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capacitors, are commonly mounted on circuit panel structures such as printed

20 circuit boards. Circuit panels ordinarily include a generally flat sheet of
dielectric material with electrical conductors disposed on a major, flat surface
of the sheet, or on both major surfaces. The conductors are commonly
formed from metallic materials such as copper and serve to interconnect the
electrical components mounted to the board. Where the conductors are

25 disposed on both major surfaces of the panel, the panel may have via
condugctors extending through holes (or "through vias”) in the dielectric layer
so as to interconnect the conductors on opposite surfaces. Multi-layer circuit
panel assemblies have been made heretofore which incorporate multiple
stacked circuit panels with additional layers of dielectric materials separating

30 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 necessary to provide the required electrical interconnections.
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thermal expansion properties. Conventional dielectric materials include, for
example, polyimides, polyepoxides, phenolics, and fluorocarbons. These
25 polymeric dielectrics typically have thermal coefficients of expansion much
higher than that of the adjacent layers.
There has been an increasing need for circuit panel structures which
provide high density, complex interconnections. Such a need can be
addressed by multi-layer circuit panel structures, however, the fabrication of

30 such multi-layer circuit assemblies has presented serious drawbacks.
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elenment is a netal sheet containing
has openings extending to the conductive core at locations which had been
covered by the resist. The holes thus formed and extending to the coated
substrate or “core” are commonly referred to as “blind vias”. In one

25 embodiment, the structural conductive element is a metal sheet containing

continuous through holes or “through vias” extending from one major surface
to the opposite major surface. When the dielectric material is applied
electrophoretically, the dielectric material is deposited at a uniform thickness
onto the conductive element surface and the hole walls. It has been found,

30 however, that the electrophoretically deposited dielectric materials suggested
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U. 8. Patent 5,153,986 discloses a method of fabricating metal core
layers for a multi-layer circuit board. Suitable dielectrics include vapor-

25 depositable conformal polymeric coatings. The method uses solid metal
cores and the reference describes in broad, generic terms circuitization of the
substrate. Circuitization of intermediate package levels is conventionally
performed by applying a positive- or negative-acting photoresist to the
metallized substrate, followed by exposure, development, and stripping to

30 yield a desired circuit pattern. Photoresist compositions are typically applied
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In accordance with the present invention, provided is a process for
fabricating a multi-layer circuit assembly comprising the following steps:
(a) providing a substrate at least one area of which comprises a
plurality of vias, said area(s) having a via density of 500 to
10,000 holes/square inch (75 to 1550 holes/square centimeter);
25 (b)  applying a dielectric coating onto all exposed surfaces of the
substrate to form a conformal coating thereon ; and
(c)  applying a layer of metal to all surfaces of the substrate.
The present invention also is directed to a process for fabricating a multi-layer

circuit assembly comprising the following steps:
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substrate to form a conformal coating thereon;

(c) removing the dielectric coating in a predetermined pattern to
expose sections of the substrate;
20 (d)  applying a layer of metal to all surfaces to form metallized vias
through and/or to the electrically conductive core;
(e)  applying a resist to the metal layer to form a photosensitive layer
thereon;
(f)  imaging said resist in predetermined locations;
25 (9)  developing said resist to uncover selected areas of the metal layer;
and
(h)  etching said uncovered areas of metal to form an electrical circuit
pattern connected by the metallized vias.
In another embodiment, the present invention is directed to a multi-

30 layer circuit assembly comprising:
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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 shouid at

20 least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any

25 numerical values, however, inherently contain certain errors necessarily
resulting from the standard deviation found in their respective testing
measurements.

Also, it should be understood that any numerical range recited herein
is intended to include all sub-ranges subsumed therein. For example, a

30 range of “1 to 10” is intended to include all sub-ranges between and including

the recited minimum value of 1 and the recited maximum value of 10, that is,
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the substrate. The substrate (or
any @ssemblyof deypreserdimentian é@lcal|Sﬂ$eerseibstncdtyecamsledmen

pr chﬁéﬁﬁaté 3{3 %%@ar&??%féf%hg&a % fl)p&%lé r{tl%\é%’d o, %fxlvamzed

circult e present’ rnvention typica
| & astes, @cbumuncm, p9ldc pickielccopper, sudgtasane or amysm ahpof e

gal vgﬁkgﬁﬂgﬁaﬁgst e‘{vgﬁ $§$ﬂ%§¥e é%ﬁaﬁ%%@%ﬁgnateré%ﬁpél‘so the
magnesiedmmsdwoahajoy surtdcearmynd etigediand tar Rga ahiokiesb sanging
e Pl BRI PP aBEE B BREA R e
have a t hindmesbodiargt 6the present invention, the substrate comprises a
20 metal substrate selected from copper foil, iron-nickel alloys, and combinations
thereof. In one embodiment of the present invention, the substrate comprises
a perforate substrate comprised of any of the previously mentioned metals or
combinations thereof
In one embodiment of the present invention, the substrate comprises a
25 perforate copper foil. In an alternative embodiment, the substrate comprises
a nickel-iron alloy. A preferred iron-nickel alloy is INVAR, (trademark owned
by Imphy S. A., 168 Rue de Rivoli, Paris, France) comprising approximately
64 weight percent iron and 36 weight percent nickel. This alloy has a low
coefficient of thermal expansion, comparable to that of silicon materials used

30 to prepare chips. This property is desirable in order to prevent failure of



from10 to 100 mcrons, typically from25 to 100
mcrons. In an enbodi nent of the present invention,

W b@4putasr rate conprises a 20 netal substrat ePGEUBIHIBEBSS01
from copper foil, iron-nickel alloys, and combinations
thereof. In one enbodi ment of the present invention,
the substrate conprises a perforate substrate
conpri-sed of any of the previously nmentioned netals or
conbi nati ons thereof In one enbodi nent of the present
i nvention, the substrate conprises a 25 perforate

COoppesdhe8ivk joihtd Rfvédr &1d3a él?’&){ fr%o & gﬁi}%‘ileké%?eekag?rls S a chip

substrate conprises a nickel 1 al [oy.
i r on-SeRteRackage.slueite thewnaReydling dddémmndrmalued. by | nphy

S. A, 16 ; ' N ' ra )..conpr.i sipg .
appr oxi rmt% e :%;&lgﬁslﬂpl\égh{)nepcg%yg%? t (F'}eoﬂ%gr?& ﬁ’fggx'ﬁesi%rﬁ% comprises
per c@pluralitylwlvjasTtl'iGsaraia(S())hgil'iag aaid ﬁamsity}@éfi_b? % ¢0,000f

j t o that silicon .
ot P SSRGS PR R GO E o h8Bcay o e
desi rﬂ@bmd%/mu/dm“ ingg (38’/ 7%/35gglbsléq%dﬁlr@ro;@n%.eterﬁtmbigi thvvgen
2004/ 045262 PCT/ US adhesi ve joints _
succSULF AP T LR GeiasY oL Pidhe Slel e i iaksLp rategnmignials,
scal evtersik 206, somaicds ahe pEMbrafRidrid bt bid28 A70h -'pelj]forated;
use. reviously mentioned, at |east one area of "the
subst’@fﬂ%t'(‘,’%'%pt:}{'ﬁs%@w%te $R0P8I3 Perfefatesi af @ny of theaprewipusly
hayi ngerfiovib@ OISt ma@éria@%ﬂbu}&éé%f%{Bﬂeg%ﬁmlﬁﬁi‘é‘m, all that

inch (75 to 1550 hol es/square centineter), o

t ypi dafadyirad is thakat legst gpe psracef/the gubsirate ops (E8spasified via

hol eglepsitiar e centinmeter). That is, the substrate can

be a sheet of any of the aforenentioned substrate

mat er i al sBY anpeifeiate” sabsirale iremearizsmaske Sbeetfftavértgﬁujplarmlity of
sone - eq. ively, the .
Subst et o s pRuREI A AL pigfh L RElesi(FL Vo) 18 or unform
pievistadny shepeeM(hianmtbd holdsstre aireulamivbidhas sypidarthe diameter of

