20 Decenmber 2006 PROCESS FOR FABRI CATI NG Cl RCUI T ASSEMBLI ES USI NG
ELECTRODEPGCSI TABLE DI ELECTRI C COATI NG COVPCOSI TI ONS FlELDZEED%EEﬁ%NM§NI|CN
5 The present invention relates to processes for formng netallized vias
and for fabricating multi-layer circuit assenblies conprising a dielectric
coating, particularly a dielectric coating applied by el ectrodeposition.
BACKGROUND OF THE | NVENTI ON 10 El ectrical conponents, for exanple,
resistors, transistors, and capacitors, are comonly nmounted on circuit
panel structures such as printed circuit boards. Crcuit panels ordinarily
incl ude a gener al pyoldEais phREABRICATING CIRCOITABSEMBLIES WSKGCct i cal

conduct ors di spes FETRDBEPBISPTABLE DIEEECTRIC COATINGC SITIONS bot h
maj or surfaces. The conductors are conmonly 15 fornmed fromnetallic

materials such as copper and serve to interconnect the electrical
conponents nounted to the boargg WekerHRIN¢erRdiniors are di sposed on both
maj or surfaces of the panel, the panel nay have via conductors extending

through hgles (or Thég{ﬂ%ég\? intkAGon reldied REpBLSLLE! B} forhiRY Thetafifed §iak O

i nt erconnéct the con s.on opposite surfaces. Milti-layer circuit 20
panel assenblandfohiabacatingmultideye siretibasneablias cAMPHeBE gotialeelriful ti pl e

stacked circuit.. | s .\ ' ; ' enmateri al s
separati ng #ﬁétl@@%%ﬁ%uﬁryhoﬁg%{rtg{eﬁ}né g%ﬁ@ u?lg ggée%%g% iltlg?j'j acent panel s
in the stack. These nmulti-layer assenblies ordinarily incorporate

i nterconnections extendi ng et WRHUNE GPHECNYENRABN he various circuit
panels in the stack as 25 -n'ecess-a'ry‘t‘o—pmvm%'e—r?qui red el ectrical

i nterconnections. Jdn.mcr | ' [ ietlll S tS and units
are prepared in Fé%%ﬁ%qqﬁé% gﬁée'ftgﬁéfe%nrﬁgga%s%g&g’gtgﬁ?ﬂ%h@?ﬂaI ly, the

smal | est scalgappeitdragaregonimeordy moanted gipeiccitipanskstiustings sudh ag priptedhousi ng

multiple mcrocircuit d/ Qr . t i usual |y
made from cercérﬁi'"(t, ?a%qssr ?CS'E?H' pﬁﬂ‘glgg’gélp %@Vﬁ%ggd% ?ﬁ?@#ﬁ ! d@tsﬁgsﬁéﬁage | evel s
(i.e., "chip diaectiensateriglavity élsitrigal mohductolsaligrossd losta majss, fledpuiase

hed th Lurality of small- hi 2006
Pousi ng. many Jhis SRFcer ahpdinaraRl T utecst; EnRRh A pE S cRPERIN of o package

15 formed from metallic materials such as copper and serve to interconnect the

electrical components: mounted to the board. Where the conductors are
disposed on both major surfaces of the panel, the panel may have via
conductors extending through holes (or "through vias®) in the dielectric layer
so as to interconnect the conductors on opposite surfaces. Multi-layer circuit
20  panel assemblies have been made heretofore which incorporate multiple
stacked circuit panels with additional layers of dielectric materials separating
the conductors on mutually facing surfaces of adjacent panels in the stack.
These multi-layer assemblies ordinarily incorporate interconnections
extending between the conductors on the various circuit panels in the stack as
25  necessary to provide the required electrical interconnections.

In microelectronic circuit packages, circuits and units are prepared in
packaging levels of increasing scale. Generally, the smallest scale packaging
levels are typically semiconductor chips housing multiple microcircuits and/or
other components. Such chips are usually made from ceramics, silicon, and

30 the like. Intermediate package levels (i.e., “chip carmiers”) comprising multi-
layer substrates may have attached thereto a plurality of small-scale chips
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| evel s thensel ves can be attached to |arger scale circuit cards,

not her boards, and the like. The internedi ate package Ievebﬁ e@&%ﬁxﬁ%ﬁ%ra
purposes in the overall circuit assenbly including structufal sSuppo
transitional integration of 5 the smaller scale mcrocircuits and CIFCUItS
to larger scale boards, and the dissipation of heat fromthe circuit
assenbly. Substrates used in conventional internedi ate package |evels have
included a variety of materials, for exanple, ceramc, fiberglass

rei nforced nﬁiumgmr@eﬁwaé\ecmuammﬁ@s Lukzmeamésenm@?m@mgﬁ padRags at es,
whi | e offerlﬁ_g??ﬁ suff|C| ent ri provi de structural support to the

dit
circuit assdmfigthemasives qan hegtia eal %ﬁ@itmrgercs@élew@uéﬁ@@%rnoﬂpﬁm #&n much
different {iaa 9k Of1é ifoMEi A8 HASkIMNE0IE BB sclBlRuRAE hate! her ot o

As a result, failure of circuit assenb after use is a risk
due to fail veralkcigyiiespemblydnalading struetural swqrbyr@nsltlma! integraties efrbl y. 15

Li kew se d'tﬁé% I CodHd Wdr?&ﬁ:uﬂ?%ﬁ?/%ﬂﬁ%ﬁg%@@? é?at@ﬁoépdﬁta L several

requi renents, including conforna , Si stance conpati bl e
t hermal ex p&i?@lmﬂiloprﬁﬂseat frem theCoinsuirassembly. dBuhsinates useddn eomantionalc| ude,

for exanpl finte RRL YL 8?4%&9%93.*?@%%#&;55}8#@1@;n%@&. fid, YSr SEM ﬁ%s. OnThese

pol yneric d|e ec rrcs "G ente of - 8X much
20 hi gher tmmmhafib@glasheelaﬁqrmcbpulyémm arichpolginfides. been an increasing

need for circuit de h conpl e
I nter connel:t [ lcJ)Ins T‘ﬁ%%ﬁreﬁeﬁgéhé’iﬁo%'t WgﬁégﬁéW%§/&fﬁrﬂ?& "qmo{%f’ Ci ?Eui ;(
panel stlluctuoedde strovkans suppdretof thbcircuait assenddly, tgplcdllyraveithérayabr circuit

nbl i h d ti-] I
o mmde by BROVIANSG PearseR i AiEBRF R TR ol o PSS
apﬁropr! aL e heinylaitiohied thévete ofs a Femiltpfaliatesofahe clrsihasseaibiynaitetd one atop the
ot her with one

Tt er i Al coRRRAPg Urerer ek R talig o 3o dtne Riss Gebleenbeiite fhon pair of
adj acent parteé asseduplp. a stack ordinarily is cured under 30 heat and _
i ough Phe st ackietine, daledRe mayal etk R aubeaes il oot beiis ©
di fferent boaqldﬁerﬁéms gasludigg -confoembRg Uidne edihfse, @hd cbivpatigle vi as” are
then -2 20 erma e%ar?sqgr? properties. Conventional dielectric materials include, for
example, polyimides, polyepoxides, phenolics, and fluorocarbons. These
polymeric dielectrics typically have thermal coefficients of expansion much
20 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
such multi-layer circuit assemblies has presented serious drawbacks.
25 Generally multi-layer panels are made by providing individual, dual
sided circuit panels with appropriate conductors thereon. The panels are then
laminated one atop the other with one or more layers of uncured or partially
cured dielectric material, commonly referred to as “prepregs” disposed
between each pair of adjacent panels. Such a stack ordinarily is cured under
30 heatand pressure to form a unitary mass. After curing, holes typically are
drilled through the stack at locations where electrical connections between
different boards are desired. The resulting holes or “through vias” are then
2.



coated or filled with electrically conductive materials usually by plating
the interiors of the holes to forma plated through via. 1% b%éj{]ggri;,@%t to
drill holes wth a high ratio of depth to dianmeter, thus t%e hol es “used in
such assenblies nust be relatively |arge and consune a great deal of space
in the assenbly. 5 U S. Patent No. 6,266,874 131 di scl oses of nethod of

maki ng a m croel ectroni c conponent by providing a conductive substrate or

"core"; providing a resist at selected |ocations on the conductive core;

and el ect r ogdaecedi filkddl wititleleesichiyénancturcrarfiafi uamy by plafig ¢id al on the
y the resist. The reference

conductive core ex t at |aqcations vered by the. r .

suggest s tth%I'@rsc ?ﬁﬁglr@%‘?teﬁ?f&? étﬁ'%‘?ﬁﬁ&m N3] ﬂtéﬂd!ﬁf&%l@rméf'” balgspe a .
cationi c acryit &-high refidtdf @B toQfiiate BRRAthe HIRASIdEHaR stish bERSRbIKEOWN i n
the art and commerci al | avai | abl e. The el ect rophoretically deposited

material t héHU%*sb%iﬂlaéBveﬁfdafgﬁaﬁdam@aﬁ'ﬁ@r arept deal|od spasecinithg apseralle t he

resist i ss renoved) sopbig N8, ABo% A% 1 iSclbsiesr mpdd RS ext ending to
I C a

t he conductive core at |ocations een 15 covered by the resist.

The hol es t HPETPURGHEANIGARMBRIH dYRGONIdNY Reopduetivie substsaterait'eors’, “core” are
conmmonl y refﬁb(/i@ﬁmgté)ré&?st'é?lséllﬁgte\ﬂ'!é’&\'iioné Bn MecorfiliAt B5R! and he structural

conductive elenment is a netal sheet containing continuous through holes or
"t hrough vi a&lectespheneticady fepesidreamuneired dislestric materishen tspweduetiveaj or
surface. \We | il ' | | 4 ically,
The. di of et ria® SRpar A FoGbfe BRI By LIToRRE, ThechleRb CLOGRRERL' (0.
conduct i V& ethereigntrophpredicaliyagepasited materiahash be al eatihaie deedio- érazatidnic however ,
that the ele t . | ' ' ' uggested by
thi's 1ot er end e cpfioepfi SR ot o it plbRindodur Do
retardancy ravilablendinessledtopbos:ticRiyt deposiiéd Rizderizt thearid chire’i3a fem8adi scl ose

TeL s o AR Bl e WA M U el '
preferably ilsasoganings ederting tultheroediidive coreatiopatasisivthigtohydbeersuch as
DOl oL B4 1SRRI g BE! YRR el WA B iRl f e 201
fabricating smsrhiecar‘eord” aye cemfronlyaefanteditolagybindvias'ui In dear d.  Sui t abl e
thod uscs BFodifEnL 08 inyGRR 2bARRNTe SRMEH % R REH Gonflfihg "9 T
continuous through holes or “through vias" extending from one major surface
to the opposite major surface. When the dielectric material is applied
20 electrophoretically, the dielectric material is deposited at a uniform thickness
onto the conductive element surface and the hole walls. It has been found,
however, that the electrophoretically deposited dielectric materials suggested
by this reference can be flammable, and thus do not meet typical flame
retardancy requirements.
25 U.S. Patents 5,224,265 and 5,232,548 disclose methods of fabricating
multi-fayer thin-film wiring structures for use in circuit assemblies. The
dielectric applied to the core substrate preferably is a fully cured and annealed
thermoplastic polymer such as polytetrafluorcethylene, polysulfone, or
polyimide-siloxane, preferably applied by lamination.
30 U.S. Patent 5,153,986 discloses a method of fabricating metal core
layers for a multi-layer circuit board. Suitable dielectrics include vapor-
depositable conformal polymeric coatings. The method uses perforate solid
-3-



20 Decenber 2006 netal cores and the reference describes generally
circuitization of the substrate. U S. Patent No. 4,601, 91 at
whil e el ectrodeposition of an insulating coating directlyg?ﬁﬂgﬂgaﬁgpgﬁ
wal | portions of the holes can create a 5 uniformfilmof resin on the hole
wal I's without producing thinning of the coating at the top and bottomrins
of the holes, the subsequent netal deposits would not adhere to the hole
wal I s and, further, that the electrical insulating properties were

i nadequat e. thetateoreslamdriag esferepeeidesdibesajer@rdlly chduitizafonCofekk met hod for
form ng plat%$ g ough holes in netal core printed circuit 10 boards by
electrophoré% ? y depositing coatings thereon which conprise an

el ect r odeposi t ablt:St Paismob. a@@mm suggbstdithg m@%lééirddeﬁéaﬁ’éh &dd!ler in
finely d|V|deqf.orm Suﬁ{é * hllersmgludecas I ca alumna
silicates, daPiAdd copiingpirectlyto the metabualbreripRs obipihslascan deatare

resisti visy utfonhaim iohnesid 04 théTﬁél@RMBiIQ'Wltl%ht’\&%Hu&H § (ARG Bfel T cui !
conductor and E e al The . 15 net hod ses ectrophoretically

deposi ting t3v@U8¢ 8t Pl%ﬁ&?“@ﬂ‘ffﬂ'ﬁ%Pf?"é’m% éhQ ﬁ@bseguamt mefal portions of
the hol es; cigpoBills Whald RstiaRER toQR@thQNalfsQﬁlldt AIrfHERaRSt tﬁ gg&&gl bei ng at

| east 0025 mlllrreters creatin I C m'croe surface on the
coating wi t ANStHatig RIene tissiware |'ﬂ?§lqu@ﬂ3uﬂ1€tmet thepetarence iadhestedito adeposi ti ng

a metal | aygmpiveliiiReiBhfs rl‘ﬁl“l 391rR§§ﬁ HQIHE w?f}@tél r&gre intt&?mp{d ¥ vval 's

and on the |nsulat|n surface ers
coati ng Mit rPoardsplae trsqplmr@tw%lv ﬂ@ﬁg%lhng armimge rtlmerngn \Aquhrcom;nrc*e(arr CUI t on

the insul at %dﬂ?}d% oS fe%ﬁt?ougkoﬁﬂﬁq:ﬁl@ r{%’ %Iﬁpin&l ﬁfé'f&]gr |g% |ques U S

Pat ent No. 4, 238, 385 oses coat |ons rophor etic
appl i cat i on divided fasme o%lutﬁ@tﬂ:ﬂlievselnshﬂdstd?efseallda)raImenaIsalmba@esr eniths. The

composi L1 onrRARBIKSCTR BbOERIo T SMAKIL B Rkt Sl it o resin

powder where the resin Inc €S an epox ncl udes 2
to 10 wei ghiregahnt-snoltetwern tlegd ]ynmtedlculadt snriducmr aad e metalicbie. et i oni c

Subst 7 ate wh aosgorle: BeBRortfort il Bbbiuld i ereiBuPErhy dosi rabl e
properties $@bpogHiondinteths roatal wal abltibns wf thechakes; learing the rekiheagt h. -4
coating, the thickness of which being at least 0.025 millimeters; creating a
hydrophilic microetched surface on the coating with an aqueous oxid izing
solution to promote adhesion; depositing a metal layer on the surface of the
20  resinous coating on the hole walls and on the insulating surface layers, the
metal layer adhering to the coating with a specified peel strength, and forming
a printed circuit on the insulated metal substrate by standard printed circuit
technigues.
U.S. Patent No. 4,238,385 discloses coating compositions for
25  electrophoretic application to electroconductive substrates for printed circuits.
The compositions comprise a pigment-containing finely divided synthetic resin
powder where the resin includes an epoxy resin and the pigment includes 2 to
10 weight parts of a finely-divided silica, admixed with a cationic resin. The
composition forms an insulating film on the electroconductive substrate which
30  is suitable for printed circuits providing desirable properties such as
dimensional stability and mechanical strength,
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20 Decenber 2006 GCircuitization of internediate package levels is
conventional ly perfornmed by applying a positive- or negatiye:actin

phot oresi st (hereinafter collectively referred to as "res?@gm?m?%ggﬁgﬁ
metal | i zed substrate, followed by exposure, devel opnent, etching and
stripping to yield a desired circuit pattern. 5 Resist conpositions
typically are applied by |Iam nating, spray, or imrersion techniques. The
resi st |layer thus applied can have a thickness of 5to 50 mcrons. In

addition to the scistitighs FsEhREGhE JRRAGORSES i§ CONRRALLMIG!  substrates
for internedi ate ckage levels can further include solid nmetal 10 sheets

such as t hosRPTHIEECGYeRPRIYING 2 Sositiye et negalivasagte madoresistieraloaftal
Structures MleciPRibAEdIPEs dusibnftol Al hctAhIR s Rbubiierdiplisi by assembly to

provide through vias for alignment purposes. I'n view of the prior art
processes, t Ure figvalopement etphing anvkstipping o vielda tesieegesircuit patiem. panel

structures wWhbgk dyw&%,{git%%éj?rr?é gpg%gbc)ﬁgm,#&mégégyn&q&ﬁﬁmgﬁt ions, the

fabrication of which overco e S 0 ior art circuit
assenbl i es. Seinares. OFharEist RyeNtHuSpplied nan bavod ithicntess ofi 8 tpb8sent

I nvention islﬂﬁ:iréﬁs‘?te‘j to a process for 20 formng netallized vias in a
substrate. The process conprises the steps of. (1) electrophoretically
appl yi ng to an elle@ddiionrid thst substratgsqiredoeslamentibeet, costishalabl e coat i ng

i ti P=) . th bstrate tp,f f |
i el ot 1 o caletalls EHRAREAIbaARER Bloid (i (T Lo BE i B pos cion
conpri si By asheetd suncagptiese dizbloded pet) s dPatentdNvo. ALESNES. prase solidie r esi nous

phase conprising; . active hydr.agen-cqnt ai nj i oni ¢ group
Cont ai ni g rancrured st Be s8Rt ed Ry G Bkt e SRS RsEriEb i ve

hydr ogens ofprolide tirough (vias, fot dlignmesit popesedase havi ng a coval ently bonded
hal ogen cont ent t .1 ercent by wei ght, based on total weight of
resin solids pregér!f@"f hﬁﬁ%@”%@r&)mﬁfgs%)ﬁﬁﬁ§ najns @ negq|inthedtforsur face of
t he conf or mahuliiagbecitauitpanebstruegures whichbpraGidengTisHsit? AE compraet er m ned
pattern {0 eiéf%?éo%naecggr%, 'tr?enfagl;icz}tnrc])% o] ldvl?ﬂsléhrg\}e?éonqgsd th(elcjlra\?vbggk%lo%lﬂ?g

prior art circuit assemblies.

