6 May 2005 PROCESS FOR CREATI NG HOLES I N POLYMERI C SUBSTRATES FI ELD OF THE
| NVENTI ON 5 The present invention relates to processes for creating holes
in polymeric substrates and for fabricating a nulti-layer electrical
circuit assenblies. BACKGROUND OF THE | NVENTI ON 10 El ectrical conponents,
for exanple, resistors, transistors, and capacitors, are connDnIy nount ed
on circuit panel structures such as printed circuit boards. m% Egyels
ordinarily include a generally flat sheet of dielectric naterlal g

el ectrical conductors disposed on a nmgjor, flat surface of the sheet, or
on both major surface : tors ar e connDnI 15 f or med fron1netalllc
materials such as 2y 4O NS ¢ SUBSIRATES| cal
conmponents nounted to the board v%ere the conductors are disposed on both
maj or surfaces of the panel, the panel may have via conductors extending

t hrough holes (or "through via¥' ' { ic layer so as to

I nt erconnect the conductors on ~ Multi-layer circuit 20
panel assentfli es halke memmtinwﬂonnmlateﬂb@r@ewdsddsrdmog pmésalhe mul tiple

st acked C'rcu'%Oﬁa@ﬁk§uﬁ%%€s§ﬂ?ktkﬂﬁ%ﬁm¢Q%ﬁhﬁa % r|c material s
separating the conductors on nu aC|ng adjacent panel s
in the stack. @aspBRliesn|ti-1ayer assenblles ordlnarlly i ncor porate

i nt erconnections extending between the conductors on the various circuit

panels in the stack as 25 necessary to provide the required electrical

i nt er connections. Pol yneri CE&EMQMS are useful in the
manuf act ur ejgof  f |1 eme&thcai EdnAbAS, fmamarel %H@tow BaSsiftdrsfdrigt ers. Flexible.
circuits typicall nr el nf orcecﬁexénerl c dielectric films on

which to buil dcg?%cgffsﬁ’rﬁc?'ﬂwg ¥ moypted an pel strucdwes Biph@srietsd changi ng
shapes and ori eintuithioanis. B;mﬁqndemgrd&mdlya&ladena@énagﬂyfmehé&ﬁ conmon

pol ymeric subs |rcutt assenblies are
pol yi mi de fil ntl‘;jr Zél?g &%/&M ?aval TR osP P?&grﬂré rpajor flat stitace

of the sheet or on both major surfaces. The conductors are commonly

15 formed from metallic materiais such as copper and serve to interconnect the
electrical components mounted to the board. Where the conductors are
disposed on both major surfaces of the panel, the panel may have via
conductors extending through holes (or "through vias®) in the dielectric layer
s0 as fo interconnect the conductors on opposite surfaces. Multi-layer circuit

20  panel assemblies have been made heretofore which incorporate multiple
stacked circuit panels with additional tayers of dielectric materials separating
the conductors on mutually facing surfaces of adjacent panels in the stack.
These multi-layer assemblies ordinarily incorporate interconnections
extending between the conductors on the various circuit panels in the stack as

25 necessary to provide the required electrical interconnections.

Polymeric films with pattened holes are useful in the manufacture of
flexible circuits and various types of filtters. Flexible circuits typically utilize
unreinforced polymeric dielectric films on which to build circuitry levels. These
circuits can conform to changing shapes and orientations by bending and

30 twisting. The most common polymeric substrates used in flexible circuit



DuPont de Nenours and Conpany), and pol yester filns. In double-sided
flexible circuits, it is desirable to have hol es extending through the
polymer film (hereafter referred to as "through vial") through which

el ectrical 5 connections can be nade between circuit patterns on opposing
surfaces. Through vias are typically fabricated by punching, etching, or
phot ol i t hography of photosensitive polyners. Punching techniqueqin@ggo 5 .
several drawbacks including possible deformati on of the substrate uc% as
conpression buckling or tearing. This technique is also unavailable to 10

substrates that_have.additional layers ther . t _etchind and plasma

et chi ng net hodsa%re@%(l!%srﬁ%R?V"l'flseéjiq"%/ﬁu%ra&ngﬁgﬁ"g’ailaﬁ’ﬁepg?wgé-ri c substrates.
Et chi ng met hodsDuidord de dlemegsiand Coapaiy)) anslqiolyesteoiimef Inaddubleisided nunber of
resist chem stgl : : Leve sel ectijve renoval of the

desi red pol yrrerflié(ﬁ)?fea %ﬂ?ﬁft@%{%lﬁ%&%@hﬁﬁsﬁ@g@ﬁ Jhﬁ?ﬁ?ﬁ @‘%’P@W&H by appl yi ng
a 15 concent r afledheraaftes referes to @n ‘thishigl viag hihraugh whicheleetrisaibst rat e nateri al

by hydr ol yzk ngedripgetidfl | &a@?p e g)\gd?) 227,008
descri bes a nmethod for naki nlgaa ) I%)@ﬁ%?@%ﬁfggfoﬁ%gl n sa(ill?lfa‘ii:){aqstueous
processabl e phot or edPugh Was afe|typicajiy Bhricatas By pvnehing, ietangoere sur f ace of

whi ch conpri sesptivtdiittiography 6 phelossBRiNg bolythsrs 2 Buhfig Bd bl hived dry film
phot oresi st. The Eh%{grﬁm st l a then_?x gsed and “devel oped. The exposed
copper is pl at FVEG HRYREGS inglugiog pessibiedriomation ofidhe syhstrate; tick@shed with hot
concentrat ed al dompiression®ucitihg or tediirg. TREASdNNIGe isR% GHavaibbkeen rermoved with

di | ut e basi ' | . { o] b te. U S Patent Nunb

3 833, 436 0ot BatAGs bt SpBidt Bl B RErpl Rlet Bs8ing pndhietsiy vi as i a
pol yi mi de fi | metgingmpbeds are sppbeiy useidp pewide hdles &l pohenkricanbstiatdsed by
standard met hoGdsehih@hb®oBsoRiAtd rEERfe i sBedib g:f‘%#n%?%dzm(gkgghgﬁ{asi U trasoni ¢

agitation is utilized to ensure equate mxin aturing t he
i mrersi on st ep.chepisfiiegapd stshantyipcachigys eciertive epoval of the deésisast | bes net hods f or

creating hol es mlymeric material. Polyimide films are commonly etched by applying a
15 concentrated basic solution, which can act on the substrate material by
hydrolyzing the polymeric backbone.

U.S. Patent Number 5,227,008 describes a method for making a
flexible circuit using an agueous processable photoresist. A fully cured
polyimide film, one surface of which comprises a thin layer of copper, is

20 ilaminated with a dry film photoresist. The photoresist is then exposed and
developed. The exposed copper is plated to higher thickness, and the
polyimide is etched with hot concentrated alkaline solution. The remaining
resist is then removed with dilute basic solution to give a patterned substrate.

U.S. Patent Numbér 3,833,436 describes a method for creating holes

25  or through vias in a polyimide film. A resist is applied, exposed, developed
and baked by standard methods, followed by immersion in hydrazine solution.
Ultrasonic agitation is utilized to ensure adequate mixing of the etchant during
the immersion step.




through vias that effectively depend on either mechani cal nmeans, or harsh
conditions to chemcally break down polyneric materials in the desired
areas. As new dielectric materials are devel oped, new nmethods for handling
and, 5 processing these materials are frequently necessary. In view of the
prior art, there remains a need for processes that wll create patterned
holes in a variety of flexible polyneric substrates under ”ildfﬂﬂﬂﬂbbb9ns'
SUMVARY OF THE | NVENTI ON 10 I n one enbodi ment, the present invention Is
directed to a process for <creating a via through a substrate. The process
conprises the steps of (a) )roviding a substantially void-free film (b)
appl yi ng a resist oW 8Paveensntionad Wscﬂmﬁg]%dﬁfﬁcﬁéémgshﬂmmfpredet er m ned

| ocations; (d)theeyelia9inadetdivelydtbsid deitheXRegnkaRASIR! SiHaRe areas of the
film and (e) renpvi ng éhe exg’o‘%gd areas 15 of the filmto formholes -
5 1B AReRiY T

t hrough the fif@ e [own pplmericagisrials B feslRd Reagi rected to a

process for  cAsew diglectrivy matetifils ateglbvaiopad, ﬁd\g&t&hﬁ:ﬂg&friﬁandﬁhggﬁ# ocess o
conprises the ste ; a) .praovidin substanti a ol d-free curable
film corrpriggeopsr%‘fegéngghﬁg%fngkenglfiﬁﬁofgwg%tﬁ;"efﬁsagpb? V?%éf CPEYIA% onto the
curable film thee remaigs agetdier prosisses et wilhcrpateqetiened hales inacat i ons;  (d)
devel opi ng t he 'o?ﬁex'ibg’]a e gﬁﬂst‘?ﬂ?etsqfngélﬂﬁg coRifidhs of the curable film

(e) renoving the éexpose he cura m to form hol es through
the curable film and (f) heating the curable filmof step (e) to a

tenperature and for a tinme sghHMMARSGF TREINVENTION CUrabl e conposition. In
anot her enmbodi nent, the inventton s directed toward a process for 25

rected Towar
fabricatinf a mul t fr.anggabogimept fepsgsent invantion is sirestes] tp eoiReRsE &rng t he st eps
of. (a) pr OVi(dgéaliﬂgﬁvFMb&hgmé hﬁis_ir&tteth?pfobﬂﬁt 8 d‘erpﬁ%ithé stepa 6ff((a)a curabl e o
conposi ti on; .8 i na.a resist on _curahle fi i magi ng the
resist in precfé%vé '?ﬂoﬁﬁ%bs%gggtvf’%ﬁ'?? ﬁ?ﬁ)(g)oa@\?&"&fﬁ rﬁﬂ“t"ﬁ‘& tl‘%@f’b?‘%t 0 expose
pr edet er m ned imagagthefredistdn predeterbliresdiiodations{ ¢f) dewslapingrthe tdeiRt oxposed ar eas of

e Sur 0L Al S s W, 205 AR bitialle 11T ()
15 of the film to form holes through the film.
In one embodiment, the present invention is directed to a process for
creating a via through a cured substrate. The process comprises the steps of:
(a) providing a substantially void-free curable film comprised of a curable
composition; (b} applying a resist onto the curable film; (c) imaging the resist
20  in predetermined locations; (d) developing the resist to expose predetermined
areas of the curable film; (e) removing the exposed areas of the curable film
to form holes through the curable film; and (f) heating the curable film of step
(e) to a temperature and for a time sufficient fo cure the curable compasition.
In another embodiment, the invention is directed toward a process for
25 fabricating a multi-layer electrical circuit assembly comprising the steps of: (a)
providing a substantially void-free curable film of a curable composition; (b)

applying a resist onto the curable film; (c) imaging the resist in predetermined
locations; (d) developing the resist to expose predetermined areas of the
curable film; (&) removing the exposed areas of the curable film to form holes