P TS AR MRS TS bbih it i By o smater
has eheesgssary, vaith thé arovibertbat y/holBys rgependugihabeiccommodate all
R s B e G R
(or ebsisjcted. eTiod spavirgpofithe hbles iz gban 20hiRPG08 \Wiefdnk&nter-
h% 3081 er(,: | ! géa?rg rna\g\/fbie(iQrgie?01E grgldlfearla’s nterclzgssda{ryz/i.nm er of
Prior to the application of the dielectric coating in step (b) described
below, a layer of metal, usually copper, may be applied to the substrate to
ensure optimum electrical conductivity. This layer of metal, as well as that
applied in subsequent metallization steps, can be applied by conventional
25 means, for example, by electroplating, metal vapor deposition techniques,
and electroless plating. The layer of metal typically has a thickness of from 1
to 10 microns.
As previously discussed, a dielectric coating is applied to all exposed
surfaces of the substrate to form a conformal coating thereon. As used
30 herein, in the specification and in the claims, by “conformal” film or coating is

meant a film or coating having a substantially uniform thickness which
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the holes is about 8 ml (203.2 mcrons). The hol es
may be larger or snmaller as necessary, with the
w@e@nviosaer hat a hole is | arge enough to accomedEUS2083/035501

the layers applied in the process of the present

i nvention w thout becom ng obstructed. The spaci ng of
the holes is about 20 mls (508 mcrons) center 20
to-center, but again nay be larger or snaller as
necessary. Prior to the application of the dielectric
coating in step (b) described below a |ayer of

met al gonksiHial thhéQthé?r‘éte fzspx%.%ﬁh Rk wm%y i tém%fgy %mbﬁt

to ensure Optl nmum el ect con UCt
of maraferatly neépeclaginghhe holgspl Timejdlerecgwbmqﬂ@mn thickness

I 25
oandney B hBndietRan 56 fcrifio ABaNFL ford BRNIR LR, &
depodypicaly rtoeembre thap 20 mmMseIAeloWeoﬂl&sﬂmq&hass iB@lesifdige for a

| || h hi s of f 1.t

10 P oD o8l e A B SoubbaTod

coatlth@kmeBseHHpWSWStrﬂaI&lrbca!ébmélﬁKﬂy surfaces of tAge
CcOoa

substrate_fo a confor thereon

30 herein, rﬁjf eﬁﬁ‘g}'g FeR1ING; @Rt ab’ﬁ aa‘#ﬁ CICHBStEFteﬁfr’f‘Q m‘Pf? than
" conf 00Tl lirle® ity meRAMEAS. 505 of 8 ABIMdtre fthdr™ 80, usually no

coati n(grggaw ng a substantially uniformthi ckness whi

ch
-9 Wi 62”%@?)%@69@%@%‘12 8@.oMssr the gused Hl@ typically

sybstiaatLdibeBRR G Mctol BEYS G Jrfé%uéltibfoa(%e%s%liyhéé% than or
(but, preferably, not occluding) t hol es

di el &Rt to Ghaankgan hedeshiner msqualiaP.He Meo.rmeaatingave a
50 mgy @Té‘l"ectﬁ’@é@*skéht 9N %ﬁé\ﬁ fér@&el%étr?@c%%f?ﬁbs ha

\ﬁrﬁgﬁjlower film
typically no nore than m crons. A | ower
t hi ckiiesessanddie Pﬁmcémfaﬁlif agvaptagasi tbelgeOf)fand@é%mmnmum

exanply ac.w@@% be&e%ﬂaﬁtdér nhé\ hdl9raRes OW film

t hi ckn or snal sca e circuitry. The
ditel ectri 6dj@actrln@aianialhﬁaaeoa-Cdnmll@logrsubsteocsoransulatbr The

28 géllgle{cﬂﬁtrbogétfgp is 58 r‘ﬁe&%‘?%&%gﬁéf?ﬂé %ggty%Sodd%l I:ttng :
t ypi cedterjalrio stope entelewtancl&@ge Allsodieteetricaannetint isldinectly

typ| a[} gleectrlcl ssfa r of less, than
edfnof i RE e telaBl b 8 iRl B oR e 15 e 15
and padamnbe&sreube&d mheemmabtrn:@oﬁsta&t of/ki m@terlal 1@@@4&10@!. A
P f B anGR Bhts Highdpedd digita
a2k By PP RGeNa SeRET IR BloniTawEncy’ figh SpeBd gt
application where the capacitances of substrates and coatings are critical to
the reliable functioning of circuits. For example, present computer operations
are limited by coupling capacitance between circuit paths and integrated
circuits on multi-layer assemblies since computing speed between integrated
25 circuits is reduced by this capacitance and the power required to operate is

increased. See Thompson, Larry F., et al., Polymers for Microelectronics,

presented at the 203" National Meeting of American Chemical Society, April
5-10, 1992.
The “dielectric loss factor” is the power dissipated by a dielectric
30 material as the friction of its molecules opposes the molecular motion

produced by an alternating electric field. See I. Gilleo, Ken, Handbook of
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t hi ckness and the concom tant advantages thereof, and
al so mnimzes capacitive coupling between adjacent

WG e@nals2er aces. 15 A dielectric material is a PCT/US2003/035501
non- conducti ng substance or insulator. The
"dielectric constant” is an index or nmeasure of the
ability of a dielectric naterial to store an electric
charge. The dielectric constant is directly
proportional to the capacitance of a material, which
means that the capacitance is reduced if the
ai e 39bhhie RO, Ab. 42, oAl RenifE 158H Yok (6010 %ee
dielectricmaterial 1s desire or high’frequency,

hi gh aigseddmes di Lighri ang phirad.itighekerandbivek of Patyntes Boatings

f ings are critical .to .
Dol | JOPEERGTLNG, FRRLS 008! RoGEd BLERauR (19905 1 acietpited
conpulisussipe atietzetic raateridls gt eiﬁélé)c;tri@ oorBtaritg .

aci tance between gjrcuit paths and integrate
e 2 BRr RaPERSy jht BidsenhiBl eioN e PBeiggR Gonsiant of the
tsE_eedjién@étmcte@atir@tigag@{rrﬁmeaat giffegUEAGy df31 r?@@éh‘é?& L?ng

i s capacjtance an e power require o_operate’is )
i ncr &i%@@?g‘%a@ah*ﬁw&eew Srfe&FrP;?CqW%Sefp"%fs. , Tfmgp%%@essample is

for Mrege6d 8% tapeRiation of PEeRAEAE cadtingt®rafb3Itidn Nohispnal
Meeting of Anerican Chem cal Soci et%/, April  5-10,
1992 SUBREte ] BEFGUEN] BRIOTQIUERE O theigeatipgie provide a

di1§5id¥@é<§ﬁ? Qdatﬁlgq{alﬁln%%t ﬁlﬂn%cﬁr@eé@f@.é@hilﬁ‘%.b g}icrrorg?)i. opﬁ 32

friction of its noleCul es opposes the nolecu

pr od $gearemeniimetarfgerdtm iohthecdieleclic copling ig plaged in the

Gl Rach %@g’ggﬁ&ﬂ@{ﬁ ﬁi’obq@ﬂg\‘@oﬁégé\’ré?gtté%gﬁni%g MNaCh and

PCT/ US2 exi rcuirts,
Nost reéewedria edidlitdateNenpngondur ( AOSNG poleatial fl1€6mViiampplied to

J. Li i f I

2o S BR e o e O R HREYRRK ST BB g 1 pere
Publ ifrequensy ratg807 hé oreghadiegraplbesia péitiaaonsen-niobinim expanded
O S G Bl P o Bl FREHGPLen i ereronce
consleémirodé.f fThe dm&?iice@mstmt ombicl;@gtilhg c@hﬁb@ teienamhedtbya

f . 1 t [ '

| pedaRaE e i FRRRGTTo AL bR et FHltenz: wiroa herh anc
i's porpyrted fdpwanpdduadsn for EOf the dielectric coating

conposition to a steel s_ug rate wi th subsequent
dfying or curing of theCéo fé%@, to provide a

where C is the measured capacitance at discrete frequency (in
Farads); E, is the permitivity of free space (8.854187817"%); A is the sample
area (32 square centimeters; d is the coating thickness; and E is the dielectric
constant. It should be noted the values for dielectric constant as used in the
25 specification and in the claims is the dielectric constant determined as
described above at a frequency of 1 megahertz. Likewise, values for the
dielectric loss factor are determined as the difference between the dielectric
constant measured at a frequency of 1 megahertz as described above, and
the dielectric constant for the same material measured at a frequency of 1.1
30 megahertz.
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1o dielectric coating having a filmthickness of 0.85

ml (20.83 mcrons). A 32 square centineter free film
w@booles2e el ectric coating is placed in the  PCT/US2003/035501

el ectrochemcal cell with 150 milliliters of

el ectrolyte solution (1 MNaCl) and allowed to

equilibrate for one hour. An AC potential of 100nV is

applied to the sanple and the inpedance is neasured

from1.5 negahertz to 1 hertz 15 frequency range. The

nmet hod enpl oys a pl ati num on- ni obi um expanded nesh

counter e 1 ; ; j j j [ N .
Chlori e 1P diaeeashiRg e HetolnEP b dréiatisl of Shating
of t KeMpe&itiong as discueseddiedawri Tieddiglectric abatingatanize fomed from

