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dielectric material with electrical conductors disposed on a major, flat surface
of the sheet, or on both major surfaces. The conductors are commonty
formed from metallic materials such as copper and serve to interconnect the
electrical components mounted to the board. Where the conductors gye

25 disposed on both major surfaces of the panel, the panel may have via
conductors 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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as .necessary to provide the required electrica

i nterconnections. In mcroelectronic circuit packages,
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requirements, including conformality, flame resistance, and compatible
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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30 such nmulti-layer circuit assenblies has presented
serious drawbacks. -2 Generally nulti-Ilayer panels
are made by providing individual, dual sided circuit
panel s including appropriate conductors. The panels
are then |am nated one atop the other with one or
nore |layers of uncured or partially <cured dielectric
material, comonly referred to as "prepregs" disposed
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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 electrophoreticaily deposited dielectric materials suggested
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U. S. 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, genéric terms circuitization of the
substrate. Circuitization of intermediate package levels is conventianally
performed by applying a positive- or negative-acting photoresist to the
metallized substrate, followed by exposure, development, and stripping to

0 _ vield a desired cir_cuit pattern. Photoresist compositions are typically applied
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performed by applying a positive- or negative-acting
photoresist to the netallized substrate, foll owed by
exposure, devel opnment, and stripping to 30 yield a
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typically applled -4 by | am nating, spraying, or

|ﬁéﬁrﬂ? %?] o#rolé’ﬁ'ﬁbﬁstloﬁ a?‘ﬁ% p@@@e?@@@ﬁ%ﬂ@applied may

ave a m crons
lralati & |tmokrie:sstd5f65 micrens o SDimicegisass rei nf or ced

ol yepoxj and des nent.i oned. above,
P o dReAdsitan 6 e cdtamtc, dEssInRs reibiar e PaVEDEX e A
0 . e
pfiflides HidrtRfey HoiEPoafadhioRl SinsthAes Bedd iirfomMddiate
mrmagedews furthetincipdefsotid reetatisheety suthiasi aratdissiosdd in U.S.

eotBgf Nere. 190 doden ol SubsiFates iR aonelsd during

fAbREARSLSS fﬁ'eakﬁrduﬁ és‘%énfﬁlf beovﬁ@’ﬂ?ﬁéugﬁ HSFe% fot 8ligHent

application of need Tor a relatively high via
RIERSSES Agaaibwﬂﬁdbatreferqmmdlgnloyes wiastindhalcirgeit layers, there

§ P CBEUTRE Ins ek S RiAY FlS T3 cBoPityld agrinodate

tighy fuhetionativedichligde prior art processes, it vvoul d be
deS|rabIe to provide a process for grepar ng

mJI t i DpenrapntVQ Qr{073688discloseme row Tl@mrmﬁ@sfgmb’y and
é %ifér ;?lfeptaﬁﬁgfi@é Qhnfd t- That is, it would be
SITA o pro

€ a process for preparing a
mul t i inhasverof ¢he puot ad precdgspsit Would be desaablentsi nrpvide a

d hly f I
DR Ty Drapuiy et A Ol RMBRIL Lt Qe TReg e
Ara@HeR PP, That's: 1o B dATABIee rofidéh Biboess
fONPENEINOY 3 mulit-tayed girceit assémblyawibin h@hwaudwusﬁy ton,
SHePimiateTuinb! CEsind SmpoPRbls dblrithad gFerbis ety that

dieRVhét diyradée @bﬁ@ﬁﬁ@q Li’éﬂdl@saélﬁd 31T ftﬁ'ﬁ'\é?freﬂﬁirér'ﬁents
conprises a 25 plurality of vias, said area(s) having

inclviinaoeardempaliy anddlaree reasistaoce hol es/ square inch (75
to 1550 hol es/square centineter);

SUMMARY OF THE INVENTION
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);
(b)  applying a dielectric coating onto all surfaces of the substrate as
further defined in claim 1, 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 further steps:
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(b). applying a dielectric coating onto all surfaces of
the substrate as further defined in claim1; and (c)
applying a layer of netal to all surfaces of the
substrate. 30 The present invention also is directed
to a process for fabricating a nulti-layer <circuit
assenbly conprising the following further steps: -5
(a) providing a substrate at | east one area of which
conprises a plurality of vias, said area(s) having a
via density of 500 to 10,000 hol es per square inch
(75 to 1550 hol es per square centineter; 5 (b)
applying a resist at predeterm ned | ocations on the
subst r at e;{a) ( c)preyifing Brsybatratieelt éstst boe anst ofghicitemptites a
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a substrat® at 2PRI4BE adtleslie gogtingwntetel surfpeesekthe substrate of
plurality of ViRs.(bhFé - ' Vi ity
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A i L
i n predet er punalidy bbdas,isaisarea(s) having a via density of 500 to 10,000
15 holes/square inch (75 to 1550 holes/square centimeter);
(b)  applying a dielectric coating onto all exposed surfaces of the
substrate to form a confdrrnal 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;
(Y  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
patiern connected by the metallized vias.
In anpther embodiment, the present invention is directed to a multi-
30 layer circuit assembly comprising:



25 (g) developing said resist to uncover selected
areas of the netal layer; and (h) etching said
uncovered areas of nmetal to forman electrical circuit
pattern connected by the netallized vias. In another
enbodi nent, the present invention is directed to a
multi- 30 layer circuit assenbly conprising: -6 (a) a
substrate at |east one area of which conprises a
plurality of vias, said area having a via density of
500 to 10,000 holes/square inch (75 to 1550
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equivafents to the scope of the daims, each numerical parameter should 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
resuiting 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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25 nunerical val ues, however, inherently contain
certain errors necessarily resulting fromthe
standard deviation found in their respective testing
measurenents. Also, it should be understood that any
nunerical range recited herein is intended to include
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conductive  substrate, parti cugﬁrl y a net aI su

ST RATioUERY AaRe Gl SBPSUAIe. i XOEPIS witiaated or Galvanized
| gf
e eI i, MK, corfiR EagneRiafrel By oy bfne

foaeg]lcmmg awalgd agwmirasagmdufﬁtlﬁe carlbrm ﬁwfd rhaterialao Alspothe
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I nvent i on, strate conprises a .
subst Inaareembbdunemt ofrtbmmewmnn\femtion thaasubﬂtrate lcomprises a

Bl S opPRE oA ART SnPreh i kL ofin ANg orpinations
tRerddIr ah %né@ﬁbédﬂhférﬁ oFEHd el invBMtion, thBeubERHicOstshYrises a

menti oned netal s or
perforate substrate comprised of any of the previously mentioned metals or
combinations thereof.

