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FI ELD OF WBBRod4uBIgEl ON 5 The present invention rel ates POTAr$2003/020358

el ectrodepositable dielectric coating, to a nmulti-layer circuit assenbly
conprising such a dielectric coating, and to a nethod for fabricating such
a nulti-layer circuit assenbly. BACKGROUND OF THE | NVENTI ON 10 El ectri cal
conponenEBECTRGPERORATARLE DERFFCIREF SOATIENSPMRCS I EIONENEY CRAPAC YT 8ATE AED
comonl y nmounted on ci r CETHO &AeFORM PUETANTASC SIPaNINGS printed circuit
boards. Grcuit panels ordinarily include a generally flat sheet of
dielectric material with electrical conductors disposed on a nmajor, flat
surface of the sheet, or on FIBLD OR/THE SNVENT@ON The conductors are
commonly 15 fornmed fromnetalTic materrals such as copper and serve to

I ntercopinect th I RREN : . \Were the
conduc?’g(;rs are ?G??I{)%ﬁrg I@%‘E@?h%nm oﬁ%ﬂgwggﬁgeB?SIEﬁeg% flct he panel nmay
have via ceatihgetoasneltitlayeli ciccuitrassegtbhhobmpriging suchradighectii@sdatirigy t he

dielectric_|l ayer s tp.interconnect t conductors on opposite
surf aces. Wﬂfﬂ/ gm@tgnpg?p;%grlpag@g B%‘l?rl'é? n&‘élg'g [ UCURAP8eBIN, nade heret of ore
whi ch incorporate nultiple stacked circuit panels with additional |ayers
of dielectric nmaterials separatin t he conductors on mutually facing
surfaces of adjacent pandBACKGROUND QF THETNVENTON - | ayer assenbl i es
ordinarily incorporate interconnections extending between the conductors
on thelb/ari ous Electidal cpampeinents) forrexapEe kregist@’s, transistasyaricdd provi de t he
required el ectrical interconnect irﬁna. In m.croelectronic circuit, %ckages,
=diog 5

circuits afRPARICIS aLp £ORIBRRY FRoY KEitRaneL sEHGetuggs st 83BNgdscal e.

Gener al |y, citdift IsoERHE & Tirctifd s eRAGHRHIMPInclRIEEA eRERIN R SRbdorsem conduct or
chi ps housing multiple mcrocircuits and/or other conponents. Such chips

are usual | §ielesiiic matena aviinelestrical conshistorartisBeedhen ainkajor, Ifiat eurfack at e

package |l e LB O ri " risi,ng nulti- |ayer substrates
may have aé@h%hsgﬁ ef",hoerroen[ Qétﬁ 'ﬁ%@f gﬁff%ésofc’? E&rﬁpﬁgg‘%gfsear@n?cﬁg”%p@ WO
2004/ 0130 8foriaed/fidsa dhyafizGdatdrials 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 elecirical 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 thelike. Intermediate package levels (i.e., “chip carriers”) comprising multi-

layer substrates may have attached thereto a plurality of small-scale chips
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housi ng many m croelectronic circuits. Likew se, these internedi ate package
| evel s thensel ves can be attached to larger scale circuit cards,

not her boawo=2po4/@aeet he |i ke. The internedi ate package | ecales2e802B58ever al
purposes in the overall circuit assenbly including structural support,
transitional integration of 5 the smaller scale mcrocircuits and circuits
to larger scale boards, and the dissipation of heat fromthe circuit
assenbl y. hewisiiy many misextléctraric ceawitso ldkewisat thesedntermegiaik agekagssel s have

i ncl uded vari.et f material f or, exanpl e ceram c. fihergl

rei nf or cegeﬁeg? Mﬁ&%% ,Caaﬁ’& %fﬁcspleﬁitaggrgggﬁ%algfcgpgﬁézﬁ{qso ﬁ%‘%ﬁg&'t?%?(?%t es,

whi | e of f efridn@edimb! MHeRterrcdistetpackage Idvels seivelesevbrdl PudpedessiHpport to the
circuit assenbly, typically have thermal coefficients of expansion much

di f f er ent avesall eirpuit agsemily includiag shuetiialsuppopss trapsiienal integialipn of t hem As

a result, [ . ClLCUL S .S a risk due
Fo' fai Pur dhE MR Soak gt ARG 1§ b or sARBBARR, R the 2 | ¢

Li kew se, d:iési;bamirlrd)fgjémmm ?H\é clulexgitlagst?nlhlbigz. Sﬂhs_traeéseasemmmdmehtimwglr al
I‘EQUII‘EITEI’]'[S, I ncl udl n conformality, e resi stance, an CcO al | e

t her mal ekﬁtﬁﬁ'@%ﬁ"%%ﬁg@% l@yelsdaﬁ\(ﬁe%swﬁ&a YRGS m%eﬂ%!ﬁe&arsﬁg PRl ude,

for exa”F&(ﬁ?amR{?kiﬁbf@lé’é‘éraimﬁ’e‘?oﬁéwgﬁ?ﬂdgg] b& Wagg_ f1 uorocarbons. These

pol ymeri c el ectrics typica ave ermal coe cients of expansion nuch
20 hi gher t han THeagfooémehtiorel] aglsiratesywhite offéringsuffisiebttgididyi to ncr easi ng

need far circuit papel,struciures which rovi de .hi dengsi conmpl e

I nt er(:1 nné%PY@hsS?'%éﬂEﬁ‘ 3“9&9055%&&& %@luﬁgaagg@!y;gypdgélﬁ[mq\{q %&%Pl Ci m::)ui ;(
panel st r weificisnts b eRPaAsIoh MeudBiffetdititioan Hat of Usdnidtokiedi@yirRy chipg cui t
assenbl i es has@l{)qr esented serious drawbacks. 25 Generally multi-Ilayer panels

are made By heraiacheddoithamyiArairesdt dailursicidee eirpwtipeseiblplyiadter nel udi ng
appropri atr%p&&fé%‘{fste%sa ri;ﬁ{‘au@%‘%i réb?aaﬁ%f?v joﬁ%'baetnﬁge%? %&8& Lire ot her
with one or nore Tayers o or par |a? y cured di e?e t

uncure ric material,
commonl y rthéessedblyo as "prepregs" di sposed between each pair of adjacent

P s o e ohlattie gt e ot R aber B e BLSRAE L5 (e
T2kl ¢ AR OBRSIRIAIR: 0o el R cRten g esanhfderent boar s
thermal expansion 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 including appropriate conductors. 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 heat and 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
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-2 WD 2004/ 003086 PCT/US2003/ 020358 coated or filled wth electrically
conductive materials usually by plating the interiors of the holes to form
a pl at ed wbhrough3asea. It is difficult to drill holes wpPCh/S26039R0358L I 0 Of
depth to dianeter, thus the holes 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 discloses of nmethod of nmaking a mcroelectronic

conponent %3ated 61 filechyith electioally candigtive materials usgiely by plgtingvthei ng a
| st t i i - .
G ect r opha G ois B eiakh i forti'a piied MCHEh W 3K Biiddifto qilinoles ¢ e

conduct i vewitle artdgle xatepbdf dépthao aliameier cthue tiesl hblestddriasush .assbmblies er ence
suggests that, 10 the ctrophoretically deposited material can be a

I
cationi c d8H b%relat_*@&fareﬁiead PRI SERAL SR OE PRaeiIndberasse@khown i n
the arts and conyes GabhNoay 266741 BRI TRARBH Yrrfidlihg adepos { ed

material then is cured to forma confor ectric layer, and the
resi st i s mamosledirenictdmmpartent dygreddinga tayductiveasibstrate ag'somstt endi ng t o

t he conductive.core at Iocegtitoag q\:v?gj ch hakg be% 15 covered by the resist.
The hol es R'RYSIGR FERSLALS STERAPTRYINE YheCHALLAIVE GRSt PBfe or "core” are
comonl y r&etidsisbrefically déidsithg/améincuredl didiectrRTASEHEBhA thé BEn@dtiet ur al
conductive elenent is a metal sheet containin cont i nuous through hol es or