f . [ 1z, an 3 hertz,
e BARGEhRARSS ok o b BT sofBs e kb
EOEA/sdlvehtsr andlri veatet) areerasuraftlorcavaaordted) deeraby fﬁtrm]?’rgeé fllm of
f v, (i Farads),:, EqQ is.,t rmtivity o ree
o pE R Bl cRhd 85 e, Sfhataie, "o elBelig dogtingaisd 48 be
squarferneehfrormeat rsble dr ﬂ&rmb&t?m@bdamg?%ﬁdbrﬁlvﬁ@t@%'dnctéﬂ% E
is the dielectric, nstant.. |t shou e note e
val uOTREREH 3 WRRefl & T siee A0 et PpbTimpef the
specididleatic osatmgds fofmebe Thb AidiBctHe chdtm gdaf! REHy ®ating applied
constant determ ned as descri bed above at a fre&?enqy )
of 1 PHEGXIFeRENY apnlicalignstechriqye,proviasd thaidhe mspitartqoating is a

| 95's charhnal @=Bng AbaRgGaReHicRhty My dieldcticrstahelo re
the dielectric constant nmeasured at a frequency of 1

megaREiciEnhigsyialeg piapartigsovd flamel resisianes popeties es determined
S V50

o T 0, s e G e, RubEASSMRY

PCT/ Ugoombidgsbhamimpie” dRevisien Bi availebiei frag dwninbiéute of

; } . "

0 TeSAAR 5 PBShg B 00 SR R,

f or mp@rihpwek, Binolser mopl asti ¢ conpositi on where, once

i (e i | dJ .
bt ery ar Sab Eshieseping Bt RN pr By REL RGO lnvagtiop may
fi 1 mbefapbliachly ainestabtei @nbwatal ngating méibod initdireg, eor skagnple,

e R
conposi t i Bxarmglesppliclediricaobitityssagpsied i ¥apmddepes@on irtiude
Chy egolfyi(lperlrr]ag{ylyﬁehn%s)(encompassing both substituted and unsubstituted poly-
(para-xylylene)); silsesquioxanes, such as those disclosed in U. S. Patent
Nos. 5,711,987 and 6,144,1086; poly-bernzocyclobutene and polyimide.
Examples of dielectric coatings applied by electrodeposition include
anodic and cathodic acrylic, epoxy, polyester, polyurethane, polyimide or
25 oleoresinous compositions, as are well known to those skilled in the art. The
dielectric coating also can be formed by the electrodeposition of any of the
electrodepositable photosensitive compositions described below.
In a particular embodiment of the present invention, the dielectric
coating is applied to the substrate by electrodeposition of an
30 electrodepositable coating composition comprising a resinous phase

dispersed in an aqueous medium, where the resinous phase has a covalently
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dielectric coating is forned. The dielectric coating
can be any coating applied by any coating application

wao ewhnirere provi ded that the resultant coati ngp@BHUS2003/835501
conformal coating having a sufficiently I ow dielectric
constant to ensure sufficient insulating properties,
and flane resistance properties as determned in
accordance with I PC-TM 650, Test Met hods Manual ,
Nurmber 2.3.10, "Flammbility of Lam nate", Revision
B, available fromthe Institute of Interconnecting

il s

i n t hef resioceklids wesariin smésmmouspmlstal @uchelectrbdepositable

Iagg: Ilfgﬁ%ﬂé)g n¥ %@%br@e me %gg E?Ea [l‘[)p?lﬁgfa gri,%ggw Iggrgpositions are

deposddscaived i@l detdirin@epestingan SaPrdieat Appiitatiers Serial Nos.

fosli el ect t lied b apor
X8I o ofLel 8Bl o502t | n9S appl i ed by vap
pol y- (par mwfmegm@s.boﬁv@ewm@@%% SitabRtdderhgd

and unsubst it ut ar a- le | ene));
si | s&9FRasiigRe san Qa@recérgpwsg@ﬂma@eh% (B glegiroognductive

Pat endypsiigre- (oﬁs%&a@&ﬁaﬁ% tfhe%r@n&&@d electroconducpve as by
pol y- benzocycl obut ene and %dé les o

di el éﬁ@halhéa%\a\ﬂhﬁg@r&g@w r ele@tmeméw@a imaydee varied and
' '?{9' FTe Tl bea%}%'x‘én? QWQQLIQ/OEQ(S gé 'h@h %%@\9 ral thousand yolts, but
yest u

er, poly ane pol yi m eore
corrpdml@&ilw‘@tw%@ m antE00 vedtso\iFha eurtemd densityiis U&ldalﬁyrbetween

the C{n}')fégseplqd el %Fé p&%@hgf tﬁle&)%foaé‘mmﬁar%’é%g%ep)équare

the el osItl
el ectaeotimptes) aratblesdp hodexseass during elentospaositorsindicating the

S méune%tlﬁg%gh qr@%l @mconnblggﬁp%ﬁgé Sgif%%ea qfdhe

present 1 nvention
t 05 t rsebstdist Mmetﬁe)coahﬁgha@de@oap;ﬁliedrbyailecamdaposmon it typically
electrodeg03|t

Feat o 00eTalanY iesBaR it 5P ER Va0 cdtasiARr ndthedran 00" o
t he r3@or@dorsa pér&ﬁenfhats 49 mKDM&is&Btfd)ryn a cdafoll dielectric coating

2004/ 0452g2 /USéOOB/ :?550 nded hal ogen content
of atCVPEALEXPPSEE sHEATes R s 2 sed on total weight
of resin %nb%g@&@;ﬁmﬂeél@ HY fdrRsy tBQIsSchRAMSIfOresiGE a
el ectrodeposi tabl e coating conpositions and net hods of

0
apdl iCCaNBAOCETS O ERPRISF PT9aRis capting efed Egtgleriiriage from an
ﬁgt aidcididlagzoRs RehtiHY ddniposiithaRt diPRINKC ahkPocekiiRlolves the
s.

controlled release of metal ions from the substrate surface due to the low pH
of the aqueous composition, thereby destabilizing the polymer dispersed in
the aqueous in the immediate vicinity of the substrate to be coated. This

25 causes coagulation of the polymer particles and deposition of the coagulated
polymer onto the substrate surface. As the coating thickness increases, the
deposition slows, resulting in an overall uniform coating thickness. See R.
Lambourne et al., Paint and Surface Coatings, William Andrew Publishing, o

ed., vol. 12 at p. 510. Examples of compositions suitable for use as
30 autophoretically applied dielectric coatings include those described in detail in
U.S. Patent Nos. 4,310450 and 4,313,861.
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5 10/ 184, 192 and 10/ 184, 195. Any of the previously

descri bed el ectrodepositable coating conpositions can
wheooeloesr ophoretically applied to an el ect r ocPeus100¥@35501

substrate (or substrate that has been rendered

el ectroconductive as by netallization). The applied

vol tage for el ectrodeposition my be varied and to can

be, for exanple, as lowas 1 volt to as high as

several thousand volts, but typically between 50 and

500 volts. The current density is usually between 0.5

anper e ancffer appiRfaBsn B?fheﬁﬂélé&tﬁc(:@é’%ng gﬁjlélgcﬁc coating can be
mllianperes per square centinmeter

decr E¥BRVRAIPiaNg asinere m@%@%%ﬂlwdﬂﬁ?wmsdawn@sam or more
for ”%Ebﬁ?ﬂ\s@;f i sUfH eaédr%ec%ggé@tné %e{f‘ng%@ﬁ Jbe removed by a

exposed surfaces o substr
coat VaGetH g8 medwdsaiop Iek@npleybyeditﬂaﬂandddmdst @uchidblation

tY5°| Q?HC?YI id eerfbgﬁggggﬁ; lléils%r orrbr ggnr@%aﬁepmnqlées for

per i examplelmohdlﬂcahdnumg&nti@:hémicml er mamﬁa leBdRling techniques.
urfaces of the

dielectri ex
Subst s at el RabaP oA i heriorEEd SRS R e val sansy gPplving a
33 C ket phoetas tosall SLBfaaeé’,Qa;II@w&fgl fﬁﬂth@ff@m%t@nfd?;metalhzed vias
epo a ni.c coating.on a surface from
P OBl bugt g B OES ke, PR B nElog i {34 BON fpugkin e
Th)e PUISEHESSS of MQI(\/@Sblmanas)0ﬂ\!téﬁ#ah%iy,frﬁétsmiéhdhfca'ﬁ%@'
|onsfromthe é{rate surface due to the