In one embodiment of the present invention, the substrate comprises a
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

to prepare chips. This property is desirable in order to prevent failure of
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conbi nations thereof. In one enbodi nent of the present
i nvention, the substrate conprises a 25 perforate
copper foil. In an alternative enbodi nent, the
substrate conprises a nickel-iron alloy. A preferred
iron-nickel alloy is INVAR (trademark owned by I nphy
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€ patkayes kitle toﬁheﬂnall ¢yaun%;wa!annglr@nrna1:oeé.fi ci ent of
t hermal expansi on, arable to that of silicon .
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et ween succ ssive er scale
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e e 25084 i 10 pe .t ol

whersimonlyryomeiadeas precpefiyrated ardisomedeasiare ewhsprriarated,

) Th h
AR e RUsstatd ah Bels arFral" b sk e preiisly,
ﬁﬂ@hﬁétﬁ@d SubHtABI rAGRrial MRS ShUTPESEY 0P BiEEprEEatinRERtion, all that
perforated and sone areas are non-perforated;

inlreavired is/tepy at loast eod areaobihesubstrate hpe thespedfiedyia
(?éﬁ'sut&f the previously 10 nentioned substrate

erials. For purposes of the present invention, all
that By @ “peeforatetisulsstidiatis medneashe@rmsheeteraaw:rﬁg aipdurality of

bstrate h th f
hojes ﬁrega@e@??%&@erﬂﬁf vals. gl e BRlest(eEtiagaaregf wniorm
|
ghuanb o whehte ggfegggrggmgggu%prcw 455! e dlameter of

tﬂedacﬂémpseabd&‘t@mﬂﬂﬁohdl pm ).albke hole:unlnay ba/\uargﬂr orsma[ler
t he dj,anet er s is abo

i cal 51
23 BaCSsany. Withrapicuisoiat BOOISisjBrIS e Raial Iatiammodate all
heqs %bpll%tlrh‘tﬁé‘ﬁrdUe@F Io$ %%Bﬁfseﬁt hﬁ/'eﬁtlbﬁ Wl%ﬁ? becomlng

enoug ccommpdat e a ayers ap in the
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obst r.uc The s ing of the holes is ut 20 mls
BB anctymay begBhtasm el e Bed be | ar er
or snEfibelo e dpHEascH Bf th@rda@rectm: é&m;n@ﬂﬁ@%ﬁ(b)cﬂés@ﬁbed
the dielectric coating in step % descri be
below, a layer of metal, usually copper, may e 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
means, for example, by electroplating, metal vapour deposition techniques, and
electroless plating. The layer of metal typically has a thickness of from 1
to 10 pm.

As previously discussed, a dielectric coating is applied to all expoSed
surfaces of the substrate to form a conformal coating thereon. As used
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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bel ow, a | ayer of netal, usually copper, may be
applied to the substrate to ensure optinumelectrica
conductivity. This layer of nmetal, as well as that
applied in subsequent netallization steps, can be
appl i ed by conventional 25 neans, for exanple

S5l e bty EnolaY, iRi0AR0'h ”?E%Wp. Lty
meferablyhnok@wadlng ﬂ'tedmlést a hé@laectrtéscqmtiaglfmusthmkness

di scussed, a dielectric cgating is a ed to all
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508 19 A0 HE R i SEPREIEUBrtls K vy ofrepsons
Foor e)@mp!aga daeleeteamaung iharingra mfiinmgwltimessgallaws for smaller
sugestantwl 'y uni formthickness which -9 conforns to

N ‘at e topography, including the surfaces

Wi t hiThd Qiélectn@b%ﬁfgﬂééﬁ hat@la BRI dlhstamofi Mdre than
The dielectric coating filmthickness may be no nore

4. ﬂanscsoeﬁmes meuraprs, thas %ﬂeoﬁmnOEOWaarﬁﬁ@ yysusdly Ing

s b2 Poond i 8RS uidd 280" B HE de gim gymically

rdaseé ardiedteic (out fabtbrivfvesyathan!orwduial 10 0.02¢ ksesiky laks dven or
for smaller scale circuitry. The dielectric coati ng

gl a0 d S aprqasdhe Iaﬁsdbﬂ%paﬁﬂuakto%oﬂqu r?aepatmgdmave a

R YR U e g = Rl PR g or i,

tﬁacaﬁessAhad) the benmmﬁdnﬁaduarﬁagns:thbreoflﬁn@ atsoaminimizes
di eI ctrlc L fact or |han or equal to 0.02,
!Vﬁ qoapling Rehvesn a@@&&f‘t ?'8“6 Yacesand can be | ess

t han RUifEMRL niteRald a r%ﬁ» %on 6’:9@ él.\(]ﬂst{ﬁe’dgo:alnsh%%r The

di el ectric constant can al or a tric coatli ng
‘dimkectye constant’ ib mn indexkn msanej of the akilityofia distectric
es the

BEER RESBet aBiecits BBawE SToflBIciAE BonSBRTR directy

$toBbRRNEl © t'ﬂ‘i%tc%a%ttahé‘e af 8 PRateAar WHicH theanBIhanpe Of
i nsul at or . dielectric constant” is an index or

qapasiiaeceis neﬁucamﬂthewteiectacmoesm of 8 matgrial isaedueed. A

(o] .electric [ el L.e.C
GRSl TuRe) & dadieor hith REFERYL hiar g s
dpdlieaiieh whekeé e oEsasitanBas of Bebsteftee eindadtetings are drtiedl to

if the dielectric constant_ of a material is reduced. A
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
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
material as the friction of its molecules opposes the molecular motion
produced by an alternating electric field. See |. Gilleo, Ken, Handbook of
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20 low dielectric material is desired for high
frequency, high speed digital application where the
capaci tances of substrates and coatings are critical
to the reliable functioning of circuits. For exanple,
present conputer operations are limted by coupling

bac] . , ¢ |
FBRBE LBGfS. 3 e 23R, fah Nsteeif RE0ABR, NEE SRR (o0). See
apeethrhes Vekicari rinedraniradh. 2ughiess Hangbbok béﬁ’@bﬂﬂelb@oatinqs for
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et ng of

i can em cal Soci et ril 5-10,
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édjirss' ateq |elecé 030 mat er | as th frlctlon
et ting s Setermifea st Beasnorer 3 madeh
é!é@t%’él’%fi'm%l ﬂﬁbé{‘ia‘n%é@écﬂgs%&%éé chlIoWse|'Fhe SS&tirlg s?mple is

| eo, Ken, Handbook [exible Crcuits,
m&aarewahy alpshcraam atdhe ldiglectrisienatiog R:O(rmgmpn tegsteel