"t hrough Ggexerpeaidragtionsoeevaied hijtie regist adwe raferenice stigpestsitbaimgj or

j ; ; : . 0 el oally.
The di Y ecEelecliororeRENY dortBHEd ol Bibe BRafPnR AU BP ShAGNED, ¥
conduct i vespgreagedseorhpositiom dstthesdloh@vmid the art anbadnaeridigund,  however,
Lhi's ref erdiuabEan be el hRRHBISCaR: SRS CIBaIATE! IReR SRR TP
r et ar dancycdifiudIiBIBESic 13 & thE A4S remevdd 48Inaeuiddcnn syt sc! ose

o
met hods of fabricating m_j? ¥ -apayer tﬁ?n- IImwring struc%lures %(’)r use in
circuit adw@mepeniags Thtendigloetherdondugiilea earetat Iodadionsrehishibat eten

Pol yt et ol OB EL PR ESEOTFE B AER Brmeamd afiaadel BiamEosster or abl y
appl i ed bysubstatesbi tbre’Sarebonimonit & #bas Amddiigs! osesna met hod of
fabricating nmetal core
embodiment, the structural conductive element is a metal sheet containing
continuous through holes or “through vias” extending from one major surface
to the opposite major surface. When the dielectric material is applied
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-layer 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 polytetrafluoroethylene, 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-
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| ayers for a multi-layer circuit board. Suitable dielectrics include vapor
-3 WO 2004/ 003086 PCT/ US2003/ 020358 depositable conformal polyneric

coat i ngs.woheo#®sised uses perforate netal cores and thecCrafSessneesss
describes generally circuitization of the substrate. U S. Patent No.
4,601, 916 suggests that while el ectrodeposition of an insulating coating
directly to the nmetal wall portions of the holes can create a 5 uniform
filmof redgrpsifableneonforralprglyseris caatingssr baesiethod hisaapsgforatetmetat oat i ng

t the t t ' . . it
moul d-not SRS AR he o bedat el tral TN nd BBt P o> ©
i nsul ating propdrS.iRstenteNe. #/68d (G ygesenthat while gledtridepesition afiarected to

an inproved t hod f.or formng plated through holes in netal core printed
e curt 107BWET00 S5ty BrBpRnBTe WAl BN PFBedNes Fejs CLaRe Gon whi ch
conpri ge i ' | ' i udi olid

I nor ga%i c%ﬁlfﬁgﬁmm%@%ﬁgﬁ% ﬁ?lsglgél’f'é g&ﬁﬁl&gfﬁr?gg?lgag I{n?’lﬂig:égofﬁla%l ude cl ays,
silica, alcndting atdheitepaed bottant tims aditide hhles| tHeesulidegiueotpedalt i on exhi bits

| | stivit ter th 04 h bet t rinted
vt oot gl HeR Btk 6 s hofo wRES 80T, filtnge hebfhs deeBioal ©
el ect r ophanetliatiag lpyosisiaes wdra thddiguater HERBE, PBaEfGFEAROE dilcle® S 8nt he

metal wall portions of the holes; curing the resinous coating, the
t hi ckness BiPra¥ed maieed forformisaplatgdobmugh holagiremetalmasaprintedhcircuit

oo ut i (S0 BRIEORIIEION BobltfaTREthAY it ety hBLBRITS e of
the 20 restlectisdepasiiable @sindus duatiag Wadlligingrdsesiid ihbeyanisillétih figegur f ace

| ayers, the . netal |ayer adhering, to the cating with a specified peel
strength, f{H‘&‘gEJPFWn uitgb Q%’%W drec@?ys,o?il'%@?qrﬂ@@b alieaiegeeaths ubst r at e

by standarghtHami@d Fhé EHli'r{posFtiG]ﬁ ?}h%@:ﬁ vélure r%%fs‘?i@&% breatér %%ﬁ 35

di scl oses coating conpositions ectrophoretic™application to
el ect r ocortegehmecrulintwean dse pontedrdircuédcandunton and thEhmetadmposi Thens

the v da n TRREERLEIeE s MPeaREcHy Sehe g i@l « 0710 wel gnt
parts of admpeditionlovicl@ mictdl Aall pRifibnesf thethblds; (iringthe réfifblls The
conposition forns an insulating filmon the el ectroconductive substrate
whi ch coating, the thickness of which being at least 0.025 millimeters; creating a
hydrophilic microetched surface on the coating with an aqueous oxidizing
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
techniques.
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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30 is suitable for printed circuits providing desirable properties such as
di nensi onal stability and nechanical strength. -4 W 2004/003086

PCT/ US200800803®8086Ci r cui ti zati on of internedi ate packa@eTIEse@3820388
conventionally perforned by applying a positive- or negative-acting
photoresist (hereinafter collectively referred to as "resist") to the
netallized substrate, followed by exposure, devel opnent, etching, and
stripping to yi Blirguiiizatien of ihteimexiate Fagkagedevels Resomtentionplsi t i ons

typically ar ied by.|am nat.in spray, or. i rsion,techniques. The
resi ot 1| 2y Rt g pRlinc S hORE % Fatid e Ring R o RS RS g TR AIRE i n

addi tion tepliebtvelybsferidead R eadistiStothBRnétafized subSiMRNFd|RNAd bypubst r at es
for internedi ate package | evels can further include solid nmetal™ 10 sheets

such as t HPesHIe daystapment etchinm, padistipping ta yeld gslesirrd wircyisl i d

structyre r I | ' f the circuit assenbly to
provi dg tﬁ)r%tézlh' \?fe asgs%fcg)?ﬁ;gcfsl g’ﬁ%&blggl& %@é%@aﬁqﬁ%%&'}'gﬁn ’hséﬁ%ﬁoor.r art

pr ocesses, innhensorr ehnities. Meedesist (dyer thds dpplicdntdn haay athickniess 6f panel
structures Ph%&h_grovide hi gh density and conplex 15 interconnections, the
fabri cati ohfGPY MHERNSover cones the drawbacks of the prior art circuit
assenbl i es. SUNNBRY; I ; | esent

i nvention is di rectﬁeﬂg}q {(?_{Er? %gg%g%%gggggi 'ﬁgﬁﬁselhéc%gop\r{%n@%r%%osi tion

conpr i si ngubstratgafonintpraediatalpagkagedavels can fadbeoineludedsalichmatad r esi nous

phase .conpri ses; (,a) _an ungell ed. iNe h 0gefn-.C Lnin L onic salt
gr oup-1 ontsaer??%au&éé?E?O%%QECIPB?&F @ﬁ$| %@te&ég@[ gr@c?ﬁ?&ﬁ%%'f@ active
hydr ogens gfuctitesiragétbd perforbfsd diifisd RbHeaRbA D tAERSIrcu iy ky bonded

hal ogen content based on total 25 weight of resin solids present in said

resi nous pHevidedhertgmees fiprelignment yfpRESSti on i s el ectrodeposited and
dtof . L - odep nd
“h accor dance. aniiEFioghs PliatA? pfdEeRtes 8lp RARAFS A A AR AL o s T han'

or equal trmulbildy@r cirouitpanbkstrushirediwitioh prévide pigiseaisityrarehéoraplexel ates to