tenperature and for a tine sufficient to cure the curable conposition; (Q)
stripping the remaining resist; (h) applying a |ayer of netal to al
surfaces; (i) applying a second resist over all surfaces of the | ayer of
netal applied in step 5 (h); 0) inmaging and devel oping the second resist to
reveal a predeterm ned pattern of uncovered underlying netal; (k) etching
t he uncovered portions of the underlying |layer of nmetal; (I) sg;' pba&gthe
remai ni ng second resist to form an electrical circuit pattern; *@
applying a dielectric conposition to all surfaces; (n) providing vias in
the dielectric conposition in predeternmned 10 |ocations; (o) applying a
second | ayer of tﬂﬁ%igﬁlm‘%@f@b@ﬂmﬂr(ﬂae«'dmgﬂ(qoc)urah!mﬂmlaﬁgtea(e)ttdﬂard resist to all

surfaces of theteﬁ%%&elaﬁaﬁfra(ﬁfne@ﬁi@ﬂeatté%reﬂ[@&} ﬁcmpos Sxe ping the

third resist to expose a predeterm ne attern Second® Iayer of
metal ; (r) etchPHQ‘Pfﬂﬂw@eé%%@arfq@&Ftmbamawfgahne@ém@tautora&yserfaoas ietal to

forman electri ﬁ@dlyr@é%ﬁohd Fé%'isl &Vl all Sditacsd &fithPaRg of d' fhird
oh oS SR of Pt Sl

resist; and 15 &?&r) tional re eatl ng steps, ( one or nore

times to for ihaging 2 Bmeéeem&'ﬁﬁtﬂ@evéﬁ'eﬂ:ﬂrﬁﬁ’%%fm"@dr cui t
patterns. The ppa@emcbf unooverdd umelﬂyingf rHEthIN K) éi’dhfr@%@%&a@er@d posisAt e and
r

circuit assenb b ecti enenti oned processes. 20

DETAI LED DESCRI %%I Eﬁﬁ%@ﬁ%ﬁf %/fr\'ﬂfgﬁﬂ“gﬂﬁ S aRaining sqoqpd BsiHRM Y exanpl es,

or where ot her \Aﬂrsdeq:tmlgalrédattMI(m)mpmbregadwﬁummpgsrﬁumebnt|es of

i ngredients, reqgfl e specification

and cI ai ns are to b&n (ﬁ er s“%lh%ggsa@qﬁee‘rﬁ%ﬁmn%mpogi nwprg{ep M€t ances by the

term "about ! AE%'PB‘? r@) Jplying asasonthidyeraf metal to dllserfaBsc (mapplyiyg at he

nurer i cal par artgieicsiselalls@itdcls bt Bebohg) er\sf@%r@pggrrmqr@tgn%n and attached
|

clainms are approximati ons that may vary desired
properties soug‘fﬁ lPB'“%Q‘%M‘HPﬁéWGW%ﬁé%‘@MmG pattam pidhe seond he very
| east, and not lagrafmatat; qnmchtr@thé@ﬂpbséd}ﬁamalofﬁ%é%dfﬁ FOGnddgs i ne of

equi valents to nuner.i.ca par aneter should a
%26 Wy 2005 IRATe G e BBafer 5 bt ed e pRTAN i sk aper ¢ oo
si gni fi cant 1di ditoptienatly tepeating steps (m) through (s} one or more fimes to form
multiple layers of interconnecting electrical circuit patterns.
The present invention is further directed to a substrate and circuit

assembly p_repared by the respective aforementioned processes.

20 - DETAILED DESCRIPTION OF THE INVENTION
Gther than in the operating examples, or where otherwise indicated, all

numbers expressing quantities of ingredients, reaction conditions and so forth
used in the specification and claims are to be understood as being modified in
all instances by the term “about.” Accordingly, unless indicated to the

25  contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the
desired properties sought to be obtained by the present invention. At the very
least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at



appl yi ng ordi nary roundi ng techni ques. Notw thstandi ng that the nuneri cal
ranges and paraneters setting forth the broad scope of the invention are
approxi mations, the nunmerical values set 5 forth in the specific exanpleés
are reported as precisely as possible. Any nunerical val ues, however,

I nherently contain certain errors necessarily resulting fromthe standard

deviation found in their respective testing measurenents. Al so, Mg g@@yl d
be understood that any nunerical range recited herein is 10 inten 4 0
i nclude all sub-ranges subsuned therein. For exanple, a range of "1 to 10"
Is intended to include all sub-ranges between and including the recited
mi ni mum val ue dfast bgFeNstHed indightaf thepumibatefirenorted sighificedt digkandits,  havi ng a

m ni mum val ue efgpipiingtordifdry EuRdihgfechilgibsl and a maxi mum val ue of equal to
or less than 10. 15 A@ﬁtﬁr e‘_\éfj,outg%ty menti oned, in one enbodi nent, the present
invention is direchNeWitfganding hatihenymericalranges apd narameterswettingtioth subst r at e.

I'n one parti cultbe broadsagbenst s invehionRir® RToxiRAIGRE, tBE RurhdtRablfRs sof (@)

PP (65 bR ieline Vi e et s b okl fy ool opi no-
the resist to dwpesenl palaek howeriendtheRDtipceasin oértdiherdré heBessmly (€) renovi ng
. the exposed ar (?’@Scu.ltlﬁ’igfﬁonﬂhéEﬂaﬁqléer@d%e{éi%%%&théig%ou h the. film |n another

enbodi nent, the filmis cura roce eesti9e steps of (a)
provi di ng a sulf&25HeMmentsy voi d-free curable filmof a curable conposition

as described bel ow, Ajgd ' ' 3 le film (c)

I mging the resist, i ﬁ@?rsgggéti 2? %&rﬁﬁéﬁ%gﬁngﬁgﬁelﬁ%fmaé%éﬁ%geﬁﬁ?%e‘5§ the resist

to expose pleddide tRipciydealisubmranges subsumer shereinntorexpmplenmiangg, t he

exposed areas of “fttba0ts intdtded td ihdldeQulifsRb-Faryes Bswhbid Qﬁbghclﬁé?ﬁhﬁw able filnr
at

fime sutf1 o enfeotod PR e ol afibe Sshbebrtmam veret B itbscs opt i onal | y
further conpri baeng &mbhitviry vai0e Byl & arigepieraian 140d ShbkiRiVaILLRE T emai ni ng
resist; and (hh,app) ofidd thard Ryer of
15 As previously mentioned, in one embodiment, the present invention is
directed to a process for creating a via through a substrate. In one particular
embodiment, the process comprises the steps of (a) providing a substantially
void-free film; (b) applying a resist onto the film: (c) imaging the resist in
predetermined locations; (d) developing the resist to expose predetermined
20  areas of the film; and (e) removing the exposed areas of the film to form holes
through the film. In another embodiment, the film is curable. The process
comprises the steps of: (a) providing a substantially void-free curable film of a
curable composition as described below; (b) applying a resist onto the
curable film; (c) imaging the resist in predetermined locations; (d) developing
25 theresistto expose predetermined areas of the curable film; (e) removing the
exposed areas of the curable film to form holes through the curable film; and
(f) heating the curable fitm of step (e) to a temperature and for a time sufficient
to cure the curable composition. The processes optionally further comprises



metal to all surfaces. It should be understood that for purposes of the
processes of the , present invention the formation of vias is intended to
enconpass the 5 formati on of "through vias" (i.e., the formation of holes
extendi ng through the substrate fromone major surface to the other) to
pr.ovi de through connections, as well as the formation of "blind vial"
(i.e., the formation of holes extending through the applied CO%tMng@@iy
to, but not through, the underlying adjacent netal |ayer) to provi

el ectrical connections to, for exanple, ground or 10 power. Also, for

pur poses of the present invention, the formati on of vies éxtending
"through the sthla§tepapfe(g)lw'ppm&wemmgemmaém aphbﬂn@(ﬂlampbn of through
vias only. Likgwisp@ankhgader mation of vies extending "to the substrate" is
i ntended to enconpass the formation of blind vias only. Afilmis provided
that is substantiaftispoyid be updersterdfbat fprpuspqses of theprapessesodhodi ment, t he

filmconprises tﬁs&iﬂfn@@rﬁt@n&he@mdﬁﬂﬁﬁfﬁ&@tsﬁ'&liﬂél@&i&édéﬂm dddqhe f i1 mcan range in
t hi ckness fro 1010 pi ca mcrons. The film

c
can be for m@d Iz)ghrﬁu%‘f‘?seiy? efHE‘?WBéQ”P&'R)WXFeﬁd’PH@“°%th9Exarrpl es of
such net hods i mbmiefrodmﬂnem@ar@oﬁadeltmm%drno @ﬁivldelﬂiro@ﬁddnﬁ&tmﬁsﬂd

t i Ca | i cal.ly far, I t whi ch
20 romoved i n & LSBT B e S g PR oL FORs S8R roved bet or o
or after the ftbrowghthermpplieddoating anlyztoshib setdbrengh, ﬂteam;lerd;mmdjdmedt bel ow. The
film may Opt'r%‘ral I r)th prvite; %ik&r%a&ohﬁé&@ﬁﬁb%ﬁzﬁex%ﬁg @‘oﬁ& of O remove any

sol vents and/or conposition ure to which the
filmmy bé0 I"MeédN%: faiurpaspeefithe pregentinvention| the fqnaaﬁqncpjmas fromthe

coating, but &gk @tnfavgha@éussﬁfé %ﬁféﬁdédﬂo@no&%?ﬁietfb% ibflof he case of a

curabl e conposition, ﬁy bet ween 100C and C. The duration of the
heat exposure t@ﬁ’Hg'ﬂlﬂﬁ%ﬂ OHKQW'%WBWQ@% Pwsr%fﬁé'ﬂgaﬁ@"q?d@sﬁi?ure of the

vol atile substlamﬂedtwmoembassthéﬁﬁﬁamobﬂhmn odlyand 10 minutes. The

optional drying st unde anb ent conditions. O
course, these anblg mﬁr%/?‘?\%%k%?éswg egfv"'ds In & Particutar

15 embodiment, the film comprises a curable (I e. uncured) composition. The
film can range in thickness from 10 to 250 microns, typically 25 to 200
microns. The film can be formed by any of a variety of methods know in the
art. Examples of such methods include, but are not limited to solvent casting
and extrusion. Cast films are typically formed on a release substrate, which is

20 removed in a subsequent step. The release material may be removed before
or after the formation of vias in a subsequent step, described below. The film
may optionally be heated to a temperature sufficient to remove any solvents
and/or water from the compaosition. The temperature to which the film may be
heated is sufficient to remove volatile liquids from the coating, but insufficient