$0rats OB Sbrgblefr v Bl n5t8aG g, G3I05RES
@émﬁd%@@ukéwgblm thitRAG3s 6P0.88 HR{20.88im). A 32 square

di scussi on of di ectric materials and dielectric

castisnelat free fitpof the pigleddriecoating [FrRigesd in theeplerbechamisal cell
s 86 r'll@te“rg 5y ‘efé?;'iroﬁfée %Bﬁmpﬂ' @ I\ﬁ‘f\‘e{?l? gﬁ& %tllb%d td equilibrate

determ ne nc

fet eat mechemncaC potemtmmeoenaptsramueuuoas foI I ows. The
coatin nple.is prepared Ilcaélon of the

tBFéi qe.%dctssﬂmﬁ@deaﬁ%&m@aw dnegahfsi toat hertz
f\é%cg) rgzgt}éﬁ%egﬁwe%?éih% é}ﬁgl‘b%'an Safihurntén- ﬁ@ﬁdﬁrﬁ%prﬂded mesh

electric c I'ng aV|n
tchintémelsstrode @n8% single(jaBciH snlv)er/sAvé?ch'ﬂmm eeference

Spatedr TherdisigrbeBosiastcttie Gefting Gan fS sterind by
SHigdibling fiecalaanes ra@'1yﬁég§ﬁér‘tﬁ 'PﬂldhlartM bAge ettt and

to equi rate fof one hour. An AC potentlal
ss:ﬂwmg@lm/f@lbmwlequamrmfmr% sanpl e and the inpedance is
measured from 1.5 negahertz to 1 hertz 15 frequency
range. The net hod enpl oy€ =EEAM I num on- ni obi um

expanded mesh counter glectrode and a single junction
o1 Py aihera G as themamedred caRaciance 2 discratedteduenéy (i

%@H@Eté | 5 theberAttivity of fi6e SPatés (Bla5418 P! 18] A WitheYample
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
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

megahertz.
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cal cul ating the capacitance at 1 negahertz, 1

kil ohertz, and 63 hertz, and solving the foll ow ng
equation for E. 20 C = E EAd where C is the neasured
capaci tance at discrete frequency (in Farads); E is
the permttivity of free space (8.85418781712); Ais
the sanple area (32 square centineters; d is the
coating thickness; and Eis the dielectric constant.
It should be noted the values for dielectrjic constant
as used in the 25 specification and in the clains is
the dielectric constant determ ned as descri bed above
at a frequency of 1 nmegahertz. Likew se, values for
the di el dderdiglettys sodting can be fordhelddron BRY oPS vahidly of coating

di ff lectric st ant neasur ed

at ae({ gqueﬁg%/\gg?&fhggég{ﬂ%?‘fvz{.%%d@ 15 gRa¥ng 1580 e famaed from
t the d @Bﬁnowlasﬂmmmtonfmeré hﬁ—.c%?éﬁ,{,ggt é-’dl\lveﬂts a5

at a Henc megahertz. -
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of 5 cdlag dietpctrizosiatifg bh RS c
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compd¥l 18 RE thesmpsetiag camposition wbereeonce the
org anompogﬂb:v %rﬁpimé@ & Pl %tsﬁ'é% Q{r%e%@é@," eﬁue,gfg ffgﬁ fgg tha ¢

evapﬁ cg t her ebé)m_lor mng a

coat ﬁ’ge If $aling ilorpade The hl@leid:tet eoatmgocamm amgceting applied

can b 86 r

con‘pogla?? onmeép[adﬂgétéﬁm%w& ﬁ‘p e? tﬁ%ﬁﬁ %%%PPE‘EPQ“GQ s a

t He SQietmalcoatingihaving:d sufiicontiy l]bvﬁ diefactric ddmeta®d to ensure

di el agtigibet e d| lectric coatin o
can be a{ny 'ﬁgg%t? rb e,ft.gg gg?%bfﬁf?h HiPE %‘?9%@"’8%‘}9?? @aﬂ%@{mmed

t echifiagGedanes with dF’@H’d\ﬂ-SEDeTesimmam MeRasil Remiber 2.3190,

fe f ntgly | di el ect
Cone Lhobg I RSE A SIE] St ey Hedheitiiaar ©

and 'ﬂTWW@&aMEeC@m@EIﬁcw:aﬁlﬁaﬁﬁmB%ndbﬂ; Road,
gccm éPC TM 650, Test Met hods l\/anua
Kt

Nunbe ‘Flammabi ity of Lam nate" ReV| si on

B, aval | beaidlectic tdm:rignmbutwtm cedb1ahE PRAGHE Y
and azﬁ?ggag El ec n| c Circui tgrfo 2215 Sa%ders g'&*"’” may
e : oo ny |S|J gonformai coaling method including, for example,

dip coating, vapor deposition, electrodeposition and autophoresus.
Examples of dielectric coatings applied by vapor deposition include
20 poly-(para-xyiylenes)(encomp,assing both substituted and unsubstituted poly-
(para-xylylene)); silse_squioxanes. such as those disclosed in U. S. Patent
Nos. 5,711,987 and 6,144,106: poly-benzocyclobutene ahd 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 {o the substrate by electrodeposition of an

30

electrodepositable coating composition compnsmg a resinous phase
dispersed in an aqueous medium, where the resinous phase has a covalently
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The dielectric coating used in the process of the
present invention nay be applied by any suitable
conformal coating nethod including, for exanple, dip
coati ng, vapor deposition, electrodeposition and

aut ophoresis. Exanples of dielectric coatings applied
by vapor deposition include 20

pol y- ( par a- xyl yl enes) (enconpassi ng bot h substituted
and unsubstituted poly- (para-xylylene)); .

