁ£]g)r %ntrolled

er e roplating s 'S Use
thibaihgiol hﬁlebﬁtic&fﬁdl depaidupes thi tiype drfdethichdssrufithh @Dkg/ln’(erlofﬁlm Film

the raised Leatur nqt exceedi ng. the 3 ig? of the . .
cies i B TpEsr o BEPEb G CLOHAQRL BTl Ui time
frJn%bJum@se%b% tbrleJnHQ@ nhihdtes. Ni ckel , copper, gold,

plati num palladiumor alloys thereof

Typically, all of the photoresist is then stripped off the circuit in a 2-5% solution of an
alkaline metal hydroxide at from about 20°C to about 80°C, preferably from about 20°C to
about 60°C. Subsequently, the exposed portion of the first conductive layer is etched with an
etchant such as the peroxide sulfuric etchant available under the trade name PERMA-ETCH
from Electrochemicals Inc., Maple Plain, MN.

One embodiment of the present invention is illustrated by Figures 1a to 1i. Fig. 1a

shows substrate 105 having a first conductive layer 110 and a thick laminate photoresist layer

115. Fig. 1b shows the structure after the photoresist layer has been exposed to a pattern of
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If desired, features nmay be etched in the dielectric
filmconprising the substrate by placing the circuit

wo mios/oersbmt h of concentrated base whi ch et chesPaieS2004/043606
portions of the dielectric substrate not covered by
crosslinked resist. The uncovered portions of the
dielectric substrate may be non-netallized portions of
the substrate exposed by openings in a photoresist
| ayer or may be on a non-netallized side of the

di el ectric substrate. This etching step involves

radjatinneto tfomya qﬁﬁ@é@kww@aﬁmdﬂﬁgowﬂk pariion {23Kjg-tlg shows the
strﬁ{i ari}{eg ﬁxlteﬁngx%%%ﬂié% 65(%92[1 &PQ{)I?J&%PSQ%%I&% EH% be%h |ﬂ@l, I(ﬁi%d to form a
pahyrdedmiasles thadesirbe tircuit trice patgermp ten tlwnﬁlm's&ndwlve layer Fig. 1d

descri bed i S. Pat s. 5,227,008 an ! 21
shpygs t ﬁtrll‘iﬁﬂrl?é’fl#gaWF&TC&PQWQQFCQI‘EF%‘Z‘%YG Y‘ffﬁlég b5 on the exposed
firGt Sh&EkivE fayEd UsifBs a OnfBudu Al EINBOD ISt ADMeGoat THE ﬂmkness of the
thinnin g di el'ectric filmdepend upon _the type

elqcrrpnlmt?égayems atfpstion pi/the fhigkness %th%homr@% FYRE tymgqllﬁ@bout 20%
[ t

o ISP S8R Bt 50 M D O AN A0 b 12

Fig.bld showROtherstnuittes aftdiythe ssmbhd/phaadriesigiflayeh bagdieon exmsedto 4 gattern of

.hen stripped off the 2-5% so| uti .
radifeh B b Esr T oty L B Sk e, 4, g T shows
thSQRCturH AR SR cYoskli ke pb@idh o2 Gedond phediesBO@Ger has been
Subsequently, the exposed portion of the first

depelppRice ifere 3 mpdy for hedlesirrddainea featires et & hdiftattagicinags, pmibe circuit
SR SR RABE R A i
deRikeali raisedMdatu@sewhich e aveassiblzfto theeelqpirebtin 1platmg @oﬂutlcm Kig 1h shows

illustrate Figures.l a to li.. Fiqg. .
el SRt B sibin go iR Seslviis ebos byl gongngive
maerid)ofily ih 818 Aés @n HIEHOhE Sdi et feadytes ard Bbsireli1go. Thd:suﬁhﬁ\fuﬁe first

the structure after the photoresist |ayer has bee

angd 9¢r98@ gontaugugRediiohic platiagthengpset 6o Pereiraeddhoduikppieaq the firs
phgﬁ%%ﬁs s?{}}x{é@ O e HAGH] cﬁe‘afﬂ%ﬁ%a@ﬁ Weﬂmeﬁgéd arld hetffc shapes.

e structure a ter the un rossl i nked portion of
Thielvedhb of the ea'i;esitfe:itm;ce prefibessaoeen tewiliopldtic tigcuiitgrasesor other