w pH
t he BEIRBIRY vit eEBIRVak Hen il artsiions mﬁﬁ"ﬁgt@ml@eﬁormed

pol yaRsrmar$ Baesastahy) TR
Vi Cci ni tgf of the sSQQt r at eeﬁﬁggi&%gm%%t gﬁ%z’ & be

coagBM¥abh BA PEViQusly meniienad rpelets @|a@gywavaeg(ﬂmttsamnetans or
the sRREWa0E %folcﬁﬁ YoRfuchil Sro Egﬁle?“?% éﬁ\& th%%&%?gpplﬁa in

the coating thickness increas
siowiie abeyeidepeipedrmetallisatianastep isidppem Elummlemjj apphed in any of

thic rface

Coat | BanclpFirsiens APBOYRAR B hcesstPfthe RSspp B Hn

at pSarsa@apitiedriy c@snvgﬁnmh@lesurmplam@, sesd elbtteodiating setal

as ielectric. coatin

ol oy RO, of Bhy SR Rt floRpe it R BhesiBigras

4 31deedbachdbadye3 1'8]68tﬁibkne§s%mma BiHel/| 84 Rotpically about 5 to 50
/M%?&%sl 035501 After application of the dielectric

coat| ng, the'dielectric coating can be
To enhance the adhesion of the metal layer to the dielectric coating,

prior to the 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
25 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, copper, gold, tungsten and zinc, and alloys and oxides
thereof.

Also, prior to application of the dielectric coating, the substrate surface

30 may be pretreated or otherwise prepared for the application of the dielectric
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removed in one or nore predeterm ned | ocations to

expose one or nore sections of the substrate surface.
wab@4diebectric coating can be renoved by a vBCT/E82008635501

nmet hods, for exanple by ablation techni ques. Such

ablation 5 typically is perforned using a | aser or by

ot her conventional techniques, for exanple, .

nmechani cal drilling and chem cal or plasma etching

techni ques. Metallization typically is perforned

after the renoval step by applying a layer of netal to

al | snutéigdleFor akdriie n@eérﬁﬁgﬁrlﬁ%m@"éﬁﬁ?ﬁr‘ t?é‘atﬁ\fenf@/&?% \&fidsion

vias through the substrate .
an d/ drorpeter prer tagpridation @ﬁyhetm@ectn@ maydet apprepriatecor e

(i.e., bl hng Mb@fikatid taﬁfﬂb?éée\ﬁg ?’e lapglt @&He{cﬁﬁ'&% 3 BAtoresist”

be performed prior to't renova
addi ©F graiBt” emapsitien)tis eppliesrtb dhevmetal daa‘ytaer @atiohally, prior to

ot op SpBfokior BB PloRRBME Bt hop PealiEs it tla oo

aI I oyleaped)andiecbtltehmd gagdtrevtedivithain acdd branh@teémove oxidized
ool T TrE Bl H BR8N troapifia o1 adiatin puplopensiive.
i's cd‘pp@hotoﬁhﬁslmlayera‘mbalwmalsﬁ t?me(nés;so%fgdsb?gts 2 (t)? 5(t) rr]nécrons
or Bt SANbBAPPISET e Y mthad srun 6y ass srilag e
eloeCbhotplltabgrﬁghlc&‘;ﬁ@ﬁésﬁing@’tf ?\Egnﬂ% l?%%/lfﬁéil%'ﬁﬁ‘l/ea Pl?%ggélng methods
(ro:tpgm t 2‘1‘3 aéo CE%%‘%%’\%E@)GW” PRSI gkness of the
netal | aySiitabfe édﬁﬁlv@ﬁédﬂbﬁ? ﬁh@t‘é&en':slﬁ\/é régng%c‘ncﬁe HYof tHse

h th dhesi on of e nmetal |ayer
Slnela 'gf?"vf? t?ertrggt‘”@%@rs skiller op theart. Hexareles inciuglel dimitrgtepzy

al | ﬁihbf&fé@%ol‘}ﬁn@r@&dhr% WstiBse cplﬂ Lpesarﬁat r?th‘lE 5 §Hb 035,
B

beam corona di scharge or asrra nmbar dnen I"owed
by  eYpmne &t 1% rSwih rsﬁma@né@,a@mw&gm ef pfhczigmnsttmtyal In one

?:Jgtnérggé?lgnmg 6!8@%%3430?1? gﬁéto{%ﬁ e% ra}g S éﬁ%ﬁ{tl n%gmpnsmg a

et aflingo-hasezy) fustione! padyreert B@ldaﬂy)appmndm spmayitg.t Ritiobehzyl
ni Ckﬁhcﬂ&%b@tg gmeree?‘é wh t{o tﬁ’&‘,e Hf'ég] o ﬁg art 3 ﬁég?elggls_gl?abﬁie.

tungsten and zi nc :
Al so, prilor sepamipbinbatinemt, dhe ph@tod&nﬁlt&/@tléye& i€@at 1 ng,

?taﬁeglg\nag&eoregﬁgtayﬁ é&ﬁ@osnﬁ%ec%a ‘%fn@aq gltaﬁr%gpn{% guncﬂonal

di el payureétbane ddd an epoxy-amine polymer such as that described in
Examples 3-6 of U. S. Patent Number 5,600,035.

Negative-acting photoresists include liquid or dry-film type

compositions. Liquid compositions may be applied by rolling application

25 techniques, curtain application, or electrodeposition. Preferably, liquid
photoresists are applied by electrodeposition, more preferably cationic
electrodeposition. Electrodepositable compositions comprise an ionic,
polymeric material which may be cationic or anionic, and may be selected
from polyesters, polyurethanes, acrylics, and polyepoxides. Examples of

30 photoresists applied by anionic electrodeposition are shown in U. S. Patent

3,738,835. Photoresists applied by cationic electrodeposition are described
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WD 2004/ 045262 PCT/ US2003/ 035501 material. For

exanpl e, cleaning, rinsing, and/or treatnent with an
w@cdvemsasz pronoter prior to application of theCT/US2003/035501

dielectric may be appropriate. After netallization, a

phot osensitive layer (fornmed froma "photoresist” or

"resist" conposition) is applied to the netal | ayer.

Optionally, prior to 5 application of the

phot osensitive |layer the netallized substrate can be

cl eaned and pretreated; e. g., treated wth an acid

et chanty. 1) Paeime G928 1§, 286 mJies & dry-ﬁgﬁ gﬂafb'fé)s?ﬁ%‘ Iﬁ'l;?yd\éqhose

| ayer can be a positive or negative t osensi

The pheieseraitt Sy Eatw%a,%%figamy&aaé,_ and 348,885 Doy-film
aboutpigidresisie o B eany éﬁlﬁ‘ﬂ?fég'ﬁngcﬁh%éﬁ%ﬁ'fgsg sBcV,h & Xy application of

met hod known to t
phot 16t {66 aphi ¢ processing art. Additive or

subtracti j . ho be used to create

t hg desir é@tég{h%g %ﬁ%’l %g)tl 'E%}roﬁ]soﬁﬁj%%B?eé‘%%ﬁﬂ%etg%@?Li”i’T&‘yer
phot cibsisateicar bEg:saichzge:rdﬁatl tﬁi@@o&myallglxing h‘@Stml nsb&l@\é@d pPocessing
ract ed in the art. Exanples include

gi ni tdrf %bggﬁ@iﬁqﬁebtﬁgQ§ 6ﬂ%fe%%F§H@F'9”-such as those

di scl osedIn aphtticBlar Batbedimdse. thd pfEenbiBSention i§ lrbdB§ to a
3-15. Such,r h degree of

3S%nsfhave %,Wi ( . v
phot GEEREP {1FRYFAtNG aREt-layes GtiFessembhecorarisingl@) providing
phot assmsirdte(sudrpaeany 6f the COBRIRTES HESEBEAR d&thf Hble) at least
di ni tro-benz functional polyner, typically a I e

[, . ) |
by s PRI, KGIER BBBRE3ES 2 PUFAIRY @as, Baicharens) Ravitgrowia
t o t leasitysdfisobed 10wy %er%ﬁ@ar%l inch B tlbaik,’éﬁ hcll@saﬁerzs&uare

separat e enbodi mrent, the photosensitive layer 1Is

el ectPUHRYIEE ARG HPicalln Ablgask256R hetsamersiabgreanch (387.5 holes per
di ni ba Qe REMIMERE (H)2Rlyi - .