SUMMARY OF THE INVENTION

in one embodiment, the present invention is directed to a process for
20 forming metallized vias in a substrate. The process comprises the steps of:
() electrophoretically applying to an electroconductive substrate an
electrodepositable coating composition onto all exposed surfaces of the
substrate to form a conformal dielectric coating thereon, the
electrodepositable coating composition comprising a resinous phase
25 dispersed in an aqueous phase, the resinous phase comprising: (a) an
ungelled, active hydrogen-containing, ionic group containing resin, and
(b) a euring agent reactive with the active hydrogens of the resin (a),
the resinous phase having a covalently bonded halogen content of at least 1
percent by weight based on total weight of resin solids present in the resinous
30 phase; (ll) ablating a surface of the conformal dielectric coating ina



a layer of netal to all surfaces to formnetallized vias in the substrate.
I n anot her enbodi nent, the present invention relates to a 6Eﬁ§§§b Oh0g
fabricating a circuit assenbly conprising the steps of: providing an 5
el ectroconductive core; (I1) applying electrophoretically t he

el ectrodoeposi tabl e coati ng conposition descri bed above onto all exposed
surfaces of the core to forma conformal dielectric coating thereon; (Il1)
abl ating a surface of the conformal dielectric coating in a predeterm ned
pattern to epmds@rmilmmém tdex;imeeecgeetlolﬁ bM}meaimb‘slya?tagarai {IAysgplyhg metal to

esi nous. prorNEL LML R Suracs o KumTmplinizegy B I nSthedla T nvent on

al so is directed hansthereatssinheit, fhalpréssitin@nton AIAteY td a RecEB For

conprising t St eps of vi di ng an electroconductlve core; (I11)
provi ding a %%HF%Q'E’S? ggc%a%g%b {CAMRTIRE the siensRfs (BRIQVIEING AP ace of 15 the

core; (113) éleieri@ueinféCédr@ID(IHPéﬁ‘ﬁl%lﬁ@'éléétt%ﬁh@ﬂe%élﬁfqﬁ@pOS'tab' e coating
conposi tion described above over e core of (I'1), wherein the coating

conposi ti on PECHRIRsDOsiRpI %P%tt'}gd&ﬁ‘wtioﬁaﬁﬂwr”&%@b%lo@%ﬁﬂ g¥RESe8f t he core
except at th@ur'fal@@tdf%c&é% fAImi D 8orIHRhA 'dRSe &fic ESAM QHere()hl/@JII)CU” ng the

el ectrophor et | cally applied coating conposition to or m a r'ed confor mal
20 di el ect ri BolPbRGER SHU‘@?B el the sapiegpeldigpcinsostineinaeiegetesminede | ocati ons

having the ; forma
circuit asse%ﬁwggﬁsget%%@gggeh\ng?drqg ?§ é}ﬂ)l}lﬁ%ﬁ@é})gr%f ﬁ%@ocaﬁl ons
previ ously cewtaces tofarm matalized yiastin thmapr@wr)d Optapplyiid & resipisyi ng a | ayer
of metal to %éto@éﬂsﬁtﬁ%@éyé?ftnméem@{a &’gé't assenbly of step (V) to form

r

metal | i zed vias extendi ng t he co 25 The present invention is further
directed to a subBiepriesertiaventios @iso lsdﬁs@ﬁdl’@ arecess dor fabricatingreespect i ve

af orenenti on 8 O her than
in the oper a?fbr%ﬂg %)%gﬁ]%ﬁsc dg’ré-F@glé'fgth t her \k\n?é}e(%l&n@: 'Ffeg r%/(ﬂ}m nunber s
expr essi ng geRiAt (1Y ipeaviding am@p@m%ﬂt@ ,pm@etmlmz\d oaiibirtsi @antheaudfase of or t h

used in e I bei ng nodified
in all %%stgl%?ggé 6% t@;‘lﬂq L@o%tﬁéﬁcélg?%?ﬁgﬁ %sﬁ%tﬂgscggﬁ%l cated to the
-6 20 Decenb@&fﬁmn_ dessribed ghoveheven tirecorealf stegr (Hjyattersindeé chatirigh i n t he
fol I owi ng spgghidGitd RuefBSked electrophoretically over all surfaces of the core

except at the locations having the photoresist thereon; (IV) curing the
electrophoretically applied coating compasition to form a cured conformal

20  dielectric layer over all surfaces of the core except at the locations having the
photoresist thereon; (V) removing the photoresist to form a circuit assembly
having vias extending to the core at the locations previously covered with the
resist; and (V1) optionally, applying a layer of metal to all surfaces of the circuit
assembly of step (V) to form metallized vias extending to the core.

25 The present invention is further directed to a substrate and circuit

assemblies coated by the respective aforementioned processes.

DETAILED DESCRIPTION OF THE INVENTION

Other than in the operating examples, or where otherwise indicated, all

30  numbers expressing quantities of ingredients, reaction conditions and so forth
used in the specification and claims are to be understood as being modified in
all instances by the term “about.” Accordingly, unless indicated to the
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attached cl ains are approxi mations that may vary dependi ng upon the desired

properties sought to be obtained by the present invention. t he vey
| east, and not as an attenpt to limt the application of t%@b 8%1{11?‘?%«9}5& 5

equi valents to the scope of the clains, each nunerical paranmeter should at
| east be construed in light of the nunber of reported significant digits
and by applying ordinary roundi ng techniques. Notw thstanding that the
nunerical ranges and paraneters setting forth the broad scope of the

i nvention ar@ngBR/, Md ABhEAEE pakdRetBH Bt & inRé HiRw sepekﬁirc]:faﬁéﬁ Bngn the

specific exanples are reported as precisely as possib nuneri cal
val ues, howai@ched glaéreata sprredmatiang that may vary derendingdretfhey  resul ting

fromthe st %ﬁlég g?&)@rﬁ’éﬁ]%gh@gﬂge BE‘taH%@il%/ JF\?%P&%H oehsH. | Ahe ve:r;yge

measur ement s. it s understodd that any numerical ra
reci ted her deasti and ngt amarealiierapt to limitthe @éeplidation wh thegiepdinasabsunmed t her ei n.

= le,_a. " "o . O -
bt veon and ARt fp.scbpbly s prafis BoBP(Efehe pAGEREr Mot { 249°

maxi num val ueastfbel@nstrived ini light ofitirei munkzer of neported significast digits aod oy gr eat er
than | and %M’ﬁg%’%@@ﬁﬁ"g%@”ﬁh“ég or less than 10. 20 As previously

ment i oned, present inventionis directed to a
process for for migwitestahding bt ¥iheasumarical sargesramdearaineteps eeting forth

conprising: (1) electro retically applving to ap el ectroconductiyve
Coner ot oY shtbraad SRRl e Ron e b a e e e PROHE bR St ai |
bel ow) okt 0 fatth in therdpaeifis exbimipled arebspartgdead pretisein=a pesibis. by di el ectric

comti 19, et Ser S el Thefoil o rdl Sl S bR 1% T °

appl yi ng a |egeltingfronethalstdrelasd bevistior 20ag infhelrhespickiod tealtingof step (I1) to

formnetallized vias jn the substrate. Optionally, the process further
i ncl udes st éﬁe??"\y?mgﬁtﬁ'yi ng a photosensitive |ayer, as described below, to

the metal |ayer. Ab lisHould b un@srbRat MRty ruftreaRSage rédiedtdrain ié s
directed to . {eoceazéas for fagrl cating nmultj-layer_circuit assenblies. In
one emboldi neAtendef do piclude Al suprigRees SPsuEney) therein oF erxample &@09eor

fabricating & ¢its Q01 & iReACHPIYIn6I0ER &l SUPGangeé bEAWEST 8AD ficltfthe
recited minimum value of 1 and the recited maximum value of 10, that is,
having a minimum value equal to or greater than 1 and a maximum value of
equal to or less than 10.

20 As previously mentioned, in one embodiment, the present invention is
directed to a process for forming metallized vias in a substrate, the process
comprising: (I} electrophoretically applying to an electroconductive substrate
an electrodepositable coating composition (described in detail below) onto all
surfaces of the substrate to form a conformal dielectric coating thereon; (11)

25  ablating a surface of the dielectric coating in a predetermined pattern to
expose a section of the substrate; and (lll) applying a layer of metal to all
surfaces of the substrate of step (II) to form metallized vias in the substrate.
Optionally, the process further includes step (1V) applying a photosensitive
layer, as described below, to the metal layer.

30 In further embodiments, the present invention is directed to processes
for fabricating multi-layer circuit assemblies. In one embodiment, the present
invention is directed to a process for fabricating a circuit assembly comprising

-



the steps of. (I) providing an el ectroconductive core, typically a netal

core as discussed below, (11) applying electrophoreticall
previ ously di scussed el ectrodepositabl e coating conpositi o%s%g3 ?rﬁ)beéfzp%

exposed surfaces of the core to forma conformal dielectric coating
thereon; (I111) ablating a 5 surface of the conformal dielectric coating in
a predetermned pattern to expose a section of the core; (IV) applying a
| ayer of netal for exanple, copper, to all surfaces to formnetallized

vias in the therstepssfd(lf is(bovﬁmﬁ ¥h éﬁacﬁocér%bfm#éorehﬂbf&ﬁﬁg%éﬁﬁﬁ:g'r@wr 58 the

nmetal |ayer. ,The SBE’S@Q ﬁ or core can conprise an
el ect r ocondufiPPyRse 41k3ppiyag eladieahere wvanvgﬁﬂﬁ pravieuslyf or exanpl e,
untreated ordigalissadicdefrovbgsditabfl éﬁﬂﬂﬁﬂ%nﬂ)%iq nd bt dax@BQ&Féu é%gnes' um or

al I oys of aA¥ tgf the f or egoi n? nmet al s, as conducCtive carbon coated
material s. e cprRtodrm afpairms! ﬁeﬂaﬂtrl%maﬂa@apram (Hﬂgbﬁtlag@ can have a

| T cknesss 26t driRded okl o lE LaRg h KAEALEINEES KRy (8 100 i c ons.

15 It shoul d be understood purp ses 0 S of t he
present i nvePRASA & $RStiPBOAENE wedﬂvmpwnmg adayev nﬁmetal fortexampte,e” s

nended o oSMERTBRSES! 61 B afled WK BUA @S0 Syl 01

of netallized holes exten e core
the ot her) t'@SlF@Hé@h@tﬂsﬁmlb‘mjhyebﬂwdbemetaislayas wel | as the formation of

“blind vias" (i.epg §Jb%trgﬁ—: cgrocfo'?@E 930'9%{'5%'3\’043‘! %\elgr{qggl Es ext endi ng t hrough

the dielectric coatin ore) to provide
connect i bhs, elﬁetroceméu@ti\e Subetrg’aeeumi‘tlomlar[)pmmai suié%tmes fforexamigpeses of the

present I nvent t al i as_extendin t hrough t he
core" is i ntuencf%ge 14 o ar{‘(’:%{r'r%g;&séstgglh% uPﬂEWHt fi’%i 'B?ke\{’tcrﬂpBﬁbﬂ'@ﬂnﬁ%Hh
Li kewi se, t halloyswfrany ofthefforegbmiglmatats, us aslexstoendidtye dafbdreal core" is
I ntended to gRa mati.on of. blind vias only. In a particul ar
enbodi ment oqﬁg%ﬁ p?@g&éﬁﬁe cﬁ{e TS ™ ?Jﬂés%rgaP slaé"%a?d %/ and caphave at e
sel ected fr dhichpessormagmgdappdo té 400 mievons,rtppicallycksth 28ltb Q00 GhicropeNbi nat i ons
t her eof . n one 0 n ent 1 nventjon, the core conprises an
i ron- ni c al | oﬁ@o%@%baﬁ?fﬁ °§\3&B?‘J§T RUrReses\RiARe procsseemeidher 30 | nphy S.
A, 168 Rue ﬂl‘eseﬁlt\nu)lelniloﬁ’#ne formBtiGmothetHEpd Vs tﬁ@@b@lum&&icﬂéd% wei ght
percent i ron erc t nickel, This all has a | ow
Brle Expaiet 661 atp
coeffi ci ent o P %'T gh trgHea vigs| ey e fosmation ehwetallized on
mat eri al s - &holes extendlng through the core from one major surface to the other) to
provide through connections, as well as the formation of “blind vias” (i.e., the
20 formation of metallized holes extending through the dielectric coating only to,
but not through, the core) to provide connections, for example, to ground or
power. Also, for purposes of the present invention, the formation of metallized
vias extending “through the core” is intended to encompass the formation of
through vias only. Likewise, the formation of metallized vias extending “fo the
25  core’is intended to encompass the formation of blind vias only.
In a particular embodiment of the present invention, the core is a metal
substrate selected from perforate copper foil, an iron-nickel alloy or
combinations thereof. In one embodiment of the present invention, the core
comprises an iron-nickel alloy commercially available as INVAR (trademark of
30 Imphy 8. 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 the silicon materials
-8



20 Decenber 2006 typically used to prepare chips. This property is
desirable in order to prevent failure of adhesive joints b?éﬁ%g ber 2006
successively larger or smaller scale layers of a chip scale package due to
thermal cycling during normal use. When an iron-nickel alloy is used as
the netal core, a layer of netal, usually copper, 5 typically is applied to
all surfaces of the iron-nickel alloy core to ensure optimal conductivity.
This layer of metal as well as that applied in step (1V) can be applied by

convent i onal tymeaily used t6 prepexeiohibe., This PoEsHyi9ReakARIE ipdder BSraleftapor
and typically has a thickness

deposition t ni que el ectrol ess plating,

of from1 to?%@r?ngﬁ? .'VQJJB'ngybatﬁ’@fag@P‘é‘?eégWEWd?rg@b%smﬁgerrﬁéém|a!é?"§resh sheet
having a pl urcfikichip sthle patikege Pue\b HerfiRA6RINGHUFRYHbAMal REE RrSan The

di aneter of the h%e s, usual Is about 200 mcrons, but may be larger or
smal | er as ndCBLY E"‘;‘”?yr'ﬁ\&'ﬁﬁ gs thpetal gareg pdaxar &f metall usugdly sappejh t o

accommodate ajgicdliits 4 5¥Rk%o ARRUHEEES &F thé fon dREPéIj[%chcoré PPemiifgent 1nvention

flon-n
wi t hout the hohes becom ng qbstructed. The 15 center-to-center spacing of
the hol es ty@FPERP] sPndeicinlyyTHiplayes efmetel apwell as that@aplied inrstgp 08) | ar ger or

smal | er as neaassaniedbpcsfitHibiartaridiiifiof ERMoROGy %gécflrg%lggl'g;f higy es per

square inch (77.5 to 1,550 holes per square cent
el ect r odeposiMei®)v@pepaerasificndrpoiifues eiectieless platingi andypizally h@dabel ow can

be el ect r opheyigkiesa bt Sro@PPld ﬁﬂn’ﬁ&oﬁé‘e el ectroconductive core. The applied
vol tage for el ectrodeposition may be varied and can be, for exanple, as

low as 1!0olt to B RAraigdmetel edral istmeantarestoshest havingtayplitityl of bet ween
anper s per Lot VESapertl BegHER Mibialst i fainkier B HERDIRL I AIRELY ) “hna”
25 tends to @beuteddanigranisnhuney bedargposi maller imsdiccessany providédthant i on of
horein. in SRoiaRcR Flarge i B acolitBRaRR ALthelsieis Srelfiaie fi mor
coating is nmeeeesaof thelpresant ivention witheitrige holss hetamirigadbsirugteid! dhe
o st BTSRRI S MR S GuA AP REb Bl S £ ¢ e
coating has bayisempay kel ldigerdrantalledepostdssary. Viatdehyiny €an fangk frohher mal |y
cured at el C¥ah ?@16,56@ 'ﬁ%%ts%re?gqﬁgrg%é}g(ﬁrg trg 19,890 hgleé %er square
centimeter).
Any of the electrodepositable coating compositions described in detail
20 below can be electrophoretically applied to the electroconductive core. The
applied voltage for electrodeposition may be varied and can be, for example,
as low as 1 volt to as high as several thousand volts, but typically between 50
and 500 volts. The current density is usually between 0.5 ampere and 5
amperes per square foot (0.5 to 5 milliamperes per square centimeter) and
25 tends to decrease during electrodeposition indicating the formation of an
insulating conformal film on all exposed surfaces of the core. 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 conforms to the
substrate topography, including the surfaces within (but, preferably, not
30 occluding) the holes. After the coating has been applied by electrodeposition,
it typically is thermally cured at elevated temperatures ranging from 90° {o

9.