an 15 interconnections, the fabrication of which overcomes the drawbacks of the

prior art circuit assemblies.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is directed to an
20  electrodepositable coating composition comprising a resinous phase
dispersed in an aqueous medium. The resinous phase comprises: (a) an
ungelled, active hydrogen-containing, ionic salt group-containing resin; and
(b) a curing agent reactive with the active hydrogens of the resin (a). The
resinous phase has a covalently bonded halogen content based on total
25  weight of resin solids present in said resinous phase such that when the
composition is electrodeposited and cured to form a cured film, the cured film
passes flame resistance testing in accordance with [PC-TM-650, and has a
dielectric constant of less than or equal to 3.50.
In another embodiment, the present invention relates to an
30 electrodepositable coating composition comprising a resinous phase

dispersed in an aqueous medium, the resinous phase comprising: (a) 5 to 90
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30 el ectrodepositabl e coating conposition conprising a resinous phase

di spersed in an aqueous nedi um the resinous phase conprising: (a) 5 to 90
-5 WO 200w 0OC06a®808PCT/ US2003/ 020358 wei ght percent of &Tarsgel3loeasss acti ve
hydr ogen- contai ning, cationic amne salt group-containing resin; and (b) 1
to 80 wei ght percent of a bl ocked polyi socyanate curing agent. The resinous
phase has a coval ently bonded hal ogen content ranging from1l to 50 percent
by wei ght W&EEE Pefcaniirnwsigghed, actiye hydsegensepntaining, cxsdienic amigi 8l esi nous
phase, whegrejn, ; : Lt . ured film the
Cur ed 111 nouBcatEfuf RENRBNRT 1 BR0iRight bEfichPol Ac=0Y T £°) pc. Tht 650
and has a polgisecyanatecaniayagientf Thesssinbas phase dgsal cdvalehtybonbed present

invention js also directed tqQ a thod for formng a 10 dielectric coating
on an el ec??'@@%ﬂ@ﬁ@i@r\;éa%@%?ﬁom gﬁge‘%\ﬁ‘?fse%bhwe@ eeped enitptal weidhtect ri cal

Ci rcui ts Cogpekh &Slio‘s?ﬁeséﬁtﬁh rs%%?réé’iﬁbl% W@?é‘ﬁ?%@ﬂ%le&tﬂﬁep%kﬁ&& rode
bei ng i nmersed 1 n any of the previous escri bed aqueous
el ect r odepanrd cutsgdtocionpasturedriidm, freecured Hitm pamsps flape Esstamee @stiegect ri c

ol cct r odep DA ERBIEENIELr 61 D b bas & rlerkis st of g o ° 0
subst ant i agdiyal t6 @¥0.nuous film and heating the el ectrodeposited filmto a

tenperature and _for a tinme sufficient to cure the film thereby formng a
cured film TheTbapsesentinentionds plsei dieasted ton peefbed fon farmmindexi st ance

testi I Ny 1 ] | PC : I tri nt of

| ess tQ)an %Irg%ceég{h(gﬁa%tﬁ%b@gn e@%ﬁ%@”g?@%ﬁ%#@%? Fg)r'{% ggﬁﬁlr %@?ggl ected to

a coat ed sabstechtieal cironib comipriging theleéctaide andlaaotntezdleitedds; thié ¢ coati ng
| ayer over at Iga t.a @Fortion of togﬁl%ésubst_rate, wherein the cured
di el ect ri cCIE6HPIR Heing immersedda any| PERViQysly deseriad #4H§YSaccor dance

3,50, 26 COTAILLD DL T ERPRE e KRR ERilecs TR st ookl g
exanpl es, esrerdaiweehdhaelostrioddiarat the, coanter-elacthatestocsaursestbeng quantiti es
of | N9l di &gkﬁodéggﬁttaib?g cgr%Bgisi]Eiti)R S dgg(ojsf 8nftr?é tsnbstrate as a substantially
continuous film, and heating the electrodeposited film to a temperature and for
a time sufficient to cure the film, thereby forming a cured film. The cured
electrodeposited film passes flame resistance testing in accordance with IPC-
TM-650, and has a dielectric constant of less than or equal to 3.50.
20 The present invention is further directed to a coated substrate
comprising a substrate and a cured dielectric coating layer over at least a
portion of the substrate, wherein the cured dielectric coating layer passes
flame resistance testing in accordance with IPC-TM-650, and has a dielectfic
constant of less than or equal to 3.50.
25
DETAILED DESCRIPTION OF THE INVENTION

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

numbers expressing quantities of ingredients, reaction conditions and so forth
used in the specification and claims are to be understood as being modified in
30 allinstances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the
-6-



used in the specification and clains are to be understood as being nodified
in 30 all instances by the term "about." Accordingly, unless indicated to
t he cont raioyepoddeaosauner i cal paraneters set forth in thePCalusesu3mgo3ss
specification and attached clains are approxi mations that may vary

dependi ng upon the -6 WD 2004/ 003086 PCT/ US2003/ 020358 desired properties
sought to be obtained by the present invention. At the very |east, and not
as an attedﬁﬁlretddorppﬁftmtswghbgl be gbtairedby tihe persent inventenedbithavem s to

t he scope i i h t . | east be
construed I?%Stlt’ ?gﬂﬁogﬁ%eﬁgeﬁﬂ%@#%& ﬁgép%‘?@@%@'}]g’m% @‘g‘#ﬂngio& ts and by 5
appl yi ng csqliivalentsrtodhdisogpéd et tha claipss, dsehwidnsiicd argmetertshblkl atuner i cal
ranges anq garameters sett] n(Fg forth the broad scope of the invention are
appr oxi mat/F8be carstiiaeinlight of, e agmber of repefiad isignifieans gigisrand B anpl es
are report lﬂﬁ Rfr&iﬁbﬁﬁllo\(maﬁq %ﬁhﬂ'u%s. Any nunerical val ues, however,
I nherently ‘co tgi n certain errors necessarily 10 resulting fromthe
st andar d devi at Notwithstardlinghthat déhe nusspieal ianges esiti parametarsisetimenfosth Al so,
it should tge und rstoodf hat a numerical . r rl‘]P e feci ted .herein is

e

i nt ended t eimgﬁﬁagogq?p NYEYE A BRI he nyigericalyales sef r ange

of "1 to 1@rthiif the'bpaclRsekaMbRE aldaepblted BR-Jrafigely faehyRMeangy ncl udi ng
the 15 recited m nimumvalue of 1 and the recited maxi numvalue of 10, that
is, havi nipraereadlivigilasy Apweveg irhereotly copladmesstainieaiors ngaessariaxi mum val ue

o rocty (52ufho R hE0nby SRR ETTRBRB s ERRO TR o1 " '

resi nous pheasu@bhalitspersed in an aqueous nedi um The resinous phase

conprises: (a) an | nﬂel I fh% active hydrogen-contajning, ionic salt

gr oup- cont ai ni SPeEP oulg u@%@rSE?O@J%ahan&gemnpab@m@eremdwh@wén Ictive
hydr ogens ; | 4 'gémﬁ BRsei e onded
hal ogen cdﬁfteer{r?{éat}gglzﬂﬂ%éﬁ%] SPg{}g”&%?gHt 0 eJr?e5| nldggfls?@%%@%éﬁﬁée{%@sai d
resi nous pifaddod@lis intendedrterinclbde 28 stibrmpogies betwean ahd dnclodiagdsét ed and

cured 0 eI fHige Be Saf S oA SalP1 o o519
having a minimum value equal to or greater than 1 and a maximum value of
equal to or less than 10.