B A I

phdiordsest g@rs Watdbeah rﬁh@ﬂéﬁ B ﬂﬁteﬁﬂoﬁ@ 86itidn ©Dﬂﬁl.fﬁ*§tl cvfductive layer has
| ayer O built ug on the exposed first conductive
1|'n

beplaytéhedwévaag The snlting gpiste lélaé@t“il élmgalme&s eyt ity yhigb thioigised
feJFr% hgyu gﬁ{%sfﬁmﬁflux{xggssﬁi Erh&ﬁlq batsde | oaéﬁ%e 'tl?enafuﬁétﬁﬁl'éll@n Because
of the the p

I'ckness o otore st layer, typically
thaimethb d260the present invention do not require precise alignment of the photoresist

layers, they can tolerate an image registration error of 50% or more of the characteristic
dimension of the circuit feature.

Another embodiment of the present invention is illustrated by Figures 2a to 2e. The
main aspects of the process flow are illustrated in the figures. Peripheral process steps, such as
flash plating, are not shown in the figures. In this embodiment, raised circuit features are
formed by the following additive method. Fig. 2a illustrates an initial construction, which is

made by coating a first photosensitive resist (photoresist) 115 on a dielectric substrate 105
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to about 75% Fig. | e shows the structure with a
| am nat ed second photoresist layer 135. Fig. |I f shows
wo bmsssBext ure after the second phot oresi st | aper/ukme4/043606
been exposed to a pattern of radiation to forma
crosslinked portion 140 and an uncrosslinked portion
145. Fig. | g shows the structure after the
uncrosslinked portion of the second photoresist |ayer
has been devel oped to forma nask for the desired
rai sed features, e.g., die-attach bunps, on_the
(e pebimidshhavingp firsheontlpgiive 121y (8 &c 6PRPePARetehpwm) on the surface to
[ I i ol Kl -
b e e B R e cxposed 0
a mttent ofohdittian tplfarin ergsssioked pootion FA0gnd thenunshrsslsnkie ortien tof the

step.in ich a.second conti nuous electrql.ytic plating.
iR e elee s Ra e oD et i afesBhT G ke g huflgnt e 2
shodvs e deRestépinSadc @atudtae nite@iall Bsldcatlylibdly plhved siihe ofrcuit
the first and second continuous electrolytic platin

pattgine ke @},3&9 @ydugtive &@é"é’@bl?lorfé d@}pﬂsg%% e gprtiogof ]ﬂierfggt conductive
la% ?%ﬁdgg? })2 éhglpgﬁ Fesist BR10piRH: 6% s¢. alRedodRRbHIRSivE ?a\é/glntﬁickness

symmetric shapes. The wi dths of _ '
is tea$ theul tHeghickmess ofithe firsh phaiaresistElgyarh &iga2dtshowws the mext step in which,

w Io.rugl y%n%oggriﬁatﬁg glrsg rgl&o&%r%sellrs_ti k) T]eg sft%:lyplsl%gl C) % %(lo;hés Péoﬁ%&eﬁ%tggyer is coated

ondd the istriidierephi@osodas a phttdrayeradidiian & foemrroselinked doanich 140eand the
exposed portion of the first ?%gﬁuctive | ayer has been .

ungfasHgtred periion phihe phaigresishig dgyalprad o pigaty a channel feature extending

peg%:ggﬁi.chfap 'lﬁ)cth@ Ragitkdifd Ykis off PheViBirGls bBe Ei@élﬁteigna?g fd §II Bses). To the

upy the m nirmum possi bl e amount of space to ensure
extdne condictinetihaserad] ivtag noBaated sie tot the lavel dfdlis st phdteresist layer, the