25 tocure the film composition in the case of a curable composition, typically
between 100°C and 130°C. The duration of the heat exposure can depend on
the application method and the nature of the volatile substances, typically
ranging between 1 and 10 minutes. The optional drying step may also be
accomplished under ambient conditions. Of course, these ambient drying




conditions require |longer periods of tinme, and any period of tine is
suitable provided the tine is sufficient to render the filmtack-free to
the touch. The filmcan conprise any organi c polymer .provi ded the pol yner
is soluble in a solution in which the resist, described in detail bel ow,
has very low or no 5 solubility. Non-limting exanples of such polyners

I ncl ude pol yepoxi de polyners, acrylic polyners, polyester poly 2005

ur et hane polynmers, silicon based pol yners, polyether polyners, polyurea
pol ymers, vinyl polyners, polyam de polyners, polyimde polymers, mxtures
t hereof and copol ynmers thereof, as described below In onée enbodi nent the
filmconprises “é’"ﬂ'@m’!ﬁ refiuitetionger peiods phtime, Bpd anli peiried bf firge ismtigatieal " i s meant

a substance thaﬁrowiaed&h@@ﬁéus%QH%%ndQFm@lrﬁP{aﬁkfréé rthOtllicpn eff ol ent
supporter of el éJostatlc field I nsul at or n one enbodi nent,

as nentioned ab mmmnwewagmé P@H“‘P"s"”o‘{'ﬂﬂda*hﬁ polymsy is salubidine” i s neant

t he corrp03|t|0ras®utaoa|aﬂblhla1mé résmrd@sambahf&taﬁlb'éww hbé%rﬁiowdf% tenmperature
bei ng ed. As used herein, a-

range and ti to.the co tion

mat gl‘l al tha |sgﬁiheﬁﬁ§'@ungﬁé?@&g plugh P%Y'B‘?’Féﬂc'“ﬁﬁaf’fye%%‘iﬁdl fies or
"sets" irrever giolymersyaenlidyinesls p&!yéiiarpm%s Rdtieheolyfafs, sifdged  a
crosslinked nety c_nateri crossl i nked"
if it at |east ‘éﬁé&‘ﬁfﬁ?@s@gﬁ;@ SAI@&?@%&W&ﬁ‘@ VOBWW"WBIVE'EH led in the art
wi |1 20 under stPatyamidepolymes, pelgsideqmiyareds, degures thefeof amdbadpolpitiersg (cr ossl i nk
densi 1Y) | can berda! &) sy By, aeeérxbogméggihpceﬂﬁwﬁ@%p gs dynani c
mechani cal _ t hermal  anal X‘?éum net FUNRAT S 2 DVA 2980

anal yzer andGl?ﬂeéH'cdf'Ri%rﬂa' vt F"SBE‘HC ""Ffﬁﬂgl me&nﬂa Q&S&ﬂw thagistapmog| ass

transition ! eepefiaiodbPolGbits, 16 bliedl Ssioltdr Gleidclrbfatld fefl, (@ af0a! I NOS OF

pol ymers. These Zgwphym cal properties of ‘a cure material aré related to
the structure crosslinked network. Typically the curable
conposi tions are stlabheembodimbts saeitohdbaldie dﬁ@ﬁ!ﬂﬁ%ntpaﬁmf @ture, but

capabl e of thegnms t?km&'%tle,.el arf% ed h%gﬁgratur@a#%pﬁé%ed%zgm thﬂebel oW.

For the purposés o resel
conposi t i onSnamitbiaativen t@efgaraere-rﬁnge and time spec:ﬁc to the composition being

used. As used herein, a material that is “thermoset” refers to a material that
solidifies or “sets” irreversibly when heated. A thermoset material has formed
a crosslinked network. As used herein, a polymeric material is “crosslinked” if
it at least partially forms a polymeric network. One skilled in the art wil!

20 understand that the presence and degree of crosslinking (crosslink density)

- can be determined by a variety of methods, such as dynamic mechanical
thermal analysis (DMTA) using a TA Instruments DMA 2980 analyzer
conducted under nitrogen, This method determines the glass transifion
temperature and crosslink density of free films of coatings or polymers. These

25  physical properties of a cured material are related to the structure of the
crosslinked network. Typically the curable compositions are stable to
thermosetting at ambient temperature, but capable of thermosetting at
elevated temperatures further described below. For the purposes of the
present invention, by “uncured” is meant the composition maintains a degree




-

i [ liquid, for exanple acidic solution, basic"
SorﬁgiggOSOSfofggnglIgglbgn?. kg referred to herein, by fba5|f spIuElpﬂ
is meant a solution whose pHis greater7th(§n_|_z.e Eﬁragf;dggnggsrizgg [
meant a sol ution whose pHis less than 7. e o e e oty et eorabl e
provided in the formof a filmcan cpnprkse t?n AL A
conposi tions known to those skilled in the coa blg o arti?&ﬁé$2005
provided that the conposition is thernpset cura e6ne i ngre cular
Erde oo eont o purable_conposhtlgn gggpglsﬁéréaluring reagents 10 reactive
W th The acti v RYAMEEEA R Raptarkiesditgiton, keskisvininydr agae. cont ai ni g
resin material solsem. 95iréfabé@tofr@feirubgi“tiajeitct;b?trifpg %ﬁﬁ‘%{“é g?{'ﬁ‘ﬁ“l)"ﬂ%sﬁagir gw ded

[ [ .Sol.u i . , D _ .

ts?)?fjt |t gﬁ r gfl grp g@%?%a%gﬁ"\?gﬁt .ngl\ﬁ?\é’? FlstoN g merBl A slution whesaoeH ISd@tsEs i ncl:l5ude.

i ' | ymers, urethane
polyepOX|de.ppMVwé¢s, acrylic polyng{s,tpglyezfegefg ypOIyurea s,
iyl pol ymer s, —pol o koSt Bistiod i inedoi i i <o emerspet ¢ hor cof
vi nyl pol yners, ] P €~ pol 1 fsh Qs
and copol ymer §0Y H@@SFH%U@ le¢ompositions [(Wgtﬁﬁorfglﬂ}i}égaﬁﬁg cggﬁgggne' s
o1 con- based o ias o e S Rbositbs b1 bk It nose
conpr i 51 ng. 20 BROSHFCTaATASte Breisemioetcroammiest) ane GirreUni £5 | n t he
conpr i ! . . !
backbone. The attiveinpdrsgin-toHtdineg reeMERING $15) oﬁwHBF&bq%’}]%gng?,%%g&% to inpart

: S
Lol o 10, T B iy oo o
groups i ncl udecenthinieg resiramaterals ?‘{e}sgiﬁ?mfﬁwﬁbﬁ“g?{,%?iﬁ“ﬁﬁ?@”sST?”‘)' eo
S?LLL?gLﬁ{gyn?HgN?géﬁﬁéﬁgg&%EQ%%qQQﬂfe._ﬁawgﬁﬂWﬁgm&ﬁﬁFWE%ﬁﬁﬂﬁ se;ialtgunber
10/ 184, 387 . Agsolyfisadonmsgarinsolvent Nandimitingahiipies of sush FRRE induger ef er
oli gOWéF s and 9&9&0&2@%9%@5@@rﬁglymggpgélyeg%rr ;saélyrhgrs, urethane
15 polymers, silicon based polymers, polyether polymers, polyurea polymers,
vinyl polymers, polyamide polymers, polyimide polymers, mixtures thereof and
copolymers thereof. As used herein, by “silicon-based polymers” is meant a
polymer comprising one or more -SiO- units in the backbone. Such silicon-
based polymers can include hybrid polymers, such as those comprising
20 organic polymeric blocks with one or more -SiO- units in the backbone. The
resin may further comprise functional groups to impart sofubility in acidic or
basic solution, for example ionic groups or groups capable of forming ionic
groups. Non-limiting examples of such functional groups include amines,
amine salts and carboxylic acids. An example of particularly suitable
25  compasitions are halogenated ionic salt group-containing resins as described
in pending application serial number 10/184,387 . As used herein, the

term “polymer” is meant to refer to oligomers and both homopolymers and
copolymers,



6 May 2005 The active hydrogen-containing resin (a) is typically used in
conjunction wth one or nore curing agents (b). Suitable curing agents
woul d be those conprising groups that are reactive with the active
hydrogens of resin conponent (a). Such curing agents include, but are not
limted, to blocked 5 polyisocyanates, carbodiimn des, aziridines, epoxi es,_
an1nop|asts, active esters, and m xtures thereof. As used herei %
"active esters" is neant a non-acidic polyester of a polycarbof£w@¥ QQ?d
havi ng nore than one (3-hydroxyl ester group per nolecule, such as those
disclosed in U S. Patent Nos. 4,352,842 and 4,332,711. 10 M xtures of
crossl i nki ng agent $he #dtiverhydredesecobtainingaelsin {a) isoipricalle osesdin wemjunctibmo

Crosst i ki ng. RIS of Fbrd B3 St NS GHER findlideh &ty od figer at ures. One

crosslinking agent may | npar cure enperature prior to
the steps | eadionprisiog goHpthrire sracivecvithitag actiye bydregang obresidegr ee of

ntegrity Lo tdmpbhdrfia)Delo) Sy BedRoiles bifite GOTRABALS BRGRRI Ubl e i n 15

acidic, basic or organic solution. The second crossl|nki agent may
conpl ete the dlﬁ’FY§°F¥?“éte§e?ﬁ§'?°Qt"@'d§§ @giridipes; gpation aminPpk Stﬁﬂftj‘ﬂ t enper at ur es,
t hus renderi n?egtér@aﬁoaﬁxtmgsﬁ@feaﬂSAgmm hefir, asatactmLeeestérgr t;f)meamrabod: ment, the
curing agent amn esi n a am nopl asts are
nown t o 1 hos BB ERGr S rNeRRBpiaccls havinginaaitrrioned SR be ot ai ned
fromthe condestagioop peemoltacum sath éaihm:aldisﬂqsdem Bt fPatemt Nmisi ne or ami de.
Nonlimting eXfé’%%Ih@? 8%4%9% or am des include nelam ne, urea, or

e I're

benzoguanam ne’ h&"al' dehyde used is nost often formal dehyde, other
al dehydes Buch as Mudbires efemsdiinking agenss () celyptse beametl. Ineneal dehyde can be

used. The am nafoditent WG %%un#ﬁ@ﬁ&én&%g%@h?é’& Phictturd bOMifSedtnd I N certain

I nst ances at Ieast a portion '%roups are etherified with an
al cohol to nod?ﬂ‘@efﬁﬁﬁescﬂr@W%MWSQQEWW'HW pritial ewrmst agbiedlt ani nopl ast s

i ncl ude nel amiafperatufeSstior tthe HBPZ REMIAGRTOMRAIOPETRE 8d) ﬂﬁfdlrngi"denS ates, in
o e A SRRk B bR A e ¥ 1 o7 o
15 acidic, basic or organic solution. The second crosslinking agent may
complete the cure in a separate step at substantially higher temperatures,
thus rendering the coating composition infractible. |
In one embodiment, the curing agent (b) comprises an aminoplast
resin. Suitable aminoplasts are known to those of ordinary skili in the art.
20 Aminoplasts can be obtained from the condensation reaction of formaldehyde
with an amine or amide. Nonlimiting examples of amines or amides include
melamine, urea, or benzoguanamine. While the aklehyde used is most often
formakiehyde, other aldehydes such as acetaldehyde, crotonaldehyde, and
benzaldehyde can be used. The aminoplast contains imino and methylol
25 groups and in certain instances at least a portion of the methylof groups are
etherified with an alcohol to modify the cure response. Nonlimiting examples
of aminoplasts include melamine-, urea-, or benzoguanamine-formaldehyde
condensates, in certain instances monomeric and at least partially etherified
with one or more alcohols containing from one to four carbon atoms.