si | sesqui oxanes, such as those disclosed in U S
Patent Nos. 5,711,987 and 6, 144, 106;

pol y- bendarabgiédnient dRdt iBaky1 Pl - .
dieleciric coatings applied by1 g%%%?tr@é@%@éf%s_%j on fofal weight

i ncl ul es%‘ﬁdﬁﬁﬁpﬁénﬂaﬁﬁ@dﬁﬁinecf phass. Spahwgiectrodepositable
2l 55y S A A i R R o

conposli t |_ons,. are we
t he adescritfaéin ditell botorpendirgnt)i P abrt Appiication SeHaraidsby

the ol@esiadsngainbioag ok any of the

el ect rodeposi sensitive conpositiohs

descri bed Argl @ithe bmv?uﬁg_ﬂa};@rﬁﬁa{ elé&hswpﬁﬁifgbiéﬁoéﬁi'fa g
prese nvention, the dielectric coating is applied

Dot RemdRiERS 8 s eieueb herdely anlied i aplegtobonducive

el ettsubdeptesibt sitlstrakOMbi il SEERRMUEIALISAUIRDhEIAR s by
resi nous..phas di spersed in an aqueous nedi um V\,ﬁere

t he &%ﬁzﬂ'gﬁ@’ghg&a&éﬁd ¥olraios slaciodepositivprieyibe varied and
hab ogan beoRireixample, ak Idvweas i vhitRsas Bih 4Ysalehd qﬁ%@f‘tﬁ@olts but
on tqtal ight of resin solids present 1 n sai ’
resi %?'l\gﬁﬁg‘%‘?e%ﬂ”%ﬁ% velisd ePasseureant dengityds iusyally between
CONP@sH binPBfe amtfls BRIpA f | j " :

conposi t?%ns are desg%is%egas q?ﬁ%ﬂg@ gﬂ.@%&né @@['%@ﬁgﬁers]& °er square
U. S. cPaterien)is teads lafecseaseauringsledrotiepdsitigri ddicafiog the

10/1 i i ' [
ol ot pon oheX IfEIhAg cBh Bl finfor AP SIRodEs sufgoes of the
elec BHBPRe-cAfterthp woalin hasbea appliet dytaletmddpositiors it typically
subs n rendered . .
el ecES:%Eg%'( i3 %@ég@ﬁw&ﬁ%gﬁg?\?@tgﬁﬁgﬂ nBe.ra{Ij"ﬁ S Enginedem °0° to
vol t 8@'G B adregiod 0b d dpd@ iminates imsorivea vanfornal ailtledific eating

sover N PRaRBsct s el ¥ i sunfigle. o' § bet ween 50 and

500 vol t sGerirelly; antophbredisn alsbyrefesred 201 ak lchiefiHoRals, i9a5

PSR SoATIS e BTGt Bink s b suace rom an

decraeidie aduedusycosting compoesitsn irl #dipi taak.Chké PEdeBE involves the
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, Wiliiam Andrew Publishing, 2™
ed., vol. 12 atp. 510. Examples of compositions suitable for use as

30 autophoretically applied dielectric coatings include those described in detait in
U.S. Patent Nos. 4,310450 and 4,313,861.
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formation of an insulating conformal filmon all
exposed surfaces of the 15 substrate. After the

coati ng has been applied by el ectrodeposition, it
typically is cured, usually thermally cured at

el evated tenperatures rangi ng from 900 to 300C for a

per i ogly of C&plfo% igh oﬂﬁwa%?etftﬁc E8éﬁﬂ£ éﬁ AL SRE coating can be

di el ectri surfaces o
muhsﬂedahennm'raoeé b;ed&eﬂmpbdrlemt@nsab 20posé eneaxt more

685 & T AHOBTR R EBeBai o Bl CH A G b EemPuse by a
et Hidn IS AEl P0BIBIRAIRLAL Sueh BolotBl:

rocess 1 nvol ves control ease o
typicslly rsoperfdrenedibsinga kassuof by ethlreconventiendl dectptiques, for
tion,, ther.eb st abil.i,zin

h h
SRR, FacbaBRaRalinG S R Fatfa st find dedhitiaues.
Vi C' Wb}élﬂatfthE/ﬁtéﬁﬂi}f P EHdrthdPafteah8dembiaPstép AAASH KPasdging a

coagul ation of mer particles and deposition o
lener efongtal 4o ali sup‘ccgmllommg)fqrﬁhe $ommation of wetdllized viag

G e Aol 65 eo QLR Snor B (LEARR B the

stdns«t:riet@ascoée eR blindan@ourAlereativaly,, mé’wlﬂzhtleﬁd‘,aﬁtbé ace
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S5 e S S, 58 o b Sppie
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electric coating can ved
thetrhetddlization slmmwmldyﬁdab i pmcaseehmf theepressot mvention

71 e Y At FSEHEIAT, S g b
\Fﬁﬁ‘u@@i'eﬁélsutléh' b} hig ofty n@élﬁﬂbcpﬁbwﬂrngoé @ﬁﬂ@rn@h‘fétbﬂl@yer as

t echni gues N?I zation typl cal per or med

ddscgibe wé)qvenoﬂ*ea thinkeesp pf Hmamtaigamn Iayxemcaify akouilS 10050 pm.

i as 1o RAGEGe M Sdheop B e relelisen B g cislEft'cosfify
st/ te1thé endthlitation stdpy sib@ifaddsccanlbe trebtdd Witk ien beame

(i.e., blind vias). ternatively, netallization can
¢ectsen PeRfe SO Hiscbargeon RIasmal basplgrdmgntfollowed by

AlichHOR B aR&ldHes|FAbloNibtBFfaV8F f8 8l surfaces. The adhesion
pramoter layer can range from 50 to 5000 Angstroms (5 to 500 pm) 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
dxides thereof.