e OXy!-j am ne E)rgl %anégﬁ)gg)?ihymaggﬁt}%ﬁc?%g%% %&Sf)f?% photoresist
E%anﬁ?'@@%}ﬂ@%deseﬂb@ inrggtaihabavehrpepreBei®dnin@d@5ocations on the
Negati j resi sts. i n: liquid , ,
LSt I SRS MR s g

be appAtinga degcriteid in dgtadmbloie)ritoall s@badesadinhaaessirate of step

Ut R R R LRSS ST

nor ePisdetesmitieidyocations by ahyeofithe deptiosds distussed above); and (e)

e B0 AP FRE S BRSSP s subsrate

and ofesfehé&d)sel ected from pol yesters, pol yuret hanes,

acrylics 'In %H9 of mey perggé(sis%g %f th%xp%ggén??nv%ation, 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

25 a sufficient level of a suitable actinic radiation source. As used herein, the
term "sufficient level of actinic 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 depolymerizes the polymer or renders the
polymer more soluble in the case of positive acting resists. This results in a

30  solubility differential between the radiation-exposed and radiation-shielded
areas.
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30 photoresists applied by anionic electrodeposition

are shown in U S. Patent 3,738,835. Photoresists
wappkiogteby cationic el ectrodeposition are desPCi/bsm03/035501

-15 WD 2004/ 045262 PCT/ US2003/ 035501 in U. S. Patent

4,592,816. Exanples of dry-film photoresists include

those disclosed in U S. Patents 3,469, 982,

4,378,264, and 4,343,885. Dry-film photoresists are

typically lam nated onto the surface such as by

application of hot rollers. 5 Note that after

appl i cati QRe @ﬁofohﬂaﬂhfhb?%@rﬂéﬂnbbé’c?aﬁté’ryeﬁ&osﬁ@% the radla[tlon
mul ti-layer substrate can be packaged at po

al | oﬁPHﬁef%hd the iavepst subshatersieyelopst rqlgmgo:ronwntlonal developing
subs ggK@bhs ﬁ)t r%ﬁﬁav@tm@re rs%WJBFeepdrﬁ%rﬁst (Ingﬂ% Pbgtg?%rgsaﬁ\}g | %raénd

enbodi nent , present 1 nvent .
pr océ'§§0\fedirsele§tﬂd| araas alghe undénying engtal layler.cTihe masssl aviiddhyis

of"  hheoled BnRLAE A6 oy oo RN Bibelastale Eraditha

one §eréerothewhétahtooraiprsaste mepdlwoalpldxesofTheisafuble@driplexes

area denS|t of 500 to 10, 000 hol es
per éﬁﬁére |ncﬁ86¥§%¥% ‘hol es per square

centi met e't'her:;lplt:lo’fbyq;)nsxtti!vlelleyyeabrdt@@tstanzil5:Q£iaIf’dfv)éréﬁln@’e@}’r during the
squarg, i nch yare centi meter

appl 1 5’93?‘& g r?'E%IE'HQ&’E'O{Sﬁ?“%?Vet'ﬁéerpwat%r'%gméqmgzg% to the

cm‘rpetmbntsnmagiew b fndveddtzacHenfiBAEIp g process to provide a
predet er.m ned | ocat ie@r%'otﬁ? the substrate;

appl ?'f‘ﬂ‘bt Ratigmpnee melallizadofantormgg 3§T‘}9§ﬁfébed above.

di el ect riThe oeatthiogfesd f Hel Q- Iéyér@ﬁévﬂi éss%%‘)f}%fté?%ﬁ’loval of
es of the substrate of step

[ fa
oc Al GO S PRIueI g SATRICHIKSPOYt 5 6 36 amsuonsg peierdbly 35 (o
resi 310 alicrops.edet erm ned | ocations (as by any of the
net hods d| scussed abov% and (e) 20 applying a | ayer
of net al ,INet arathafrrebodimppicthe presentiinantiba isdirasted toe
subs
SUDBEBR Pl F Byl pE BV ROFRAFRg L pigFiing
appl @ EHosteate frsich asmsy df thosa gleacritesi in eidtqﬂeakxo&emtnmst ohe area

pl ac&dy s Eorth bR ee??%@@ﬂ%ft\)i sgla%g?a(?‘g@%\ﬁrpg?? viA ens‘iiy of 500

substrate expos surficre
sui ttaulle0Gholes/squand irechi (65 tcswﬁ(l:lmoleéxsqued:ehﬁheﬁeﬁ), tyfphﬁlly at

tzﬁ;%?g\l/ﬁg{ob%%g dér%%ﬁﬁ%rgqé&{\ @ﬁ'ﬂg Kolds gclarasfqlu%pe cen%meter) g)
applying a dielectric coating (such as any of those described in detalil above)
onto all exposed surfaces of the substrate to form a conformal coating
thereon; (c) removing the dielectric coating (by any of the removal methods
described above) in a ’predetermined pattern to expose sections of the

25 substrate; (d) applying a layer of metal (by any of the above-described
metallization techniques) to all surfaces to form metallized vias through and/or
to the electrically conductive core; (e) applying a resist (such as any of the
photosensitive compositions described above) to the metal layer to form a
photosensitive layer thereon; (f) imaging said resist (as described above) in

30 predetermined locations; (g) developing said resist (as described above) to

uncover selected areas of the metal layer; and (h) etching (as described
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pol yneri zes the nononers in the radiati on-exposed

areas in the case of negative acting resists, or
wokiogh4tepol yneri zes the pol ymer or renders theCT/US2003/035501

pol ymer nore soluble in the case of positive acting

resists. This results in a 30 solubility differentia

bet ween the radi ati on-exposed and radi ati on-shi el ded

areas. -16 WD 2004/ 045262 PCT/ US2003/ 035501 The

phot o- mask may be renoved after exposure to the

radi ati on sourcEk and the | ayered substrate devel oped

. , = : eIV

mor o SeEBL P MROFere P ER 0Bt Aol 1910 B GebBeh ZBN Eoatier

uncowennsekdbydie medallizedfviashe underlyi ng netal |ayer.

Th [, whi 1S, 5 d _dugi this st ma

{hen be. el el AT weRBaY i Bnkit bothroresses at Beprismat

met a:in\temtimatcemrgmidﬁkrbrte csrgmgle add{’(i@hab@éps Whious _?Eldéﬂtiﬁg from the
A ve wat er . spr.ayi ng. e

gﬁglj SERRS Pt f@énY%@e ¥ ol ARG We‘?@f:f\{th?gﬁt@aﬁq@r@ypérformed

dur i ngay b ch&igdl dxthete8sary, WithoUe BBHAHIRG froMCthe S881d &f M

| ayer,, which is inpervious to the to etchants, nmay

t hen "b‘@nlti@ﬁ'oved_ by a chenical stripping process to
provi de aThkpFaddnt PREMRITRISORMBELRS tByndliﬂ-Pay@E&i?ék itl&88mblies
b The total ‘thic

vias fornmed as descri bed above. I ckness
of t Aebriagted by apeef the peryiquslysinsaiipgd processese b vag eabodiment

the ﬁl@b%@ﬂﬁimér\’c%nli@Mﬁécté@tJ%mLﬁf’-‘llag& &Q%E%Fgeﬁnﬁl? B Brising
m crons, preferably 35 to 210 m crons. nye
anot Kersubstiaisi (seeh as eneoiihesedesdrihed abpue) dt deash ore tred of

to a JfQr 4 i-Rg L= . _Cl [

2o PEIRE s AR B el i oo o

as arlP,A90 haleglequdes inchifétlto 1hadchaes/sqizoe epntametbpatypically at

one ' ' i f_vias,.saj .

ar ea?és%%?ﬁg@? Héﬁég&g?éﬁg@% ??/53}09%%%&]8{%¥T8'%68 (’b). a ajleqectnc

hod espgiingfsach as lany dkldatricldiiing plreaddustyudeseribed) applied onto all

centi er i Ly at, 20 | east 2500 holes per

squar gb: (?Sﬁé%SLtl‘%%? é]é\{}?g Isé@s%aé?’ J&gaiﬁyé’fé’gﬂw ?féﬁ% Pf)e,v'c(“ﬁﬂy

app! yiesgibeddhetaiscdultbledoahetagizatior :m{;ﬁ@auywp%ér; éﬂit]g)@s a

described in,.detail, ahove onto all exposed surfaces .

of 1 RESBIBRTH R TeSorgs v s Shibe prrsto BbETsRRtbed Hatsgansiive

(c) cempusitions)hepdiiedtientor iHe didlatirdGobig MeYn&thl 1B, and the

' gono\;/)ﬁcl)torsreer%sr?t?v%slayer can be accomplished by any of the respective application
methods described in detail above.