20 Decenber 2006 300C for a period of 1 to 40 mnutes to forma confornal
dielectric coating over all exposed surfaces of the core. ﬂﬁDﬁ&QM&QZB@B
understood, that for purposes of the processes of the present 1nvention,
any of the el ectrodepositable coating conpositions 5 (described in detai

bel ow) can be applied by a variety of application techniques other than

el ectrodeposition which are well-knowin the art, for exanple, by
roll-coating or spray application techniques. In such instances, it my be

desi rabl e t o3@d°€piar a admedmrmosmtrhiaﬂteaﬁo forghecontfemshal dislbiifls ceatimigent . Al so,
for such appg\llcra%tl]li Qns qs e re5| us_binder may or may not include 10
sol ubi i zi ng”%F WETPPEFT 5 eﬁcﬂ %8 anines to formcationic and anionic

salt groups, reslpel@:buldebmnc@l‘seogﬂ e e LepsRBLIf fige pocBEsastiftigs m t hi ckness
and often can be no 50 m crons E ually no nore than 25 m crons,

and typi cal | §ERBNHBYRD ‘H’?aﬁ”y Qgthﬁlei‘?'céfﬁge"%'tﬁ aF'P@ FPTRPEARSss i s desirable

for a varfet isdeetnﬁmmm.sul tEé)éw &@waﬂbn@dbﬁ,«éﬂifﬁieﬁtﬁbf éﬁplfc‘caﬁéd ng having a | ow
filmthickness, all ows for sma scale circuitr a coating have a

| ow di el ect r fe€hpigHes affter than %l?%f&@eatlorawaw)araw%@%n the aitdpectric
coating havi ggarhPuesy fdutcfaaft.hg %ka@%@ aPPitafibA fecHMidle] 4&%@%@%@&&’% coupling

bet ween adj acent signal traces hose skilled in the art recogni ze
that prior t@eyhe C@%’@P'ﬁdﬁ REpRare he campgsiiancttigher sesin I&@h‘iﬂ egingartr i c

coating, theaggr@yrauth %ﬁlﬁﬁé(n@fhéﬁe%ﬁoﬁybﬁgie?maﬁl i SEndigpared for the

application of the dielectric. For exa , rinsing, and/or
t r eat ment0 wi $9jukilizing ﬁége'diﬁalﬁmrﬁw@rarp#ammeﬁéofcmmatloalclam aforihealtii el ectric

may be appr ogilit Gesdbdi§bappl i cation of the dielectric coating, the
surface of t gg%el g@%r?cy 25 coating is ablated in a predetermined pattern

to expose one or s @elgstic epading ésf oftundoimn thickn8as andioftanican beywircalel y i s
por f or ed i3 o8 RS, Bbudl 1 Ao G4 ERLIAR2lnd GRRAINHSSrorl Har P! ©

mechani cal drilling an em ca
Met al | i zati ofP ngcrp@aafarlwer fiit thicknens Ialdeataixbmfm’taaparbyy a‘pphgonsg Forl ayer of

e eore!d RS AR A I DU BB B, o
suf ficient cesddRicirduitey. plsopacoitbw haﬂaa ivetditlectsicteppstant (ag digepbseat by
el ectropl at i oy a5 2f¥s RirReiclectric coating having lower film thickness and also
minimizes capacitive coupling between adjacent signal traces.
Those skilled in the art would recognize that prior to the electrophoretic
20  application of the dielectric coating, the core surface may be pretreated or
otherwise prepared for the application of the dielectric. For example,
cleaning, rinsing, andfor treatment with an adhesion promoter prior to
application of the dielectric may be appropriate.
After application of the dielectric coating, the surface of the dielectric
25  coating is ablated in a predetermined pattern to expose one or more sections
of the core. Such ablation typically is performed using a laser or by other
conventional techniques, for example, mechanical drilling and chemical or
plasma etching techniques.
Metallization is performed after the ablation step by applying a layer of
30 metal to all surfaces, allowing for the formation of metallized vias in the core.
Suitable metals include copper or any metal or alloy with sufficient conductive
properties. The metal is typically applied by electroplating or any other
-10-



-10 20 Decenber 2006 suitable nmethod known in the art to provide a uniform
nmetal |ayer. The thickness of this netal |ayer can range f

mcrons, typically from5 to 25 microns. To enhance the a% g%%%ﬁ%gégo%e
netal layer to the dielectric polynmer, 5 prior to the netallization step
all surfaces can be treated with ion beam electron beam corona discharge
or plasma bonbardnent followed by application of an adhesi on pronoter

| ayer to all surfaces. The adhesion pronoter |ayer can range from50 to
5000 Angst r osmitabie mietitottkrionsi ibahé drtite peovidied ahifern metadlayexi Wiee sel ected from

chromum ti}a keI obalt cesium 10 _iron, alumn copper,
g0l d. t ungst ERERaHE® of i st e egrk el i ade Soii-ge typislhetrom 5
metal i zat i otd 2@m‘@5nﬂous phot osensitive | ayer (i.e. "photoresist" or

"resist") can be ] ed t net al |oaI rior to
app! i cati)on of t ‘ggBiﬁ%ﬂc@r §|a§’ﬁes'?'P18fW§t'é‘Ptlal 'Eéﬁ”@db@fﬂ%?‘éﬁ%aﬂy'ﬁércl eaned

and/ or pretr gadrad;thd heallizatiohs@H AfsuMacBs 88n B@'tféa?éc?\nﬁimontt%a'iﬁmve oxi di zed
nmetal. The resipou phot osensitive | ayer can be positive or negative

phot or esi st . SkREON ﬁ%’i“oF%@Fétd‘ﬂCB?@ﬁQf Srﬁ‘éﬂleoﬁb@m"@m&i@wedrbgﬁ ng from1l to

50 mcrons, bMBIcERbE bf afl bARkStol ProARdl YN il AHaCA iie ARRIG( by any
nmet hod known to those In the 5 ot ol 1t hographic processing art.

Addi tive or @wqtablﬁyerecaznraﬁg@ér@ahfpw tr@ms ﬂb@klﬁf‘édymlgalblrl@ate t he
desired cir CHieiat%@He%Fb%de sbAEPHBAIFOMILAE tﬁ’irﬁ Pr‘?: Bi&l?élt ?ﬁ%ls %éué(@kr esins
S ar

i nclude any of those known to practitioners anpl es
i ncl ude &9 ni redRAWRIAUM, fogRRe, 6aldl tupesizmand zing and alloysoans diides osed in U. S.
Patent No. 5u4@Q4,035, colums 3-15. Such resins have a high degree of
photosensitivity. |In one 25 enbodi ment, the resinous photosensitive |ayer

i s a conposition Aterpneilizgtien, adeﬁnou&bmt{aWns‘itmdayerr(m "obbtprasist” oy pi cal |y

Byer compri dett [an b8 aPpREBIR heBTaEL ERliopdishe IR og 7= 1 Ve
di ni t r obenzythefphateresishithe p@tq}lmedtslmha@atamﬂnd:e c&epmneﬁ-mﬂmq:rptvéaﬁeé;r such as
N Pest LB, el AR 0 el R Bioke DA Rl

photosensitive layer can be a positive or negative photoresist. The

photoresist layer can have a thickness ranging from 1 to 50 microns, typically

from 5 to 25 microns, and can be applied by any method known to those

skilled in the photolithographic processing art. Additive or subtractive

20 processing methods may be used to create the desired circuit patterns.

Suitable positive-acting photosensitive resins include any of those
known to practitioners skilled in the art. Examples include dinitrobenzyi
functional polymers such as those disclosed in U.S. Patent No. 5,600,035,
columns 3-15. Such resins have a high degree of photosensitivity. In one

25  embodiment, the resinous photosensitive layer is a composition comprising a
dinitrobenzyl functional polymer, typically applied by spraying.

In a separate embodiment, the resinous photosensitive layer comprises
an electrodepositable composition comprising a dinitrobenzyl functional
polyurethane and an epoxy-amine polymer such as that described in

30 Examples 3-6 of U.S. Patent Number 5,600,035.

Negative-acting photoresists include liquid or dry-film type

compositions. Any of the previously described liquid compositions may be
-11-



conpositions. Any of the previously described liquid conmpositions may be
-11 20 Decenber 2006 applied by spray; roll-coating; spin2§gﬁgﬁﬂgﬂ2006
curtain-coating, screen-coating, imersion coating, or electrodeposition
application techniques. In one enbodinment, the liquid photoresists are
applied by electrodeposition, usually by cationic el ectrodeposition.

El ectrodepositable 5 photoresist conpositions conprise an ionic, polyneric
mat eri al which nay be cationic or anionic, and may be sel ected from

pol yesters, ppbhed & Samgsioll-cvating; ispih-catig PElieReshERs scﬁéﬁf&bﬂﬁ%ﬁ
phot or esi st SH@‘E‘% l.ed b iy on(gc | ect.r odeB@m tion are shown in U S. Patent
3, 738, 835. PHAYEFEYT spding, of 8’“0%%}30@5%&'!? caticp deshiisssi tion are
described in U. S. IrRatesinbédmsht, b6 liqdid pﬁzsmmé.iﬁ@aeéasﬁikdf%) m phot or esi st s

i ncl ude thoselﬁc‘i:%‘r?)ﬁl osed in U. Pat ent s , 469, 982, 378, 264, and

S. i 3 )3 .
4,343,885. Df PRI Usuplly; by catignic\gleciradeposifien rieciwdepesitablée sur f ace
such 2 by apRboAastQnmiostehs cobASS an NI plfertd Sr @AMV Of (e

phot osensitive_|layer, the multi-layer substrdate nay be pac this

poi nt al | owi Rg!iqMir Of ARIRBISoRRd BIRY bisrssiacied figm prlyesterarolwirstbenesnt steps at

a remote | ocakiypes, ahﬂ_ﬁ]ye%m%é.n@iﬁmﬂ%s Bh&dt&ﬁé%ﬁfté Qﬂaueafbg%rni&rﬁ@

phot osensitive | ayer is " applied, afg ot o-mask having a desired pattern may
be placed ovE&lectrRiergsifiaroarersdiownie U.SyRatealnti 785835 aPbpistesistb epplide exposed

to a suffici spkatieneticRiraagncutin b Gesattictlih UlsSPULLPa shyRlygal | v an actinic
radi ation source. As used 20 herein, the term "sufficient’level of

radi ati oh? r Examplesefidigfiln eheforesists inglugeitorse dibtlosediol .8 Patends t he
mononers in ghegrayd atd re3s rh ). Qf tive acting
resists, or v\)nhl?ghg%(c%’e:i}iodg?B ;Er@;( ?gég"%t‘l%é&%%bl%’ﬂgﬁmirhgﬁﬁﬂ%@sargﬁg%agﬁl yner nore
sol ubl e in t lxnigaied asto fessurfage such andy mpplication ofhosrollesul ts in a

"adi ati o shi el dejosenat S Abfledudf o B BB B RE R e i exposur e
to the radi asilirats oaydee packagbe at thiscpait allolvdny far adepoet ameptosssdiey
hot osendt 11 Soriis H¥eRlen it aG e IGBIR . one of the underlying metal
| ayer. The netal loraroemsbedintmt otthetimentibe, aftes tiesphistbsgnsitheddyertichant s whi ch
convert the ggiply L QRS- flask having a desired pattern may be placed over the
photosensitive layer and the layered substrate exposed to a sufficient level of
a suitable radiation source, typically an actinic radiation source. As used
20 herein, the term "sufficient level of radiation™ refers to that level of radiation
which polymerizes the monomers in the radiation-exposed areas in the case
of negative acting resists, or which de-polymerizes the polymer or renders the
polymer more soluble in the case of positive acting resists. This results in a
solubility differential between the radiation-exposed and radiation-shielded
25  areas.
The photo-mask may be removed after exposure to the radiation
source and the layered substrate developed using conventional developing
solutions to remove more soluble portions of the photosensitive layer, and
uncover selected areas of the underlying metal layer. The metal uncovered
30 may then be etched using metal etchants which convert the metal to water
soluble metal complexes. The soluble complexes may be removed by water
spraying.
-12-



sol ubl e netal conpl exes. The sol ubl e conpl exes nmay be renoved by water
spraying. -12 20 Decenber 2006 The photosensitive |ayer pﬁ@f)ﬁ@etrﬁbetr%(}
under | yi ng substrate during the etching step. The remai ni ng phot osen3|?|ve
| ayer, which is inpervious to the etchants, may then be renoved by a
chem cal stripping process to provide a ci rcuit pattern connected by the
netallized vias. 5 After preparation of the circuit pattern on the

mul ti-layered substrate, other circuit conponents nay be attached to form
a circuit assenbl Vhe phdidsensitiveliaysyppoteetsttse undényitey sifetraxdumplgghe one or

nore smal | er osponent.s. such as sem conduct Qr, chi ps, interposer
| ayers, | argetr%ﬁ@lgeﬁtzﬁ ﬁrﬁ?5%?'n@gp@toﬁﬁnﬂﬁ‘(%@eb&§\'%%‘sé’ﬁﬁg%ﬂ”?&‘éw passi ve
conponents. atmhantshmaylﬂenbémm@mrw alelﬁi@lnical $thieping Pﬂfﬁe@é kPproQidetane circuit
assenbly may 'F tpr ar ed |a e _steps of the process of the
present i nvefitq 'Héﬁfrf%mh@g F‘F ¥A&d using conventi onal
adhesi vesy sur f aCEftémrebal’faﬁ@thf tﬁa%&cult péttcin bArE: ﬁﬁlltﬂfayéllédeLﬁQtrﬁtet echni ques.
Hi gh via dens ircuit assenb Z repare in

a

accor dance V\P 'ﬁ%‘“tp‘?qé‘%%‘menksrméﬁgﬁ8%51%@“-?%\%0'%? Gireyibagsenlact ri cal
i nt er connect AdditionattiotiPonehtd iedli ) 3br SBhpTe, el diendta chAlessddle t he

assenbly. I n another enbodinent, the present I nvention 1s directed to a

process for “P'HBPRSUS SHeh a8 %‘?W@QP‘?UC&@% nterpapen layers, larger sealps of (1)
providing a &ﬂftﬁi car&é’@hm@&e@ﬂdar@g ahl @chiEyf Béé%iv\é cﬂ)ﬁﬁ{g\bp Rd NRE #\atcor es;

(rr) prOV|d|n phot oresi st, such as an of esl st
conposi t tbnsin ge$qr Bé‘ée‘éﬁb\hé pr%ﬂara@ﬁre@féhepmmb@ssenm meydbegpnepdredsur f ace of

the core; (! uélh% applopriags st@ﬂ@&ﬁc}ﬁéﬁhﬁfetgg Ibf:ﬁ'l% gfeeém Hthen{(ﬂ*g ELS’@BF\ ggposi tabl e

coating conpositions describ ow over cor Step (11),
wher ei n t he ®@¥trfitachedpsivg cpoventionalashesivesl seirface rrmunbteehmqaesy over all

f f t
Cher aon: (1 V) boRiRa ey IR Efblchhighos HERA BT Mol BBHECS i on
under the cuf§Se§dvRtEParerhis acgerdantdwith dsopresent invemtioa adiuwetbrmm‘bor mal
dielectri< | agekicMeterd ne§t§rﬂfoﬁ??@?Rfffunétﬂ?laf‘\’&ﬂf%@)iﬁﬁﬁ%glgt tgrl? it ggaé;ggfl bed

havi ng t he photoreS|st t hereon; remnovi n
above, to foR¥REERY.rcuit assenbly having vias

In another embodiment, the present invention is directed to a process

for fabricating a circuit assembly comprising the steps of (1) providing a core,
such as any of the previously described metal cores; (Il) providing a

20 photoresist, such as any of the photoresist compositions described above, at
predetermined locations on the surface of the core: (Ill) applying
electrophoretically any of the electrodepositable coating compositions
described in detail below over the core of step (II), wherein the coating
composition is deposited electrophoretically over all surfaces of the core

25 except at the locations having the photoresist thereon; (IV) curing the
electrophoretically applied coating composition under the curing conditions
described above to form a cured conformal dielectric layer over all surfaces of
the core except at the locations having the photoresist thereon; (V) removing
the photoresist, as described above, to form a circuit assembly having vias

30 extending to the metal core at the locations previously covered with the resist;
and (V1) optionally, applying a layer of metal, usually copper metal, to all
surfaces of the circuit assembly of step (V) by any of the previously described

-13-



30 extending to the nmetal core at the locations previously covered with the

resist; and (VI) optionally, applying a | ayer of netal, u |
nmetal, to all surfaces of the circuit assenbly of step (V?ygﬁ&%ﬂﬁggﬁgéhe
previ ously described -13 20 Decenber 2006 nethods for netallizing to form
metallized vias extending to the core. In a particular enbodi nent of the
present invention, prior to providing the resist in step (I1) at
predeterm ned | ocations on the surface of the nmetal core, a |ayer of

netal , typi qabihpds apmastaiiRinglto forfn MmeRillized vidd dxtendifg &) the@ofs. M dhe

el ectrodep05|at£bl e coatdj_ng conR05|t|ons sui tabl.e for use |\r11 any of the
previously df CHidrgMbe g¢! gLefd EBFﬁﬁel“E@V‘amﬂ%PHBUQ RsPydingd %Efe%gé'a. in an
aqueous nedidp (IHR preferaitedRREForRUEItheSRPfacé 8) thametapedrbesl layee bf ve.
hydr ogen-contaj ning, ionic salt group-containing resin; and (b) a curing

agent reactPg@hiyriealyiroraet metal g apBlisshie the metdl cotsin (a). 10 In one

enbodi ment of t herny @sQRIdchBYIRMA B8htinghBRSIHBAY SUIRIAS BriRs iRangeval ent |y
bonded hal ogen content based on total "weight of resin solids present in

sai d resi noube prRdeuslydRCyssae IPERSISSCONITSE S Nepipaus phase disperseddsi t ed and

cured to for ki 3 ' : i ce testing
i n accor danczfaH %ﬁ&@&é%ﬂg@@%ﬂ&ﬁiﬁ%&% e e%fgsr%'i(%:i %gﬁg%"ﬂ%ta éﬁ%ﬁ%f | ess

t han or equdiydregedi-gmtainingsienid salttgroumgentsiningresinaand ¢r) a punngosgantof t he
present inv ' By - en" is meant a hal ogen atom
that is covgjlaé%ﬂéyw@c{)%hgg%\ﬁg%ﬂg%'%éggggfi@garg%g? gen ion, for exanple, a

chl ori delli on i n dgwpegmnbodirnentet theTpresertshventionpthasesiobus pease has a

el ect r odeposi ' L ; L pygenti on can
ave. o covalShery o AL apgERasEh kel ol BB BPERY sdiE", 0 O
usual | y at |mrasentan seidgbsinpes please, sushttbat vhter! thasompositiendght percent, and

of bt r odopos PARTPR b RS Rt Cupd b e SER P RAteF B2 an have
coval ently besidtichdésiygrn ecrdrdanceowith H3G- V850, Shdteisghtiiefeetrivcent , 25
e, S P s R0 ol B3R AR o e
el ect r odepospurpbées afdht pregenbinpersticni, by “coavaldndy opdexbhalbgen”l iy nmzamtad
hal ogen conthea 5ge\zl\r’1h citt%Pn fat’ isrc%ggleenﬁye Bc\JArlxecFerc]i gsngpp%%e I’:c:on g%iai)o%egfior%, grs e values,
example, a chloride ion in aqueous solution.
The resinous phase of the electrodepositable coating composition of
20  the present invention can have a covalently bonded halogen content of at
least 1 weight percent, usually at least 2 weight percent, often at least 5
weight percent, and typically at least 10 weight percent. Also, the resinous
phase of the electrodepositable coating composition of the present invention
can have a covalently bonded halcgen content of less than 50 weight percent,
25  usually less than 30 weight percent, often less than 25 weight percent, and
typically less than 20 weight percent. The resinous phase of the
electrodepositable coating composition can have a covalently bonded
halogen content which can range between any combination of these values,
inclusive of the recited values, provided that the covalently bonded halogen
30 content is sufficient to provide a cured coating which passes flame resistance
testing in accordance with IPC-TM-650 as described below.