As aforementioned, the present invention is directed to an
electrodepositable coating composition comprising a resinous phase
20  dispersed in an aqueous medium. The resinous phase comprises: (a) an
ungelled, active hydrogen-containing, ionic salt group-containing resin; and
(b) a curing agent reactive with the active hydrogens of the resin (a). The
resinous phase has a covalently bonded halogen content based on total
weight of resin solids present in said resinous phase such that when the
25 composition is electrodeposited and cured to form a cured film, the cured film
passes flame resistance testing in accordance with IPC-TM-650, and has a
dielectric constant of less than or equal to 3.50.
It should be understood that for purposes of the present invention, by
“covalently bonded halogen” is meant a halogen atom that is covalently
30 bonded as opposed to a halogen ion, for example, chloride ion in aqueous
solution.



di el ectric constant of |less than or equal to 3.50. It should be understood
that for purposes of the present invention, by "covalently bonded hal ogen”
i s meant woOhabdsmerseat omthat is coval ently 30 bonded asPopfssed/ 2G5

hal ogen ion, for exanple, chloride ion in aqueous solution. -7 WO

2004/ 003086 PCT/ US2003/ 020358 The resi nous phase of the el ectrodepositable
coating conmposition of the present invention can have a covalently bonded
hal ogen cont ent Thg reginoyseplase) of fbegiectdapsositablgneating compasdtian Q?IV\Bi ght

ercent, Leas i | {cal | t 10 wei ght
Ber cent. 2}' Ig?}‘e?%%t eS| 'ﬁ’g’u%é,}gh%fgaggggﬁﬁﬁ hg b@ﬁ@%@ %%!J‘)eg%&%rﬁ%rl]ﬂe&g%at i ng
conposi ti deasff 1 Weightpesedrit, uswiytatdoastCaweighy perceddVarteanat Igastohded hal ogen
content of le % t han, 50 wei ght percent usuaFI y less than 30 wei ght
per cent , OW?'SE percent, iand tygically ghleast B avpightnricent; lsa) thg e8iaoUBhan 20
wei ght ergedte ' i r | l: i ng
corrgosiSP I on canOf-rlyz:-J%ee'i ?L@%ﬁ?’gﬁ%@%ﬁ%ﬁﬁ%gswgﬁgf’bg@ﬁﬁ%ﬁ%%ﬁﬁ "\%ﬁﬁhcan range
bet ween arsarcbhate aapvalently bohded haldgemscontemtodfuess/ thanf 50 iveighe pierezhty al ues,

i ded that th lLent | ) ded,h t i fficient t
D ovi e a el esscPPA T plnt Bty Metpels s e8 et atiorgan.
accor dancetypichlly |36-tA4h 800vagheisseehPethdedanbudgRhdd 8l ¥, it shoul d be

noted that the coval ently bonded hal ogen 15 content of the resinous phase
can be der¢l¢eiodennsitablestpaiingtenmpesitich ean have paayetently homsledr both of t he

o compSund 12ge Foht B rartes belives a9 KR haln BB VAot The -

resin (a) inoldsiveefthe regteaineitied, provided dhsticths sedapdy ®ontied hatsgepses of the
present invention, f]anme 20 re istang{g@i s.tested in accordance with

| PC- TM 65FONfeR% IS BETICRIY IRRFRMAC a qyiep spatinggwhish passesdiame resjstance

Lam nat e" 1’[6&1’@% # %"%aﬁa@*"’i"ﬂ%giﬁ%@aﬁ %?deé&ﬁfé dblélﬁompf | nt erconnecting and

Packagi ng Electronic Grcul nders oad, rthbrook, Illinois.
When t he el ect rAddifioallyalilshoutshbé ngterbiinab the covalemtycooroEti hdlogeni s 25

;alnect rlgphocro%tttier?tacgfltp(e (Ijeeéjquglijst 8 ased (cj:ar? 'E"J[aedderltv%dffrC)c)rmmh%lnguerneg’toHsl cr:gv%?ésntg/escr | bed
bonded to one or both of the resin (a) and the curing agent (b), or halogen
atoms covalently bonded to a compound (c) which is different from and
present in addition to the resin (a) and the curing agent (b).

As discussed above, for purposes of the present invention, flame
20  resistance is tested in accordance with IPC-TM-650, Test Methods Manual,
Number 2.3.10, “Flammability of Laminate”, Revision B, available from the
Institute of Interconnecting and Packaging Electronic Circuits, 2215 Sanders
Road, Northbrook, lllinois.
When the electrodepositable coating composition described above is
25  electrophoretically deposited and cured to form a cured film (as described in
detail below), the cured film can have a dielectric constant of no more than
3.50, often no more than 3.30, usually of no more than 3.00, and can be no
more than 2.80. Also, the cured film has a dielectric loss factor of less than or
equal to 0.02, usually less than or equal to 0.015, and can be less than or
30 equalto 0.01.
A dielectric material is a non-conducting substance or insulator. The
“dielectric constant” is an index or measure of the ability of a dielectric
-8-



detail below), the cured filmcan have a dielectric constant of no nore
than 3.50, often no nore than 3.30, usually of no nore than 3.00, and can
be no nowe 200ua3@B680. Al so, the cured filmhas a diel eeCrius2003830365&ct or of
| ess than or equal to 0.02, usually less than or equal to 0.015, and can
be Il ess than or 30 equal to 0.01. A dielectric material is a non-conducting
substance or insulator. The "dielectric constant” is an index or mneasure
of the abirhateyiabfo sfot ahedeatiic chargaD DDdietaiiscoraantisaiestn20358

material to stor n ectri char The di ctric ant is directly
proportiorlc’o{f)p?'g'of‘ﬁ@t c@ﬁ ﬁ%%c%? q maipHak ﬁ’?‘ e@ﬁs(,il%ag(?} ®that the
capaci t ancgapagitassiiaedubed ! IiTQhé'd‘i’élé@thb'c@n§&'ﬁ$bﬁﬁtm%nél igaeautad. As reduced.
A lowdielectric materi al desired for high frequency, high speed

di gi tal wHeweliglectiie roatsiial tw@%@d&prbmﬁrew%yahmhcwdr@gl %JrV@Qfﬁltlcal to
the relsahlg cabggﬁric%%' &%u%fstr‘é{ Cild éoatF admgs  toRhE F8MYpIG OMPUt er

operatlons are coup |ng capa tan vveen Circult pat hs and

i nt egr at edunttianing sf omcumsl tior éxampsleapm&bt c@apateirwecaﬂqmtamgmmled
bet ween i tegrat ed circuits |s, reduced, t hi s capacitance nd t Lﬁilpower

required t iR CaPaciaurRasHEen ife th# B8RP dusoratad ICVCW S ogm
Pol ymer s fig¢eMdseafdiRE!ifdd Eém,opflgﬁ‘égé&ﬁj béﬁNeérEﬁlt@é(]%{efHe&*?édlt%Wﬁoswee“ ng of

Aneri can em cal Society, 1992 ctric s factor”
is the powedudedsbyrblasmmayltwcm amdathe pcwerrmq@nredltoazperate i$ inareased.of its

Tel d 0506508 ThBTPEER. (&Y Fredlialo ot BEIetteRbeapieSehid 8 545" v

Nost r and Ffﬁerﬂwdd\laﬂ\dﬁwlmémrgo en@@ﬁCh@hﬁ@alQ@é’f@@ AaneBiﬂl@rnggmd Laura A

Hughes, Handbook of Pol atings for Electronics, 0849' 1tr4 18, 2nd ed.
ee

Noyes Publ i cat i Ot (dieleg rlelesafa;ré%uls the pewercqissipatedby ai i6ic materials
and di el e%é{e‘haf%?ﬁéﬂ%quﬁ 9{56@%8@38%?;8@@ sfﬂ’ieeﬁfdr%?dlgé’r%@.bﬂ” the

di el ectric const ant cure ep03| e coafll ng conposition
I s det er mpreduedd by faneaiteenayngélectriofigan Seed. Gillevy Kelne élandbbekiof al

I npedance spectrqscopy as fqgllows. The ¢ Iels repared by
appl i gét i ﬁ%@&ﬁ%&t Poagé&/?f\&{ﬂ%fanég'ﬁ%a@gkdp pi{el: @%@25) S§Bstrate and
subsequentaigyr Jdifed 9. PicaN =@ 13urH € Hughes, Handbook of Polymer Coatings

for Electronics, pp. 114-18, 2™ ed., Noyes Publication (1990) for a detailed

discussion of dielectric materials and dielectric constant.