Also, prior to application of the dielectric coating, the substrate surface
may be pretreated or otherwise prepared for the application of the dielectric
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afterward if necessary. The netal applied in this
nmetal lization step can be any of the previously

nmenti oned nmetals or alloys provided that said netals
or alloys have sufficient conductive properties.
Typlcally the netal applied in 15 the above-descri bed

P, FRE AE b B0 R ing 5y FE Aol e BgBbon
ofortidter priestenapplication iobthe dietedidic Ayl beedppropriate.
conven}l onal el ectropl ating, seed elgctroplating

et al AMGLEGHA h%?é&s\s.atnftmosej}mtmylaweh@rmﬁ frgen a “photoresist”

G 24t ribddtd i aBRA 1d MeTheRl ok nRRGIZ K 0
applBatipmof #te phosbasitiee tdyer 4ok ewstallized stubstratetcan be
ger to . the diglectric coati

N9, ' to th -
HB¥aee PRdTencaldn o edith uilllan aRid Eenagtiodgmaue pridized
it beHAE p hcﬁ?@?ﬁéﬂfé Eg@m:aﬁ BeAgosHive Bfﬁ@ﬁat@fde PhéteEBnsitive.

bonbar dnent application o hesi on
Eln@pbomsenaywe Iaxeretymceny hag aghickhessdhabdout? topd® pot er

f 5 5000, A t 500
o Shn PRRARA S A nathad ki 16 85 Sfert P ah8oni ce
SIEdteRthedrd fHaEbFdteRBingart.t Abaniverdr stbeifsttive Sraeaksing methods

cesium iron, alumnum copper, gold, tungsten and

PaNde wsrd 0 ¢reate terdesireddarsult $. Also, prior to
25?# 'aggttétﬂa %gltﬁ/g cﬁi’n@ ﬁ%g&éénsﬁf{%éﬂe ths 'hg@epa f‘%§se

ltdm/vmttpbramtmms@klltdﬁielndhela%mExairnpleMnNBde idiritro-Hemizyl
I eani ng, Si ng nd/ or tre tment wt

Gruen g yramth 4% aseiisapsrd b aent e. b,508bss,
&Lﬁhﬁn‘ét:«f -8, @%h%sﬁ‘n@%@ré F’@ﬁd%ﬂb& of gﬁbfﬁéehéﬁ‘& t;?”ln éne

otosensitive | ayer oresit s
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meps 3-fedf LhS. BatantiNurobend 80083 esired circuit
Patt & BFative-acting photoresists include liquid or dry-film type

compositions. Liquid compositions may be applied by rolling application
techniques, curtain application, or electrodeposition. Preferably, liquid
photoresists are applied by electrodeposition, more preferably cationic
elect'rodeposition. 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
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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Sui tabl e positive-acting photosensitive resins include
any of those known to practitioners skilled in the
art. Exanpl es include dinitro-benzyl functiona

pol ymers such as those disclosed in U S. Patent No.

5, 600, 035, 15 columms 3-15. Such resins have a high
degree of photosensitivity. In one enbodinent, the
resi nous photosensitive layer is a conposition
conprising a dinitro-benzyl functional polyner,
typically applied by spraying. N trobenzyl functiona
pol yners as known to those skilled in the art are al so
suitabkg. In a s%gggate enbodi nent, the photosensitive
| ayerits Safalant 4,982, § i dpxamplesbidrydilmgeotdresists include those

conprdidid@dan 8. iy Ly ViraldaQCl | ol yur.et hane
and an epox_;lrj gjm@ng%po §ﬁt§r6 gsdéghagzgaﬁﬁt g%éé“%kﬁ@@l -film
Exanmhheloresigts gie typBailpiineinatetontethebs 4R%e 835h as by application of

NegatHoVgsyakl | Ng photoresists include liquid or
dry-filmtype conpositions. Liquid conpositions may

beS appl i etlotsythabafterreppiipationaAthedphotdSer RRRNLEI e multi-layer

curt aj l.Lcation or electrode position.
Pr ef gP a tfaa;?g C%]'l? §8 PACkARAARtdRIs Pt Zliwing fon teanspyrt and processing
el ectf auepdmetient stépy & Predidié Mthdosat i onic elect

rodé’ posilti on. El ectrodepositabl e conpositions

conpri se ‘Aif RYHFUar embedimeant. dheraresentinventiontis dirgctbd to a
cat i pricesfor fbireati i from. ©
pal yest e?s,c>r oIr ur"ggt ﬁgﬂgg %E?ﬁ@?&?gé‘n@%%P%b’&ﬁ%é’g?‘“dmg
E@anﬁﬁggStFﬂ!e g%’% [FStBWeithe subgplascdbsstibehinodetail above) at least
el econeosieBas whi 1 j . Pat.ent 3 738, 835,

Phot (?r esi st s agjdg]lni:déﬁﬁ b%@?é@y%ﬂtlyté f?faesCSélggé%%g} baviig a via
desc ‘%’l&ﬁ)ﬂo 29519 10,000 Boleparee syuate 592, (3560 1560MYI@Sp&H square

dr y-denkimeRiI ISyt | &r s inacar s 1
S. Patents 3, 46&398353 Aé%?g@gﬂ&ggﬁg 33 ,"’5%5@8]7'5 holes per
?E] y_srqiup:;ﬁ c%rgte@qaré;gbgggplwnglq rysi';st_:(abbly_ah aﬁny?atr@ﬁrmﬁ@sigt
1he BHIJoRRIBNS HELLrR bate) al Pregetermained Bcations on the
Note that after a_p%f’i %:{g? %@r? b%ye)teﬁg r%%?rgygﬁg Rlcp{y@s on the
|t ﬁy éppst_{éﬁt@; Gcﬁé Epwlyrhgy?dielestﬂhsmam?(sqﬂn abenpat if_ﬁtgﬂidleé?ie
| SoBfhdatdalio ransport, an rocessing of
any s ubsdgquent %4 @3’3‘3‘%[ a‘%""ﬁi Pl %‘{PQPE% ﬁfthpnsugstrate of step
par {P)axcept aderadione coverbt by gaidvesist; (IMERIMVMY daXd resist at
¢ B B RERSSe b onl DAL iings figeuicod atovoy
Circuit assembly c&ﬁg?? Y f9Y PLiPegreieds digcussed above); and (e)
20 applying a layer of metal, for example, copper, to all surfaces of the substrate
of step (d). .