-9 6 May 2005 Nonlimting exanpl es of suitable am noplast resins are
commercially available, for exanple, fromCytec Industries, Inc. under the
trademark CYMEL(r) and from Solutia, Inc. under the trademark RESI MENE(r).
In a particul ar enbodi nent, the curing agent (b) conprises a blocked 5

pal yi socyanate. By "bl ocked pol yi socyanate” is nmeant that the isocyanate
groups have been reacted with a conpound such that the resul tantGPia?(;?I@ggl

i socyanate group is stable to active hydrogens at anbient tenpera

reactive with active hydrogens in the resin at el evated tenperatures,
usually between 90C and 200C. The pol yi socyanates can be fully bl ocked as
10 descri bed i Notliniingrxamples bbsuitahle 8ineplastyesinmare tommeesially t o 68, col um 2

and colum 3 I ed with the .
pol ynmer backb%%dggggjfgrte%g%?kge 5m@%kg@lu%§a ée)rllr%cﬁ@‘dia g{éq4 dg%%% .colum 2 lines
65 to 68, col GW@mmmwaﬁnblmgﬂheﬁ@d%fkREBME'%@ i ncor por ated by
reference herein. h.}gﬁ nﬁﬂgﬂ%h gﬂﬁg&i‘ﬁﬁ%r‘ﬁpﬁs%gg%ckédm may

further conprise a can assi st 1 n preventing the
coating frofn fp@ywwyan'rm oBv é?l?@kwwquw {sHeeant that thg jseeydnale a subsequent

step descri bed?#aa bORaveDa¥n réa&eamae'cswo@h suBethahe kaaitarrerdtidder s

wel | -known in fhe coatings art ed for this pu Exanpl es
of suitable rhiEBPEEYe i %?@eprﬁ,qt'fﬁj@’d?gé% f ginhie(H femneratur Plbﬁ)ers in finely

di vi ded form sisbth@swvithRete tﬁjrﬁmgéméiﬁﬁhel msuwaselevaféaitempemwuﬁ&uy 906, and

I f t bed U S.
pat ent Mo, 5. BERCIEAECERY BB o oRaaabERcATee MBS B cenei ¢ i ve | ayer
(i.e. "photlor edésstibedin U.3.Ratent Np. 3,884:898Icolehn 1dines 1thes, fcohmn 2lamdone
enbodl ment . L NEGRR S MALS BB GIEARN bitel 38 feabe IRA heHbymer OVEr L he-

uncur ed film € resinous sensitiv a p05|t|ve or

negative phot obagkbene as‘ld?é“ﬁﬂ?él"b‘ﬂ@s?@*?"tl"&yéﬁ%éﬁa pdump glinesfte 68t | east a
portion of thecsihh8%Rd 9$Iu&hﬁ lihéd 1Mo FUNhiLY RleGitlobporsedbglieheerdBpl i ed to the

entire surface of the film The photoresist |ayer can have a thickness
rangi ng from 1herein. '
15 In one embodiment, the curable composition may further comprise a

rheclogy modifier which can assist in preventing the coating from flowing into
and obstructing the vias formed in a subsequent step described below. Any
of a variety of the rheology modifiers well-known in the coatings art can be
employed for this purpose. Examples of suitable rheology modifiers include
20 solid inorganic fillers in finely divided form such as those described in U.S.
Patent No. 4,601,906, and microgels, for example cationic microgel such as
those described in U.S. Patent No. 5, 096, 556 and EP 0 272 500 B1.
A resinous photosensitive layer (i.e. “photoresist” or “resist”) is applied
over the film. In one embodiment, the resinous photosensitive layer is applied
25  over the uncured film. The resinous photosensitive layer can be a positive or
negative photoresist. The photoresist layer can be applied to at least a
portion of the surface of the film, but typically would be applied to the entire

surface of the film. The photoresist layer can have a thickness ranging from 1




-10 6 May 2005 to 50 mcrons, typically from5 to 25 mcrons, and can be
applied by any nethod known to those skilled in the photolithographic
processing art. Suitable positive-acting photosensitive resins include any
of those known to practitioners skilled in the art. Exanples include

di.ni tro-benzyl 5 functional polyners such as those disclosed in U S. Patent
No. 5,600,035, colums 3-15. Such resins have a high degree of 2005 .
phot osensitivity. In one enbodinent, the resinous photosen3|t|vehﬁgyer

a conposition conprising a dinitrobenzyl functional polyner, typically
applied by roll coating. Negative-acting photoresists include liquid or
dry-filmtype ®05Qiemnsi typically froti Sofoi2ll migoms aind camtse appliedisy apypl i ed by
rolling, spin i n techni ques.
Exanpl es of dr%ﬁ%”‘%’%%@%@%ﬂwg‘% ddeﬂ{‘;ﬁfaéhﬂgm%&?s?@ CEPI n U S Patents
3,469, 982, 4, 378, 26uitabig pesitiveswlingdwtosensjtiveiresinsinaudsranyiof thesar e typl caI ly
| ami nated’ ont ody tﬁlﬂ)l‘afoﬁﬁcﬁmers%mlad ﬁﬁh@an a@,@n&m&t.ﬁ&me%m@%e |' lers.

films may be utsued provided the 15 tenperature and tine used for Iam natlon

is insufficPentunfip EW%VT%S‘N“I%&Q%HEB'?*F% ip 4-S. Ratest Npn@b0diBosensi ti ve

| ayer is appli eslumes phb! Sumlﬁnﬁlﬁaﬁﬂe%@ dé@% ¢fPHotBSIsRGiEy. M¥nde pl aced over
t he phot osensi ti ﬁe | a substrate ﬁélgosed to a sufficient

an e
level of a sui PRBYAMPY {“3{?%5'??%8{59*8%"8'?%?%&&?% 3,coppposifon SAMIisg B di at i on
sour ce (her eaf dieitrobafzeirfurdiona palymén typigallygppliedAsy rolbeshtingier ei n, the term

"sufficient |evel (Ne Eﬂ%-a%]ilhq) otorg ;?'fﬂg%% @%@E{)@@ﬁ’yﬁ?’é&%‘a r adi at ion which

pol ymeri zes the moNGoe era in the case of
negative adfi nepmpesitions, Ligyid mmmww benappliedisy olieg, spinyowetingpr render s t he

pol ymer nore sglay ;ﬁmPﬁ'g ﬁrﬁﬁel%%iﬁ%g&fﬂaﬁﬂ@&ﬁnidgﬁs a%ta}nPQs of"&rfﬁfn? This results

in a 25 solubility c ferentia I oNn- osed and

radi at i on- shi ePhpttesigis inglude those diselesed imudiS- ﬁa&ﬁnﬁé‘%@rﬂ%eﬁ 264 exposure to
the radiation amy34x888)Ory-Ah prdtRésits Sdbidafl BmilRKRl iSHe YakRe

conventi onal dev | o
ﬁ as %y agpllcatlon of hot rollers. Dry films may be used provided the
15 temperature and time used for lamination is insufficient to cure the film

composition.

After the photosensitive layer is applied, a photo-mask having a
desired pattern may be placed over the photosensitive layer and the layered
substrate exposed to a sufficient level of a suitable radiation source, typically

20 an actinic radiation source (hereafter referred to as “imaging”). As used
herein, the term "sufficient level of radiation” refers to that level of radiation
which polymerizes the monomers in the radiation-exposed areas in the case
of negative acting resists, or which de-polymerizes the polymer or renders the
polymer more soluble in the case of positive acting resists. This results ina

25 solubility differential between the radiation-exposed and radiation-shielded
areas.

The photo-mask may be removed after exposure to the radiation
source and the layered substrate developed using conventional developing
solutions to remove more soluble portions of the resist, and expose selected
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solutions to renove nore soluble portions of the resist, and expose
selected -11 6 May 2005 areas of the underlying uncured coating. Typical |
devel opers conprise either acidic solutions or basic solutions. After
processing (i.e. imaging and devel oping) the resist as described above,

t he exposed portion(s) of the filmor uncured conposition are then 5
renmoved to formvias in the filmor uncured conposition. The sohy@igqog§ed
for renoval of the filmor curable filmcan be an acidic solution basi c
sol ution or an organic solvent. Conpositions that can be renmoved with an
acid solution include those pol yners conprising basic groups, such as

ani nes. A basi eressiofihe ynderlingreauedcaating o Bipidabliryeloperp cPrypring eitbérdi ¢ gr oups,

10 such as car hg¥lsbaticHs! df Basid SoilitleRs. St ep of renoving the exposed areas of
the filmor curable conmposition, the solution acts by dissolving the

conposition, not CMERPREEISINIdte: imagingand deugionieg)ithe ’Sﬂéﬂ@?&?ﬁcnbﬁﬁ one
embodi nent, t hab@Rotheekpsset lpuﬂioh@y&nhémm@u@u%mntp»smmm an acidic

sol uti on, adthee ed are the filmare_re t he, 15 acti on of
S bast o sor 11 bR RLRGT MBS FaRe B dranrured Meastpee DR b o s

devel oped by amnlrgmmgl@fﬂmﬂtmmmlahlbrﬁmmcarebwhrtm:&qnmwchlmsbm of the film
are renoved b f aci I enbodi nent ,
the exposed a%%lgtgo% 0?%[1 ogdép% *q g?te% &ﬁé%ﬁog' ﬁ#at%@f lﬁé '%F"g g{%y t he action
of an organi casidisolgfian intlade-those tolymgrescmmpibiog bagic smumbuc@ asol vent s i ncl ude

aliphatic, 20 grglkPAg g’sﬁ s@l[]ﬁ]onacra TEHhive &ﬁgl&%@%%&ﬂﬁ Vﬂ{g@%&@i@s@ on, ethers,

al cohol s, ket ones, esters. n one e ne f'm conpri ses
a curable d@npé%ql"'tﬁscﬁﬁ“boxﬂﬁéc'ﬂﬁol”dﬂ%ﬁgpPf rpEoyiag the exposed wesas EMehy appl i ng

an acidic sol UFIhﬂEP curkibfé M@osﬁ%@ﬂﬁ%@lﬁbﬁﬁ&s@id:&%d@ﬂﬁ&&&ﬂbcﬁs%h' ng are
renoved by the actiop @vq} basic 25 s %ﬂg&l on. In another embodi ment, the

phot osensi t i ve"PtErEMICA thp ealymgric tP‘W’ng a basic solution, and the
exposed areas of theonnembeimedahé pibtedensitiveday aticoylopditbyapblydig of an

acidic soluti °0a acsatc¥.ce>lhtl nOtcp o eﬁp%*%g&' iarrégg E)f tht;[,- P:I?n are removed by the

15  action of a basic solution. In another embodiment, the photosensitive layer is
developed by applying a basic solution, and the exposed areas of the film are
removed by the action of an acidic solution. in another embodiment, the
exposed areas of the film are capable of being removed by the action of an
organic solvent. Non-limiting examples of suitabie solvents include aliphatic,

20 araliphatic and aromatic hydrocarbons and halocarbon, ethers, alcohols,
ketones, and esters.