For purposes of the present invention, the dielectric constant of the
20  cured electrodepositable coating composition is determined at a frequency of
1 megahertz using electrochemical impedance spectroscopy as follows.

The coating sample is prepared by application of the electrodepositable
composition to a steel substrate and subsequent curing to provide a cured
dielectric coating having a film thickness of 0.85 mil (20.83 microns). A 32

25 square centimeter free film of the cured dielectric coating is placed in the
electrochemical cell with 150 milliliters of electrolyte solution (1 M NaCl) and
allowed to equilibrate for one hour. An AC potential 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

30 mesh counter electrode and a single junction silver/silver chloride reference

electrode. The dielectric constant of the cured coating is determined by

9.



dielectric coating having a filmthickness of 0.85 ml| (20.83 mcrons). A
32 25 square centineter free filmof the cured dielectric coating is placed
in the eWwecheswwbesa cal cell with 150 mlliliters of el @ecrruskgm3m26368 uti on
(1 MNaCl) and allowed to equilibrate for one hour. An AC potential of
100nV is applied to the sanple and the inpedance is neasured from1.5
megahertz to | hertz frequency range. The nethod enpl

pl at i num offleilating fresararieace @t fevadalrliz drkivhestzr aa@%ﬁw% andgl e

junction silekhsi chlar i frerence electrode. The dielectric
constant o Al%ﬁgt@%lrﬁg@“gﬁ Fﬁ%ﬂggrfﬁg‘erm ned by -9 WD 2004/ 003086

PCT/ US2003/ 020358 cal cul at i ngCtshE EAfdaci t ance at 1 megahertz, 1 kil ohertz,
and 63 hertz, and .,solving the foll ow ng equation for E. C = 'd where C
0 b montftreC e i meaUEd SR dianes BUHGHTe SEPUEnRY FRAIaYS) Eo 4 s o ths
ermtiqit : 12y Ani 32 square
p i tiheYerfrlitRBty e é@a&?{éﬁ{@%ﬁ o %t{ag%taﬁgi%bg?es‘%a_( q

centineters); diIs the coatling ness; tric
const ant . $quasécentimetensyitcbis theecoatihg duckrnessgapt dcisrthe diglestriant as used in

the specificati.o nd .i,n th l.ai s, i s.th el ectric constant determ ned
as descri %Oé]f?%og’%g% ulg bﬁr%ﬁﬁéﬁﬁi"@f‘ei f%@g%gﬁ.{czqor.\%@r&te%s H“'i‘ﬁdq'{‘ﬁge _

di el ect ri cspevifcationizrel iBrthaeldigRds e dieRchieedhdtant dstBramMédids t he clai s
represent the difference between the dielectric constant neasured at a

frequency @tsclibpd ghevetat aakequrnyroffeneapbodz. YaltasHer thedislacticlossnst ant
for thg Saﬁ%’[({?%%%éé%‘ in'ﬂ%@%ﬁ'é@f#icat%q nd fr?ﬁ]léfﬂgi)ﬁbéﬁeesoérﬁ%emﬂgraﬁfetrénceIge

el ect rodeposi |'e coating conposition o I'nvention
conpri ses betweentthe dieleotritaomstant aneasuged bed freguieneg ohy dnegshertzome ¢ gr oup-

cont ai ni ng,el ectrodepositable resin (a). A wi de variety of
el ect rodeg%%ﬁotr' SPI@%OF‘)’PP ﬁpﬁ?g'?%#wge@ﬁw g?@tgnbﬁé%émeﬁéte&@h”@@%% in the

el ect r odepgsd fraliéncyc 8R4 HNHe§MBPsi tions of the present invention so |ong
as the pol ymergaare )p"vvater %I spersible,” i.e., adapted to be solubilized,

di spersed or enlivgefactigdenosgitablatcoatingrbempasition ¢if e pesseing invehtiomr is ionic
T A A e e R L R
positive céwitgiaing dledtrpdepositabs redid@di PeRidedVariety of electrodepositable
film-forming polymers are known and can be used in the electrodepositable
coating compositions of the present invention so long as the polymers are
‘water dispersible,” i.e., adapted to be solubilized, dispersed or emulsified in
20  water. The water dispersible polymer is ionic in nature, that is, the polymer
can contain anionic functional groups to impart a negative charge or cationic
functional groups to impart a positive charge. In a particular embodiment of
the present invention, the resin (a) comprises cationic salt groups, usually
cationic amine salt groups.
25 By “ungelled” is meant the resins are substantially free of crosslinking
and have an intrinsic viscosity when dissolved in a suitable solvent, as
determined, for example, in accordance with ASTM-D1795 or ASTM-D4243.
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
30 infinitely high molecular weight, will have an intrinsic viscosity too high to
measure. As used herein, a reaction product that is “substantially free of
crosslinking” refers to a reaction product that has a weight average molecular
-10-



the present invention, the resin (a) conprises cationic salt groups,
usually cationic amne salt groups. 25 By "ungelled" is neant the resins
ar e substwpot2oaldogoshr ee of crosslinking and have an i nt PCRAISC003/08@36%i t y
when dissolved in a suitable solvent, as determ ned, for exanple, in
accordance with ASTM D1795 or ASTM D4243. The intri nsi c viscosity of the
reaction product is an indication of its nolecular ght. A gelled

react i on pieighidMwloastdeterstined by aiel pesneaion t:hrpgnaiﬂgwn@i lgs$ yhagp

|nf|n|teI¥dU(9610(5ml ecul ar weight, will have an intrinsic viscosity too high
to neasuré&.” AS Used herein, a reaction product that is "substantially free

of crosslinki iso,r=6f @seti h@re&l tie@ tdrivopabymeitidd nidzmit tdﬂ&@‘eﬂtm@liggimneraverage
mol ecul ar -10 WD 2004/ 003086 PCT/ L(ngZOOS/ 020358 wei ght M/2 a]s det erm ned
by gel pePRERADROBIRMENBIF AprhsoPAYMPES sURieaR stated anerues msculéé used

hereing theid rﬁé?rezgglh?‘d'@? favers Meuidt \Kléigﬁfs fof Bly'n%’rﬂ?h ter bot h

honmopol yners™ an ners. Unl ess stated ot he w’se, ecu ar 5 weights
ar e nunbeindicated s Yhin"eand abtamdgbngelfpﬁrrrmltlgmmhmmmaplw gsingdi cat ed as