In any of the processes of the present invention, 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 asufficient 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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10 a substrate (such as any of the substrates
described in detail above) at |east one area of which
conprises a plurality of vias, said area(s) having a
via density of 500 to 10,000 hol es per square inch
(75 to 1,550 holes per square centineter and

typi C‘?I'\é %h@fo-lw%%ﬁtmgﬁ &8 rgﬁo%féd '%?{)e)r %QEB%STe B%e Qgéigtl?n

hol es square ce I'ng a res
gaRUch aarsi theYaysret h;elbatrrateoaemslcsﬁed dsing oopwentiorsi tleveloping

T R TON T T N
§ Tover gélaove St BfedsG tﬁfz ‘?Jnﬂ%? gi'ng %ﬂwsméﬁﬁéiaﬁ’% dHvis

onto all ‘sur Strate of
Bm@p/ereédb)dusng ¢inis step hmydbhenibe etokied eélrigyrnetal eétehants that

ety R oBH 1€ hetdrnaiiole Torel STEle g0 ie sclifle Shpigres
@1@9%@ r"é@n@\/écﬁb!ﬁva@ér-éﬁb?h for exanpl e, copper, to all
suffaces of the substra of step (d% In any of the

pr oce§b@9hofosen5|tweéawtprbmc&1&npmeta thereungeer during the

08 EETOR T e Fom o bRoRRENAEVS BeP RhRpIR icBRl Wisne

ét@MQﬁtsaﬁﬁtytthén'b@’n%h@@h@lbﬁh@b%:@él@ﬁmng Prédeds to provide a
sufficient level of a suitable actinic radiation

gtawlcratien cesacteerty the matallizegrvies karmadsagAeserird akgve.
\";\‘;.t ' M fe "trﬁg| ﬁﬁdk‘ﬁ@ss ?ftﬁé uifpl %lrl:@%ﬁlssé%bfyaﬁé?tré%val of
ich polynmerizes e nonone e

thadiradtosensitiveolagdr srtga@allyl abbet 258e360 pmegeferaisly 35 to 210
acting resists, or which depolynerizes the polyner or
¥®nders the polyner nore soluble in the case of

pOSsi t jv

sol ubfl I t%‘fﬁ’l"ﬁ’errﬁﬁ?‘?@fﬁ’ﬁ er%§§¢1{|e'h?%cﬁb£1 Isﬁregt(edotso G

;amesamrafabnmts‘rg alnuidtﬂ-la)aarmwt atse ity qmrbmpnsmgs{a) peoyiding
ure to the ra

b d aft [ d

7 subFEterEudh aB s tdhake epSapd il affueidhdst it area

@Wﬁlbﬁ@oﬂ%rls%@ blupPAfty 0P via8BYiE 4TBEE) HaIHY @v@déﬁéi’l‘?sof 500
he photosen3|t|ve | ayer, and uncover “sel ect

t@rﬁb@ﬂamotesésquajenmgh 6 toet580 hd@éésquar@cmrﬁetam |tyjmcally at

red duri g t

(g8 2L R R dincilel et 387 P beh 6llateipdipietEn: )
y@mgzmgsa)hietécﬁnéreb@ﬂang:gymh@seény dhiboseldesbebsed il etat above)

be renoved by water-spray |n%
onto all exposed surfaces of the substrate 1o 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
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
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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The photosensitive | ayer protects any netal thereunder
during the etching step. The remai ni ng phot osensitive
| ayer, which is inpervious to the 10 etchants, may
then be renoved by a chem cal stripping process to
provide a circuit pattern connected by the netallized
vias fornmed as descri bed above. The total thickness
of the multi-layer circuit assenbly after renoval of

t he photosensitive layer is typically about 25 to 360
pm preferably 35 to 210 pm 15 In yet another

enbodi nent, the present invention is directed to a
process f or fabricating.a multi-layer circuit assenbly
conpAPeyaigaidiyngsversddaras obmeth & foamean elactricalsiraniy pattern

thosgogrg&qédgggqé'ﬂe%ﬁég{w §bove)_ at |east one area of .

whi ch conpri s of vias, said area(s)
havi ng a Mlishoaldbsi LIrydeaﬁociDthat ay dﬂh@Qﬂoé&b%bﬁ%Qﬁ@sent

nch; o 15 ol es/ are nt

'at 26“(’%5% “{C%-%% H‘SP@EOE fgaﬁfﬁ?@"%’ ?Pﬁ%w%pﬁewgg from the
per  scppE o the iltvlemﬂr e Likew(se) theagBbyinVehiéh ﬂ'ie%it@ﬁé 5r'e°pe rformed
coatin any of those described in detail

abov%bag’ b%rﬁ "&P aé)‘(‘ﬁﬁ%sé’&%Wtf’%te‘leﬂﬂﬂ"igw%o@dﬂ%ﬁﬁwfttbe
formnaemmforrral coating thereon; (c) renoving the

di eféctric coating (by an of the renpval nethods

descri bed! HRFeEsnt 'ﬂ"eﬁ‘“sf’ is difpeied tp multelayer drogit pssemblies

sect 1aﬁﬂ§at@8 bS( P{%@ trfél;ﬁétnbﬂélg deb&h) be?iﬁﬂbé‘éé?sgf ay gﬁfeeém%dlment

net al (by bove-descri be zatl
tidc h‘i'?Pdlﬁ%%%"t trtyeatrcpn B flifegleddo monigidayarsirauit a&mjnhly awnpnsmg

thr 0(‘é§1 Bu@ﬁ%@ {such %stal?@v oglltjrﬁﬁ;%rde%@llﬁé/d %!S’cpgig le¥St S Soa of

(e) applying a resist
phot\W¥eh sprplisesa n‘pm@lty phvias, @egtarebé@vmma: deosityhe 500 to

mst afo, by ﬁéle%qu% rﬁ]\éh 78184 8%8 ﬂﬁ!egt)s\éga aaé/e%lilymtert]t?e{ gwar}Cally at

[ magl ng sald resi (as escri ove

pr ed@@%‘r?ﬁ) é@iesamare)msh (387)5 Helesisgparegeentiimeterg{b)d dielectric
U35 PRRAG LRA Aot RS e BB ET KBS Solsg\fo a1
sai @xppase suéateant e @fbsh‘ateaic)ta:iaﬁexmhm oetimqbrbm&kly
b8 B ML P B bl e o
pr e phntosensitientayen(soatn as any uﬂmeq:rtevmﬁslyfﬂégchG l;ihbtb%éhsutwe
2 S R N A L
per fphotosdnsitive layer can be accomplished by any of the respective application
methods described in detail above.