-14-



I nclusive of the recited values, provided that the coval ently bonded

hal ogen 30 content is suff|C|ent to provide a cured coatin

flame resistance testing in accordance with | PC TM 650 asgdgggég%ﬁgﬁge | ow.
-14 20 Decenber 2006 Additionally, it should be noted that the covalently
bonded hal ogen content of the resinous phase can be derived from hal ogen
atons covalently bonded to one or both of the resin (a) and the curing
agent (b), or halogen atons covalently bonded to a conpound (c) which is

di fferent from angditidha8panéhciid Be potERIGNEthe icova BEtlY ISHdeaUmlggense of the
el ectrodep05| t abl e coat| ng conposition in ci’;lgdlt n to the resjin }a) and
the curing ag¥fentafshe reatnqys phase san kesiguve Pmﬂl?ﬁ ogiE ceMRlepiesent

i nventi on, fﬂa@vmdrtssinétca%m bﬁhéeéélﬁqla 'dhd&ﬁé@ﬁﬁ:@ﬁﬁ*e:ﬂ(bﬁ of Relogdh 650, Test
Met hods I\/anual Nunber 2.3 Iamm | am nate", Revision B,

avai | abl e f r@eMmsrovaiently hgw@cht%a BePMPpaRG @ﬂ)%&’i’t'? difezent fioge RAGI ng
El ectronig %Fe%éhtta%aggr%ﬁoﬁérﬂqﬁﬂ% reSPRts phesd Bﬁh@%‘fectrbhébé‘é?ﬂaﬁ&e Wen the

el ectrodeposi tabl e coating conmposition describ above is
el ect r ophor e€9atiag|opmposidientraddifien &Jﬂ@deﬁ'ﬁ (#‘bﬁﬂﬁ hecyried agentfby-as descri bed

in detail belowas ngéus%‘éﬁ%o%'fﬁ}ﬁﬁ@og 8B F%‘r@éﬁ‘ﬂrﬁrbﬁu&f’@@ﬁ-@t of no nore

than 15 3.50, often no nore thal no nore than 3.00, and

typically noresiatancetis tgsted Boaccardagice Mt IE’GrEM-Qﬁol, restyeibans WMangsl a
diel ectric | @ﬁﬁ'nbfe?ﬁti%o‘fo g n‘?ﬁ!:ﬁ%%@ﬂaﬂfna?é’fuﬁ vaglﬁn%,%%aﬂ%%f’rbﬁlr% thk€ss than or

equal to 0.1 and can be | ess han or eqlia 01, ctric
material 10 s bstiie cldnttucarinegting bed Eﬁ@@agﬂﬂg Elestibaicdrircuithe2213@andieed ectri c

constant” isg ?Q w%g&kqmﬁag_re of the ability of a dielectric nmaterial
to store an electric charge he dielectric constant is directly

proportional to t\hléenﬁpmeﬁebmmoaﬁaidermamg mmpcwﬁimmessaih@d abexe ishe
e arcr er B, kb S AT R et P b oo
di gi tal wher get2B behnw)ptﬂpmrdob&ﬂneeamma\amaefwtrmcmsthntoﬁmo ngse Hram critical
oper ati ond ae PIT SRR sty Pri Al B BB Bu AW BRHO BE e “ana
i nt egr at ed cimocalthah 2>80.mMAlso] thel ayed filns gpidally has aididectdolyss factor sfpeed
bet ween i nt e%ss heagn oCrI éq%%\ Eoso.bi, usually less than or equal to 0.15, and can be less
than or equal to 0.01.
A dielectric material is a non-conducting substance or insulator. The
20  “dielectric constant” is an index or measure of the ability of a dielectric
material 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 dielectric constant of a material is reduced. A
low dielectric material is desired for high frequency, high speed digital where
25 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 circuits is
reduced by this capacitance and the power required to operate is increased.
30 See Thompson, Larry F_, et al., Polymers for Microelectronics, presented at
the 203" National Meeting of American Chemical Society, April 5-10, 1992,
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reduced by this capacitance and the power required to operate is increased.
30 See Thonpson, Larry F., et al., Polynmers for M croelect nt ed
at the 203 d National Meeti ng of Anerican Chem cal Soci et 36) &g&“‘f&g%%
1992. -15 20 Decenber 2006 The "dielectric loss factor” is the power

di ssipated by a dielectric material as the friction of its nolecul es
opposes the nol ecular notion produced by an alternating electric field.
See |I. Glleo, Ken, Handbook of Flexible Crcuits, at p. 242, Van Nostrand

Rei nhol d, New Yor fihé ]cﬁglé?:tnc% @cl%mgthe]@&?@r dissnﬂét&@[)g qggleéiﬁgr a A Hughes,

Handbook of Pol yner Coatings for Electronics Noyes
Publ i cation (Tedoipl ag dhe fictien af It%molequﬁsmp@esmmolec@et modjommterl al's and

di el ectric C?ﬂﬁﬂ%@& bg&ﬂrqlﬂ%{éﬁﬁ ee?eé?rfl? ﬁ%ﬁe@régsfe@ﬁleb W&Ptl-laﬂ_ﬂho&pgf dielectric

const ant of cur ectrodeposi coatin det er m ned
at a frequen&lexitsle Crouils, mbgalds, t\éﬂnd‘imstgindllhlmhmmew é(@tk (mé)iaaee

spect roscepy par li cation of

t he el ect ?odg%%éfl?%%gwsucgpgggggma Q‘t%@@%sti_{éﬁdb%’ equent

curing to pr éoriklectroniss; pd. 1114—&8929[’3@ Noges Pobfidadion 1¢030) ffod ardétailekness of

0.85 m 20 ntlrreterfreefllmof the cured

dielectri ((: cg%?" F%gg]&lg gﬂﬁ%rec@&?fﬁ%tef %Igaaf@ @eﬁg@p? 83%%% cell with 150

][n L1ili tﬁr s of el Ecrtmurbcﬁess m‘dha?reflﬂggt lhvélhtmgh)e cﬁeléctnaldoﬁmdt bﬂh@qui |di bLat e
or one hour Raten 0 t he sa e

i mpedance .sCH@QSu?%d’dPPSﬂ#a%l'%c%aéﬁ‘ar?é’mpst'BR g'%(p{rgmeg aLgfEqy ”?ya ge. The
met hod erpl oysnegqaiea'zlusnmejeetmanbmlwmmﬁedspeamcoﬁwakwuoaﬂsectrode and a

ec

| t [si] hl or i de ref 2 Th
i eect 11 c.const alR BrATISSERIES BSRPIHY SPRIGE By At fos B rotaasihtil ng t he

capaci t ance abmpositgaties tel dudetiaehand zub@qden‘ﬁ%dﬁlﬂg&d provie a 8@ledi Ng t he
foll ow ng eq measur ed capacitance at

di screte f real?i%cg&ﬁ fqaﬁlnggagwg)a%hfcgne%oftq\@ %r(?rg@?\ﬂ"??’@? R space

(8. 8541878173;al)are/ésehﬁméfmf@éﬁmh%fﬁfeﬂalré@alel&ﬂi@écfatlﬁgrﬁ Fg@éﬁmlhgdbi S tPed
snou e note

fho. valubt {BRopEEaee col bt B obaiopRO R orioac1 M SRGIHand | 1 t he
claims is thalsed Radduiibraeist &Y héle! AMAO petedsial of 100mV is applied to
the sample and the impedance is measured from 1.5 megahertz to 1 hertz
frequency range. The method employs a platinum-on-niobium expanded
mesh counter electrode and a single junction silver/silver chioride reference
20  electrode. The dielectric constant of the cured coating is determined by
calculating the capacitance at 1 megahertz, 1 kilohertz, and 63 hertz, and
solving the following equation for E.
C = E.EAM
where C is the measured capacitance at discrete frequency (in Farads); E, is
25 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
specification and in the claims is the dielectric constant determined as
described above at a frequency of 1 megahertz. Likewise, values for the
30  dielectric loss factor as used in the specification and in the claims is the
difference between the dielectric constant measured at a frequency of 1
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descri bed above at a frequency of 1 negahertz. Likew se, values for the 30
dielectric loss factor as used in the specification and in S
the difference between the dielectric constant neasured a%éhﬁféé%%gﬁgg of
1 -16 20 Decenber 2006 negahertz as descri bed above, and the dielectric
constant for the sanme material neasured at a frequency of 1.1 negahertz.
The el ectrodepositable coating conpositions useful in the processes of the
present invention conprise as a main filmforner, an ungelled, active 5

hydrogen i onlme@‘r@m-ascuus%hﬂémﬁb&}ee%hﬂ ﬂ@@@@bﬁr%@oﬁsfaﬁ?fd? tﬁ@%am@‘ wi de
variety of el ectrode%ﬁtsgltabl | mform ng pol yners are known and can be

used in the 'BFENRLBERTESS ALB r@%%‘?ﬂﬁqu EB\%BB?"M ons of the present

i nvention so | ongTag elddi@dBpbyitapls I &dapt ed
to be sol ubil hzed dIeS er seg or ecr:%{t@? %E%%lﬁgﬂ&iﬂgéfﬁf atﬁe aéjlcegse I spersible

pol ymer is i dhe Er"ﬁ‘sﬁ”h‘ﬂt’ﬁ'ﬂf@“ GanaRrisecRs amajri@mpioryes ancmgetentaative ani oni c
functi onals grgHRyehJohiBRAGp- rﬂ?ﬂﬁ’ﬁb'éf@ctro‘&%‘é?ﬁbiqre%ﬁ}t(bﬁbhgt/l&éj%ﬁét naI
groups to inpart a positlve charge” I'n a par

present i nverff Elstroderositablefi lmafprrelaﬁpplyg‘@ss et krowircaightan beuserpin, thas uaI ly

cationi ¢ am Rfecidkbp &hf&‘ﬂf@cq ECHH%%@S c()jf tﬁe'ﬁ@é.étnt rpgp{ (ﬁri%cgr%\?ar S

substanti al | y free of cross ave an in PLosi ty when
di ssol ved i n'the BRlVgKs @Fes'@-ra;b%rrd@pﬂsbledeleerad\ap’adl toﬂmrscmtalmkiedlspersa@cor dance

wi th ASTM DL 9 2 nRfisifes| MV%%A'?The wgfer d@i}é}srﬁt{},\gol\éﬁfe??ssllotaé i og W%&E}??ﬁagal on

pI‘OdUCt is an indication o ecu
product, 18n tihdhepelgmengad costaincanionic imctibnad gsarsi talihpart ianfdgativee! y hi gh

nol ecul ar V\Blcgg‘tg,e :Wclalu ng\rﬁ&bﬁgah@rg{l St'f)cimél COSI tl}é’ﬁtq%grqh%ﬂrﬁ p@grttzgzglargeasur e.

As used herein, a reac
crosslinking "emisdimenttad tize pesehi ioventiondihetresingd) dusprisesiatibihic axlr age

Tose than 10600000 dBRoNE el SERABPR”  he term pol yrer - i meant o
refer to ol i goner By “@igelled” sohdarttth®psingree Suwdn@a]?(ﬁe)élrﬁf@esshlﬁvﬁgﬁsf stat ed
oLer b 535 kA5, 8 HEL R B R e ] B s i
chr onmat ogr apkigteusined, for exatpsd, i atrédrred@thtASTMaD1 205 of KSPRILDARG. manner .
The intrinsic viscosity of the reaction product is an indication of its molecular
weight. A gelled reaction product, on the other hand, since it is of essentially
infinitely high molecular weight, will have an intrinsic viscosity too high to
20 measure. As used herein, a reaction product that is “substantially free of
crosslinking” refers to a reaction product that has a weight average molecular
weight (Mw), as determined by gel permeation chromatography, of less than
1,000,000.
Also, as used herein, the term “polymer” is meant to refer to oligomers
25 and both homopolymers and copolymers. Unless stated otherwise, molecular
weights are number average molecular weights for polymeric materials
indicated as “Mn” and obtained by gel permeation chromatography using a
polystyrene standard in an art-recognized manner.
Non-limiting examples of fim-forming resins suitable for use as the
30 resin (a) in anionic electrodepositable coating compositions include base-
solubilized, carboxylic acid group-containing polymers such as the reaction
product or adduct of a drying oil or semi-drying fatty acid ester with a
-17-



Non-limting exanples of filmformng resins suitable for use as the 30
resin (a) in anionic electrodepositable coating conpositi aliepeghpse-
sol ubi l'i zed, carboxylic acid group-containing polynmers suc as t e reaction
product or adduct of a drying oil or sem -drying fatty acid ester with a
-17 20 Decenber 2006 dicarboxylic acid or anhydride; and the reaction
product of a fatty acid ester, unsaturated acid or anhydride and any
addi ti onal unsaturated nodifying materials which are further reacted with
polyol. Also suitable are the at | east partially neutralized interpolyners

of hydroxy- aIk ters, of tura box ci.ds, upsaturated

car boxylic %'bgﬁﬁ'caﬁc“il g5ay % Qeoi‘qfﬁtge r%@cﬁ'{cp g@-&ﬁp B’aqqdfﬁgﬁﬁ nononer .
Still anot hemnmmml @cn@beamﬁmﬁ@%utaabla@ldmbﬁéuuhsgﬁﬁ@t@u&ﬁadl 0

al kyd- ami nopl ? f1 l& a vehicle cont E?I ni n resin and an
ami ne- al dehy @@ Grigls whic ﬁ&?ﬂﬁ”ﬁ’eﬁﬁ‘%‘%ﬂ Withy Rl el; (As%ﬁ@%b?%@'@dﬁg AtlgBf resin
conposi tion saaly Mrdrké@ﬁmt%b@rhﬁsr@& I*?yd"r&g‘-élgﬂ%s@s Bf)bwé%lturat ese

conposi ti ons descri bed dét ai | u. 49,657 at col. 9,

lines 1 td 7@%% 'E(ﬂ‘”dslénsqti”r"f’é%d qarp@xyigac@qnd(ﬁt I@ﬁﬁt@ﬁe&ﬂ@r herein
i ncor por at edethylehf%? Qﬁ@&ura@.d‘%n%éﬂ ét‘ﬂnﬂ{dtﬁ’é]% ltaﬂlh%tl%dﬁﬁ&ﬂ%b%o be used

such as phosphati ze yepoxi de or tized acr ners as are
wel | known t@smrﬁ%@rﬁﬁsla%ﬂkY%aWH‘@P!ﬂSiVefﬁ@Gd itg. @Whlyle ogutaurwm anfor use as

15 the resin [ ndent car banate
functional garllgiﬁa g&a%?@%rﬁ@gigdlﬁéb% ose g‘:c%ﬂﬂ%l Eﬁg(ﬁgﬁfent No. 6, 165,
338. In one @aﬁtmdﬁmoaktaléﬁmn pempogtion emnpmswenmeﬁ eotens pbaesinnusact i ve
hydr ogenl@on;sag,(g]eFrg.eg%b&pﬁhﬁsﬁg9 SRR AR S2Pal Ngeal ! oni ¢ and

capable 20 of osition on a cat h i ng exarr;?l es of such
cationic filB/#BERY@Gcekdi inesi hiol Thdenchedlnt), $ines 1de dApaltofiwrkicmarey r esi ns

such as the pghtlin &Jpdet%d Bgﬁ?fhpe%%' Bithdt. %%hétl@&éB&%%P@%\dﬁggand primary

or secondary am nes suc 098 deser ib 663, 389;
3,984, 299; 1% o 988 asanlabSDhQﬂﬂe@mﬂyemwaldr)p,hos;biweeamrym palyters

gr oup- cont ai h ked

i socyanat e c%lr {a‘%g&%ﬁ%rﬁm?% @Ee’g% ‘rg? 'hqhgggb ftfoﬁglllw\ﬁﬁ'tﬁ%%rg%%fgnat e can
be ful | ylbl obRedsiagadaechddemsing ctohmnsmbmrmrrnmrermddhh&arlﬂahateNo.

3,984, 299 Orfuh@l?orf.a? 8%@?}0? eggmp%,eth%gé degclzr%b\éd in U.S. Patent No.

6,165,338.

In one particular embodiment of the present invention, the active

hydrogen-containing ionic electradepositable resin (a) is cationic and capable
20  of deposition on a cathode. Non-limiting examples of such cationic film-
forming resins include amine salt group-containing resins such as the acid-
solubilized reaction products of polyepoxides and primary or secondary
amines such as those described in U.S. Pat. Nos. 3,663,389; 3,984,299;
3,947,338; and 3,947,339, Usually, these amine salt group-containing resins
25 are used in combination with a blocked isocyanate curing agent as described
in detail below. The isocyanate can be fully blocked as described in the
aforementioned U.S. Pat. No. 3,984,299 or the isocyanate can be partially
blocked and reacted with the resin backbane such as described in U.S. Pat.
No. 3,947,338. Also, one-component compositions as described in U.S. Pat.
30 No. 4,134,866 and DE-OS No. 2,707,405 can be used in the
electrodepositable coating compositions of the present invention as the resin
(a). Besides the epoxy-amine reaction products discussed immediately
-18-



bl ocked and reacted with the resin backbone such as described in U S. Pat.
No. 3,947,338. Al so, one-conponent conpositions as describ t.