"Mh" and ob ed b permeati on chrqnat o raphy using a polystyrene
st andar d ,pﬁyg FQP?S%I‘E%@H iy ag W&B“'Zﬁaﬁn?” ing exanpl es of filmforning

resins suitabl Ndimitpg e@arﬁﬂes of fif-Forhfihg résind sORaSlegbeGéd adarosi t abl e
coating conpositions include base- 10 sol ubilized, carboxylic acid

gr oup- contreﬁln|(a)g|npam9m§re§ec§mdep@§ltabie coeting icompasitiamsdacioge hagect of a

anhy 1P de soRlRiRER, oftgPft: hEb i SaRaiRb ptffied B eRBIT 1 at e
aci d or aphydliidtde aglddcesia dddng bid bakemsiating &atqdaasiﬂd;sftcwvmgw amaterial s which

arefurther reacted with pol Al so suitable ret e _at st 15
partially dicanbexylicacd PF\?BP)&%’F nd the rﬂ%f%&@foavﬁw g%té’r%‘:‘%?st?ﬁsat ur at ed

car boxyl i gjpgﬁtuﬁéted%&w%ﬁ%&hd‘@éﬁ%ﬁ}/ la@dﬁfb'ng GHQataFatégﬁ%d@ﬁ% ot her

et hyI eni c Yy unsat urate noner anot er sulta
el ect r odepuatetials| vhich esé furtherpreasted with ad)lbgyti Alsorsoitbblstareshe el égast. e. , a

st t abive SAGHb Sy Hred it R e R AT P AR S E O SRR seo i xed
esters of carlB§Aio@eRls, unsaturated carboxylic acid and at least one other
ethylenically unsaturated monomer. Still another suitable electrodepositable
resin comprises an alkyd-aminoplast vehicle, i.e., a vehicle containing an
alkyd resin and an amine-aldehyde resin. Another suitable anionic
20 electrodepositable resin composition comprises mixed esters of a resinous
polyol. These compositions are described in detail in U.S. Pat. No.
3,749,657 at col. 9, lines 1 to 75 and col. 10, lines 1 to 13, all of which are
herein incorporated by reference. Other acid functional polymers can also
be used such as phosphatized polyepoxide or phosphatized acrylic polymers
25 as are well known to those skilled in the art. Additionally, suitable for use as
the resin (a) are those resins comprising one or m‘ore pendent carbamate
functional groups, for example, those described in U.S. Patent No.
6,165,338.
In one particular embodiment of the present invention, the active
30 hydrogen-containing ionic electrodepositable resin (a) is cationic and capable
of deposition on a cathode. Non-limiting examples of such cationic film-
forming resins include amine salt group-containing resins such as the acid-
-11-



pol yol . These conpositions are described in detail in U S Pat. No.
3,749,657 at col. 9, lines 1 to 75 and col. 10, lines 1 to 13, all of which
are her ewp 200008@86r at ed by reference. Qher acid functiPocmalS2@a3loges8s s can
al so be used such as phosphati zed pol yepoxi de or phosphatized acrylic
polymers 25 as are well known to those skilled in the art. Additionally,
suitable for use as the resin (a) are those resins conprising one or nore
pendent c&obdhitizas reagtieninsaducty pbpplyeprpyfes ragmrinanysecaadani bed in U. S.

Pat ent No. . i cylaan [ ) ent

I nventi on,amﬁgéggpﬁ\% @bgﬁ?;l%rg%gen& f@ogtsgipnaﬁ'rr:gglgb%i%@%eﬁgcH@o‘i@%@i table resin
(a) is catd,of7 838ndnd3pedn,839.0Usdalnsthéseamime sak grdiadeonthiming resits ng

exanpl es of such .catignic film ftﬁrm' ng. resi ns i nclude am ne salt

gr oup- contHPHSEE 1P SOMRINGHRNWHR 3 acke i§oCYANAIR opBIDd ATEBbES described

PCT/ US2003, %@aﬂﬁ&;emﬁp'm lsbé%eﬁﬁ%%wmmg%%a %&éléﬁ%%agﬁkrggs and

primary or secondary am nes such as those describe t. Nos.
3, 663, 389;afgreddentitoed UR.F25t, B883,984(R MW, outhe3secydustmbaly petgeatialyam ne sal t

- I ni ' . d.i ' ti 1 th. | ' t
Qurt b’ ag bR e d B ed Wik HE Feein et IA Shohas ety B S P e T Ty
bl ocked asNgles047338. i Asb héne-8bMpBABAHL EsHAESsitibis abdescrifed B 98 PA9 or the

I socyanate can be parti al |E>|;/@§b| ocked and reacted with the resin backbone

such as dé¥er4,$34,568 andsDERRS. No.nb 708,405 cagdee uped in thene- conponent
(2:O%gﬁgggﬂgﬁ@e&ﬁggb%ﬁﬁﬁ@g%@ﬁg d:siéornosd%‘gggf&z{ré%%ﬁrg\gearﬁi{aﬂge@?ggnﬁggﬁ t I ons of

t he present).i Beeidb'sahe@okh@miinéir@act(cm)prﬁBeeﬂsdﬁscués)%d&mmdliat@iyge rei’iCt i 03

products discussed ir i at el above, e resjin (a) can al so be selecte

from cati ahoa'eaﬁreyqugﬁegsqw%%ﬁ Ssiect%&ﬂgaﬂ Geloie sswﬁpﬁews.su%es Nos.

3, 455, 806 3¢ e9dhd i URPPAIR08M S5 Rl art 99PBCAIL A1 ni g resi ns,

quaternary amonium salt 15 group-containing resihs can al so be enpl oyed.

Exanpl es of t hd3ssidesamine salt pralgp-conisming resing riatennamdamnuoniumaszli ng an
tertiary amne sins are described

o192 PSSRl el HRLAGSEY ARMRSeA Bapiadel FRLZiafhg Sl i
cationic rigslutie thosetvibiabye formed from reacting an organic polyepoxide with a
tertiary amine salt. Such resins are described in U.S. Pat. Nos. 3,962,165;
3,975,346; and 4,001,101. Examples of other cationic resins are ternary
sulfonium salt group-containing resins and quaternary phosphonium salt-

20  group containing resins such as those described in U.S. Pat. Nos. 3,793,278
and 3,984,922, respectively. Also, film-forming resins which cure via
transesterification such as described in European Application No. 12463 can
be used. Further, cationic compositions prepared from Mannich bases such
as described in U.S. Pat. No. 4,134,932 can be used.

25 In one embodiment of the present invention, the resin (a) can comprise
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.kS. Pat. No. 3,947,339, a
polyketimine derivative of a polyamine such as diethylenetriamine or

30 triethylenetetraamine is reacted with a polyepoxide. When the reaction
product is neutralized with acid and dispersed in water, free primary amine
groups are generated. Also, equivalent products are formed when

-12-



sul fonium salt group-containing resins and quaternary phosphoniumsalt 20
group containing resins such as those described in U S. Pat. Nos. 3,793, 278
and 3, 984w02804/m0emspect i vely. Al so, filmform ng resins ROTAS2@03/020388 a
transesterification such as described in European Application No. 12463 can
be used. Further, cationic conpositions prepared from Manni ch bases such

as described in US, Pat. No. 4,134,932 can be used. 25 In one_enbodi nent
of the prddyRPaXideis fegated with pxesss palyaminesceigly as dietydeneifiamire

o oups. - oo FedfienEiagmiil A AL BRI SREREHIRY 511 S,
and 4, 116,tA8@eadtiorniktuféat Sudipprodiuets’a@3desoibedah Yk8!t Pai.Nogleri vative of a

pol yam ne s di ethylenetrianmine or 30 triethylenetetraamne is reacted
with a pol%/éég’?%éé“WQHGt%@- reaction product is neutralized with acid and

di spersed in rekl ' '- i Al so,
equi valgent pro u@ﬂregrog‘ﬂ?é;?%@éﬁﬁgﬁu@ﬂo&gﬂ%@ﬁ&ggg%@%&003/ 020358
pol yepoxi daslviantagemtistyd i arte exbedinert|of diné pessestt dveasionj thiehrekien@) ri ami ne

and triethyl enetetraamne and the. exces ol yam ne vacyum.stri pped from

the react IGGITIRISERT BOVGIRT MR SRIANIC FT altins s sefested o a” o,

3, 663, 389 pyNbrbxldé&ba88d pelyMeftHivity PlimbRe sekBK8allas/bPRAtidrpRintingesi ns