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

30 presentinvention. Components may be attached using conventional
adhesives, surface mount techniques, wire bonding or flip chip techniques.
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may. be changed as necessary, w thout departing from

the scope of the invention. The present invention

also is directed to nmulti-layer circuit assenblies
fabricated by any of the previously described

processes. In one enbodiment 10 the present invention

is directed to a nulti-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 denS|ty of
500 to 10, 000 holes/square inch (75 to 1550

hol esHigh/aik iehSi .

hol es/ squar e elﬁnct:v lhriﬁé ﬁmﬂ Ia%}’ ')A:g}a hgﬁegﬁ%lghfe%gr?&%acceaance
a di eMdBithe pr eﬁgnbb‘mﬂ’fwg a(le\utfcramrarw:acdimcml itdrcoonects from highly

coat i I eS ok ed, onto al
exposggcgﬁ té{{ﬁje '2 g%d'%‘ tﬁ?%sée(r%)l Ya | ayer of any
of the prel thm sppreeiseditlydbosesidtied is thd @:bir%tfcﬁénges could be

o oneder Mo iR fes A an B il freatioa oy tre roa

descrinbentivehmnostiserebi at i@mmgﬁdtédcp ferefofd Flhélq%' JR\Fbrﬂ’Bn is
C coathg the metal |ayer, and t

the d
phgt o'ls',ogﬁf'?c{ 38 the,parfic %@’B‘é"%&ﬂﬁ?&'%@ﬁ@d bvt ihﬁynf@fld@fh@ cover
r es pobiificatimsvitiat a.@rw,tmmm%ﬁ@t SR GEbRELF thB .%ﬁbhﬁs

above f t reparation o circulrt pattern on

nul t |dqf§§8§’éﬂﬁ§,88@fﬂd§@@a'mét her circuit conponents may
bepattached in one or nore subsequent steps to forma
circuit assenbly. Additional conponents can include
one-or nore 25 multi-layer circuit assenblies prepared
by any of the processes of the present invention,
smal | er scal e conponents such as sem conductor chi ps,

i nterposer |ayers, larger scale circuit cards or

not her boards and active or passive conmponents. Note
that interposers used in the preparation of the
circuit assenbly may be prepared using appropriate
steps of the process of the 30 present invention.
Conmponents- may be attached using conventiona

adhesi ves, surface nount techniques, wre bonding or
flip chip techniques. -18 High via density in the
multi-layer circuit assenbly prepared in accordance
with the present invention allows for nore el ectrical

i nterconnects fromhighly functional chips to the
packages in the assenbly.
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It will be appreciated by those skilled in the art

t hat changes could be 5 nmade to the enbodi nents
descri bed above wi t hout departing fromthe broad

i nventive concept thereof. It is understood,
therefore, that this inventionis not limted to the
per kilgin:ar enbodi nents di scl osed, but it is intended

£ ooat it el ol s e o

aflgpgaded cl ai ns. 10 19V\écla|m 1, A process for

Iﬁg”fﬁ"ﬁ‘ . rhu i) & oo o S e ok
| east one MlmﬂmwdammhaMavﬁdohﬂwmme.ooo

T07000" o BenBRp I (APiotso Ao GRan Pomigy. .

cent i rfb} er applying azlislécyiccpatingionio ali surfases ofihé agbatmte; said

ot ng coeeh nwmypﬁw%@@%mm%mmm

conpri si ng @ resinausiphase; lmaepgum medium, thetesinous phase
medi um th I

bonded hal ﬁag:“:l?content | Q}s‘?%‘a@?@gﬂﬂt‘ we b.‘lmlght
based on tgg%ﬁd MP’&S IPHg“'ﬂnd

resi ngg)s phping iwm(ﬁ)rnmwllilﬂfa@aémmﬁsma' to

all surfaces of the substrate. 2. The prons of claim
1, wherein applying a dielectric coating |Is done onto
2| The pragesseaf clalm fl awhierein fappliiag sudislectri coating Bajone onto all

PO BOaca B bl Blhomy ' ponfme) g fbrecil. *! ™

phot osensitive |layer to the netal |ayer. 20 4. The

Bl OCeYRe p.focsdsadf@aﬂm 1 fmma%maﬂﬂnq héezaﬁgg%gmhﬁ % (yn%maum

dielectric coating intone or e pre
jayerio thmmetablayefiose one or nore sections of the
substrate surface prior to appl ying the |ayer of

oo T erBosiB,of Siion T, ot oBBSIRG refloxPa B Sigibetst Cbalg in ome or

nocespriedatarmined locetishe toemwomartm sagtiohs of the subdtape surface
bR 5 Bbiing BrediiRk Y1 Metal MGtepTYe” ©f metal In step (c),

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

step (¢},

6. The process of claim 1 comprising the following steps:
applying a resist at predetermined locations on the substrate prior to
" applying a dielectric coating; -
epplying the dielectric coating onto all surfaces of the substrate of step (b)
except at locations coverad by sald resist; _
remaving said resist at predetermined locations; and
* applying the layer of metal to all surfacas of the substrate of the previous
step.
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6. The process of claiml conprising the follow ng
steps: applying a resist at predeterm ned |ocations on
the substrate prior to 30 applying a dielectric
coating; applying the dielectric coating onto al
surfaces of the substrate of step (b) except at

| ocati ons covered by said resist; renDV|ng sai d reS|st

at predqmerp?%déssl?’l AR 2, ?Jﬂéﬁlr?ﬂ%@? r?blg&fdtl{ﬁe}nﬂ i cgelectnc

metal to all ;eur aces 0
35 *opling In.apre Redpatierte e&wosmsactfenaofmguutmsfwmar comprising
( c)thé stepgpt: aced by renmoving the dielectric coating In

a predetermn ttern to ex ose sections of the

Subst it o SRAK& YRR ol SuPResslo dren metallgas vies through andior
Sappl yi ng a:olthquaaéglmﬁducﬁ@@ré surfaces to form

net al zedvesthr ng {48{ %iq he electrically

condu bl veR '19“'{“3@ B?W ayerie Qraya R"t?tQSRBS'W@tlﬁ!'e”hef“”»
layer (ft 0 ﬂmaghg sald%s)ﬂﬂmpnaget?ﬁnlhmt{oh@f fon ()

i magi redeterm ocat i qns

dovel BB nalofy Shio fod S oty Relesiodaces st Hectneisbpver: and

t Pe ntb) Ial diahjmg ssldambovérbbl ardag lof mgtat wi formviae slectrical cﬁaﬂmttem
gof metal t circuit pattern

connect ed %{/‘BW% %’@883{35 8. Amulti-I ayer

circuit assenbly conprising: (a) a substrate at |east

ong are . ality of vies, said

arga haelﬂgmtl lgg%/'lc&a}c@eny @%ﬂgggbﬁo 10, 000

hol es/ squdf a0t onssuea alowieh @sRtigema plurality of vias, said
centi net erérea hb\)in@a @Iaﬁ:leﬂ@l!fdf%w&afd o @wdﬁ e{qumma% 1550

exposed S bstrate, sai ctric

3 coat | ng cg’F&B?q ﬁ %ﬁ'l’ '@P@ rodeposi t abl e conposition
conprisin gp)ea dielesirio eosting hpﬁlmd@mrﬁ@dséﬁuﬂﬁcﬁww&lbsmw. sald