30 No. 4,134,866 and DE-OS No. 2,707,405 can be used in tﬁﬁﬂD%&me?QO&?

el ectrodeposi tabl e coating conpositions of the present invention as the
resin (a). Besides the epoxy-am ne reaction products discussed i medi ately
-18 20 Decenber 2006 above, the resin (a) can also be selected from
cationic acrylic resins such as those described in U S. Pat. Nos. 3,455, 806
and 3,928, 157. Besides am ne salt group-containing resins, quaternary
ammoni um salt group-containing resins can al so be enpl oyed. Exanpl es of
these resins 5 include those which are formed fromreacting an organic

pol yepOXl de amdvl@ fhe rtegrnt(lagbyn arbme s%ﬂ’édted fﬁumfbamsmc%n%@eaﬁs%s&drb@@ in US.
Pat . 5.,346; and 4,001,101. 1?7 es of other cationic
e

r esi ns are t Pﬁ% ?SCFW'BM ﬁ@%amsﬁﬁ%ﬁeﬁﬁﬂéﬁfﬁ% sins and quaternary

phosphoni um sal t -g&t; [ kn U S
Pat. Nos. 3,793,278 %&O%ﬁgﬁgﬁt?r&g)zg&%?@?%?’ e L;Iét%%?o&ﬁ?ﬁ)fpi&?g?% ng

resins whi choTeUPEORaNIng resiazearcalse besmpeyes dExamplepetihesetsing Eur opean

| t d
Fbm Nanrs chBadg #e ifith aRSrafmed frofiicecffia af Blad, foifPEBR PR b boar @
used. In onéeélﬂﬁbémﬁalbfSumregmesﬁéﬁﬂeisﬁik@dtih &hS. PateNpes3,862,4§5,can
conpr i sesecongﬁgsae 4704 20895101 SRR BTLAR AORL DR 1 P MrY

and/ or am ne groups. resins are descri ' S. Pat. Nos.
3, 663, 389; 3SL9f4>WL®3931t grml:pAqoﬁaﬁmeg@eszaM &atémary pbosphoanﬁ‘n Sé!g a

o) LKyt once Bt Rl RIS SRR U P HAER oo 2o
product 1G rmuiSQB#.ﬂQ& misphcthelyd Alsaol ﬁﬂnsfpemsgdesms whaichrcurd viae prinmary am ne
ol yopox! de JAERle ety flondAesBnBs] pHEPRESh T aBRRUSE B 13FEN e | ari ne
and triethyllemesest. rlémﬂme‘recaatmﬂuddm;meﬁms poeiaradfrom Maohiohbased gupd from
5,663, 369 art dribEy gUR PR MR T2 BRR S8 B0 438 cri bed 1 oni ¢ resi ns al so
can be used In one embodiment of the present invention, the resin (a) can comprise
15 one or more positively charged resins which contain primary and/or
secondary amine groups. Such resins are described in U.S. Pat. Nos.
3,663,389, 3,947,339; and 4,116,900. In U.S. Pat. No. 3,947,339, a
polyketimine derivative of a polyamine such as diethylenetriamine or
triethylenetetraamine is reacted with a polyepoxide. When the reaction
20  product is neutralized with acid and dispersed in water, free primary amine
groups are generated. Also, equivalent products are formed when
polyepoxide is reacted with excess polyamines such as diethylenetriamine
and triethylenetetraamine and the excess polyamine vacuum stripped from
the reaction mixture. Such products are described in U.S. Pat. Nos.
25 3,663,389 and 4,116,900.
Mixtures of the above-described ionic resins also can be used
advantageously. In one embodiment of the present invention, the resin (a)
comprises a polymer having cationic salt groups and is selected from a
polyepoxide-based polymer having primary, secondary and/or tertiary amine
30 groups (such as those described above) and an acrylic polymer having
hydroxyl and/or amine functional groups.
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advant ageously. In one enbodi ment of the present invention, the resin (a)

conpri ses a polyner having cationic salt groups and is Selﬁfb@?&rﬁﬂeﬁ’%%
pol yepoxi de- based pol yner having primary, secondary and/or ritrary am ne

30 groups (such as those descri bed above) and an acrylic polynmer having
hydr oxyl and/or am ne functional groups. -19 20 Decenber 2006 As
previously discussed, in one particular enbodi nent of the present

i nvention, the resin (a) conprises cationic salt groups. In this instance,
such cationic salt groups typically are formed by solubilizing the resin
with an inorgani é\scn?e‘an%MP'@ca%%e& ¢ ratieHasemeerdivent ofdhaprasented in 5

ith an rgan il : ary i d
el ect r odeposiiivabtien haResih %&npréﬁ%?ﬂ@élﬁc §éﬂ§gﬁu§§ ﬁ{atgﬁﬁh,éighéé &pdQ actas

i nclude, but are not limted to, s amc, a and tormec

acids. Sul f ZAHNIgAalt girunsdvriealyare famesdy sduhilizingtherpsiowdth.anAl so, as
afore”ﬁ‘““O“ﬁ-’rﬁbrgér'ﬂ@o?BVg%lrﬁd‘ééiérs!?&{‘%ﬂxo'%é'ceﬂﬁéhtfaﬁ%ﬁu@ed% the resinous

phase of %he ?I ect rodeposi tabl e coating conposi can be derived 10 from
hal ogen at on§'ScHpdpRetilapleeniarasitiopst Kelitaklsiexatmg)es dfsokibitizingresidsnces, t he

coval ently baigiafh Bat Qe btGiRe i e reactant used to
formany of the fil mformtﬁgf&%gﬁé’cﬁﬁg??ﬁsaé%ﬁecgé&ﬁ%’e%dta@ﬁ&a r exanple, in
the case of Saamig amd lache scigs amnmashtéamympolyyemployeddne resin nay be the

reaction product e or exanpl e a hal ogenat ed

pol yhydric 15 pheﬁg{o' 8o SRERERRIES, BRCaRaentip boftalRSd) AN D wi th an
elo?xy ;:_orrplo[ﬁﬁ!muﬁ prewedfite elecicedapositatiié cohtirgpdom t ; ﬁﬁsitmicﬂp udyderivgd .

al ternatijye 0 .a, hal ogenat ed carhoxylic

2ci d. fol| owig EioFa A ELARAA bR cEuR oI R ERCGhdSB hor |
acid. The acrevajerlydsondedrhaldgen doatest cab bk isttebutedth adea@ahiRed kb kew se, in
t he case of |.ond roup-contai ni.n ol r, the resin may be
the reacti onfopl)”ﬁ’gédhg&tg? ﬁﬁ'z?r@?%vp'cp@?'ﬁgrdeﬁrf’"hﬁ%s%%éﬁ ohexArpple Nl ogenat ed
phenol , f ol | casenyf areaniphicrgradp-emtainingyidhirabr, GROKEINIRAKLBS thi fdlcfdh ami ne. The
reaction pro n acid, In one enbodi nent

of the pres eﬂ%ﬁ@éﬁ]ﬁlﬁge&%@j Eﬁ%‘lﬁgﬁk égglﬁé\fﬁffgﬁowq% BRJéwdiEnt ent of the
resin (a}s caphémldach asdhiotinated dnarsigipaRIdEsIsFHRBPA withtdn &tgr obut vl ene
oxi de, and "L hEbGR AN fby reattBn N he;ghoesp é>)r(|;lc,1 ggg,tor%];te;ng%vely, an
epoxy compound reacted with a halogenated carboxylic acid, followed by
reaction of any residual epoxy groups with phosphoric acid. The acid groups
can then be solubilized with an amine. Likewise, in the case of a cationic salt
20 group-containing polymer, the resin may be the reaction product of diglycidyl
ether of Bisphenol A with a halogenated phenol, follow by reaction of any
residual epoxy groups with an amine. The reaction product then can be
solubilized with an acid.
In one embodiment of the present invention, the covalently bonded
25 halogen content of the resin (a) can be derived from a halogenated phenol,
trichlorobutylene oxide, and mixtures thereof. in another embodiment of the
present invention, the covalently bonded halogen content of the resin (a) is
derived from a halogenated polyhydric phenol, for example, chlorinated
bisphenol A such as tetrachlorobisphenol A, or a brominated bisphenol A
30 such as tetrabromobisphenal A. In a further embodiment of the present
Invention, the covalently bonded halogen content of the resin (a) can be
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present invention, the coval ently bonded hal ogen content of the resin (a)
Is derived froma hal ogenated pol yhydric phenol, for exa I ted
bi sphenol A such as tetrachl orobi sphenol A or a bron1natg%5§Fgﬁﬂ%%§P6@
such as tetrabronobi sphenol A In a further enbodi nent of the present

I nvention, the coval ently bonded hal ogen content of the resin (a) can be
-20 20 Decenber 2006 derived from a hal ogenated epoxy conpound, for
exanpl e the diglycidyl ether of a hal ogenated bi sphenol A The active

hydr ogen-contai ning ionic el ectrodepositable resin (a) described above can
be present in the el ectrodepositable coating conposition 5 of the present

I nvention in | y 10 to
80 per cent by@m“ﬁﬁgg"f FReoRen o7 SOy SarrboRl B Sratiyd Pt )10
to 30 percentof ByhalrgegtateceispienohAt ot al  wei ght of the el ect r odeposi t abl e
coating conpositi ase. of . the

el ect rgdep(r)rgl t abl gﬂel%ﬁcoargrbg 90ﬁ§®| |oﬁﬂ§éc?|%ge§ ‘é@pﬁ elsw\[@)]t ion further
conpri ses (b)Ylescaead abpveagere m‘da@iteldtha)aleetmidepmutdblé b@at&@tcovnq)dmﬂd)hogens of
the ionics el I des rib Bot h
bl ocked gr géjﬁ?](i:é ggﬁgﬁég%%ﬁﬁtigiﬁg ‘%ﬁ%"ﬂ%ﬂg %Pﬂ %:me %ﬁﬂg sui t abl e

f or useI in dtllseaﬂy @ &n80 ﬂergemtbmelghi bﬁeugbtcblmtplémént BQWteﬂﬁj typi 5\3' | K
are enpl oye odi ¢ ect.r ition ast resins, ic
are conmon cu R]i%ag}&g@etﬁ’%? geé?erg%y %hqd"ég%*iPPcS%‘@b‘ae'gH]%ﬁkear e the

condensat i on gfrabmbdepssitableasviating compasiticies Wi t h al dehydes. Exanpl es of
sui tabl e am ne or ,anl d s are, mel am ne benzo nam ne, urea and siml ar

conpounds. Genera('\ls);ne tizned ARRYR, e BFinoys phes o terglecindepnsitable al t hough
product s 18an cbatlmgackmnpmmﬁnmcbfhbé prwedehydrﬁtﬁ:nﬁfumel%nﬁfr%b@ (Beh¥Ginand

furfural. I n methyl ol groups or simlar

al kyl ol gr Ou%ggﬁg%cgar@ﬁ]{? r8ﬂ %‘E@Pf' B\é‘ﬁ"g%”sd‘éfﬁéﬂ@@ﬁml oyed. Pr ef erabl y,

t hese net hyl eleo@bdap@snablé reéthé) déserbsy immeaitdhpabdd hBath b Vari ous
nohydrjc 25 al cohol’s contai ni ng rom1t04

al cohol s enpl quﬁr\ﬂ cJ ude n%an o :
carbon at ons SYRBTREA 2RIBIast cy W@ﬁﬂlﬁ S'«@iﬁblerfmb'dﬁ%ﬂnol with
met hanol bei itige preséey mmhtlom@m@abﬁ%lo&% igdeyanates typically are employed

15 for cathodic electrodeposition.

Aminoplast resins, which are common curing agents for anionic
electrodeposition, are the condensation products of amines or amides with
aldehydes. Examples of suitable amine or amides are melamine,
benzoguanamine, urea and similar compounds. Generally, the aldehyde

20 employed is formaldehyde, although products can be made from other
aldehydes such as acetaldehyde and furfural. The condensation products
contain methylol groups or similar alkylol groups depending on the particular
aldehyde employed. Preferably, these methylol groups are etherified by
reaction with an alcchol. Various alcohols employed include monohydric

25  aleohols containing from 1 to 4 carbon atoms such as methanol, ethanol,
isopropanol, and n-butanol, with methanol being preferred. Aminoplast resins
are commercially available from American Cyanamid Co. under the trademark
CYMEL and from Monsanto Chemical Co. under the trademark RESIMENE.

The aminoplast curing agents typically are utilized in conjunction

30  with the active hydrogen contaihing anionic electrodepositable resin in
amounts ranging from 1 to 90, often from 5 percent to about 60 percent by
weight, preferably from 20 percent to 40 percent by weight, the
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are comrercially avail able from Ameri can Cyanam d Co. under the trademark
CYMEL and from Monsanto Chem cal Co. under the trademark

am nopl ast curing agents typically are utilized in conjun?&ﬁg%EMgﬁrép@% t he
active hydrogen containing anionic el ectrodepositable resin in anounts
ranging from1l to 90, often from5 percent to about 60 percent by weight,
preferably from 20 percent to 40 percent by weight, the -21 20 Decenber
2006 percentages based on the total weight of the resin solids in the

el ectrodeposi tabl e coating conposition. The curing agents commonly enpl oyed

The. pol vi sodudaaadeiy dfip SaMESEhL IR BUF sBhBiie " U7 Patent o,
3,984, 299 cdilestrodepbsitedde boa*tmg@:‘bmpnsltlunn 2 and colum 3 lines 1 to 15, or
partially bl ocke§. and reacted wth

nmer_backb cribed in
0S Patent Nor I8 FpE B5RER ot BmephovelF GBS AR iR ROS G cot um 4
l i nes 1ht 0 dmpasitiohs aire biooked p@lmbeyimb(;)es r'ﬁfeemcﬂm@ygﬁm@srban%fuw ocléed Ih s
nmeant that the isocyanate ted with a caonpound suc
t hat the%re PEkeqe %Rlé%‘p'inoli%ygﬁgqrg“‘lg?’%%ﬂ% wpn d pgs ddeB%e hydr ogens
at anbi ent tnmen atawdecdmmn BEiAGS H\E 181 diparBsllyl BiScKeMEnedeastel Withtef i | M
form ng poly r at Evat ed tenperat ﬁgs usual |y between 90C and 200C.

Suit abl e poIRﬂ gae ps dpsribed,in Pcatﬁﬂﬂ\"élq a8 calympad inesocyanat es,

i ncl udi ng cysg t@aés @b@hnrp:s Bﬁdi h&b@ﬁﬁwnﬁéseﬁt@m WIREH Qr%elﬁéé}bb?'éﬁed sifarrpl es
I ncl ude di phenyl met hane- 4 | socyanate (NMDI), 2,4 2, ol uene

di i socyanat €CIETENSE hergly lﬁﬁ"ﬁ@cﬁ?ﬂ igmeaant H’@&é’@ﬁ 'Sowmgl%lﬁé hald@l socyanat e,

t et ranetiyl Qﬁén&@dct@@’@ﬂﬂﬁ% Ebfhﬁélﬁdjédcﬁ%yﬁﬂétr@s%ltant blocked isocyanate
di cycl ohexyl net hane- 4 di i socyanate, 1sophorone dilsocyanate, m xtures of

20 phenyl rretgﬁalr‘félsﬁt@rmed? Ag gensrad apwiisntdemperatise bok ;&ﬂﬁ@Y@/Mtb ocyanat e.
H gher pol yiga6y ﬁg@ﬂb@én§ #Cthe &fm tférlﬂnjg?ﬁéﬂ?ﬁ@' 8Beleie? ?erﬁﬁ@tgtur@Q uSogr! e

woul d i ncl ude ti phenyl net hane-4 | socyanat e socyanat e
prepol yrer s beitweep803oped 208%.as neopentyl gl ycol and trimethyl oi propane

and with pol yrrer|qutggﬂeydglﬁsroés;g§patg§h%ﬁ}%:ﬁgﬁ% %Bg%ﬁglgeh | s and triols 25

(NCO OH eqw val ent rati
polyisocyanates, including cycloaliphatic polyisocyanates and representatwe

examples include diphenylmethane-4,4'diisocyanate (MDI), 2,4- or 2,6-
toluene diisocyanate (TDI), including mixtures thereof, p-phenylene
diisocyanate, tetramethylene and hexamethylene diisocyanates,
dicyclohexylmethane-4,4'-diisocyanate, isophorone diisocyanate, mixtures of
20  phenylmethane-4,4'-diisocyanate and polymethylene polyphenylisocyanate.
Higher polyisocyanates such as trisocyanates can be used. An example
would include triphenylimethane-4,4' 4 -triisocyanate. Isocyanate
prepolymers with polyols such as neopentyl glycot and trimethylolpropane
and with polymeric polyols such as polycaprolactone diols and triols
25  (NCO/OH equivalent ratio greater than 1) can also be used.
The polyisocyanate curing agents typically are utilized in
conjunction with the active hydrogen containing cationic
electrodepositable resin (a) in amounts ranging from ranging from 1 to 90
percent by weight, usually 1 to 80 percent by weight, often 1 to 70 percent
30 by weight, and typically 1 to 15 percent by weight based on total weight of
the electrodepasitable coating composition.
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The pol yi socyanate curing agents typically are utilized in conjunction
with the active hydrogen containing cationic eIectrodeposhiﬁg%§m&§§b@?(a)
in anounts ranging fromranging from1l to 90 percent by weight, usually 1
to 80 percent by weight, often 1 to 70 percent 30 by weight, and typically
1 to 15 percent by weight based on total weight of the el ectrodepositable
coating conposition. -22 20 Decenber 2006 Al so suitable are beta-hydroxy
uret hane curing agents such as those described in U S. Patent Not 4,435,559

and 5, 250, 164. Su het.a- hydr ox uret hanes are formed from an i socyanate
conpound, for exa Pes,u'tglﬁI? 3(5?%efqﬁ%o{yegrgﬁ]aggdzunﬂggggrgpgughgg(gl%s’e a

1, 2- pol yol addsaibed i bhS cPateatibs. 5, 435569 agd 5260 @3, 'Hli&:ﬁ@:]e@élhﬁdlroxsﬁ\' SO
suitable are tegﬁ secon(;#arrﬁ/ %m ne bl ocked aliphatic and cycloaliphatic
i socyanat es JESPNGFACITAMELSTOBALRPCYIRBE comppyndotog exaAMPis, 88807 16. As

previously diresesiedribddintmediemoshseni 10-psipE MR borivBHfsHAION,  the
curing aggnt hal ogen content of up to 10

&Jb%. can Fave a coval ent|ly bonde ]

60 wei ght > pePOSKINI SyFb 87 Menaslophpb 4lo gritahike afsdhesseondsry aming om 2 to 80
wei ght  per ceblockec BRHalto @By Blobpic 8 gRtatBe HEEHhea 0T, § il from 10 to
20 wei gh peh%ggéflbased on Wféﬁg otal resin solids present in the

ht of t
curing agent QWZQGBH 3 Hd aHees, the coval ently bonded hal ogen content
present in the GCASpRAIABRNIstRLeAR die ARG blsehiiitBlen @ hal ogen
y a east parti

cont ai ning 15 bl ocked i soCyanate can be Erepare ally

bl ocki ng 4- cHISgPBINg-agest M) ican have aaeyrlenty bendegdyalogenecantent ofiupud t abl e

bl ocki ng1@gend wal feedt. HehG | de £ i , any

resi dual isocyana epgr oups can%qqgggc eelqﬁt\ﬂe['}%rng %ﬂghxyfbﬂt‘)’l‘ gg‘%ﬁgas trimet hol
propane t her ¥Bight pefcent uggaliyeom dotb @Suveaightpeiregmtt, anfd ¢drebe froinm gt . 20 | n

B e ot PR et ibak 8 of AR or 8L Wriad BESERVA AL binhg AR o1

hal ogen content” present int I nous p Tt abl e
coating conpti tn s¥chrinptabeesidhé vedhléntyrhanded mplogentcoftent pwlseatinitise di f f er ent

L 20, e b S S R e el g "onees” "
hal ogen- tbnt blicpkerhisockapatandars eé poipaded byat ibhst ppiritally beakiHgs4-tHgre6-
methyl-1,3-phenylene diisocyanate with a suitable blocking agent such as 2-
butoxy ethanol, [f partially blocked, any residual isocyanate groups can be
reacted with a polyol such as trimethol propane thereby increasing the
molecular weight of the curing agent.