In one embodiment, where the film comprises a curable composition,
the photosensitive layer is developed by applying an acidic solution, and the
exposed areas of the uncured coating are removed by the action of a basic

25 solution. In another embodiment, the photosensitive layer is developed by
applying a basic solution, and the exposed areas of the uncured coating are
removed by the action of an acidic solution. In yet another embodiment, the
exposed areas of the uncured coating are capable of being removed by the
action of the developer used for the development of the photosensitive layer.
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exposed areas of the uncured coating are capable of being renpoved by the
action of the devel oper used for the devel opnent of the photosensitive

| ayer. -12 6 May 2005 In this case, the steps of devel oping the resist and
renpvi ng the exposed areas of the uncured coating occur sinultaneously. In
anot her enbodi nent, the exposed areas of . the curable conposition are
capabl e of being renoved by the action of an organic sol vent, ﬁﬂy%%os

t hose descri bed above.. 5 To those skilled in the photollthograp IC
processing art, it would be apparent that the undevel oped portions of t he

photosen5|t|ve I be,susc 0 actign of the solution
used to renove "{ﬁ% Cf'ls?#ﬁo?te%su?ngYeéOP'% E??lsh' Hggﬁ\?r?ﬁ%ﬁedof t he exposed
areas of the fareasofthamlomredjcoatugmrsmoltaneemu tlaanﬂhaq@ﬁoﬁiﬁi@ht of holes, or
- through vi as, i g:rlw‘%g S curgbl e

.conposi tion, H% %P?rédlég%%ogtﬂ% n@@tf%éﬂqarécg)g%a%% ‘ﬁé’g%i%‘i‘?"ea It should
be under st ood bWie aotien ﬁlﬂnmgsohlemtmi@haﬁfﬂ\ﬂ@ﬁﬂﬁmbedagbd‘mured" is meant the
coating is Bendereq'ost%&‘etﬁfﬁédlﬁ'ﬂh pﬂo?é‘i oﬂﬁlpﬁ‘cgfd%ﬁ rggArFutWou g3l ¢ sol utions

such as any of those describ above, étting reaction. The

t enper at ur e an8PRATPRE *Faéﬁﬂﬁ'Wé%w!%?e‘éB?'@Oﬂwfhecﬂs'athﬁ@sﬁb’eﬁﬁysémﬂst@nt i s dependant

on the partlcuharsusrceﬁﬁme{o&)cumtf@ﬁoman a@a%rens&%tmmﬂaloﬁe&rhaa descri bed
above. Cure te erature can r ﬁ'ﬁromﬁOCto %OC typically 100C to

200C. Wen the '?%'tﬁog 0F Egrovalie agas 9f the T o WiGyR_dt he i1 m r emai ns
intact. The cucadpdsitionmressitoih apatismalholed, loy thesugh eias) id thetfih ckness except in

| ocati ons vyﬁer? r;umsgfégh vias are present. The cured film thickness is
often no rore th " m crons, usually no nore than 150 microns,
typically no nore tinthe cgee fiacgumbls compgsiiom thediimds eateel to bem 480 i crons. In

gne, part] cul a oshodidiiclion! SnGH Bkl BAYR I ERoteslifliect 1 C  material.

25 I n one enbodi nent of resent 1 nvention ocess can further

conprise step ¥¥§n Q'E"r'?YpB‘i"ﬁ‘é) ig weaﬂtélmﬁqahws rensipred substandialiylinsdhdle enbodi ment

t he in acidic or basic solutions such as any of those described above, by a

15 thermosetting reaction. The temperature and time required to cure the
coating composition is dependant on the particular resin (a) and curing agent
(b) combination desctibed above. Cure temperatures can range from 60°C to
220°C, typically 100°C to 200°C. When the film is cured, the pattern of vias
through the film remains intact. The cured film is of substantially uniform

20 thickness except in locations where through vias are present. The cured fitm
thickness is often no more than 250 microns, usually no more than 150
microns, typically no more than 50 microns, and can be no more than 20
microns. In one particular embodiment, the cured film comprises a dielectric
material, _

25 In one embodiment of the present invention the process can further
comprise step (g) stripping the remaining resist. In a further embodiment, the
process can be continued to form a metallized substrate, comprising the steps
of: (g) stripping the remaining resist; and (h) applying a layer of metat to all
surfaces. During the removal of the exposed areas of film or uncured film, the
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process can be continued to forma netallized substrate, conprising the
steps of: (g) stripping the remaining resist; and (h) applying a | ayer of
metal to all surfaces. During the renoval of the exposed areas of filmor
uncured film the -13 6 May 2005 resist protects the underlying filmor

uncured film The remaining resist, which is inpervious to the solutions

used in the renoval step, may then be renoved by a chem cal str [
process. In a particular enbodinent in the case of a curable conébg'g"iy&%gﬁ,
the 5 remaining resist is renoved before the curing of the underlying
coating. In an alternate enbodinent, the remaining resist is renoved after
t he under | yi ngesisi frete¢ts thepmderhing fika or mrymd filki Thetgmainingrasish whighul d

recogni ze t hatis ifndrius 16 RASRAoAY RRS irfthe tdifovdNady, Afhy fthdrBedb@odapabl e of
bei ng renoved Ey the action of the sane devel oper used for the devel opnent

of the resist,bthehegi@stgpPingPeesstng the underlying film nust be perforned
bef]?re tgebstep f’f IS4 bérﬁcflifd?@nibb@imeﬁ?ﬁrlﬂietrﬂaa@?ﬂaemrﬂecdvmioahibur,lzméion }s .
per f or ne a ing a layer o o all, surfaces, _.allow ng for e

f or mati on o%l n'gﬁﬁi;‘l‘qgg'sﬂ“\ﬁ 'é@'“’i"FFI B‘%%ﬁ%f%"é‘”f'ﬁ’ P#nq"e Lﬁe?'é'B? EOEWEFHF AN "hel ude
copper or any dfetrate enbalirhan, thée tdmainirig resistas termveadiaftdr ithecurdedyrr t i es. The 15
nmetal is typicall | i r ' ; eposi tion,

el ectrol ess ptﬂ'gtq%ﬁg,ggrb?u(?g%s%g%g@}eggﬂhgtghg‘%ung{}ﬁ%%k%ﬁmkF% the art to
provi de a uni fexposedaread of thiyracurelitn anaicepatissef beingremaveddy dre aaliger can range
from1l to 50 m | ' hals ance the
adhesi on of thnléﬁ'ﬁfé; a e?ég¥@?&?g€%ﬁ£ﬁ@ﬁe%ﬁ&%?ﬁﬁ§tﬁ% thez%teIr;}eaﬂtqaI lization

step all sd@faQ,lEiQQﬁ@rﬂnﬂé'qlﬂﬂgé'&ﬂéﬂlswec?ﬁ@ﬂ?ﬁdo@&?f?“'@Isé?ﬂ?féwpﬁ@ame corona
di scharge or phammgheghardment fol [ owed by application of an adhesion

50 To 5000" Angst r o NEAIRRIAE SRR BERTRYMSch BVSra B b FHSEa SR o
sel ect ed from sibwngifetthe foirh#tion WhnetailigddVias thmingh the file.s Buitableimetals al um num
25 copper, gol igblu&ngop%érnocr ’an'_{;1 Qw%ta%ri aﬂgf wﬁtbgljfﬁ"c?efnt conductive properties. The
15 metal is typically applied by electroplating, metal vapor deposition, electroless
plating, or any other suitable method known in the art to provide a uniform
metal layer. The thickness of this metal layer can range from 1 to 50 microns,
{ypically from 5 to 25 microns.
To enhance the adhesion of the metal layer to the film, prior to the
20 metallization step all surfaces can be treated with ion beam, electron beam,
corona discharge or plasma bombardment followed by application of an
adhesion promoter layer to all surfaces. The adhesion promoter layer can
range from 50 to 5000 Angstroms thick and typically is a metal or metal oxide
selected from chromium, titanium, nickel, cobalt, cesium, iron, aluminum,
25 copper, gold, and zinc, and oxides thereof.
In a further embodiment, the process can be continued, comprising the
steps of: (i) applying a second resist over all surfaces of the layer of metal
applied in step (h); {j) imaging and developing the second resist to reveal a
predetermined pattern of uncovered underlying mefal; (k) etching the
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In a further enbodi nent, the process can be continued, conprising the

steps of (i) applying a second resist over all surfaces of the |ayer of
netal applied in step (h); Q imaging and devel oping the second resist to
reveal a predeterm ned pattern of uncovered underlying netal; (k) etching
the -14 6 May 2005 uncovered portions of the underlying layer of metal; and
(1) stripping the remaining second resist to forman electricalg ?@ b5
pattern. After metallization, a second resinous photosensitive Iaye ?
"second photoresist” or "second resist") can be applied to the netal

| ayer. The second 5 resist nmay be applied to one or both najor surfaces.
Optional ly, pr pmovgr@dagﬁpn%%&thwdeﬂw@m@v%w&%%éﬂe1(*) stpRIPBB al | i zed

substrate can Renddi n@fy@l{s%forﬁ{ﬁéi&ﬁ@cbm@itgauerﬁreat ed with an acid
etchant to renove %@dl ze seco&1 res as.wel| as any of the

resists used in any“VS(¥§ '6@1‘?1“ %?e&ﬁg‘?@s'm% %85%@"?4%5’66 {8 BEUHes ent
i nvention, canphgor@sipsr seotmdoesisn ga be/gppliéd foltid metsblagdr. The dendi bed above,

and may be the sape _as_or .di feren r t re ove. Any of the
resists des%ri F@E@Sﬁ@%aﬁ‘?iﬁdh‘ﬂ {hf"g"?‘narusggao% Etpﬁ H@?gﬂﬁgr esi st. yI n
addi ti onal enbepjlicationsf the pﬂwhbrqmst;ﬁametammﬁtubsimte careve dleggied end/ah be
el ect rodepost { BilEated!iy ARAIANAR Had U Glanf B RoRaleaRil ke TRy T ano! N0
0 can be

froml to 50 crons, m Ccrons 15 applied
by any net hod R&-’F@mr@&‘@t talswdi aganwféble esiststisehiicang [SHbsee¥sM B8PS Of pr ocessi ng

art. Dry film ﬂﬁﬁirééeéséwtrl%epréb%ﬁﬁnmt.amlcgn Bod paaﬁvewhégmu@nt st eps Wi thout
restriction of Iamnatlgterrperature and tine. Additiyve or tractive

processi ng 1het ARrierepigl assieseribed aboyecrreipay befhe garse F‘éﬁ”@ rE'ﬁIlf'P Bterns. In
one enbodi Nent resit Rl dboves - Afidf B réﬁasaésoﬁﬁmuoseamnaﬂemkeﬁ #odeposi t abl e

iti d ob f t I d
cpowy- ami ne_polGrErorETeRets ¥ pidiBra srEa® o PeRresefmetiS B° S By et
No. 5, 600, 035 relsist eandidhsectedgmditablm t Thegphblopsistilapergat hae athickngpsr esi st i s
appl 1ed by ¢ RibhEHER S0 MoroRd, BisRiafPiréin 8% 2PRIcTor! S afiggpos! L1 on.