.present..invention do not requkre eci | i gnnen f o
s RS T Pl s opf B oK oy i SR o st creme
defiged sdvitadsilon hdse cadficstddpaitioied en afpoition of the circuit features (e.g.,
LI O ML S ——
thé hdibeitdr@leeithshotdr e B e A fleP th%%eco_ﬁh%uﬁﬂg BteP HREGR pefformed, all

the process flow are i'llustrated in the figures. _
of ey phptharesadt ipreoweed Bieegrposed poriioaof thediht qonduativg Jayay is then etched
not shown.in.the figures..ln tAhi ' , |
B9 PP as B BB ey ToR STRRPA (PR 2, B o or e
rai¥ed fratlreshr@the 2@né hd ths Width eStharirtuii raceb. Bevastea afithé auracy
which is made by coating a firs hot osensi tive resi st
ProYifest bt bsisention heggised f%?@reé i F%Pegtﬂfé?df Rth mighpal egfor, to the

suR8luYdifg SehithdNdth@ténh.first conductive layer (e.g.,
copper) (not shown) on the surface to be coated with

photlbsheslddte nopidghat2he ddfingd ppemings in Hatphetoeesfst lagers are formed
wi%o% 81[681‘2!3 gﬁgﬂ'ﬂ%?&f the setcgr%]p}%f&gsciﬁqa}leﬁ) to the first photoresist layer. With

this method of the present invention, fine pitch features can be designed in an X direction, and
coarse pitch features can be designed in a Y direction. The channel defined by the second
developed photoresist layer does not require precise alignment to the circuit patterns in the
first photoresist layer, which circuit patterns generally extend along the X direction. Precise
alignment of the channel image in the Y direction is not needed because the channel image is

of a coarse pitch.
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a pattern of radiation to formcrosslinked portion 120
and the uncrosslinked portion of the photoresist is
walewsloepesl (i.e., renoved) to create a desiredPCi/US204/043606

i mage or pattern. Fig. 2c shows the next step in which
conductive material is electrolytically plated in the
circuit pattern. The plated conductive material 130 is
deposited on the portion of the first conductive | ayer
exposed by the photoresi st developing process. The

second conductive | ayer thickness is_less than t
t hi Aheygh e prayious ﬂrssvsswﬂ%;g?ﬂe lydesqribg the fomfgjlonzoé raised features

WS difendlEdd e gt, Suakdd M &han Mttﬁeﬂhheemwhggregaﬁ invention may
First phot or e$1'st Tayer after plating, a second
alqol’n@tuscdetsalfemn tadspd featgecwith e@tvg‘hdlmenhen$ tigu Gtrcllleeand ovals. Fig.3

exposed t atte radl for nked
shuk B SR LR g L AL aet s et R SR e mace
wiBhOinethes oS the ipteséi@t igleaiedl TOmakEhE etractabahdven inf Kigt 34 Itiee first

extendin%?perpendlcular to the longitudinal axis
deporated ang drvelopef PhtIeRptRYGr 2t Wé&felegeforgtracei ferpgied O*F&ach end
wi{ rc%]%ﬁ g?ﬁs hcclol%g Wednle(&s BRIRNI Ado MRS ARG cAliRdRE mtRerta® was

Tirst photoresist |ayer, the
ele&“trdleimd tespasfialtyniall fherpgtterprmsegmslshasqr of aljetpresisivashdeposited and
forned t he cond .

oGBS B oE s S B0 AP POl SIS st e
opénip@y idving dimétbre of ialﬁdw 150 ;fuﬁaf[lhé eiscul@.openingy were ppsitioned

Add] ti onal plat %@en perfor dto fill the
apeERyIed el oyprithe EERiREd (Fa s BrTe) Iy UP thePreviRusikgrgnhCopguctive
mit%l vaaE §§anﬁ’ Ql@&tﬁfp?a?écﬁ&) I:Juﬁb{ ﬁ{e he%hft Bf tht b&d AeeeRdo Bb]?fbkxﬁgltely the

has™ been perfornmed he phot or esi st

he@mﬂ/ﬂa@l firsThkotercpisidextrp She pmﬁor@&sttlhseers Wcretth@dﬁmgmd leaving the
tralg syvglélar Sset hﬁ?uézgrt nggatur\é\@)fll]lo ?aaéle.dﬁ)g?_.ilfeaaﬁlrgsé c%qnﬂ{ggv?\»ﬁs% a}%xrs I?)f

depdsitedd eoﬂchbﬁ\&dnite@dl hbesg aﬁlﬁtahhﬂl}stammmtaﬂnetemiudi dre enibstantially
the_circuit_traces rov

Vegy:altlyl aligngd. eﬂ\{l}h&ﬁls efr}bg gr%lfllg nga CHr ac resmt layer established

thd &nelePbBifle ik rdfieifBRre 'TBQ Bpen‘il%stuhﬂle%é’cfoﬁie?ﬁgﬂof@mt layer need
circuit construction. It should be noted tha