20 in a further embodiment of the present invention, the covalently
bonded halogen content present in the resinous phase of the
electrodepositable coating composition can be derived from a component (c)
which is different from and present in addition fo the resin {(a) and the curing
agent (b). In such instances, the component (c) typically is a covalently

25  bonded halogen-containing compound selected from the group consisting of
halogenated polyolefin, halogenated phosphate ester, halogenated phenol
such as any of the halogenated phenols described above.

As aforementioned, the covalently bonded halogen content present in
the resinous phase of the electrodepositable coating composition can be

30 derived from the resin (a), the curing agent (b), the component (c), or any
combination of the foregoing, provided that the covalently bonded halogen
content is sufficient to ensure that the resultant electrodeposition coating
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hal ogenat ed pol yol efin, hal ogenated phosphate ester, hal ogenated phenol
such as any of the hal ogenated phenols descri bed above. ASz@EB&%ﬁ&be@ ed,
t he coval ently bonded hal ogen content present in the resinous ase t he
el ectrodeposi tabl e coating conposition can be 30 derived fron1the resin
(a), the curing agent (b), the conponent (c), or any conbination of the
foregoing, provided that the coval ently bonded hal ogen content is
sufficient to ensure that the resultant el ectrodeposition coating -23 20

Decenber 200 icaily applied d cure asses f.lame

resi st ance tgvs W&Qct%p%%h%%ﬁ%%@@e&%w q"lf%?ﬁsgggﬁﬁ? rﬁ?@\ﬂ%ﬁiﬁ"@'”&i"@cussed.

The coval ent IapcblmiladmjwhthllBgemmﬂtasrnrembuéihdlsw@edoU&epchﬂr&%nﬂf( t he

el ect rodeposi | gating, ¢ siti.on also s d be pres i n an anount

i nsufficient- togégga@g%gpstegfg@@? MRHROUS @P@F&ggﬁﬁ?ﬁ %‘%%’F%@s and/ or the

resul ti ng di eoatitg cmp@sﬁ%n algo Bhope el feserlt h 8 anRREMsOMbenpfo t he present
bI e cqatl ng conpostion can further conprise

|nvent|on the el ectr osi t

a rheol ogy &4 'iséﬁ’ %ﬂ%ﬁcgﬁ‘ EfédsePE?’ lon Rracges Ayesihe repulbing dielgelit h and

uni f or m t hi ckoatisg Qfopbh@sdl el ectric coati ng 10 on t he surface of the hole
or via walls as WF n%cil_ges at the via openi n%C. Any of a variety of
the rheol ogy nod r'%rpese Pﬂ' whthepresant invsatiomdae g ff@d?PQﬁdialepl oyed for
this purpose.cofliy Mﬁ@dﬂoﬂ dahqehﬁ&komﬂis&'a%e%gv oter drdt éé?Pééé g crogel

dISperSIOI’l pre ar I spersing 1 n agueous nedi um a m Xt ure cationic
15 pol yepoxi &Mﬁ?@se{'@a@ﬂ‘ ?&WW'&)&D@P“&W‘CW%%?&OHBGa’mlmrl‘gﬂ@ﬁtm
typi cal | Yopr iof&hy saifhdEofdhe Wbk or&ﬁ&%ﬁ@éyuéﬁhg%&w atdhd y4 Xt ur es

thereof, and a pol yepoxide crosslinking agent eating the mxture to
a t enper at ur Pe8NE% AN AE avariely i he ﬂl@ogﬁl& ﬁﬂﬁdtfd&js ewelltmgwnﬂmthﬁ ng a cationic
m crogel di sggéﬁﬁdqgrhrt ca?pggepn%q |f8r g% di spersions and their
preparation are described in S. Patent No. 5,096,556 at

colum 1, line 66018 S@Bﬁ'@iﬁﬁh@low m@dm;er Comnmsm)cattmw m}crmwl erence herein.
oS Shor PRt pRamely behse 5 fon e £l 0Bl 20 o
Thi s ni clégePol Y§Dﬁ¥l%ﬂﬂmﬁ EgﬂcbwmPmmbwhnbnonhalnsaamlee@oumdtylpmalw a
cationic fil gyifRhRthe &Ehﬁs,%goﬁdérpﬁmé&tohbggnd mixtures thereof, and a
polyepoxide crosslinking agent, and heating the mixture to a temperature
sufficient to crosslink the mixture, thus forming a cationic microgel dispersion,
Such cationic microgel! dispersions and their preparation are described in
20 detall in U.S. Patent No. 5,096,556 at column 1, line 66 to column 5, line 13,
incorporated by reference herein. Other suitable rheology modifiers include
the cationic microgel dispersion having a shell-core morphology described in
detail in EP 0 272 500 B1. This microgel is prepared by emulsification in
aqueous medium of a cationic film-forming resin and a thermosetting
25 crosslinking agent, and heating the resultant emulsion to a temperature
sufficient to crosslink the two components.

The cationic microgel is present in the electrodepositable coating
composition in an amount sufficient to effect adequate rheology control and
hole edge coverage, but insufficient to adversely affect flow of the

30  electrodepositable composition upon application or surface roughness of the
cured coating. For example, the cationic microgels described immediately
above can be present in the resinous phase of the electrodepositable coating

-24-



25 crosslinking agent, and heating the resultant enulsion to a tenperature
sufficient to crosslink the two conponents. The cationic ”h?bgﬁﬁhw¥§006
present in the el ectrodepositable coating conposition in an anount
sufficient to effect adequate rheol ogy control and hole edge coverage, but
insufficient to adversely affect flow of the 30 el ectrodepositable

conposi tion upon application or surface roughness of the cured coating.
For exanple, the cationic mcrogels described i mediately above can be
present in the resinous phase of the el ectrodepositable coating -24 20
Decenber 2006 conposition in an anmount ranging fromO0.1 to 30 wei ght

percent, t yplcoaipbyltrﬁm amaid ah@uﬂ:ﬂramgir@‘ﬁorﬁler‘lCt@rﬂO WEBRCp &t BlRRIPT total
resin sol | ds in.t us Ehase The el ectrodepositabl e coating

conposi tion i i?cf i%"“?e(‘ﬂ Sfc WEhbPdpt seshnsolisdresantin the
"di spersion” raesmdmslprmsed to be a two phase transparent, translucent or

opaque resinous syste n.which the resin is in the dispersed phase and
the water is in tﬁ@ [Tﬁ]#rpﬂmtagﬁego@tmg-ﬁ@na%y%@ in therforwiogani ze of the

resi nous ﬁhaaaumsgﬁ@ﬁéraiohy Thestrmb Fmgb&s.enﬁh%ﬁé\,edﬁtbe'é {; than 0.5

m cron, and iréﬁ' cal | ess than 0.15 mcron. 10 The concentration of the
resi nous pha ?91’”? trapsiucRt oneRpas fesingus svetemmyvhldntﬂ:eusaalism from2 to

60 per cent biner@ibgitsolpBRagh B I WhteVRIife QintinBs FMECUSEEPELSi on.  Vhen

t he conpositions of the present invention
concentrates paf“ﬁl?ys'?@%ﬁfeﬁhﬁlfﬁvn%@/@@&légem@kﬂ leds thraont.6micain, u@dllyo 60

percent by weisgMharb@seslicRsh, ‘é(ﬁti QS ét?lp :éé%% e\%“rﬁuc%nSpers' on. 15

El ect rode osi t abl e coat | ng he I'nvention typically are
suppl i ed1ds two chi atl@'lpff@edegamusw}asn me‘waquduushnedmhtmlats

general |y, Wit ckd\eiiRReRI o bagh I, L OBheLSLECH SRR aPle Tes

i.e., the main ng po yne ddi ti onal
wat er - di sper me’oﬁ%leouﬁéiﬁpprwmn%@ndmnpmlm“aﬁdhé Blesanpingertioh dpest e,

whi ch, gener oty forfof Al AR AR 1BPEE BLATEALS, | MELEr O spersi bl e

grind resin which can e sane o form ng
pol ymer, and20¢pe¢ Qﬁ@]ehyby waiptit basebors welghtsf mamh¢6m§dlspa@|owett| ng or

di d t t d (2
d: zgg: 2 legg i ﬁl af] E@&ﬁ&&ép%gﬁﬂﬂé 'CE)Q{?AgecoCrr?;?osn%%s o?ﬁ?eoa\elgntlson tygmg\y art(a ) are

supplied as two components: (1) a clear resin feed, which includes, generally,
the active hydrogen-containing ionic electrodepositable resin, i.e., the main
film-forming polymer, the curing agent, and any additional water-dispersible,
non-pigmented components; and (2) a pigment paste, which, generally,

20  includes one or more pigments, a water-dispersible grind resin which can be
the same or different from the main-film forming polymer, and, optionally,
additives such as catalysts, and wetting or dispersing aids.
Electrodepositable coating components (1) and (2) are dispersed in an
aqueous medium which comprises water and, usually, coalescing solvents to

25  form an electrodeposition bath. Alternatively, the electrodepositable
composition of the present invention can be supplied as a onhe-component
composition. In a particular embodiment of the present invention, the
electrodepositable coating composition can be supplied as a substantially
pigment-free, one-component composition.

30 It should be appreciated that there are various methods by which the
component (c), when employed, can be incorporated into the
electrodepositable coating composition in the form of an electrodeposition
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aqueous nedi um whi ch conprises water and, usually, coal escing solvents to
25 forman el ectrodeposition bath. Alternatively, the elecﬁ@ﬁ@&&ﬂ%&b@8¢
conposition of the present invention can be supplied as a one-conponen
conposition. In a particular enbodi nent of the present invention, the

el ectrodeposi tabl e coating conposition can be supplied as a substantially
pi gnent -free, one-conponent conposition. 30 It should be appreciated that
there are various nmethods by which the conponent (c), when enployed, can
be incorporated into the electrodepositable coating conposition in the
formof an electrodeposition -25 20 Decenber 2006 bath. The conponent (c)
can be incorporated "neat", that is, the conponent (c) or an aqueous

sol ution themwaaf Twnchap @ﬁélﬂ(écfdiarnwnh&’orberété@ rﬂa'a?’p at R0 thPedppdRgPosi tion
COITpOSI tion Cc%@onent S 1) an ,

cP |cab tot | sper sed
one- conponent @é’ﬁ‘%{fé’ﬁéﬁw@ﬂ Qﬁﬁﬁ?fd‘@nthecﬁife d'@cﬂhtq ‘ﬁhélcysperw 5 conponent
(c) can be admioxedepbdlPioribs dhehli*(1§ afid (2 8Pl Bop BBl M the?0Y O

the individual clear resin conpodnent ) m form ng
resin or thedisperseg %mmpmﬁﬁﬁlqcﬁoﬁﬁ%émlQ@@Rﬁ@ﬁponmmqtlwlyaﬂnd (2) in
t he aqueoys h or

di spersed | n%?ﬁiegﬁbn&ﬁmg%tag%&g an Wéqe&@d ﬁ‘cajtﬁellg a??ég'ﬁ(ge%é’w paste 10
components, Oy Oéﬁ‘@(wmé!lduﬁhde@l‘ rgﬁlﬂrfeetbmmnom@ﬂs rfopexaunple dhedfilaper si ng

TP oe il et of B g U658 M Bl RO ()
el ect r odeposi't Hisl asiucous m@lumnﬁusthen the ccmnndnent @)rmanfoeanimmécﬁwtth edeposi tion
per cent by wel ST pARA} bFie St s el Piob R Bertei on bac n. Ac
af or errentlgonéampbeeﬁltaet@r ®Eample, tHeqalgmenetcgmdrresllanﬂonm/dnspm’smgn a coal escing
csters, et held BBATETE A & AR ByaPi ey AL oyl AR Remede o ahol s.
pol yol s and ken ba@sided;mdmbldirecﬂaaioethelelt@tmdép'@smim bhath] ude 20 isopr opanol
propyl ene gl yool | 1 ST yeH PR AR B E0at SuPRABERHOF 1o i butyl and
monohexyl et bEechodépasition leatk typlicatip has Ghesia ol céﬁtent within the range of 5
15 to 25 percent by weight based on total weight of the electrodeposition bath.
As aforementioned, besides water, the aqueous medium may contain
a coalescing solvent. Useful coalescing solvents include hydrocarbons,
alcohols, esters, ethers and ketones. Usual coalescing solvents include
alcohols, polyols and ketones. Specific coalescing solvents include
20 isopropanol, butanol, 2-ethylhexanol, isophorone, 2-methoxypentanone,
ethylene and propylene glycol and glycol ethers such as monoethyl,
monobutyl and monohexyl ethers of ethylene glycol. The amount of
coalescing solvent is generally between about 0.01 and 25 percent and when
used, preferably from about 0.05 to about 5 percent by weight based on total
25  weight of the aqueous medium.
Although typically substantially free of pigment, if desired, a pigment
composition and/or various additives such as surfactants, wetting agents or
catalyst can be inciuded in the dispersion. The pigment composition may be
of the conventional type comprising pigments, for example, iron oxides,
30  strontium chromate, carbon black, titanium dioxide, talc, barium sulfate, as

well as color-imparting pigments well known in the art. The electrodepasition
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coal escing solvent is generally between about 0.01 and 25 percent and when
used, preferably fromabout 0.05 to about 5 percent by mel @tﬁg$§§ 2@

total 25 wei ght of the aqueous nedium Although typically Su an |a

free of pignent, if desired, a pignent conposition and/ or various

addi tives such as surfactants, wetting agents or catalyst can be included
in the dispersion. The pignment conposition nay be of the conventional type
conprising pignents, for exanple, iron oxides, 30 strontium chromate,

car bon bl ack ba msul fate, a l.I. as

col or-i npart Pﬁ{hl éﬂ%nmt&sjés\a% gﬁ?ﬁh@ﬂﬁ' s #c ULl (TS 'F@é‘t‘?‘%ﬁ%ﬁ'&gi tion -26
20 Decenber E@D&nttaat h can be, if desired, essentially free of chrone-
and/ or | ead- contgni i.gnents... The pigment coptent of the dispersionis
usual |y expr essed%g‘gbgggn%lt%%ﬁﬁ?foth?é@p%rg% |Sd"sule‘ﬁ Y BYRIeHIekS Re of the

i nvention, whgmeitdoreedinirstich Ianip pigetice bhbe MnMEOH,-WiRsH Bighent@ti 0 i s
usually th| he r e other additives

ment i oned ab8 é)oé'leg ﬁ@ﬂﬁ?”&?”ﬁ%‘fﬁﬁ‘@ ra’f‘%ﬁ'ét‘séﬁa&hwfthm tharansaesofabagt #1821 r om 0. 01

to 10 percento by. mlegdstherbmm/e@mndmaogba_aaﬁvé afd Lrl‘suaﬂ?tri e d!éPe't’éiéltt fating the
i nvention ar e the, fol |l ow p&ﬁ@)ﬁﬁﬂgées whi ch are not b consi dered as

limting the Flr?\'f@tﬁriaﬂﬂ'”?cf Pd?qr%e.”t@bﬂ“@i@tchaﬁ@gﬂﬂg@ightw@ﬁ%’t ed, all

parts and pesofmt ages in the foll owi ng exanples, as well as throughout the
speci fication, @ %%} B EXANMPLES 15 The fol | owi ng describes the
preparation of a WUHFERMING the inveniien aee the falloavng exrRmples whish aye nohito e esent

i nventi opo E&@f@di@e&\a@@iﬁﬁf rﬁgbﬂ?té ifnRiBA ?tpﬁfeﬂ'tde?élISOf 185’ @Eém&? bi nder
conpri sed of i“% %;abrom)bl sphenol A which iIs used1

el ect r odepos i Perts @nd pepesstagesdn dhe @dawmg@xﬁmpﬁseaelvmditasodepo& tabl e

coating conpgsbldhiut He SpeRiRhfont alrélb#,%d}ﬁr m of an el ectrodeposition bath
was 20 used to provide a conformal dielectric coating on a perforate

substrate, which was subsequently netallized, photoi maged, devel oped and
stripped as described bel ow. EXAMPESp| ES

15 The following describes the preparation of a circuitized substrate using
the process of the present invention. Example A describes the preparation of
a resinous binder comprised of a tetrabromobispheno! A which is used in the
electrodepositable coating composition of Example 1. The electrodepositable
coating composition of Example 1 in the form of an electrodeposition bath was

20 used to provide a conformal dielectric coating on a perforate substrate, which

was subsequently metallized, photoimaged, developed and stripped as
described below.