El ectrodeposita
15  applied by any method known to those skilled in the photolithographic

processing art. Dry film resists may be used in this and any subsequent steps
without restriction of laminating temperature and time. Additive or subtractive
processing methods may be used to create the desired circuit patterns.
In one embodiment, a positive-acting resist comprises an
20 electrodepositable composition comprising a dinitrobenzyl functional
polyurethane and an epoxy-amine polymer such as that described in
Examples 3-6 of U.S. Patent No. 5,600,035,
In another embodiment, a liquid negative-acting resist is applied by
electrodeposition, preferable cationic electrodeposition. Electrodepositabie
25  photoresist compositions comprise an ionic, polymeric material which may be
cationic or anionic, and may be selected from polyesters, polyurethanes,
acrylics and polyepoxides. Examples of photoresists applied by anionic
electrodeposition are shown in U.S, Patent 3,738,835. Photoresists applied
by cationic electrodeposition are described in U.S. Patent 4,592,816.
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25 photoresi st conpositions conprise an ionic, polyneric material which may
be cationic or anionic, and may be sel ected from pol yesters, pol yurethanes,
acrylics and pol yepoxi des. Exanpl es of photoresists applied by anionic

el ectrodeposition are shown in U S. Patent 3,738,835. Photoresists applied
by cationic el ectrodeposition are described in U S. Patent 4,592,816. -15 6
May 2005 The second resist is processed (i.e. inmged and develogfg%_gﬁos‘
described in detail above, to yield a pattern of uncovered underly Xg
metal. If both major surfaces conprise a |ayer of second resist, opposing
surfaces of the |layered substrate can be i maged and processed

si mul t aneously or §%%§ﬁﬁ@ﬂﬁﬁﬁﬁﬁfmm¥ﬁ§”ﬁﬁ%§Fa éﬁngﬁﬁﬁﬁﬂ§a§hen be et ched

using metal etghamied in Vbtalt Bodvety§ield 4 fiftefBifahcdveredainderying mdthie Ifmet al
conpl exes. The sol ubl e for. by wat er

conpl exes be renpved, X | e
sprayi ng. The Rt BRier pwigees @&%fﬂéeméﬁ' '?Pd’oﬁlggﬁwogﬁfgfr during the
et ching step. {hbyerdaubsting crdeitageaiindtprocakiedisimetaneqsiyndrous to the 10
et chant s, y then be renmoved b c ] | DPLL 0 provide a
circuit pa{? erﬁe%ﬁ"tﬁ'ﬁ’f‘hﬁ%% ‘usf'é?%é%dgﬁggc%%lﬁte}%%{eh Ey%hrgétrgrgetqgﬁr%zed t hr ough
vias. |n furt hehickeododit thehatal to Watepsoishie metahgorplexsanihe sddbleven furt her,
conprising the . | pi ' IrSvicPposition to all
surfaces; 15 (%@pﬁ)&k}%\s}ﬁxl r?é %ﬁ%@' %L&%@Ie‘a?gkgﬁ %r%rgy"gggnposi tion at
predet er mi ned | ocaffhesegond fesjst arpicls theyundedpgp mgtal layendugpd et al to al |

surfaces; (p) a@RhysRE. Trhd Rirahingebsid redigt, whith Bithpearviegs ©fthd he second | ayer
expose

of netal; (q) 1nmagi ng and devel opi the .third.resist to a

pr edet er ni ﬁl@d plshanis, naythenpe '?@'E\‘ﬁﬁ’g’%laa%wcapﬂm@l?mceﬁﬁk RIPY9%¥ chi ng t he
exposed porti ogguRpattdis of BERMEhjdrauEices tormetiad by thefrostallized tiOugh ectri cal
circuit pattern. Optionally, the process further conprises the step (5s)
stripping the Y8mining third resist. The dielectric conposition applied to
the circuitized | ayefurtharenitedinrents, theprasess may boeguiigued evan kutbem t o .

practitioners gkl lled dbdeorhd) appiifid'a Bielsd¥i6 composition to all surfaces;

15 (n) providing holes in the dielectric composition at predetermined locations;
(o) applying a second layer of metal to all surfaces; (p) applying a third resist
to all surfaces of the second layer of metal; {q) imaging and developing the
third resist to expose a predetermined pattern of the second layer of metal;
and (1) etching the exposed portions of the second layer of metal fo form an

20  electrical circuit pattern. Optionally, the process further comprises the step (s)
stripping the remaining third resist.

The dielectric composition applied to the circuitized layey can be any
dielectric composition known to practitioners skilled in the art. Such a layer
serves to insulate stacked layers of circuit pattemns. The coating composition

25 forms a conformal coating, i.e., covers the substrate on all surfaces, including
the surfaces within any vias in and/or through the substrate. The dielectric
composition can be applied by any of a variety of methods know in the
coatings art. Examples of such methods include, but are not limited to screen
printing, curtain coating, roll coating, immersion coating techniques, spray
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serves to insulate stacked layers of circuit patterns. The coating
conposition 25 fornms a conformal coating, i.e., covers the substrate on al
surfaces, including the surfaces within any vias in and/or through the
substrate. The dielectric conposition can be applied by any of a variety
of. methods know in the coatings art. Exanples of such nmethods include, but
are not limted to screen printing, curtain coating, rol | Coali@EMyZOOS

i mrersion coating techniques, spray -16 6 May 2005 coating, vapor
depositing, spin coating, and dry filmlamnating. One skilled in the art
woul d recogni ze ﬁhat elgctrodeposition as, an_application method would be

sui tabl e onl y 981"% YPRSF FeRqsing PR Fogiing. andsey fipd MRFURG, fefRFE9ige over
substanti al | y théart entid recoghizé thatelediodepdsitivh a8 Spplicaios settodtwtuidc al

dielectric 5 ,co | 11 jncl ude Lvi m des. epgxies

pol y( par axyl ylb%nsg'g%,ﬁé Bﬂﬂgfoyflé?s?rgtéf%%ﬁﬁ%g Cg??gg)f C%aﬁd'ﬁgm%cycl obut enes.

Hol es, or vi assubstapfiafetherentiiedadaden Nohéimiiinglem;nlies:offtypiﬂ)dibbbtmhbé aﬂyt

met hod kno t | | ) of a nethod tha
provi des ho es&pﬁeﬁgﬁgﬁm&ﬁeﬁﬁﬁnﬂgqéﬂ%?@ié%%@’f%ﬁé@‘%ﬁ% ovi ded by 10

phot ol i t hogr aptelvigiiadugraetbylenss. eriddheszqoyelebutenesri al i s phot osensitive, such

as  phot osensi ti verped Yir FadGhayie 16A6Ed PR ddbolie Bbadicrby digl €5 my al so
be provided |nq}tgé1ffured, curabl e coating conpositions as desCribed in

rabl.
copending apgl snde foge shfdieine 287 Apgxasppie of awAthed et i ng exanpl es of
addi tional metheddesitolesis RYardirag. NediGsScanHdowderddideag et chi ng, chemcal 15

t chi ng, C ical, dril.ling. | es thus provided, m xt end t hrough
1(:a hg | gigel 2@? rift °P°§H‘P%f‘é“’*c¥n%r8}ﬂ?‘§ﬁqtﬁa d%@?’é‘ﬁm%@dgwé%’%ﬁe"fm‘ﬁ' g‘ﬁ%‘ Fias"), or
t hrough the emﬁotosendﬁwepbmiwlmt@a&ribedmwoamramasmtgea?dpalfd ljhsus LO[:)(T ng
"th h vias")  vid\ it ca
applr iogg t\(;I :Flamvs_}ﬁ(_jfigggt_t's"{?%’ fﬁ%{aﬂ%fsﬁ?ﬂgﬁéméﬁsrﬂ%g%ggb%%ﬁg%gn \?ﬁg%ga'n?hi s results
in the for mat iapRlicstion segiahpurehieri 7 &Y 1% B 1 o Nendimiingteharoplghot he substrat e.
Sui t abl e met a'é“dd&iﬂﬁélH%&i@l&?%?ovﬂing%)és%‘Lﬁpgf&%gglet)cghﬁg}r’]\ﬁyhteﬁlgc% fficient

nducti ve properties. The nmetal “can be a he met hods
gce) scri bed oidching, énq@p%anfcawpling.aﬁoles thus provided may extend through the

dielectric to the underlying circuitized layer (“blind vias"), or through the entire
layered substrate to the opposing side (thus forming “through vias”).

After the formation of vias, a layer of metal can be applied to all
surfaces, including the surfaces of the vias. This results in the formation of

20 metallized vias to and/or through the substrate. Suitable metals include
copper or any metal or alloy with sufficient conductive properties. The metal
can be applied by any of the methods described above. The metal layer can
range from 1 to 50 microns in thickness, typically from 5 to 25 microns.
Preparation of the underlying dielectric layer may be performed as described

25 above.