Ond&wedem thesanilagatures tid qnhuﬁlmre@t?lgn tq allpe eongduetive anaiesehl to be
plertec{ on fflltfa cf%%lﬂ t?aetur%lbug YRt t?ace %&ﬁe&%& 9@%@1?{%96%1&5&?' st

otoreS|s s met hod
of the present invention, fine pltch features can be
designed in an X dlrectlo 3ﬁ%?arse pitch features
can be designed in a Y d| The channel defined

by g 8 eGe0H nfi%ehmee@te@la?m?e%uﬁtfolhamg efBfsie.NOt
reqU|re preC|se al |gnnent he circuit patterns in

t he

To demonstrate this invention, an article with circuit and raised features was prepared.
A 38um thick polyimide film with 3pm copper on one side was used as a substrate. A 30um
thick layer of photoresist was coated on the copper. A 50um trace pattern, was created by
exposing portions of the photoresist to radiation (which caused it to crosslink) and developing
the uncrosslinked portion of the photoresist. Next a 15pm thick copper layer was plated on the
portions of copper exposed between the remaining photoresist. Then a 30pm thick second

photoresist layer was coated on top of the structure. A 100um wide channel pattern was

11
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first photoresist layer, which circuit patterns

generally extend along the X direction. Precise
wa@bdogoasst of the channel image in the Y di recP@DNS2084/043606

not needed because the channel image is of a coarse

pitch. Al t hough the previous discussions generally

describe the formation of raised features with |inear

di mensi ons, e.g., squares and rectangl es, the mnethods

of the present invention nay al so be used to form

rai sed features with curved dinensions, ., circles, |
cregtrd 1o ¥he sgcomdiniotonesish AT BIFXEQHRSPUtigRS %fﬁh Qiypsist to radiation
(wfnlchQa&Jgg B t6 'cfo%ihﬁchéﬂﬁ&v@l’o?i(ﬁg i urdcAsSiffkedl BaYAR B8 thtel'ﬂﬁbtoremst

were m he present | nvention.
Thmheectohé 15pmulkitk ceppshleyer Was pited orBthe Ph@loms ﬁ%}vreVIOUSIY plated copper

posi ted and.devel oped hotoresist
SReapiet PO P Et AT LR TR g RS apdy g second
ph6tofé‘sié|t RiyerRad e PRotoregstal A Teheves t@iev@blCttHces’llwlﬂgl‘l’mséd features in
conductive material was electroplated to parti.al

spedifi aretre ThenSumml cappseéaf@ﬁatchmam? ISR uigpelhgper coating
&gﬁgt He pattern of the second
anﬁ§§§%&$gtﬁagb géﬁét coﬁ%?lsed a series of circular
openi ngs havi ng di aneters of about 150 mm The

peni _
e rPhe PR At A5 1Rt ARG ARG RUTER Sl peSnt o those

skBle@ PSthe GRRELHOLI depani Elonathe Wespe agdspiricdfabis nm&hameﬁhd iO should be
buil d the height of the pad features to p r oxi ma
understopé thah thinventien fis jog fo %W&%lgmé t’f‘ﬂtr‘éfe embodinents st
oAl epesi st layers were then renoved, IeaV|ng t he
traces with raised circul ar pad features The rai sed
pad features conprise two |ayers of deposited
conductive material having substantially the sane
di aneter and are substantially vertically aligned.
Wth this enbodi nrent of the nethod, the first
phot oresi st | ayer established the dianmeter of the
desired raised feature. The openings in the second
phot oresi st | ayer need only overlap the circul ar
features with enough precision to allow conductive
material to be plated on the circular feature but not
on a trace connected to a different pad. EXAMPLES Thi s
invention may be illustrated by way of the follow ng
exanpl e. To denonstrate this invention, an article
with circuit and raised features was prepared. A 38mm
thick polyimde filmwth 3nm copper on one side was
used as a substrate. A 30mm

12
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thick | ayer of photoresist was coated on the copper. A

50mm trace pattern, was created by exposing portions
wo@booslersphot oresi st to radi ati on (whi ch causedPCT/UBZN04/043606

crosslink) and devel opi ng the uncrosslinked portion of

the photoresist. Next a 15nmmthick copper |ayer was

pl ated on the portions of copper exposed between the

remai ni ng photoresist. Then a 30mmthick second

phot oresi st | ayer was coated on top of the structure.