After preparatioh of the circuit pattern on the multi-layered substrate,
other circuit components may be attached in one or more subsequent steps
to form a circuit assembly. Additional components can include one or more

25 multi-layer circuit assemblies prepared by any of the processes of the present
invention, smaller scale components such as semiconductor chips, interposer
layers, larger scale circuit cards or mother boards and active or passive
components. Note that interposers used in the preparation of the circuit
assembly may be prepared using appropriate steps of the process of the

30 present invention. Components may be attached using conventional

adhesives, surface mount techniques, wire bonding or flip chip techniques.
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descri bed above) in a predeterm ned pattern to expose

sections of the 25 substrate; (d) applying a | ayer of
woredoalo426yy any of the above-described nmetalliReL/U82003/035501

techniques) to all surfaces to formnetallized vias

t hrough and/or to the electrically conductive core;

(e) applying a resist (such as any of the

phot osensi tive conpositions described above) to the

netal layer to forma photosensitive |ayer thereon;

(f) imaging said resist (as described above) in 30

(s duEn A ETb A ) alEN L aPhal el B ordanee

net al withafherpresand invientian allowsdox msredesciricdidatercohmesdfrom highly

2004/ /03 1, above) said uncovered

ar easfgﬁg[?o?ré{ gﬁ% @%g%ﬁ]d%@%ghg}eﬁsggﬁm rcuit pattern
connect ed lbyill beeappricidiéd Bethoge akilled In b @w tHatdhanges could be
ungerst og %hat aQN of the prqcesses of the present

| nverTOR QR SHRGmEnts AESesPerEPE e Aoyt iFRa g digen the broad
Wi t hdevertie @bhdapd teredn 1€ unders®BREthRfefbBEtHaDUDINENtioN is
leeMAﬁg,,thga?%gsr_ln whi ch t he stePs are perforned

may B WA &y theParicuas apdingnts gisclogepdut itigintansied to cover
the spe@fcaont Whichi 40 QthinQRe spi€aftd S&RIatofitheY RREAIRIR, as

also js directed to nulti-layer circuit assenblies

f abr i9SHN8 by yherpRPeped glaims-evi ousl y descri bed
prgcesses. In one enbodiment to the present invention
is directed to a multi-layer circuit assenbly
conprising (a) substrate (such as any of those

descri bed above) at |east one area of which conprises
a plurality of vias, said area having a via density of
500 to 10,000 hol es/square inch (75 to 1550

hol es/ square centineter), typically at |east 2500

hol es/ square inch (387.5 hol es/ square centineter); (b)
a dielectric 15 coating (such as any dielectric
coating previously described) applied onto al

exposed surfaces of the substrate; (c) a |layer of any
of the previously described netals suitable for

nmetal lization, typically copper; and (d) a

phot osensitive |layer (such as any of the previously
descri bed phot osensitive conpositions). Application of
the dielectric coating the netal |ayer, and the 20
phot osensitive | ayer can be acconplished by any of the
respective application
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met hods described in detail above. After preparation
of the circuit pattern on the nulti-I|layered substrate,
W@Ren4262 cuit conmponents may be attached in OPET/082003/035501
nore subsequent steps to forma circuit assenbly.
Addi ti onal conponents can include one or nore 25
multi-layer circuit assenblies prepared by any of the
processes of the present invention, smaller scale
conponents such as sem conductor chips, interposer
| ayers, larger scale circuit cards or nother boards
and agid M§inPr passive conponents. Note that
i nterposers used in the preparation of the circuit
asseribl y Aayoerssioriphriealingsi myltidpyar sircuihassesthdypsornoprising the
t he the 30 present invention. Conponents
may Eéﬁgﬁiiggé% usi ng conventional adhesives, surface
mount t eckaji quesyidingreesubsireteraf least bhe prezhdfowhich comprises a
techni ques. -18 |l 004/ 045262 PCT/ US2003/ 035501
HYh via densi Hvrﬁy'ﬁ‘%l‘{@snﬁﬁ“ 2realsk a"mgrac}{f?tdeﬂﬁgéﬂfbﬂp to
prepared in actmoO®mNsies/sidrd iidhe(7B1t€ 3650 hble¥RHlaetentimeter);
allows for, nore ?Lectri?al,interconnects fromh

i ghl
funct i onafP)chi FRPIVIRE ? HislertiGeppiagionte ﬂbe’%@%Pngch{Of the
Wi || be apprecidsbtelty féhiPs offoirhhiabatifg iHifed taddat

changes could be 5 nmade to the enbodi nents descri bed
above witKdut ROHANG 7 fRyer Pometahto Bt sHtaces pi thetsupstrate.

concept thereof. It is understood, therefore, that
this inventionis not limted to the particular
enbodi ment e @resepsebeiainbicfurthen eompisingdsdste (apelying a
modi ik RisbRESvANBLEN Wd g, the spirit and scope of
t he ipnventi on, ag %ﬁ‘?ﬂe Egyygtr'he appended clains. 10
-19 WD 2004/ 045262 PCT/ US2003/035501 We claim 1. A

process f?ﬁeh%@%&?{&lé‘iﬂn 2 fnyhéﬂ c:o'w?af%rn %ﬁﬁging S IR
conprising the Tfollow ng steps: aS |§row ifAg a
s s cpaling intoneamsore peedatermindd batximsdo spposwemnencr rhore

glf ur5 la&tic%ws%ff i bstr3f squf%E:S %98) toha \fJilﬁr% t%e\fajly%r %?rrﬁséitetﬂ)(n step

(c).

4. The process of claim 1, further comprising applying a resist at
20 predetermined locations on the dielectric coating applied in step (b) prior to
applying the layer of metal in step (c).

5. The process of claim 1, wherein the substrate comprises an electrically
conductive substrate.

25
6. The process of claim 5, wherein the substrate comprises a metal
substrate selected from copper foil, iron-nickel alloys, and combinations
thereof.

30 7. The process of claim 5, wherein the substrate comprises a perforate
metal substrate.
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10, 000 hol es/ square inch (75 to 1550 hol es/ square

centineter); (b) applying a dielectric coating onto
wa@bkdo4ex2esed surfaces of the substrate to forPCHEUS2003/035501

conformal coating thereon ; and (c) applying a | ayer

of nmetal to all surfaces of the substrate. 10 2. The

process of claim1, further conprising as step (e)

applying a photosensitive |ayer to the netal |ayer.

3. The process of claim1, further conprising renoving

the dielectric 15 coating in one or nore

predeterm ned | ocations to expose one or nore

sections of the substrate surface prior to applying

t he I1Bayer Th¢ prasess of ¢laigt épvhgrein the suliiemte covpEsesad perforate

Clai%@éprﬁgﬁther conprising applying a resist at 20

predeterm ned | ocations on the dielectric coating

applied in step (b) prior to applying the |ayer of

lg i -F . f . claj wher ei
R R A e
subshickekiror?&llody. The process of claim5, wherein the

substrate conprises a nmetal substrate selected from
copper foil, iron-nickel alloys, and conbi nations

t her aof . $Re ProcdseoPE FHES Switdreil pioRtPappNBEE oF th8@ielectric
substrate conprjses a perforate netal substrate. -20
WO 268ainB P (bE iR sPoReDetal 5 2ppiied [t Be SIS
ck@i m7, wherein the substrate conprises a perforate
copper foil. 5 9. The process of claim®6, wherein the
net all 1subdb$ RiasesapFpigLt, whergindhre dislacyic epatipg is applied by
The RPEESERDoStiof! @i M5, wherein prior to application

of the dielectric coating in step (b), a layer of
copper netal is applied to the substrate.

12. The process of claim 11 wherein the dielectric coating is a poly (para-
15 xylylene).

13.  The process of claim 1, wherein the dielectric coating is applied by

electrodeposition.

20 14.  The process of claim 1, wherein the dielectric coating is applied by

autophoresis.

15.  The process of claim 13, wherein the dielectric coaitng comprises a
photosensitive composition.

25
16.  The process of claim 1, wherein prior to step (d) all surfaces are
treated with ion beam, electron beam, corona discharge, or plasma
bombardment, followed by application of an adhesion promoter layer to all
surfaces.