After metallization, a third resinous photosensitive layer (i.e. "third
photoresist" or “third resist”) can be applied to the metal layer. Optionally,
prior to application of the photoresist, the metallized substrate can be cleaned
and/or pretreated; e.g., treated with an acid etchant to remove oxidized metal.
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range froml to 50 mcrons in thickness, typically from5 to 25 m crons.
Preparation of the underlying dielectric |ayer may be perforned as

descri bed 25 above. After netallization, a third resinous photosensitive
| ayer (i.e. "third photoresist” or "third resist”) can be applied to the
netal layer. Optionally, prior to application of the photoresist, the
metal |ized substrate can be cleaned and/or pretreated; e.g., treRiLedopsth
an acid etchant to renove oxidi zed netal. -17 6 May 2005 The third resi st
can be a positive or negative photoresist as described above, and may be

the sane as or different fromthe resists used inp g§ Vi Qush% Any of
the resists deBethipigsipte@pibsanogitig @ negativgiphatorssist | rd resist.

battern of eﬁl;“‘g"’e“r‘aéfdw‘ﬁﬁgf'ﬁ@ B T s 20 oot i"a‘”i"””g’swp@ 9 ayered
p uncov u su S y
substrate can ¥ H’ﬁd@ﬂsﬁﬁa %t@?ﬂ%@lysq%g'l"@‘g%&hﬁefs el [?éﬁ ially. The
metal uncovered théhﬁﬂr&h&tBtptdmésedﬁsmlgsm‘bmln detaiiebots togiveedn convert t he
nmetal to wafer- quIerre he.so may be
renoved, f i < u"‘f)‘ﬂ}'e gﬁergﬁp Ogﬁ%’%néeﬂ@h%%%ﬁ%spr otects the
under | yi ng netsaibstraiy ean nlauma'gd amepmesmd@nquuslwW@nmwm et hird )
resist, which rlngtaf JﬁBSveYécPM§¥ 8n Eggtcﬁ rﬁﬁrﬁetaf@%anfsﬁﬁﬁcf%n&%M ed by a

chemi cal strippin roce rcuit pattern on both major
surf aces connenetetiowtqrﬁelmmtal coraplexeasy JU@ﬁOlUWa@Of“E!ﬂ%Pérﬂ‘ﬂY'%‘?g | ayers of

circuit patter@ﬁloﬁcﬁf&g%}ﬁﬁé%mertsbﬁw tallized blind vies. 15 After
preparation of the ¢ircuit pattern on the |ayered fS,PEIbSt{iﬂg:t?E@ st eps

through (tJ0of theTH? Bwéseos's&awfes@%w@&r'@m B‘ﬁ?' e Ngo for m a
muf ti-1ayered gég. Cﬂietreﬁhﬁﬁﬁlﬁmlbﬂ resiftewiifis fhpperdowtolitite étbimntsamapus st eps

1 provi ous. staEs HroNgd heAebenied stBSuEeprE g Ploutine FRIBIAPEN T ¢ arco
directed to a ormpbaticesjpr furfacésdamneatéd bygthe metdllized Haguah visse bindérlyidg circui t
assenbl y corrprlweiré'ngf (;iljgl?ﬁt patterns are connected by the metallized blind vias.
15 After preparation of the circuit pattern on the layered substrate, steps
(m) through (1) of the process can be repeated one or more times to form a
multi-layered circuit assembly. The resists used in the various steps
throughout the process may also be the same as or different from those used
in previous steps.
20 As mentioned above, the present invention is also directed to a
process for fabricating a muiti-layer electrical circuit assembly comprising the
steps of: (a) providing a substantially void-free film of a curable composition,
such as any of the curable composifions previously described; (b) applying
any of the previously described resist compositions onto the curable film; (c)
25 imaging the resist in predetermined locations using methods described above;
(d) developing the resist using methods previously described to expose
predetermined areas of the curable film; (e) removing the exposed areas of
the curable film using any of the conditions described in detail above to form
holes through the curable film; (f) heating the curable film of step (e) to a
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steps of. (a) providing a substantially void-free filmof a curable
conposition, such as any of the curable conpositions previously described;
(b) applying any of the previously described resist conpositions onto the
curable film (c) 25 imaging the resist in predeterm ned | ocations using
met hods descri bed above; (d) devel oping the resist using nethods
previously described to expose predeterm ned areas of the curaky gl iz2bofs
(e) renoving the exposed areas of the curable filmusing any of th
conditions described in detail above to form holes through the curable
film (f) heating the curable filmof step (e) to a -18 6 May 2005

t enper at ur e antenfiparataretanddorsfinie auiffeienttp@ummecurhlde compasiten@snposi ti on as

descri bed pr eVHBéb%%d ,(agl))ug}r(kh,ggﬁ l’erﬂ?ﬂ?"édﬂ"'e@?igto h%ntlg,yaponvent i onal

nmet hods as nention above netal to all surfaces

as descri bed m@mdéagmﬁnﬂfme)ia NS+ ;fh)r@p ad@Yef pmetelde elevfaces8dl resist 5
conposi tions aae&nﬁs&&%@mﬁﬁﬁ'(ﬁfapﬂyﬁ@a@éftﬁéléf&%ﬁféﬁtl&iﬁadfré&t'ayer of netal

applied in ste and si, st usin
net hods pr évi 85’5‘58’; é %PB@‘EP%G%‘%Q@&IJ ’fﬂ‘%ﬂgﬁ@? ﬁ?@ﬁﬁdof :
Eggg\rllerieg nggétgpm (igimaing éhdd@bbblngmdéeeomgﬂzt&fsm reiddsons oftL he

u ri.be ri ppin e
r enai n%/nggsecgﬁE?Vfo@?Vges%‘be%r “Z?ﬁ Fﬁ%‘%‘&“‘"“r@%ﬁ‘“&é@‘@%@. oﬁgd gbove to
form an el ect r underyingmestali (k) etchieg me un¢oneratipairione of the wnddriyingdayer eff ectri c
R e " R D BbvRRRY Sedcfodl. I SDHEAG R Temaiftho BEQH Kby ©3 1 Lo

di el ectric conpaosi nin ons usi ng any of the nethads
descri bed dov eﬂn\{eoyor@blpbf}'lbm%{nmwbomsféﬂmbﬁﬂ plectrgal ﬂfPUéIDBﬁ%’ Or f aces; (p)

appl ying any Otm)t%ﬁslﬁrf rﬁ%?%'d%%ﬁtcrc&%béémda@dSéHi’fB&ﬁéEva'?&alﬁS a third resist

to all surfaces the sécond | ayer netal as_ described 'Erew ously; (q)
i magi ng and devWIRsEFn(E) Proxiding vieg "P@%fj@{e%"@lcﬂ'ap°ﬁ4l§’f'ﬂbﬁ§d%'§'& hed above to

expose a predelo%éfﬂr@@ﬂm@%h{r 6fthe @Ethbdi@dé%@ﬁ&ﬂ@bo@éﬁlweya@iylriﬁs’ﬁconc(r) et chi ng
t he exposed po reV| ou§ y descri bed

t
to forman el eiﬁyﬁj‘é}g‘e?%' Elﬁ?ﬁcongaﬁ?}gﬁ'{‘gfngf’ F%Bf"ﬁ’é"e[" eI ¥ ¥ nai ni ng t hird
resi st by asénveonpasitivhs aet o Sesist inaisurfaceschf teweeonddmebr of metal as

described previously, (q) imaging and developing the third resist using
methods described above to expose a predetermined pattern of the second
layer of metal; (r) etching the éxposed portions of the second layer of metal
as previously described to form an electrical circuit pattem; (s) stripping the
20 remaining third resist by conventional methods as mentioned above; and (t)
optionally repeating steps {m) through (s) one or more times to form muitiple
layers of interconnecting electrical circuit pattemns.
It will be appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing from the broad
25 inventive concept thereof. It is understood, therefore, that this invention is not
limited fo the particular embodiments disclosed, but it is intended to cover
modifications which are within the spirit and scope of the invention, as defined
by the appended claims.
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optionally repeating steps (m through (s) one or nore tines to form
multiple layers of interconnecting electrical circuit patterns. It wll be
appreciated by those skilled in the art that changes could be made to the
enbodi ments descri bed above wi thout departing fromthe broad 25 inventive
concept thereof. It is understood, therefore, that this invention is not
limted to the particul ar enbodi nents disclosed, but it is i nten@g/glytz@os
cover nodifications which are within the spirit and scope of the

i nvention, as defined by t he appended clains. -19 6 May 2005 . THEREFORE
VE CLAIM 1. ting a via through a substrate conpri sing
the follow ng gkgggaaﬁ"?éf’iﬁﬁgw ding a substantially void-free curable
filmconprised of a curable conposition; (b) applying a resist onto said
curable film c) i,magin |d resist,. in.pr [m.n atlons (d)
devel opi ng sai d épr ng‘% 33'«19%”335?“ nﬁsﬁ"ggﬂag?&rgp%f"gt e .10 curabl e
film (e) rermfdllmgnghbps}xposed ar eas of the curable filmto form hol es

t hrough said curab fi ! step (e) to
a tenper ature and ﬂ%d%g 4 ICI %Hﬁ‘g&e?ﬁ;&é\gfﬂg éﬁébq]eo?%orrpoa tion.
15 2. The pr oc@s'gblepo'@m:tmm further conprising the foI | owi ng steps: (9g)

stripping the renaig) ngafg@ﬁig%res:&"tﬂtc(@d apadionat |y, applying a layer of
metal to all surfaces rocess of clal m.2 wherein the netal

applied in step (hy® corfﬁ\a9§6§a'd6?ﬁ!ﬁb@rp termingd lpcalianss of claim 2 wherein
step (f) is perforn®d pdevelopingssill eddist )expose predetermined areas of the

10  curable film;

{e) removing the exposed areas of the curable film fo form holes
through said curable film; and

(H heating the curable film of step (e) to a temperature and for a
time sufficient to cure the curable composition.

15

2. The process of claim 1 further comprising the foliowing steps:

(g) stripping the remaining resist; and

(h)  optionally, applying a layer of metal to all surfaces.

20 3. The process of claim 2 wherein the metal applied in step (h) comprises
copper.

4, The process of claim 2 wherein step (f) is performed prior to step (g).
25 5. The process of claim 2 wherein step (g) is performed prior to step (f).

6. The process of claim 1 wherein said curable composition comprises:
(a) one or more active hydrogen-containing resins, and
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25 5. The process of claim2 wherein step (g) is perforned prior to step
(f). 6. The process of claim1 wherein said curable conposition conprises:
(a) one or nore active hydrogen-containing resins, and -20 6 May 2005 (b)
of (a). one or nore curing reagents reactive with the active hydrogens 7.
The process of claim6 wherein said active hydrogen-containing resin 5

conprises at |east one polyner selected froma pol yepoxi de pol yr@May'cﬁ'@OS
acrylic polyner, a polyester polymer, a urethane polyner, a silicon-based

pol ymer, a polyether polyner, a polyurea polyner, a vinyl polyner, a

pol yam de pol yner, a polyimde polynmer, m xtures thereof and copol yners

t hereof. 10 8. The (Pr ocaesr siore fuinenrangants redctiveswihdne aetivaydiggans (b) is
sel ected from ofyhpcked isocyanates, carbodiim des, aziridines, epoxies,

am nopl asts, active esters, and m xtures thereof. 15 9. The process of .
claim1 wherein steps (d) and (e) occur simultaneously. 10. The process of

cl iai m 1 Wnergi m.ht h€hé9ﬁ10§§s df%laﬁlﬁzeQ!h@mﬂsdicracﬁwﬁyd@bnl@bntamgaglraéim9l an acidic
solution, apd the cur e.coating is renppved in ste y applying a
basi ¢ 90i ut bontorRSeRY A gt STk itk BB Ao PR PTmE 2t f s
devel oped i n saeygic(pdlymey, a poyebigr palyreerpaaiethane bolyrmena siticuh Based cur abl e
coating is re i t i ol lution. 25 12. The
process of cl gﬁ?\ﬁﬁermﬁg(?'%?%ﬁergpﬁémgﬁrafo%l%c?%&)"%ﬂtas@ﬁg#@yrﬁ%h%ved in step (e)
by appl yi ng anpayagigs golyodn/epelyimkid polimer,pidores dhepdof ahdiconolymener ei n t he
cured conposi tj@p.pbtained after step (f) conprises a dielectric material.
10

8. The process of claim 6 wherein said curing agent (b) is selected from

blocked isocyanates, carbodiimides, aziridines, epoxies, aminoplasts, active

esters, and mixtures thereof.