EXAMPLE A
25 This example describes the preparation of a cationic resinous binder
used in the electrodepositable coating composition of the following Example
1. The resinous binder was prepared as described below from the following
ingredients. All values listed represent parts by weight in grams.
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25 This exanpl e describes the preparation of a cationic resinous binder
used in the el ectrodepositable coating conposition of the QW npl e
1. The resinous binder was prepared as described bel ow fro%qBH%ﬂPg(%lzgé\ngng
ingredients. Al values |isted represent parts by weight in granms. -27 20
Decenber 2006 |Ingredients Exanple A Crosslinker 1882 D ethylene glycol
nmonobutyl 108.78 ether formal EPON 828 755.30 Tetrabronobi sphenol A

694. 90 TETRONI C 150R1 0. 33 Diethanol am ne 51.55 Amino ro |

di et hanol am ne 113.2 Distillate renmoved (67.66) Sulfamc acid 45.17

Dei oni zed water 2714 Lactic acid 1.70 Resin internediate 244.7 Gmrosin

27.49 Deionized water 2B@Bedignibyi socyanate cyri rigxaagdmA prlepared fromthe
followi ng ingredients: |ngredients Parts by Wai ght ranms Hthanol 92.0
Propyl ene gl ycol 456.0 | Bobsptihker39.5 Met hylT qobut ylggket one 476.5
Di et hyl ene gl ycol nonobpy92-8—ether—forpalDESMODUR LS2096 1320. 0
Met hyl i sobutyl -ketone 7@?%'3)"19{19 glycol monobuty 108.78
ether formal
EPON® 8282 755.30
Tetrabromobisphenol A 694 .90
TETRONIC 150R1° 0.33
Diethanolamine 51.55
Aminopropyl diethanolamine 113.2
Distillate removed (67.66)
Sulfamic acid 4517
Deionized water 2714
Lactic acid* 1.70
Resin intermediate® 2447
Gum rosin® 27.49
Deionized water 2875
1 Polyisocyanate curing agent prepared from the following ingredients:
Ingredients Parts by Weight
{(grams)
Ethanol 92.0
Propylene glycol 456.0
Polyol® 7385
Methyliscbutyl ketone 476.5
Diethylene gbfycol monohutyl 028
ether formal
DESMODUR L520096° 1320.0
Mathylisobutyl ketona 76.50

; Bisphenol Afethylene oxide adduct available fram BASF Corporation as MACOL 988,
5 . Available from BASF Corporation as MAZON 1651,
Isocyanate available from Bayer Corporation.

The first five ingredients were charged to a suitably equipped
reaction vessel under agitation, As the temperature reached about 25°C, the
addition of DESMODUR 1.52096 was begun. Temperature was increased to

10 105°C at which time the last addition of methylisobutyl ketone was made.
Temperature was held at 100°C as the reaction was monitored for the
disappearance of NCO by infrared spectroscopy at which time, the
temperature was reduced to 80°C.
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Bi sphenol Al et hyl ene ooxi de adduct avail able from BASF Cor porati on as MACOL
98B. e Avail able from BASF Corporation as MAZON 1651. 5 ° t

avai l abl e from Bayer Corporation. The first five ingredi enfé%%@g%@%

to a suitably equi pped reaction vessel under agitation. As the tenperature
reached about 25C, the addition of DESMODUR LS2096 was begun. Tenperature
was increased to 10 105C at which tine the last addition of nethylisobutyl
ket one was nade. Terrperature was held at 100C as the reaction was
nonitored for the;, arance of NCO by infrared spectroscopy at which
time, the terrperat@% f el avaf[ éro % V@'@*ﬁefmlﬁgheﬂ@ﬂ@@«t@m@@l Cpa@ny. 2

Di gl yci dyl ether of A a APT §81PE=H4"0m Shel | O | and Cheni cal
Conpany. ~ Sur f act amoawm .%p OSSR lLEN. " 88% agueous
solution. 5 s Cationic resin prepared fromthe 1 owi ng ingredients:

I ngredients Parts by Weight (grams) MAZEEN 355 70 603.34 Acetic acid 5.99
Di butyl tindilaurate 0.66| "Tefenéne dii socyancit ePaB¥byWBightSul f ami ¢ acid 38.79
Dei oni zed water 1289.89 WEEH%MH“ avai-abhe fL@%E?_SF_Q)r poration. The
first two ingredients we £ g to_a_suifahl y*Bdti pped reaction vessel
10 and agitated for 10 nioit€&%at which tinmg di b&%Itindilaurate was added.
The tol uene diisocyanat ePHEEHewrid sl owly as t h&f8eacti pn was permitted to
exothermto a tenperat uy®lugfediQ@@aend hel d[at tThBai7 tenmperature until the
di sappearance of all NCQ sussnideaiai T Or ed Dy T If rarggizgspect| oscopy. The resin
thus prepared was sol ubi [HeREkdWateiT—te—addti-tenzgf;sse-Ham ¢ aci d and

dei oni zed wat er under agt m[avala Aok 1. spersian 15/ had a neasured

resin solids content of 26 Peefrrs?ﬁ:0|n|gre3'eia¥%§,e,% l?’Ple crossli nker was added to

a suit abh(y eqUI pped r eagt i o charged to a suitably equipped reaction vessel
and agitated for 10 minutes at which time dibutyltindilaurate was added. The toluene

diisocyanate was added slowly as the reaction was permitted to exotherm to a

temperature of 100°C and held at that temperature until the disappearance of all NCO

as monitored by infrared spectroscopy. The resin thus prepared was solubllized with

the addition of suifamic acid and deionized water under agitation. The final dispersion
15 had a measured resin solids content of 26 percent by welght.

The crosslinker was added to a suitably equipped reaction vessel. The
next four ingredients were added to the reaction vesssl under mild agitation

and the reaction mixture was heated to a temperature of 75°C at which time
the diethanolamine was added. The reaction mixture was held at that

20  temperature for a period of 30 minutes. The aminopropyl diethanolamine was
then added and the reaction mixture was permitted to exotherm to 132°C and
held at that temperature for a period of 2 hours. Distillate was removed. For
solubilizatior, the reaction product was added under mild agitation to an
admixture of the sulfamic acid, deionized water, lactic acid solution and

25  cationic resin intermediate. The gum rosin solution was then added to the
solubized resin, followed by deionized water in two sequential additions.
Excess water and solvent were removed by stripping under vacuum at a
temperature of 80°-65°C. The final reaction product had a measured resin

solids content of approximately 40 percent by weight.
30

-29.



next four ingredients were added to the reaction vessel under mld
agitation and the reaction m xture was heated to a tenper at
which time the diethanol am ne was added. The reaction m x E?%%S\I/glgerhfqgg
that 20 tenperature for a period of 30 m nutes. The am nopr opyl

di et hanol am ne was then added and the reaction mxture was permtted to
exothermto 132C and held at that tenperature for a period of 2 hours.
Distillate was renoved. For solubilization, the reaction product was added
under mld agitation to an adm xt uEXsMPLRg sul fam c acid, deionized
water, lactic acig. S%ﬁtlon and 25 cationjc resin internediate. The gum
rosi n sol ution wadeidiRwWing exprIRie deacrings the prpgration of ant ol | owed by

dei oni zed walkRictrofepydtabRBRAAE abmpasitibh 8P the pr@@ﬁ%ﬁe\%ﬂn tﬁ@‘i’orﬁ%l‘/ ent were
removed by Stl‘lrf | under vacuumat a tenperature of 60-65C The final

n
reaction pro8ict Cﬁ SROsHHRN bt rormyising the catrNie mnave kindesphE¥aMAR el y 40
percent by wej e n?&@ Idsowi ng exanpl e
descri bes the %{Be\rga?lgmte%%ctﬁ&e%ﬁ el e%?%@gepo I.' o&gﬁ?fgeacajgnpom tion of
the present FRS@HECNEIPW rorethedeliaving ingredienis: Al velissilistedrreprgshntconpri si ng
the cationic 5ﬁ§|b9 |,rp§,%{m§f Exanpl e 5 A above. The el ectrodepositable
coating conposition prepared as described below fromthe follow ng
i ngredients. Al val es |listed represent parts by weight in grans.
| ngredi ents Exanpl e I} Ingredientsus bi nder of Exanpl eExamipke.® Hexyl cellosol ve
28.5 E6278 13.2 Deilonized water 3053.4 Cat @l yst paste, avail able from PPG
| ndustries, Inc. 10 |Resinougbidlesiof Exhinpleedl above VEg4e9 conbi ned and m xed
with mld agitationj The conposition was ulf{rafiltered 50% and

reconstituted with déleopldidsoias er . 28.5
E6278" 13.2
Deionized water 30534

0 ' Catalyst paste, available from PPG Industries, Inc.

The ingredients listed above were combined and mixed with mild
agitation. The composition was ultrafiltered 50% and reconstituted with
deionized water.

15 PREPARATION OF A CIRCUITIZED SUBSTRATE:

A single layer of INVAR metal perforate (50 micron thickness)
containing 200 micron diameter holes positioned 500 microns apart (center-
to-center) in a square grid array (supplied by Buckbee-Mears, a division of

20  BMC Industries, Inc.) was cleaned and micro-etched to remove undesirable
dirt, oils and oxides. The pre-cleaned perforate substrate then was
electroplated to provide a layer of copper metal having a thickness of 9
microns.

The electrodepositable coating composition of Example 1 above was

25 electrophoretically applied to the electroplated substrate in an
electrodeposition bath at a temperature of 105°F(41°C) at 90 Volts for 2

minutes. The electrocoated substrate was rinsed with deionized water and air
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15 PREPARATI ON OF A CI RCU Tl ZED SUBSTRATE: A single |ayer of | NVAR netal
perforate (50 mcron thickness) containing 200 m cron diaggt r hgl%i
positioned 500 microns apart (center- to-center) in a squar d?e@'g} 99
(suppl i ed by Buckbee-Mears, a division of 20 BMC Industries, Inc.) was

cl eaned and mcro-etched to renove undesirable dirt, oils and oxides. The
pre-cl eaned perforate substrate then was electroplated to provide a |ayer
of copper netal having a thickness of 9 mcrons. The el ectrodepositable

coating conmpodriet smhmrﬁat@néhﬁléseoﬂth@b@#@ra%bs%%t@%@ﬁéﬁé@@@h%}.c?héy appl i ed
I a at a

to the el ectrqgl ated substrate in an el ectrodeposition

tenper at ure dFCHSPRILY sepstategrns hgated faoa tamparatwe of350PRe( 187 W) tfoodmat ed
substrate vwasnhuRsas ciid theh @Ry i bleiv30nddinRecenber 2006

dri ed such that all hol e_seof ({?@géggsr' Oﬁeg%oea?ig 'b@Hee?y}r%&@gfar%e f water.
The el ect r octRIBEHC §limickness wha0 mieroesl to a tenperature of 350F (177C) for

30 mnutgs to curg ' l.e.coating, there oviding a

cured dielectric fi ?mlt ht]?)(l?gﬁ%é%ggg?%h%%éﬁ%%?eﬁﬁp%% ee%‘{%gg W&

substrat e wadestestoreteriperatant ofB2Csuba peasoMBEmiMAss Rruive & Ajper at ure
noi sture that may have

f 50C f ' i nut i ve of
geen abSS; bgdr’q‘%fPﬁ%“gﬁﬁf?gﬂgng"’%ﬁé ggrgrgh\ﬁgf@g Lﬂ&@%gdrﬁ@@qﬁﬁaiWi ately
i ntroduced i miried avasammediatbigiitesdiced irﬂb&%uuwcﬂl%mﬂé'ﬂfforvﬁléé?nﬁrgon ions to

activate the %%%é gYi urface. 'I,;he ubstrate 10 surface was then sputter
coated with 2 an’g GHECR{ONTi e Bctvate thecRating purfags:t The sdsim@teg with 3000

angst romdOof sadpgewas THen sprittat coawe with 0D JrREHBMs o‘ﬁ’ﬁ%k@l'f‘é%\&&i)#?t ed wth an
e

addi ti-onal QSEitgf‘rrons ,Of %%féb The nmetalliZed substrate was cleaned and
m cr o- et ched *P3" ¢ &gl &'ﬁﬁ BNIsEPNg oheorper.dEhe measah layer thes farmsdr f ace,
then el ect r oplasreiddtopldtad GRRbAGAMtRal 3 RidiyEGRY (r) PLUS photoresi st

(avai lable fromPEG In tries, Inc.) at a tenperature of 84F (29C) at 80
Volts for 90 seco %m%@z@(ﬂ{b&fa@}ﬁ%ﬁﬁléﬁéﬁdmﬁm@-aﬁh&ddd resnbtre dey oni zed

a temperature of 84°F (29°C) at 80 Volts for 90 seconds. The coated
substrate then was rinsed with delonized water and heated to a temperature
of 250°F (120°C) for 6 minutes to drive off any residual solvents and/or water.
A photoresist coating having a dry film thickness of 5 microns was obtained.

20 The coated substrate then was exposed to an ultraviolet light source through
a phototool on each side, and developed with ELECTROIMAGE® Developer
EID-523, photoresist developing solution (available from PPG [ndustries, Inc.)
to expose copper in pre-selected areas. The exposed copper areas were
etched with a cupric chloride acid etchant and the remaining photoresist

25 stripped with ELECTROIMAGE? stripper EID-568 photoresist stripping
solution (available from PPG Industries, inc.), thereby providing a circuitized
substrate,

It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive
30 concept thereof. It is understood, therefore, that this invention is not limited to the
particular embodiments disclosed, but it is intended to cover medifications which are
within the spirit and scope of the invention, as defined by the appended claims.
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20 The coated substrate then was exposed to an ultraviolet |ight source

t hrough a phototool on each side, and devel oped with ELE

Devel oper EI D 523, photoresist devel opi ng sol ution (avaiﬁg é¥$§§%?@%b

I ndustries, Inc.) to expose copper in pre-selected areas. The exposed
copper areas were etched with a cupric chloride acid etchant and the
remai ni ng photoresist 25 stripped with ELECTRO MAGE(r) stripper ElID 568
phot or esi st Wale) tion (available fromPPG I ndustries, Inc.),

t her eby progf%#ﬂgpgﬁg%wggk#fﬁ@d substrate. It will be appreciated by those
skilled in the art that changes could be made to the enbodi nents descri bed
above wi thout departing fromthe broad inventive 30 concept thereof. It is
under st ood, 1t her &f Bracesshigr formingi mataltizesh vias b substraie egnpriging the

parti cul ar i di sclosed, but it is intended to cover nodifications
whi ch are &ﬂpﬁﬁﬁygﬁ%%spirit and scope of the invention, as defined by the
appended &l ai ns. (1) Hefoplaretitxly aPPRiIngT HERFFGREctcoadALie subdtrateoa@ss f or
forming netallized vias in a substrate_ponprisinﬂ the following steps: 5

(1) el ect r ofisiedPeasiaplapafingg coaratitione onte Ahrersed sulgasact e
el ect rodepogi baplig 1596k BEAMES didioarBUoBAY ineepRSed surfaces of the
on I ttng t

substrate to forma c or ma ielectric coa eteon, said

el ect r odeposi t abkaidc edtrglepositaiset coatingp qonMpEogitipra. qoespisiug a plesious

di spersed in_an ueous, phase, said resinou hase conprising: 10 (a) an
ungel | od, aBtavR dRpEIEEER-AbAPE A RN PIE OIS RGeS HIAES R8s n. ~ and
(b) a cuspng agent reactiVveaMhh hjrfdé‘ﬁeépbbﬁ\% 'PMQF D&rﬂéiniﬁd?QOﬁi%S?t%uFa)1
sai d resinous phase having a covalently bonded hal ogen 15 content of at
| east 1 percent by wetcghtainingeesSionandt al wei ght of resin solids present in
sai d resinous phase, (I1) | ating a_surface.of the, conforml dielectric
coating in a predeterm ne@’ pgtcfuéﬁllq ?%ergxrﬁ,@ggv%H\gpho}herrapgvegﬁggqo&?ngfoft he
substrate; (111) applHaesm [Ayer of metal to all surfaces to form
metallized vias in

said resinous phase having a covalently bonded halogen
15 content of at least 1 percent by weight based on total weight of resin
solids present in said resinous phase,
(I} ablating a surface of the conformal dielectric coating in a
predetermined pattern to expose one or more section of the substrate;
(I} applying a layer of metal to all surfaces to form metallized vias in
20 the substrate.

2. The process of claim 1, wherein the vias extend to the substrate
surface.

25 3. The process of claim 1, wherein the vias extend through the substrate.
4, The process of claim 1, wherein the substrate comprises a metal

selected from perforate copper foil, an iron-nickel alloy and combinations
thereof.
30

5. The process of claim 1, wherein the conformal dielectric coating is
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20 the substrate. 2. The process of claim1l, wherein the vias extend to the

substrate surface. 25 3. The process of claiml, wherein nd
t hrough the substrate. 4. The process of claim1, wherei nﬁ@ﬁgwg&g%?pg?e
conprises a netal selected fromperforate copper foil, an iron-nickel

al l oy and conbinations thereof. 30 5. The process of claim1l, wherein the
conformal dielectric coating is -32 20 Decenber 2006 heated at a

t enperature f time,.sufficient ..to cute t di el ectric coati prior
toror subselinafi e SrbpERTE Sh W s SlGebl . Py P8 digaahR il Pir o
di el ectric pretiongr fiseesenbtd $tapylly.esi stance testing in accordance wth

| PC-TM 350 and has a dielectric constant of no nore than 3.50. 7. The
process of claim®6, wherein the cured dielectric coating has a dielectric

constant of gN0 Mef,e @H&%@sﬁo@%@iﬁ?.@w irPEr?eC%ﬁfeoO‘hie%@t'riB‘c%atuwaeggﬁé the
cured dielectric coating has a diélectric constant of no nore“than 3. 00.
9. The procHameofesitance testiwganeadcorddrcecwite dPE-EMeBS0 inaddust anfielegtica 15
dielectric |oss facft or of no rrgre than 0.01. 10. The process of claim1,
wher ei n t heCPRYIAAbASGAINE AN BRD- el ect r odeposi t abl e coating conposition
has a coval ently bonded hal ogen content ranging from1l to 50 wei ght
percent based on weight of total resin 20 solids present in the resinous
phase. 11. The prbeeprocess dfaclaim,b,f whehadn thenguredi diglestrip cobtiig dpad wi ng a

resi nous photosensitive |layer to.the al layer of step (Il1l). 25 12. The
process of a'lefiﬁ '%?Oﬂﬂé‘%f’ﬁx‘? HE”SJ#]%'HS lectric coating has a film

t hi cknesggof no nore than 25 microns. 13. A process for fabricating a
circuit assenbly_conprising the follow ng steps:
8. The process of claim 6, wherein the cured dielectric coating has a

dielectric constant of no more than 3.00.