L‘EFLSL‘L cotBfiie Beetto Bumndiin Aol sy Pombos)i sameriing

on 20 t otrakinows phase dispereed in Mqudmspnuﬂm.tthe resiriotis phase having

resi nous (F)%W nﬁfﬁoﬁeh ?Mﬁﬁeﬁ&(ﬁﬁ 8t at% i ?grcgﬁ @%Mht based on

sur f aces strate

20 phot osensi Pﬁa{/'éeiﬁﬁt)ﬂﬂ! fesﬂ'biﬂ"ﬂ%mﬂﬂﬂmﬂie rasingus phges; |
(c) a layer of metal applied 1o all surfaces of substrate of step (b); and

{d) a photosensitive layer applied to the metal layer.

8. The multi-layer circult essembly of clalm 8, wherain the dielectric coating is
25  removed at predetenmined locations prior to application of the metal layer (¢).

10.  The process of claim 7, further comprising as step (i) stripping the remaining
photosensitive layer.

30 11.  The process of claim 7 or 10 wherein the rasist Is appliad by electrodepesition in
step (e).

12, The process of clalm 7 or 10, further comprising the step of:
attaching one or more clrouit components.
33
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9. The multi-layer circuit assenbly of claimS8,
wherein the dielectric coating Is 25 renoved at
predeterm ned | ocations prior to application of the
netal layer (c). 10. The process of claim7, further
conprising as step (1) stripping the remaining

pimt osm&mtm-‘mf enseen ass%ﬁlbylof claim Bpfunnmrrmﬂsinb ah mtiwmlng layer

15} O8R5k e oot Yo el o EaEte 0 o FiBEHE SRS ShiroP & achesion

fpmmbmnagenprl si ng the step of attaching one or nore
circuit conponents. 35 -21 13. The multi-Iayer
circuit assenbly of claim8, further conprising an
intervening |ayer of copper netal between the netal

SHES! 11k b, bf e MU BR G EARbINBS oPBRY SYciife 1 1o 12, wherein
rthe substratectomyirises.an B'GS*HWWMWDMM ainms 1 to 12,

wherein the substrate conprises an el ectri cal Iy
conductlve substrate. 15. The process or

rdh ¢ - QW 9"3‘*]9 f“%’ﬂwfw*ﬁ“mwwf ooy oficloma 1 da, 12 0r 14,
|
;wrl)st rate ect %s%%{%?’wpgé?ﬁmi 0 e?fOﬂ iron-nicket

eﬂ"Pﬂ]§“dﬁ?fﬂb'B #eredins t hereof. 16. The process or
the nulti-Iayer. ci rcuit assenbly of any preceding

6% ol ThRREIoRaA 9 muleyerioEout A3880Y Bf nThrSiedr G, whorein he

csubsxww cormprised la\perfbratemetal substiatag cl ai m wherein the

nmetal substrate conprises a nickel-lron alloy. 18. The
process of any preceding claim wherein prior to

diipl i The prucess ortthe multidayer cireuit asgembly obenypredading cigim, wherein the

(nt?% 'ﬁb%méﬂ%%egm eI¥rin3dn *s applied to the

Sstra process or the nmulti-layer circuit
assenbly of any preceding claim wherein the

Gilsel eqhé pﬁ;csg@éﬂ amg mn SR, vHaRM ﬂxam@ ajspiiéation of the dieleciric

GPRE o SleBJih B ayoLpr %neeravé‘eﬁm@ei o Jubettgia. LT

the dielectric coating conprises a photoresist
c‘gnpo%g br%ré'ess or the multilayer circuit assembly of any preceding claim, wherein the
dielectric coating comprises a photosensitive composition. )

20.  The process or the mutti-layer circuit assembly of any of claims 1 to 18, wherein
the dielectric coating comprises a photoresist composition.

21.  The process or the multi-layer circuit assembly of clalm 19 or 20, wherein the
dielectric coating is applied by electrodepesition. '

22, The process of any preceding claim, wherein prior to step (d) all surfaces are
treated with ion beam, electron beam, corona discharge, or plagma bombardment,

followed by application of an adhesion promoter layer to all surfaces.

23.  The process of claim 22 or the multi-layer circult agsembly of claim 13 , wherein
the adhesion prormoter layer comprises a metal or metal oxide selected from one or more
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21. The process or the nulti-layer circuit assenbly of
claim19 or 20, wherein the dielectric coating is
appl i ed by el ectrodepositlon. 30 22, The process of
any preceding claim wherein prior to step (d) al
surfaces are treated with ion beam electron beam
corona di scharge, or plasma bonbardnent, followed by
appl i cation of an adhesi on pronoter |ayer to al
surfaces. 35 23. The process of claim22 or the

mul fichtomylenn, Wtamiom| hicks, RBER, edllimCia, Emirﬁwn’o’%sggérfqold,%c. and
adhogid 32?% ter Iayer conprises a netal or ta
oXi @ 8¥d fromone or nmore -22 of chroni um
tltanlun1 ni ckel, cobalt, cesium Iron, aluwinum
I an s there . . The
p r oc es S 'Ig'g pg?ﬁ?% Bpw&r%ﬁd@\gaﬁ WFIB%PP '?Y% of mpladl applied in step (c)
nmet@Mmpaped 8 capplen step (c) 5 conprises a copper, 25.
The process of claim3 or the nmulti-layer circuit

assembly of claimB, wherein the photosensitive |ayer
c o i sdbe grqsess of oladmaBoori they multidayes einaittassembipgtslaim 8, wherein the

A TRl i i

aefrod@noBidom at | east one area of the substrate
1oconpr|ses a plurality of vies, said area(s) having a

of at |east 2500 hol es/square Inch (387.8
h oI s/ s 3‘ Egp Cess#rithe Fwithiayer gircultaesembly of any preceding claim, wherein at

least one area of the _substrate comprigee a plurality of vias, said area(s) having a via
density of at least 2500 holes/square inch (387.6 holes/square centimeter).

AN

15
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