al so can be used advant ageousl_g. I'n one ‘enbodi nent of the present

i nvent i on,9reHes (e4ahnag thosedaspribed abavebandran asaylicplyaer baviegsal t gr oups

and i §psel fr I | de- ed pol ymer having primary, secondary

and/ o?oter}ﬁ}iaté§>§/lz§r§'18yr;8eraaraﬂrﬁ§ljf%§& s@gﬁra those descri bed above) and an

acrylic Iool énerA@pr%\lm&ﬁ)dmdssnd{lin apd/mmmnbudm?émhmhh@pmﬂ@m As

previously discussed, i.n aone particul ar enbodi ment of the present

i nvent i on,'n‘t’%'%gi?%r?sé')‘ @cﬁ?@ﬁ?@% caficnimsalt geupsgdp iy ingtaneaissichnst ance,

such cat i Qfiski i | cal f ; b |l the resin

with an i%’?@%f%@”@?‘g@#%%ci JJ"E"T}% %Xsé%)'[l%gzeﬁ%gﬁé\i}eér% l(’)\)rlltaf-jl y used in 15

el ect r odeposigaais er ergapisacid snsh aSthosd cenerdigniady uséd dol ubi | i zi ng aci ds
mted to, sulfam c, and formc

ggfggqg belféct%aeep%%tltaue compositions. LEEBIS ’exglgn%tléscbf sloefﬁtt)iii2|hg acids
include, but are not limited to, sulfamic, acetic, lactic, and formic acids.
Sulfamic and lactic acids are most commonly employed.
Also, as aforementioned, the covalently bonded halogen content of the
resinous phase of the electrodepositable coating composition can be derived
20  from halogen atoms covalently bonded to the resin (a). In such instances, the
covalently bonded halogen content can be attributed to a reactant used to
form any of the film-forming ionic resins described above. For example, in the
case of an anionic group-containing polymer, the resin may be the reaction
product of a halogenated phenol, for example a halogenated polyhydric
25  phenol such as chiorinated or brominated bisphenol A with an epoxy group-
containing material such as those described above with reference to the resin
(a) followed by solubilization with phosphoric acid, or alternatively, an epoxy
containing compound reacted with a halogenated carboxylic acid followed by
reaction of any residual epoxy groups with phosphoric acid. The acid groups
30 can then be solubilized with amine. Likewise, in the case of a cationic salt
group-containing polymer, the resin may be the reaction product of an epoxy
functional material such as those described above with a halogenated phenol
-13-



Sulfam c and |l actic acids are nost commonly enpl oyed. Al so, as

af orenenti oned, the coval ently bonded hal ogen content of the resinous
phase of wbeoelmsissodepositabl e coating conposition canPo@/ubeensweesss 20 from
hal ogen atons coval ently bonded to the resin (a). In such instances, the
coval ently bonded hal ogen content can be attributed to a reactant used to
formany of the filmformng ionic resins described above._ For exanple, in

the case f8lowad pyireastionypivany Esidual gAYy gErYRsayith anamias hhegagion he
reaction ? ; .+ for exanple a hal ogenat ed
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f tq th f ol d by sol ubjlizati i t h phosphoric
el d. or - AilesriePIENyof &R TesBAR) CaBREHSING TEUTMAsPRR ed w (1 a
hal ogenat eshrigblRx ¥éleetedGdn iR lId 2R Hekdf a ﬁeﬂé@%ﬂbétgg ?hteﬁgg i'%\‘foﬁé?\lé?éd epoxy

groups with phosphoric acid. The acid groups e solubilized
wi t h ami neRolyolrEni kalpgenated @hoapkatefesierc andonixtureatheregf. oimparssheri ni ng

| , ' be th | d f i onal
ot o i yoRodBehioR e BesERy fRRiof AR e Y Poflrd REb e 15 wo
2004/ 003086F tRET4IRIAPR/ ABRNBBErorh @ hAlvgshatd (pRAGHUAB phtnalYor &&initial  epoxy

groups with an am ne The reaction g‘oduct can then be solubilized with an
aci d. | n chehleppatadkipphesiol fheugh as taffachiprehispbanolihorabbereinaied bonded

hal o C f | ri P ted 5
corrpgle}gd g%@g%necgpf%% é%%t%gsf@flgﬁgbg ﬁgpﬁaﬂ\ggg[wfgta gg] tg'ﬁg?])(l\)'?%%ﬂgl ogenat ed
pol yol ef i horidEdduogere dopeas plegtlee detived framda halogenated éemaof . | n anot her

nbodi t of th t i i h | ent | d hal t ent
o e aseRedi BoESrtek YRl Bek e Emant o™ "
exanpl e, a chlpid BahrinRIre g8 RBhtaniRY Gohie BId@iddRpBs qapl A or a

i PA8IrE
brom nated 10 bi sphenol 'A stuch as tetrabronobisphenol A rAﬁﬁi tionally, the
coval ent | ylessohed ®bieye sgarbecpiesent inthe abectesiepositalile coating aboypesitiond epoxy

compousc, b B Sy lPn ISl gl p 3 ERRORS R e
descri bed wdueNg 100 8Epercenthy welyltheften ¢0td FdeReditaly Weighatdry
composi ti Otg}pically 10 to 60 percent by weight based on total weight of the

electrodepositable coating composition.

As mentioned above, the resinous phase of the electrodepositable

20  coating composition of the present invention further comprises (b) a curing
agent adapted to react with the active hydrogens of the ionic
electrodepositable resin (a) described immediately above. Both blocked
organic polyisocyanate and aminoplast curing agents are suitable for use in
the present invention, although blocked isocyanates typically are employed

25  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

30 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
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15 of the present invention in anmounts ranging fromb5 to 90 percent by
wei ght, usually 10 to 80 percent by weight, often 10 to 70 percent by
wei ght, awo 20048asal |y 10 to 60 percent by wei ght basedPon/usotoslo2esss ght of
the electrodepositable coating conposition. As nentioned above, the
resi nous phase of the el ectrodepositable 20 coating conposition of the
present invention further conprises (b) a curing agent adapted to react
with the &deRydergraployeds Poeferaklyi hese meihylel gipsaretaihedfiqdely n (a)
descri bed | pued) I ve. : i ' te and
aninoplas{éggiﬁhgﬁggéﬁﬁgﬂggeVgﬁkpgg%gﬁﬁﬁgeﬁ®gg%§'ﬁgﬁggﬁbéﬁe t ?nvention
al t hough RkileshHoisicotaryenfrbrs1 ty dicaabory atones eugh ay eqethahol, etharal,hodi ¢

el ectrodeposi tion. Am nopl ast gﬁ%ins ch are common curiqggﬁgents for

... whi ch
ani oni ¢ 4FQRFPPAARINBRA NrtyHanely Heetr@naLh%lag iP6Pfepicdd AT AFHIBS or
am dessw the c@hﬁﬁé%ﬂﬁliﬁﬁéﬁf@'fﬁﬁnﬂméﬁ%é@é&& é\“ﬁld’@f)logn@é? tﬂ@stﬁag{e‘?néw am ne,

benzoguanam ne, urea I'm | ar conpounds. ner a t he al dehyde 30
enpl oyed iQYMELaidiEomddpnaanthdthgmicabGoc usderdhe deadencarkiRbSIMIENE:

al dehydes such a3 acet al dehyde and gﬁurfur | . Theg.co densati?.n pr.gduct s
contai nmet hyl dMeRBLpPIas! cUig Agenis Wpically gre Hiizesinamaston
particul arhe %tim%}@%éﬂQ%@@niﬁ%ﬂi@%@%&%%ﬁgsitﬁdléQ@éﬁﬁﬁm efdunted.
Preferably, these nethyl ol grﬁoups are etherified by reaction with an