A | OO wi de channel pattern wascreated in the second

phot oresi st | ayer by exposing portions of the

WQA}Q}&%I-%E% to radiation (which caused it to

crosslink) ‘and devel opi ng the uncrosslinked portion of

t he Iphot &r@stest confirésinga second 15nm t hi ck copper | ayer

was pl at.ed on the portions of previously plated copper

in PEQ“¥B%?§QGHW5T openings formed by the remaining

POr bidRsn@4 fitshBaticicdllay@n of SiRaBdstpAGkiArsasitSte; | ayers.

The photoresi st was renoved to reveal traces having .

r ai deppsftagreapdustivemaisaal inithe pattemsformsgdhy BpRhgpregigpigaythickness

NS, 1 ori gi nal copper coating
lﬂbn Pﬁ%ggg%g%$§¥g%??ﬁ§g§%ya%gglating the traces. _ _

Var ipeapsringa sdcondpatensdandr af photatdignsleadt patialy overlapping said

i nvent i wi |l beco apparent to those.skilled.in the ..
fr e o UEBAPTPIGEh O erleesbE Bdon g sppfifbfmb@ia is
expdted; i nvention and it shoul d be understood that this

Invention is not to be unduly |limted to the _
i || depasingpddidana gpadistive wateriplgp 64d patian forprd byisaid first and

! ] i ive material
sotn HTBE, dfPhosbresfl AICRERE i HRIERL b RO cBnduct
dophnit eresil dite hpighs af e Sitdd tyendfgphotbegsati t i ng conducti ve
material in the pattern fornmed by the photoresist to a
t hi ckness | ess than the thickness of the photoresist
| ayer; pmappfices o clahf QMmgktHRatéapieh lev®ngQi least a portion of said
photoresi st at |east partially overlapping said first
phpigtasst-ned | ayer of photoresist such that at |east a
portion of the conductive material is exposed;
depositing additional conductive material in said
pat Ber n fToe pededsyf slaind 1 fwhestin tn dulsseresregnipaigesrasmethl-coated
di %ﬁtorefLsf such that the height of the thickest
‘% 9 BACBf conductive materi al

4. The process of claim 3 wherein the metal-coating is less than 5 um thick.

5. The process of claim 1 wherein the thickness of the first deposited conductive

material is about 20% to about 75 % of the thickness of first photoresist layer.
6. The process of claim 1 wherein the first photoresist layer is about 40 um thick

7. The process of claim 6 wherein the first deposited conductive material is about

15 to about 25 um thick

13
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does not exceed the height of the first |ayer of
phot oresist. 2. The process of claim1 further

W@0Up06BehNg renovi ng at | east a portion of saiBICT/US2004/043606

photoresist. 3. The process of claim1l wherein the

substrate conprises a netal -coated dielectric

material. 4. The process of claim 3 wherein the

netal -coating is less than 5 mmthick. 5. The process

of claim1l wherein the thickness of the first

deposited conductive material is about, 20% to. about 75

% of8- t he ThaPraeawss climiljwhereiy ssubdwfeds adiglesiric paterrpleand a
cofAREEE FeigFe S OE LA Bk Tl St PGS ShReebg e Pl
pattbraed layet of gpbposdstsed conductive material is about 15 to

about 25 mmthick8. The process of claim1l wherein the

substrate is a dielectric material and a conductive

mat & i al Ths pARPEIREn 8wikadial thdiceh@etivé tareeibbér @lid dielectric

prior to preparing said first patterned | ayer of
maiprinl &y deppsited by spYtffEingr ocess of claim 8 wherein the

conductive material on said dielectric material is

deposited by sputtering. 10. The process of claim8

wherldi n tlihe posashed claine Srvdteesin gle condustivel mdieslabent saiddielectric

terial i. eposited by lamnation. 11. The process
m?r)[?mjllsa(?%og?éflg’pﬁwat&%ri sing renmovi ng exposed
portions of said conductive material on said

dielectric material after photoresist covering the . .
conddet i Ve RERSESS; oA clairg 3 TuikR) SAMPAING IIVEEApOsed portions of said