9. The process of claim 6, where in the cured dielectric coating has a

15 dielectric loss factor of no more than 0.01.

10. The process of claim 1, wherein the resinous phase of the
electrodepositable coating composition has a covalently bonded halogen
content ranging from 1 to 50 weight percent based on weight of total resin

20 solids present in the resinous phase.

11.  The process of claim 1, further comprising step (V) applying a resinous

photosensitive layer to the metal layer of step (ll1).

25 12. The process of claim 5, wherein the cured dielectric coating has a film

thickness of no more than 25 microns.
13. A process for fabricating a circuit assembly comprising the following

steps:

30 (D providing an electroconductive core
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30 (1) providing an el ectroconductive core -33 20 Decenber 2006 (I1)
appl ying el ectrophoretically an el ectrodoepositable coatingofg ‘;bbeg
onto all exposed surfaces of the core to forma conformal “dieélectric
coating thereon, said el ectrodepositable coating conposition conprising a
resinous 5 phase dispersed in an aqueous phase, said resinous phase
conprising: (a) an ungelled, active hydrogen-containing, ionic salt group-

containing resin;, and (b) .a curin ent reactiv ith the active dr ogens
of the resin (al! 10 ®RMNG e?[‘?%'%?gglzé?@hha@i“ng‘gﬁ\é\%ﬁ@%?mtlageooﬁ _é‘g

hal ogen cogrbaiposfforabnteadf ekpBSed edllrfdes\ei dhe Baeeth abrhohakonmimht of
resin solids present in said resinous phase; (lIl) ablating a surface of

t he conf or ndlielectec soating theygehng in a predeternined pattern to expose a

section of the c ' in I r of . .metal fo.all_surfaces to
formnetallized \q‘ll’i%]gfs eljr Ct&%d%)@ O%E?@; aﬁaﬁ?%%i%?iﬂ'% fgorpég§'ﬂgu§ resinous

phot osensbt phase ajsPersad iran BELBbUS phigse, skid rebiouy BlEREScohpasiagm 13,
wherein the core is a netal core selected 20 fromperforate coPper foil,
an iron-nickel alloy, (@h@ncBrgeliast i aryer Rxdresen-contaiming, Jenicesalt @roep-ai m
14, wherein the gﬁﬁl@i%ﬁ@&&iﬁo jises a perforate copper foil. 25 16. The
process of claim14, rern’ the nmetal core conprises an iron- nickel
alloy. 17. The procesgbpé cating mgedt rodutiveiwith the activernydedgerspl theassia

pol ymer derived,fromat |east one of a pol yepoxi de polynmer and an acrylic
pol yner. 30 18. e process of claim 17, wherein the resin (a) conprises

ng LBQ' C?%Z' Ly ggﬁggrﬁﬁjzggg%ugr%hé@ R&ving! ta HRERMH" HoRteANHdBgER! ¢
content of at least 1 percent by weight based on total weight of resin
solids present in said resinous phase;
() ablating a surface of the conformal dielectric coating in a
predetermined pattern to expose a section of the core;
15 (IV) applying a layer of metal to all surfaces to form metallized vias in
the core; and

(V) applying a resinous photosensitive layer to the metal layer.

14.  The process of claim 13, wherein the core is a metal core selected

20 from perforate copper foil, an iron-nickel alloy, and combinations thereof.

15.  The process of claim 14, wherein the metal core comprises a perforate

copper foil.

25 16. The process of claim 14, wherein the metal core comprises an iron-

nickel alloy.

17.  The process of claim 13, wherein the resin {(a) comprises a polymer

derived from at least one of a polyepoxide polymer and an acrylic polymer.
30

18.  The process of claim 17, wherein the resin (a) comprises cationic salt

groups selected from amine salt groups and/or onium salt groups.
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19. The process of claim 13, wherein the resin (a) has a covalently bonded
hal ogen content ranging from1l to 50 percent by weight basegfn.t0L3006

wei ght of resin solids present in the resin (a). 5 20. The process o
claim19, wherein the covalently bonded hal ogen content of the resin (a)
is derived froma hal ogenat ed pol yhydric phenol selected fromat |east one
of chlorinated pol yhydric phenol and brom nated polyhydric phenol. 10 21.
The process  @f cl.aim 19, wherein e .covalent|y. b ed hal oge cont ent
present i n (e + d0EProapsy BRI R BErairdRo Brs Sranare iy BOME
process of %bﬁig{)@nl&)ntéhﬁfaﬁigmg fiencyid B9 RA€SHt KPvei t%'s@dt@dtoftélqmigﬁt

| east one of a Dbl ocked pol yi socyanate and an am nopl ast resin. 15 23. The
process of &f &5 solids\pegseingin e resin (&- agent (b) has a covalently bonded
hal ogen content ranging from1l to 50 percent by wei ght based on total

wei ght of resin solids present in the curing agent (b). 20 24. The process
of cl ai m $320wherTeien prdeesz0val @aith y1 hondteckihathegeovalently eimbnded tHadogeesi nous

phase of the el ectrodepositable coating conposition is, derjved at |east in
part from aCeBidndnthg ¢gsihianisi dotveq drtRt a fhajaganrted ppely YATIG rﬁ’th§58 tion

toth i i : i4m 24,
ver o ' conekinaHyh 2 st e il EOMFUEImAASaRe AT,

¢ ed%’i‘)
wher ei n conponent ses cova

conpound selpetthgdri€ pwenbhe group consi sting of hal ogenated pol yol efin,
hal ogenat ed phosphate ester, hal ogenated phenol, and m xtures thereof. 30
26. The process of claim 13, wherein the el ectrodepositable coating

conposi t iygn Jur t igye PPOEEdsS &P Aainhed O@nef@Al fHeercovaI%ﬁt@ob&ﬂkQ{mﬁlogfé?QG
27. The process of claim26, wherein the rheol ogy nodifler conprises a
cationi c m cootgsit piespd s thenrgsire (Arie debyed fropetatiabgonebispheoakA nedi um a
m xture of a cationic pol yepoxi de-am ne reacti on product which contains
am ne groups selected fromthe group consisting of primary amme groups, 5

secondary ampne dgmeUpmcass ofickdim £5 wiheieaptheaneriiy agé_memx& delegtas frbimki ng
agent, and heating said mxture to a tenperature sufficlient to crosslink
t he at least one of a blocked polyisocyanate and an aminoplast resin.
15
23. The process of claim 13, wherein the curing agent (b) has a covalently
bonded halogen content ranging from 1 to 50 percent by weight based on

total weight of resin solids present in the curing agent (b).

20 24. The process of claim 13, wherein the covalently bonded halogen
content of the resinous phase of the electrodepositable coating composition is
derived at least in part from a component (c) which is different from and

present in addition to the resin (a) and the curing agent (b).

25 25. The process of claim 24, wherein component (c) comprises a
covalently bonded halogen-containing compound selected from the group
consisting of halogenated polyolefin, halogenated phosphate ester,

halogenated phenol, and mixtures thereof.

30 26. The process of claim 13, wherein the electrodepositable coating

composition further comprises a rheology modifier.

-35-



m xture to formsaid cationic mcrogel dispersion. 28. The process of claim

13, wherein prior to step (Il11), said conformal 10 coatin 0 a
tenperature and for a tinme sufficient to cure said coati ngo%ﬁg%%%og

process of claim28, wherein said cured conformal coating has a dielectric
constant of less than or equal to 3.50. 15 30. The process of claim 28,
wherein said cured conf or mal coati ng passes flanme resistance testing in

accor dance .PC- TM 650. process of cl erein said cured
o or i &1 1 nd 0138 pf lgir (45, R RTEI s racp Toqilier Gombgsas 4 oot
m crons. 32cafloRicosRss éloﬂlsbé%" bﬁ%rb?ﬂre@ ﬁyrcﬁb'bérsﬁfﬁfﬁﬂ'@qﬂeéggﬁhééiuﬁg 4 he
fol |l ow ng steglr (n pI’OVI di ng an el ectroconductive core; 25 (11)

provi di ng anpKererefsias catienigr pdyepexidaeaiinec reaation product whishf aeetabts t he

compost t1 on 208 4fief sEERG B IRGE ErYIotign Bk e B R g BBl on 1 <
deposi t ed5elseebiiduiyairinecglolips @W@rma&ure@uhémw%n@fa Fb@eﬁ@kuﬂe@f@@:ﬂhk&tg t he
30 | ocations having the photoresist thereon, said ectrodepositabl e

coating conp&8Nt:i K beaEng Said r@wgutﬁo%empﬁé@@r%isgﬁ@mcim Fogdlinkgtieous
phase, Sa'drﬁ%'ré'%'g;rrﬂbeéla c%.%nfdrﬁld‘r‘&ga o3r56pe2r9| ﬁtece”ber 2006 (a) an

ungel | ed, active ogen-contal ni ng,~1oni group- containing resin;
and (b) a curing agent reactive W|th t he actlve hydr ogens of the resin

(a), 5 said_resi hase h VI n coval ently bonded o] tent of
at least 1 Bérce ebQP%SHS@h‘? BB JT3nwhstelD rgi; stgp ?@g ga'gsﬁ‘Pn 88m8k esent

in said RBSkBAHSg REANted ! t¥) aCidh mﬁ&af 8 4 ecf%rf%ohﬁ]’ee%hﬁfé'iérﬁ P Pﬁeegafdoat' ng

conposition to forma cured conform ectric layer over all surfaces
of the coreceatiept at the

29.  The process of claim 28, wherein said cured conformal coating has a
dielectric constant of less than or equal to 3.50.

15
30. The process of claim 28, wherein said cured conformal coating passes

flame resistance testing in accordance with IPC-TM-650.

31.  The process of claim 29, wherein said cured conformal ccating has a

20 dry film thickness of less than or equal to 25 microns.

32. A process for fabricating a circuit assembly comprising the following
steps:

)] providing an electroconductive core;

25 {n providing a photoresist at predetermined locations on the
surface of the core;

(Imy  applying electrophoretically an electrodepositable coating
composition over the core of step (1), wherein said coating composition is
deposited electrophoretically over all surfaces of the core except at the

30 locations having the photoresist thereon,
said electrodepositable coating composition comprising a resinous

phase dispersed in an aqueous phase, said resinous phase comprising:
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10 |l ocations having the photoresist thereon; (V) renoving said photoresist
to forma circuit assenbly having vias extending to said %r[?ec@]{n Lh®06

| ocations previously covered with said resist; and (VI) optiona Fy,
applying a layer of metal to all surfaces of the circuit assenbly of step
(V) to formnmetallized vias extending to said core. 15 33. The process of
claim32, wherein prior to providing the photoresist in step (11) at

predeterm ned | ocations,aon the surface of the core, a.layer. of .c r
ecal 1 applied to Lne) by unGafth, A6GC bbb diialing b Sol SHBRR' « ne
core conprises ad@Btahingaesin, aadected from perforate copper foil,

iron-ni ckel alloy, and conbinations thereof. 35. The process of claim 34,
wherein the netal cor dbr8myFingageah reagive with fecaetiveahydiggenssef thenest ocess
of claim 34, wheggj n the metal core conprises perforate copper foil. 30

37. The process claim 32, wherein the resin (a) conprises a polyner
derived fBom at | east saite @dsirousolphesexihdeingol sy nesvaterttiyarbarcied ialggeny mer .
-37 20 Decenber 2006 38. The process of claim 37, wherein the resin (a)
conpri ses cati onic®N&Ntof grlgaplsT Rarerntry wedghtlases %’&It?tagw %fﬁ@ﬁm
oniumsalt gr oup§0"§§ r‘%@”éﬁ']tm%i@%ésmﬁugl ihgp32, wherein the resin (a) has a
coval ently bonde Ra ogen content ranging from1 to 50 percent by weight
based on total wéi\§hturingftheeddéctrapfiareticaly exppliedicoating coayiasitica)to fatm arhe

process of claim39. whergin the coval entﬁhy bonded | ogen content,of the
Peain (a) i SuB COBIPTED SR URERNET AU SHTRRES o Ere S608 LAY 1 rom
at | east 19ngo&itionsHAMMAtheb ALK héreBRENOl and brom nated pol yhydric
phenol . 41. The process of claim40, wherein the coval ently bonded hal ogen

content of the rd&Y)mepayingssaidr phetargsisiniot termabreirastii aggambly aving vies  The
process of %&%n@ié& to %ﬁrc%irg at thee %%ra{igrgs Sr%%%usw" Eo&eorgg rv\iziFnegaia resist; and
(VI) optionally, applying a layer of metal to all surfaces of the circuit
assembly of step (V) to form metallized vias extending to said core.
15
33.  The process of claim 32, wherein prior to providing the photoresist in
step (Il) at predetermined locations on the surface of the core, a layer of

copper metal is applied to the core.
20 34. The process of claim 32, wherein the core comprises a metal core
selected from perforate copper foil, iron-nickel alloy, and combinations

thereof.

35. The process of claim 34, wherein the metal core comprises an iron-

25 nickel alloy.

36. The process of claim 34, wherein the metal core comprises perforate

copper foil.

30 37. The process of claim 32, wherein the resin {a) comprises a polymer

derived from at least one of a polyepoxide polymer and an acrylic polymer.
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conmpound selected fromat |east on of a bl ocked pol yi socyanate and an

am nopl ast resin. 20 43. The process of claim 32, wherein tBebe%E%‘ibQIgz@@ent
(b) has a covalently bonded hal ogen content ranging from f to per cent
by wei ght based on total weight of resin solids present in the curing
agent (b). 44. The process of claim 32, wherein the coval ently bonded

hal ogen 25 content of the resinous phase is derived at least in part from

a conponent () ich is differe from.a present in ition to e
Feain (o) a1 ndTRLPIaRERs Bt oy WhBMiRRe BPSRARY cofdiekhi il Cadf <
conponent ( GroGedTRElesRS BHR MhineXaItGroaps endl@driymbmdgdups.

hal ogen- cont ai ni ng conpounds selected fromthe group consisting of

hal ogenat ed pol yol efin, hal ogenated phosphate ester, hal ogenated phenol,

and m xtur 6339t her fpro?;%@s %?c %ﬁj%he%gﬁlpthedfgsin-rﬁigggoag?&faIQrfltlfbéri\(deg2’

wherei n sai d ¢ured confornma Irelectric  coating el’ectr’i ¢ const ant
of | ess t Bamatwgernoaitehbrahdgidly frém 1 T &0psercenisby iveld tibaséd, owtndalenveightii d
cur ed confor?al di eg ctric 5 coatipg, has a dielectric constant of |ess
than or equdl reYnSoligs presentiptg GSEE@)of cl ai m 46, wherein said cured
conformal coating has a filmthickness of |ess than or equal to 25
mcrons. 10 49. A substrate forned by the process of claim1l. 50. Acircuit
assenbl y forfed bihe heopessced sclaim c3%i wmhedein 8 caveientvi bordack Malggdror med

by the process, of claim32. 5 ,52. A process far form.,n tallized vias
"1 an-el ect CORIARELE: M TS Gals deutipdifained FAboRRERHsBoWBHRT SR he
fol | ow ngpstseRscted HorS! RABAPHRE f GHbrinata® oy HIrcOpidhdt| A bRSAm@uS] | ve
perforate substrate an el ectrodepositable coati'ng conposition onto all
exposed 20 polxtydeiephenol.ne substrate to forma conformal dielectric

coating thereon, said el ectrodepositable coating conposition conprising a
resi nous phase dispersed in an aqueous phase, said resinous phase

conprising: 41a) amheungetésd.of aglhiny 4y dhessin- entcaivaiently bomded halogen
content of the resin (a) is derived from tetrabromobisphenol A.
15
42. The process of claim 32, wherein the curing agent (b) comprises a
compound selected from at least on of a blocked polyisocyanate and an

aminoplast resin.

20 43. The process of claim 32, wherein the curing agent (b) has a covalently
bonded halogen content ranging from 1 to 50 percent by weight based on

total weight of resin solids present in the curing agent (b).

44, The process of claim 32, wherein the covalently bonded halogen
25 content of the resinous phase is derived at least in part from a component (c)
which is different from and present in addition to the resin (a) and the curing

agent (b).

45.  The process of claim 44, wherein component (c) comprises one or

30 more covalently bonded halogen-containing compounds selected from the
group consisting of halogenated polyolefin, halogenated phosphate ester,
halogenated phenol, and mixtures thereof.
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group containing resin, and 25 (b) a curing agent reactive wth the active

hydrogens of the resin (a), said resinous phase having a §9%§%8g$éy(ﬁgnded
hal ogen content of at |east 1 percent by weight based on tota melﬁ%t of
resin solids present in said resinous phase; and 30 (I1) applying a | ayer
of nmetal to all surfaces of the coated substrate of step (I) to form
metallized vias in the substrate. -39

46. The process of claim 32, wherein said cured conformal dielectric

coating has a dielectric constant of less than or equal to 3.50.

47. The process of claim 46, wherein said cured conformal dielectric

9 coating has a dielectric constant of less than or equal to 3.30.

48.  The process of claim 46, wherein said cured conformal coating has a

film thickness of less than or equal to 25 microns.
10 49. A substrate formed by the process of claim 1.
50.  Acircuit assembly formed by the process of claim 13.

1. Acircuit assembly formed by the process of claim 32.
15
92. A process for forming metallized vias in an electroconductive perforate
substrate, the process comprising the following steps:
() electrophoretically applying to an electroconductive perforate
substrate an electrodepositable coating composition onto all exposed
20 surfaces of the substrate to form a conformal dielectric coating thereon,
said electrodepositable coating composition comprising a resinous
phase dispersed in an aqueous phase, said resinous phase comprising:
(@) an ungelled, active hydrogen-containing, ionic
group containing resin, and
25 (b)  a curing agent reactive with the active hydrogens
of the resin (a),
said resinous phase having a covalently bonded halogen
content of at least 1 percent by weight based on total weight of resin
solids present in said resinous phase; and
30 () applying a layer of metal to all surfaces of the coated substrate
of step (1) to form metallized vias in the substrate.
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