30
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10 11. The process of claim1l, wherein the dielectric

coating is applied by vapor deposition. , 12. The
wpe@enseenf claimll wherein the dielectric cop€T/IHR003035501

a poly (para- 15 xylylene). 13. The process of claim

1, wherein the dielectric coating is applied by

el ectrodeposition. 20 14. The process of claim1,

wherein the dielectric coating is applied by

aut ophoresis. 15. The process of claim 13, wherein the

di el ectric coaitng conprises a photosensitive

CONMpag; ti g 8@%&%90 Elgﬁ’nq OGfsRinthe & ﬁéﬁ%r}aro\?@cﬁéﬁagﬁ

prior to s sur aces are

beam coetprists anméjalaanme:termmde slelectbdlfrgm o ompiesen®sf chromium,
bonbar, dnent 1 ap ti.on of an a L on .
o oA kel dsBAR coBREan, &ty i torr oW 2iaaesorides
PCT/ Wee¥e0/ 035501 17. The process of claim16,

wherei n the adhesion pronoter |ayer conprises a netal
or°nmetal oxide selected fromone or nore of chrom um

titanigum TRe pkfless ePBIAIN 1, GRS IheildyRR of ﬁl'eﬂamaBHﬁBd in step (c)
copper, gold, zinc, and oxi des thereof. 5 18

pr océ@ﬁ’%‘ﬁe%ﬁépﬁﬁ’qr wherein the |ayer of net al appl i ed

in step (c) conprises a copper. 19. The process of
claim?2, wherein the photosensitive |ayer conprises a

to pd$ ti VBe REadery oprlaind SewBereinibe phgiaseasiiive lagerspmprises a

e Joaeeaghild GbioddhslB TR 866 &fensét?dd%gasmawere' n

ast one area o te
pI uraI ity of vias, said area(s) having a via density

of at20'. eaghe %ﬁ%gss of claim 1, wherein at least one area of the substrate
comprises a plurality of vias, said area(s) having a via density of at least 2500
holes/square inch (387.5 holes/square centimeter).
15
21. A process for fabricating a multi-layer circuit assembly comprising the
following steps:
(@)  providing a substrate at least one area of which comprises a
plurality of vias, said area(s) having a via density of 500 to
20 10,000 holes per square inch (75 to 1550 holes per square
centimeter,;
(b)  applying a resist at predetermined locations on the substrate;
(c)  applying a dielectric coating onto all surfaces of the substrate of
step (b) except at locations covered by said resist;
25 (d)  removing said resist at predetermined locations; and
(e)  applying a layer of metal to all surfaces of the substrate of
step (d).

22.  The process of claim 21, wherein the substrate comprises an

30 electrically conductive substrate.
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hol es/ square inch (387.5 hol es/ square centineter). 15
21. A process for fabricating a nulti-layer circuit
w@z®enid2g2 conprising the follow ng steps: (a)PCT/US2003/035501
providing a substrate at | east one area of which
conprises a plurality of vias, said area(s) having a
via density of 500 to 20 10,000 hol es per square inch
(75 to 1550 hol es per square centineter; (b) applying
a resist at predeterm ned | ocations on the substrate;
(c) applying a dielectric coating onto all surfaces of
t he bst [ r
by sard ooy Btoge B Gftnis 22, GHERR) (¥ bR ale AfprRaY & Rtal
pr ed stibstrate eeletiedditonv aeppea fail, red-nispll alioysy asnd| cophinaiions
met al tg,@JI surfaces of the substrate of step (d).
22. ?ﬁ% %rocess of claim 21, wherein the substrate
conprises an 30 electrically conductive substrate.

-22 2004/ 045262 / US20Q3/ 035501 3, Th
of > o4 e | BRDICERES Bl FATHES. e R dae s sliala SaipireRet oprorete

subsicbppet feiel ected from copper foil, iron-nickel
al l oys, and conbinations thereof. 5 24. The process
of claim 23, wherein the substrate conprises a

per f 9sat eThE BRIBEs bPAim 29 - whEnEin BiPs@ssHra® cérhidls 23nickel-iron
wherein the substrate conprises a nickel-iron alloy.

10 2@lo¥rhe process of claim 21, wherein the dielectric
coating is applied by vapor deposition. 27. The

process of claim 21, wherein the dielectric coating is
appl kéd byhe ppceseet flaigepbeyherein the dielectric coating is applied by

vapor deposition.

27. The process of claim 21, wherein the dielectric coating is applied by

15 electrodeposition.

28. The process of claim 27, wherein the dielectric coating comprises a

photoresist composition.

20 29. The process of claim 21, wherein the dielectric coating is applied by

autophoresis.

30.  The process of claim 21, wherein the layer of metal applied in step (c)
comprises copper.

25
31.  The process of claim 21, wherein at least one area of the substrate
comprises a plurality of vias, said area(s) having a via density of at least 2500

holes per square inch (387.5 holes per square centimeter).
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28. The process of claim 27, wherein the dielectric
coating conprises a photoresist conposition. 20 29.
wab@4psa6ess of claim 21, wherein the diel ectrPCT/US2003/035501

coating is applied by autophoresis. 30. The process

of claim 21, wherein the |ayer of netal applied in

step (c) conprises copper. 25 31. The process of
claim?21l, wherein at |east one area of the substrate
conprises a plurality of vias, said area(s) having a

via density of at |east 2500 holes per square inch

387. ho t
(2004/32452&’??3%%% @gg@%gg%ﬂﬂﬁ %’e)rﬁ'r%‘r%g%%s\s%"bf’y gomprising the
f abr falaningstepstul ti -1 ayer circuit assenbl y conpri si ng
the follow n trate at
oast | Ak aPRYdHE Bkunt e Bl BALEaREa g i Tyftses a
vioag OOS ai d @llwai/(tys))f Viay,isa@ ared(sd hdelng Iag\bcr)a ﬁérl]éi@(bf 600 to 10,000
1 squar.e ol e
cehti net er)?l %ﬁ gﬁ'ﬁ '9%&%%8%3p e,s?q.gugggsa?qrﬁ 6‘3?{?
al | exm@'fed a§pllyfn@(‘eﬁ§|e@6tricft@atlﬁglbﬁtbraﬂlte&pb%d SrfAcas of the
conf or na coat | t her eon; renpvi n the dielectric

coating in 8UPF %f%Wr?e‘éP fftaéPﬂatirtQt B90se secti ons

of the (gy bs?érﬂb\ﬂng #He (ﬁl@l)acﬁﬁféb%hr@maa praY8ferined®atbr 8
al | surfaces to formnetallized vias through and/ or

to the el ecEXPe saptiepmaiibesybsitaliee; (e) applying a
resl st (Eﬁetr QSpI%%;aA Iak/e%’&rmétgl tf)%g@uﬁaﬁ’&olto%ﬁﬁ‘ﬁ{ettémfed vias

| ayer ging said resist in
predet er m né‘uou@rcamtﬂ/@h@thqsle(cg)cawxeomcbmmccyan d resi st

to uncqypr %Shlgﬁgeéjregf E&otne mét?lqig%':g?tt?lf lﬁa%f ﬁotos@ﬁk‘?t\/ehgyer

et chi ng sai vere areas o rm an
el ectrical &areenit pattern connected by the
metal | | (ff“d Yriﬁﬁng said resist in predetermined locations;
15 (g) developing said resist to uncover selected areas of the metal layer;
and
(h)  etching said uncovered areas of metal to form an electrical circuit

pattern connected by the metallized vias.

20 33. The process of claim 32, further comprising as step (i) stripping the

remaining resinous photosensitive layer.

34. The process of claim 32, further comprising the step of:
attaching one or more circuit components.

25
35.  The process of claim 34, wherein the assembly is packaged after step
(e) allowing for transport and subsequent processing steps at a remote
location.

30 36. The process of claim 32 wherein the substrate comprises and
electrically conductive substrate.
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20 33. The process of claim 32, further conprising as

step (i) stripping the renmaining resinous
w@botosessitive | ayer. 34. The process of cl ai PEBES2003/035501

further conprising the step of: attaching one or nore

circuit conmponents. 25 35. The process of claim 34,

wherein the assenbly is packaged after step (e)

allowing for transport and subsequent processing steps

at a renote location. 30 36. The process of claim 32

wherein the substrate conprises and electrically

conductive substrate. -24 WO 2004/ 045262

PCT/ US2003/ 035501 37. The process of claim 36,

wher &7n t Mee pudcsiss af elaino 8P/ wisesindh@eulbsiraé eompréed a perforate

substrate hayi a.via densi of at

ol e ChEnabatalih g via SRt it 5ol RRuars indh (387 5
38. Fbmsmq@gﬁgsgemin&égl m 36, V\,her ein the perforate

nmetal substrate conprises a netal substrate sel ected

from perforate copper foil, iron-nickel alloys, and

conbiggat i gAS pw@rss@? c|a|n93§€\~he¥8iﬂ tRé 96ﬁ§r%té31fneﬁil aLHRBRe
wherein the netal substrate conprises a nickel-iron

al | ogomppsesh éngiplonbstiaterselactadian pejip@te peppsrifell irpa-nickel
appl 'aﬂé‘;'@ %HP%nIbh%tn%@J%?éJf' c coating, a |ayer of

copper metal T1s applied to the metal substrate. 15 41.
The process of claim 32, wherein the dielectric

coat l;ng | : y
CABL0 | THEPRIE] P 98U BRI o Emprcs o
conpmickekiren alky. pol y (para-xylylene). 43. The pr ocess
of claim 32, wherein the dielectric coating is applied
by el ectrode position.