cofi BRLE .aga%i'al N QY4 GERGrR nSHEST AR PhoRRRIsY ENGriAg HRX8AdREve

uncur e otoresist to said substrate; curing a
myeaidl ey mmiomed sai d photoresi st except in at |east one
portion; renoving said uncured photoresist fromsaid
at | east one portion thereby form ng at
12. A process comprising:

providing a substrate;

applying a layer of uncured photoresist to said substrate;

curing a pattern into said photoresist except in at least one portion;

removing said uncured photoresist from said at least one portion thereby forming at
least one first cavity in said photoresist;

depositing conductive material in said first cavity to a thickness less than the thickness
of the photoresist layer;

applying a second layer of uncured photoresist to said photoresist and conductive
material layer;

curing a pattern into said photoresist except in at least one second portion, said second
portion at least partially overlapping said at least one first cavity;

removing said uncured photoresist from said at least one second portion thereby
forming at least one second cavity in said photoresist said second cavity at least partially

overlapping said at least one first cavity; and

14
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| east one first cavity in said photoresist; depositing
conductive material in said first cavity to a

wo bioskesss | ess than the thickness of the phot BEEESEN4/043606
| ayer; applying a second |ayer of uncured photoresi st
to said photoresist and conductive material |ayer;
curing a pattern into said photoresist except in at
| east one second portion, said second portion at | east
partially overlapping said at |east one first cavity;
renmovi ng. sai d uncured phot or esj st fron1s§|d at | east

one d§RASHINE 9BAYIYR MatrERbByAIdSE IFPHENAFCBAST bR 2&E s dhickness,
wlfe‘?é{ﬁ Eﬁé }1 {kh? 8f fle ﬂh%@t&ﬁﬁﬁcﬁ; oﬁ@hﬂlcﬁeg PR rGRYel Yo@dxct AL height of

part over | appin aid at | east one first cavity;
thaﬁddbpasﬂmhmgﬁsahmewnawe material in said at |east one

second cavity to a desired thickness, wherein the

hei ght of the thickest portion of conductive materi al

does3notAqm@agdc@mgdwgiﬂn of the first |ayer of

phot oresi st materi 13. ess, conprij s
pr oVFiHE gadkﬁlfé’Fré?ctt%m kaving aﬁ}fnﬁ SR Sef @tm%tglof@a%?ﬂdldé

Sec %g?l taalla & ahRre [HiorARR |td/ éaﬁgse@oﬂcﬂ)ﬁ%l %a%r&l(‘sll’deeéf said
phot sPst 1o sald second netal -coated side of sa
mdm&heﬁhnlc film curlng a pattern into said
photor.esj st exc

sai &uﬂlﬁ%ﬁpatt 1) hn %arl enhoetl?re??et%r)%]éeé)? qlgatﬁ)%s{ én%g){ortg %rm\” ng

por trér@dvih§ edi@ blycufr@T phongesadt floeasaid @ m@lsC(meI}ioytldnrthﬁalbﬂforming at
photoresi st; depositing nmetal in said first cavity to

leaét?fl‘ﬁ‘i?%%g’ssalde%hé’t‘trf"%ﬁﬁ the thickness of the photoresi st

| ay @EposBRY Nt 3aid 264 ngﬁyq}é %rth@ﬁne's'@l%br 18gh PRKOKRS Sttthe
to sald phiot oresi st and netal layer; curing a pattern

phﬂﬂﬂ&%hwd;photore3|st except in at | east one second
port|

d I
saj ¢PQ tyinlgsaasle on z%ey%? g@:ﬁ}éd&ﬂ?%%sgslt & Ja}/d nﬁlv ?Jrlesgﬁ th{l] gnetal layer;

photcafigsi ;;tseﬁﬁ 90 Siad ﬂxcﬂ(ﬁrehﬁ&&éep@ HEat?o@Glomﬂssgc:mhﬁll:Jg;ijon, said second
pogtlpo?lrp%?t}/ally overlapping said at least one first cavity;
removing said uncured photoresist from said at least one second portion thereby
forming at least one second cavity in said photoresist, said second cavity at least partially
overlapping said at least one first cavity; and
depositing metal in said at least one second cavity to a desired thickness, wherein the
total height of the thickest portion of the metal does not exceed the height of the first layer of

photoresist.