15 9. The process of claim 1 wherein steps (d) and (e) ocour simultaneously.

10.  The process of claim 1 wherein the resist is developed in step (d) by
applying an acidic solution, and the curable coating is removed in step (e} by
applying a basic solution.

20
11.  The process of claim 1 wherein the resist is developed in step (d) by
applying a basic solution, and the curable coating is removed in step (e) by
applying an acidic solution. '

25 12. The process of claim 1 wherein the curable composition is removed in
step (e) by applying an organic solvent. '

13.  The process of claim 1 wherein the cured composition obtained after

step (f) comprises a dielectric material.




-21 6 May 2005 14. The process of claim2, further conprising the foll ow ng
subsequent steps: (i) applying a second resist over all surfaces of the

| ayer of netal 5 applied in step (h); 0) inmaging and. devel opi ng said second
resist to reveal a predeterm ned pattern of uncovered underlying netal; 10
(k) etching said uncovered portions of the underlying |ayer of netal; and
stripping the renmaining second resist to forman electrical CirQ&ﬂéaQﬁ%S
pattern. 15. The process of claim 14 wherein the resist is inmged 1N step
0) on both nmajor surfaces of the substrate of step (1). 15 16. The process
of claim 14, further conprising the follow ng subsequent steps: (m
applying a dielectric conposition to all surfaces; (n) providing holes in
sai d di el ectri q4conmeprédeds of daifReRiftha@Tcdimpasing RO fdllowing isosigué) applying a
second |l ayer of, netal to all surfaces; (p) applying a third resist to all

surfaces of sa’@P¥econd | ayer of netal (q) inmaging and devel pping said
third resist to exdgise apphinga ssendresishar plbdurfaces dithe Ingeroboetall | ayer of
netal ; and (Sr)aﬁﬁlfégiimﬁeﬁﬁ{)'d exposed portions of the second |ayer of netal
to ’ '

] imaging and developing said second resist to reveal a
predetermined pattern of uncovered underlying metal;
(k) etching said uncovered portions of the undetlying layer of metal;
and
10 (1) stripping the remaining second resist to form an elecirical circuit
pattern.

15.  The process of claim 14 wherein the resist is imaged in step (j) on both
major surfaces of the substrate of step (i).
15
16.  The process of claim 14, further comprising the following subsequent
steps:
{m) applying a dielectric composition to all suifaces;
{n)  providing holes in said dielectric composition in predetermined
20 locations;
(o) applying a second layer of metal {o ali surfaces;
(p) applying a third resist to all surfaces of said second layer of
metal
(@ imaging and developing said third resist to expose a
25  predetermined pattern of the second layer of metal; and
N etching said exposed portions of the second layer of metal to
form an electrical circuit pattern

17.  The process of claim 16, further comprising the following step:




forman electrical circuit pattern 17. The process of claim 16, further
conprising the following step: -22 6 May 2005 (s) stripping the remaining
third resist. 18. The process of claim 17 wherein upon conpletion of step
(s), steps (m through (s) are repeated one or nore tinmes to give the
desired nunber of 5 |ayers of interconnected electrical circuit patterns
19. A process for fabricating a nmulti-layer electrical circuit %ﬁ %5
conprising the follow ng steps: (a) providing a substantially voi ree
curable filmof a curable 10 conposition; (b) applying a resist onto said
curable film (c) imaging said resist in predeterm ned |ocations; (d)
devel opi ng sai d red$)st stappringtbe eempainiethied fesisbd ar eas of the curable fil m
15 (e) renoving the exposed areas of the curable filmto form hol es

t hrough said curablefl m (f) heating the curable fi]maqf step (e) to a
tenperature and8f orfhg Pracefgot 'T‘l"E“@ﬁ'F'“t‘!ﬁ’c’Bﬁ?'BaF‘r'@ ‘gﬁﬁeﬁlﬁ t@%‘gﬁmtlon

str } ppi ng th;a ﬂmhms)%e Fepehted on@@r r(\di?bt{ﬂiﬁﬂoygnrullhédé?m&rnumb?mh al | to al |f
Surt aces, I Ia yln%a Seé:t?‘? re a surfaces of the ayer O
E I ?e?i%él?'%i

met al appl Fed Mfevel opi ng said second resi st
to reveal a predetermned pattern of uncovered underlying netal; 25 (k)

et ching said upgover Lt f .1 rretal; (n)
stripping the ?gmﬁﬁgﬁégé%(;% %garﬁl‘ﬁg H’Q oérién#ﬁac%gcellcg%?grsie% circuit
pattern. (m agprhgfisirgtheﬁblletﬁa@step&: conposition to all surfaces;

{a) providing a substantially void-free curable film of a curable

10 composition;

(b)  applying a resist onto said curable film;

(¢) imaging said resist in predetermined locations;

(d) developing said resist to expose predetermined areas of the
curabte film;

{e) removing the exposed areas of the curable film to form holes
through said curable film;

® heating the curable film of step (e) to a temperature and fora
time sufficient to cure the curable composition;

(g)  stripping the remaining resist;

{h) applying a layer of metal to all surfaces;,

(i) applying a second resist over all surfaces of the layer of metal
applied in step (h);

() imaging and developing said second resist to reveal a
predetermined pattemn of uncovered underlying metal;

(k) etching said uncovered portions of the underlying layer of metal;

{1) stripping the remaining second resist to form an electrical circuit
pattem.

(m) applying a dielectric composition to all surfaces,
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-23 6 May 2005 (n) providing vias in said dielectric conposition in
predeterm ned |ocations; (o) applying a second | ayer of netal to al
surfaces; (p) applying a third resist to all surfaces of said second | ayer
of 5 netal; (q) imaging and developing said third resist to expose a
pr.edeterm ned pattern of the second |ayer of netal; (r) etching said
exposed portions of the second layer of netal to forman electréi I 2005
circuit pattern; 10 (s) stripping the remaining third resist; an ﬁﬁ?ﬁ
optionally repeating steps (n) through (t) one or nore tinmes to form
multiple layers of interconnecting electrical circuit patterns. 20. The
process of clai m 19MwheRreyiding Mas ifseaid| dielgntic comppsitian ia predetermingd conpri ses
copper. 20 21.o&nerocess of claim 19 wherein step (f) is perfornmed prior

to step (g). 22. The process of claim]19 erein _step (g) is perforned
prior to step (f). {(0h3 2@ @gﬁrm’&'amf%'msﬁgﬂﬂ°f§%\ﬂf@e®i n said, curable
conposi tion conpri §@s: 4pplyirgrethiod resll 10 alllifaces bishicogeondiaydraf ni ng resi ns,
and (b) one or re curing reagents reactive with the active hydrogens of
(a). 25 24. Th&®B¥ocess of claim 23 wherein said active hydr ogen- cont ai ni ng
resin conprises at(g) eastagingangpdéveivping seiddébitdodsisitoaxmospel yepoxi de pol yner,

irethans  pol ybeaeemie i tle Qb Bler ol o ol yner | g vinyl
pol yner, a (r) efching said exposed portions of the second layer of metal {o
form an electrical circuit patiem;
10 (s) stripping the remaining third resist; and
] optionally repeating steps {n) through (t) one or more times to

form muitiple layers of interconnacting electrical circuit patterns.

20. The process of claim 19 wherein the metal appiied in step (h)
15 comprises copper.

21.  The process of claim 19 wherein step (7} is performed prior to step (g).

22, The process of claim 19 wherein step (g) is performed prior to step (f).

20
23. The process of claim 19 wherein said curable composition comprises:
(a) one or more active hydrogen-containing resins, and
(b)  one or more curing reagents reactive with the active hydrogens
of (a).
25

24.  The process of claim 23 wherein said active hydrogen-containing resin
comprises at least one polymer selected from a polyepoxide polymer, an
acrylic polymer, a polyester polymer, a silicon based polymer, a urethane
polymer, a polyether polymer, a polyurea polymer, a vinyl polymer, a
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-24 6 May 2005 pol yam de polynmer, a polyimde polynmer, mxtures thereof and
copolyners thereof. 25. The process of claim23 wherein said curing agent
(b) is selected from 5 blocked isocyanates, carbodiim des, aziridines,
epoxi es, am noplasts, active esters, and m xtures thereof. 26. The process
of. claim 19 wherein steps (d) and (e) occur sinultaneously. 10 27. The
process of claim19 wherein the resist is developed in step (d) ¥av 2005
applying an acidic solution, and the curable coating is renoved In gfep (e)
by applying a basic solution. 15 28. The process of claim 19 wherein the
resist is developed in step (d) by applying a basic solution, and the
curabl e coati rpylyamidegolyred, d pohdrnide polene pixturppibgrasfandcopelyaets sol ution. 29.
The process ofy, i m19 wherein the curable conposition is renoved in 20
step (e) by applying an organic solvent. 30. The process of claim 19
wherein the cured conposition obtained after step (f) conprises a

di el ectric matel i athe @8ceds of diklith 1Y \HERSIE s4 caingiageddb) s eslettad frbre resist is
i maged in step Q(?j#) on both %,r _aéjrfac s of the substrate of step (i).
32. A process Heskedisecyrnaigs. £alpodigings, g "éessmef’a?'gmg'aﬁ%?‘ia Mg t he

fol | ow ng st epsters, 2hd mixtures thereof.

26. The process of claim 19 wherein steps (d) and {(e) occur
simuitaneously.

10
27. The process of claim 19 wherein the resist is developed in step (d) by
applying an acidic solution, and the curable coating is removed in step (e) by
applying a basic solution.

15 28. The process of claim 19 wherein the resist is developed in step (d) by
applying a basic solution, and the curable coating is removed in step (e} by
applying an acidic solution.

29,  The process of claim 19 wherein the curable composition is removed in

20 step (e) by applying an organic solvent. -

30. The process of claim 19 wherein the cured composition obtained after
step (f) comprises a dielectric material,

25 31. The process of claim 19 wherein the resist is imaged in step (j) on both
major surfaces of the substrate of step (i).

32. A process for creating a via through a substrate comprising the
following steps:
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