40.  The process of claim 39, wherein prior to application of the dielectric

coating, a layer of copper metal is applied to the metal substrate.

15
41.  The process of claim 32, wherein the dielectric coating is applied by
vapor deposition.

42.  The process of claim 41, wherein the dielectric coating comprises a
20 poly (para-xylylene).

43. The process of claim 32, wherein the dielectric coating is applied by
electrodeposition.

25 44. The process of claim 43, wherein the dielectric coating comprises a

photosensitive composition.
45. The process of claim 32, wherein the dielectric coating is applied by

autophoresis.

30
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25 44. The process of claim43, wherein the dielectric

coating conprises a photosensitive conposition. 45.
wab@4ps26ess of claim 32, wherein the diel ectrPCT/US2003/035501

coating is applied by autophoresis. 30 -25 WO

2004/ 045262 PCT/ US2003/ 035501 46. The process of

claim 32, wherein prior to step (d) all surfaces are

treated with ion beam electron beam corona di scharge

or plasma bonbardnent foll owed by application of an

adhesi on pronoter layer to all surfaces. 5 47. The
procegs oﬁ'hglp%égsé%f @@ﬁﬁ QQr\Nﬁé}@m R &BEE{E A ffaces are
| ayer nprises net aI oxi de ected from

one dteam;irwlﬂmfonddaamneiﬁqrontbeamw carpnagiiscketge argbadma

cesi

t nor domudaa ol ARG of ) SincSleup BB is” et

| ayersudbceet al applied in step (d) conprises a |ayer

of copper. 49. The process of claim 32 wherein the

resist is applied by 15 electrodeposition in step

(e). 450. ikhﬁlﬂirédesbayelélnﬁ%wﬁetelﬁﬂﬁeezﬁ@e)éldwrﬁ@mbw lder

the process of claim ]I gu |-Ia er mrc(g%
assemmrlﬁ?%age%' Yyne ﬁboﬁeo%eéé g frog) ieprapore gighagmium,

A MultgdniliRySitkdl] dbalt! cexAme,TRINY ak@ilirh Sédpder, (R)d, &inc, and oxides
substrate at |east one area of which conprises a

pl ur dn¢"€9f-of vias, said area having a via density of
509 to 10, 000 holes/square inch (75 to 1550
hol es/ square centineter), 25 (b) a dielectric coating

appl i48d onhe Pivgess Rhelaiuy 33 whetria hedayenl mejalanplied i step (d)

comprises a layer of copper.

49.  The process of claim 32 wherein the resist is applied by

15 electrodeposition in step (e).
50. A mulii-layer circuit assembly prepared by the process of claim 1.

51. A multi-layer circuit assembly prepared by the process of claim 32.

20
52. A multi-layer circuit assembly comprising:
(a) a substrate at least one area of which comprises a plurality of
vias, said area having a via density of 500 to 10,000
holes/square inch (75 to 1550 holes/square centimeter);
25 (b) adielectric coating applied onto all exposed surfaces of the

, substrate;
(c)  alayer of metal applied to all surfaces of substrate of step (b);
and
(d)  a photosensitive layer applied to the metal layer.

30
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(c) a layer of nmetal applied to all surfaces of
substrate of step (b); and (d) a photosensitive |ayer
wappkioegte1 o the netal l[ayer. 30 -26 WO 2004/ OBGR622003/035501

PCT/ US2003/ 035501 53. The multi-layer circuit

assenbly of claim52, wherein the substrate conprises
an electrically conductive substrate. 54. The

mul ti-layer circuit assenbly of claim52, wherein the
dielectric 5 coating is renoved at predeterm ned

| ocations prior to appl ication of the netal |ayer

(0). g2 THE nilitildyet Byt Ssbifibhlor BRRAED Xnolifihd!dlbstate
wherein the elec conductive subs a{e
conpraosgxises ﬂetewlctrs:ellyemretwcti\ra)snt}sﬁafeor ate copper foil,
o iron-nickel alloys, and conbi nations thereof. 56.
The multi-layer circuit assenbly of claimb55 wherein

t he $4bst Theenulti-ypr ciredt aasanblyelf clairB32awhergin the diefectric

::rg?rp %Uolgf %lsé{%mov%i éf&éh?t%éﬁ'ﬁgg i&ag‘gn&‘gb’%@ gﬁglgcéfﬂon of the metal
bet wegyerid)e netal substrate and the dielectric

coating. 58. The multi-layer circuit assenbly of claim
52 wherein the dielectric 20 coating is applied by

vaporssdepgré Htﬂﬁllayélgcwc-ﬁh%s%b;y of BMfh 58] Whdteln A8 TRERIAIly
of claim58 wherein the dielectric coating i s a po

oly
( par £0RguGHive subsiraie cgmprisesea fstal sslesipariram petiprate copper foll

a§§eﬁr"é>h>h|<9%°el §I|Ic@ls”ér§izccym&§ﬁ§ﬂldﬁsttﬁ@regf electric coating
is applied. by electrodeposition. 61. The multi-Ilayer

circuit asserrbly of claim®60, wherein the dielectric

S%a;'c%ég/ gzgg rrﬁLﬁt?%%[?rU &38%%8@%'8 fY Blaf? BB MHerdiRthe Sthstrdfe

comprises a nickel-iron alloy.

15 57. The multi-layer circuit assembly of claim 56 further comprising an
intervening layer of copper metal between the metal substrate and the

dielectric coating.

58. The multi-layer circuit assembly of claim 52 wherein the dielectric
20 coating is applied by vapor deposition.

59.  The multi-layer circuit assembly of claim 58 wherein the dielectric

coating is a poly (para-xylylene).

25 60. The multi-layer circuit assembly of claim 52 wherein the dielectric

coating is applied by electrodeposition.
61.  The multi-layer circuit assembly of claim 60, wherein the dielectric

coating comprises a photosensitive composition.
30
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62. The nmulti-layer circuit assenbly of claimb52,

wherein the dielectric coating is applied by
wa@oioaphasesi s. 63. The nulti-layer circuit asseobUy200$/035501

claimb52 further conprising an 5 adhesi on pronoter

| ayer applied to all surfaces prior to application of

the layer of netal (c). 64. The nulti-layer circuit

assenbly of claim®63, wherein the adhesion pronoter

| ayer _conprises a netal or netal oxide selected from

one &2 nof e Blulti-layercgifcyitiagagmbly A laimB2nivodreln the aledédtric

cesi idd'i ] er, gold, zinc, and

oxi dggbﬁdr%rggg?lfédgg? &#Eaéh&rﬁgﬁ?i -layer circuit assenbly

of claimb52, wherein the |ayer of netal (c) conprises
a | ager o > ~.The multi-]| r.circuit
asseﬁ‘gl y ﬁ?&gﬁagﬁ?@r&ﬁ@%ﬁwﬁé ﬁ'ﬁ'b"? gézwetfﬂ?@mﬁ'ag@n
(&) edhgmidrsponwigrdaydriappliedtd algsuplaebe pRGSL HpYRcAtiBY F the

appl i trodeposition. 20 67. The nulti-Iayer
ci rC!f‘S’%g%’g%%L{%; of claim52 wherein the substrate

conprises a perforate netal substrate having a via

densj at ].east 2500 hol es/square inch (387.5
hol eé%-gqﬁg}eemgéﬁﬁy%rgwf asspmbly of galm 63, wherei$1 the adhesion

promoter layer comprises a metal or metal oxide selected from one or more of

10 chromium, titanium, nickel, cobalt, cesium, iron, aluminum, copper, gold, zinc,
and oxides thereof.

65.  The multi-layer circuit assembly of claim 52, wherein the layer of metal
(c) comprises a layer of copper.

15
66.  The multi-layer circuit assembly of claim 52 wherein the photosensitive

layer (d) comprises a positive-acting photosensitive layer applied by
electrodeposition.

20 67.  The multi-layer circuit assembly of claim 52 wherein the substrate
comprises a perforate metal substrate having a via density of at least 2500
holes/square inch (387.5 holes/square centimeter).

25
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