14.  The process of claim 13 further comprising:
removing at least a portion of the photoresist, and
removing said coated metal on said dielectric substrate in the portions that were

covered by the removed photoresist.

15. A process comprising;

providing a substrate;
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form ng at | east one second cavity in said

phot oresi st, said second cavity at |east partially
wor@sloapps ng said at | east one first cavity; apdI/uS2004/043606

depositing netal in said at |east one second cavity to

a desired thickness, wherein the total height of the

t hi ckest portion of the netal does not exceed the

hei ght of the first |ayer of photoresist. 14. The

process of claim 13 further conprising: renoving at

| east a portion_of the photoresist, and r%rmvi ng said
coatiBRlyingtedryes A waguEpddiegriBEmhPOresiih Kt skt WO FRE he
por t.| ; It heqor esi st..
Tg, e bt S SIERIRIE Boclih dL AR £
applrgthongngsdid ymuresi phatocestse fromesgat at Jeasiximstportes therepypforming at

1 sgi d SH?SH %}qe'hog%siisrt]g a pattern into said photoresist

%8 %’gp‘ia PRI RS Csbie portion; renoving said uncured
photdep@singtcohdfive Aiattrial inlseidSirst@eityporat thiskndsh &sethyin the thickness
formng at | east one cavity in said photoresist;

of thebetorssiy ly8hduct i ve material in said first cavity to
at r&bﬁ@glgsﬁa}lje?%? pb.F]ﬁOe ﬁﬂb@gr@ﬁétqg 04§ ﬁeép&ﬁv& ProtORAL A SbRductive

| ayer; plying a | ayer of positive otoresist to

mageriad 1ayeyyat i ve phot oresi st and conductive materi al
| ayer: .form a rn.. . iti . .
S5m0 3 BPLLER e ARAGH AP Vs porin, i
secnd @ofliop@attiatin opatdppalglsyiday kedtappiting cadiygd at | east one
first cavity, renoyvi ngt;_ sa{id exposed ggsi%i ve .
phof BPREnE a1 PReselRogiye PRUEFISHim seif @f l5ast ORe Ptign thereby

foﬁﬁiﬁ%ﬁaﬂgasﬂ)né &8&1d APRy FEaRNhofAMidt Ysaldke8dHdbavity at least partially
photoresist, said second cavity at |east partially

ovenlappingppidrag least ae dirsticedtyt awshe first cavity; and

deposi t o p , . .

SoP S8 SN P ST 1 DAL AR 90 i,
whesedithettbtalcthitkaess of the heghhstgbamh o dretdoaduddifve irtagerial portion of the

conductive material portion of the : )
structure does not excee theahel to tlhe r111rst aner of photoresist material.

16.  An article comprising:

a substrate;

a conductive layer having a trace pattern; and

a raised feature on a portion of the trace wherein the width of the raised feature is

substantially the same as the width of the portion of the trace on which it is located.
17.  The article of claim 16 wherein the raised feature has a squared shape.
18.  An article comprising:

a substrate;

a conductive layer having a trace pattern; and



structure does not exceed the height of the first

| ayer of photoresist material. 16. An article
W@UpNeBeNg: a substrate; a conductive |ayer heeI/n§0a4/043606

trace pattern; and a raised feature on a portion of

the trace wherein the width of the raised feature is

substantially the sane as the width of the portion of

the trace on which it is located. 17. The article of

claim 16 wherein the raised feature has a squared

shape. 18. An article conprising: a substrate; a

conduised/featiegara praipmef the tracge e 5%l§ftdefﬁ%furea0@&§>ﬂ|s@g§ékfast two
la)re‘iesac;f{fﬁeesa% oq Plf?é'rgﬂt%gncﬁlfctlbg‘ﬁa{eﬁﬂc\?&eriﬂ?her R8¢ SifBALER of the
nprising east  ayers o e sane or
twd |lzfyfe3raemubstannia]bztthe/ snedndrthatwolhgarean sulvstanabdnderifcally aligned.
di nensi ons of the two |ayers are substantially the
same and the two | ayers are substantially vertically
al i gped. ThO artithafaldimaeviRteitihairmseiSeair ek A rélirled shape.
rai sed feature has a rounded shape. 20. The article of
claim19 wherein the raised feature is circul ar

20. The article of claim 19 wherein the raised feature is circular.
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