al cohol . Vangisgdram ebrbt § te HPInsfeentibycwveight, mhiesrvernito 80 pereing b¥ont ai ni ng

froml,to 4. ' nd
- but a8or eifEH, Bite AT TR LA 15 50 BRIy wlbHE 3% perd iREPBRGL A of
commer ci althy tetahwkight ef freomssineslidsan thy aeuiiodepositabid evatig t r ademar k
CYMEL and from Monsanto Chemi cal Co. under the trademark RESI MENE. The
ani nopl astCORIRGSHPagent s typically are utilized in conjunction with the

active hydrogeW@éUrﬁi@é%\tQ'&'bﬁﬂﬁGnl 'e%%lbgﬁfﬁp?%tbaailceelé&?%dbdd%itﬁfﬁo“nt S

rangi ng fromabout 1 to percent by wel en fromb5 to 60 percent by
10 wei ght ,copnrdsiticais| arefblockezlpalyisaCyaratesnt he pohksayanatasecapebe fultyages

based o0 4ie ol 1 (Ll 91y KPBalSR NG, 5541300 Lol i L PlisgS! L0 e

coat i

column 2 and column 3 lines 1 to 15, or partially blocked and reacted with the
polymer backbone as described in U. S. Patent No. 3,947,338 column 2 lines
65 to 68, column 3 and column 4 lines 1 to 30, which are incorporated by
reference herein. By "blocked" is meant that the isocyanate groups have

20  been reacted with a compound such that the resultant blocked isocyanate
group is stable to active hydrogens at ambient temperature but reactive with
active hydrogens in the film forming polymer at elevated temperatures usually
between 90°C and 200°C.

Suitable polyisocyanates include aromatic and aliphatic

25  polyisocyanates, including cycloaliphatic polyisocyanates and representative
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

30 phenylmethane-4,4'-diisocyanate and polymethylene polyphenylisocyanate.
Higher polyisocyanates such as triisocyanates can be used. An example
would include triphenylmethane-4,4',4"-triisocyanate. Isocyanate
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The curing agents comonly enployed in cathodic el ectrodeposition
conpositions are bl ocked polyi socyanates. The polyi socyanates can be fully
15 bl ockewOago4dmsasei bed in U.S. Patent No. 3,984, 299 colPamrus2oo3ionesss 1 t o
68, colum 2 and colum.3 lines 1 to 15, or partially blocked and reacted
with the polyner backbone as described in U S. Patent No. 3,947,338
colum 2 lines 65 to 68, colum 3 and colum 4 lines 1 to 30, which are
incorporated by reference herein. By "blocked" is meant that the

| socyanat eprgpolyners ity Rélydlesucheraicshentyl lylytot aAR atmatiBlsiprdpaat t he
resul tant bl ocked isocyanate group is stable to active hydrogens at

anbi ent t ASEWER BPYRHC P@’M@'ﬁl%r\/ﬁ% W'y%ﬁﬂrpl?@tqﬂﬁjd@b?eﬂ%d tPlehe film forning
pol yrer at(l\ﬁi@m%ﬁfl MR F\éatgﬂé’% eélg\ggg %(a and 200C. Suitable
nc al | pqnat I'C

pol yi socyanat es i e aronati ¢ &n yi socyanat es,
i ncl udi ng cycl oie phlatsocymatwmingeawn@ty@lmhllyweembzédam mjumtmmpl es

i ncl ud di t ol

i+ socyandbh RRFSIVE el Gue GoRERTIGY Cato e B odsPpABagParsn (@l Msocyanat e,
tetranet hyérﬁamamangﬁgeffmﬁ hYhGRE rh aqawwér@ént bﬁwg}{toaﬁa@ﬂgrmMO

ane-4, 4' -di i socyana I sophor one diisocyanate, n xtures of

pheﬂyl met lrmr@ent oy wangihgdﬂmmt@?annerp@ny wieyghénang ttpjgelyril ta %@cyanfit e.
Hi
et ol BRI B BBl .

2004/ 003086 Pcmustsgoﬂabl@a}a&:%tamanﬁdymﬂ%nw dutingagenits saols Bs alsogieopent yl

gl ycol,_and tri pethyl| ol propane and w olyneric ol s such as

pol ycdfr oldgscghed i1 51-3- Bant Nosi 4. 43@hﬁ§§@g &é)‘bnéuﬁﬁtbﬁiﬁ@y@@?(bér_ than 1)

can al so tlﬁeﬂ%‘?n@g aTQ‘?%rﬁW% frﬁﬁ\cé(ﬁ'?:f]c%ﬁ%' o g)?étﬁ?ﬂel &n?rof’ utilized
e oni

in conjunction e activ rogen contai’'ning ca
el ect r odepbese dbs@ivessimmeédipteln abamawntlsz -palygi axyd/br amomegimsrgalf roml to 90

ercent b ht , wusual | t,0 .8 er, t by . wei often 1 to 70
Ber cent b?&ﬁﬁ@?w&ﬁa ”E?/%‘?%%?W %I?cgsﬂ'%eb @F% %%P'\%%ﬁfn BRsed on total
wei ght of Klbekerl awaﬂem%ycldawphaﬁ@ is é@atéglde@%se@nﬁut@tlﬂatamir OXy
ur et hane curing @éents such hose 10 described in U S. Patent Nos.

4, 435 1559 Nog 45495829 end 188,796t a- hydr oxy
As previously discussed, in one embodiment of the present invention,
the curing agent (b) has a covalently bonded halogen content of up to 60
weight percent, and typically ranges from 1 to 50 weight percent, often from 2
to 30 weight percent, usually from 5 to 25 weight percent, and can be from 10
20  to 20 weight percent based on weight of total resin solids present in the curing
agent (b). In such instances, the covalently bonded halogen content present
in the curing agent (b) can be derived from, for example, a halogen-containing
blocked isocyanate which can be prepared by at least partially blocking 4-
chloro-6-methyl-1,3-phenylene diisocyanate with a suitable blocking agent
25  such as 2-butoxy ethanol. If partially blocked, any residual isocyanate groups
can be reacted with a polyol such as trimethylolpropane thereby increasing
molecular weight of the curing agent.
As mentioned above, in a further embodiment of the present invention,
the covalently bonded halogen content present in the resinous phase of the
30  electrodepositable coating composition can be derived from a component (c)
which is different from and present in addition to the resin (a) and the curing
agent (b). In such instances, the component (c) typically is a covalently
-16-



uret hanes are fornmed from an isocyanate conpound, for exanple, any of

t hose descri bed i nmedi ately above, a 1, 2-polyol and/or a conventi onal

bl ocki ng wocho«m®3msenoal cohol . Al so suitable are the sec®aXarsgoamR036s

bl ocked al i phati c and cycl oal i phatic isocyanates described in U S. Patent
15 Nos. 4,495,229 and 5, 188, 716. As previously discussed, in one enbodi nent
of the present invention, the curing agent (b) has a covalently bonded

hal ogen coberdad gloggnicenuiningeiagrpounst salegted diean the praun gonsigigeLf rom | to

vei nt - per "aageateq Hoilgh e te s BriSak RE RRloustB A O vt ont
of total rasmhasahy dfthy kslegenatedtgienoly déwtribedeiioveland miktaresh i nst ances,

t he coval ently bonded hal ogen content present in the curing agent (b) can
be deri vedeF for exanple, a hal ogen-containing blocked isocyanate

whi ch can be prgpafsid ti%heb?ﬁ‘é_tcd\’/%@ﬂtlzlﬂdhd%%% ééntfent %reseEt in

chl oro-6-net hyl -1, 3- phenyl ene di i socyanate wth a tabl e Dbl ocki ng agent
25 such asthe-rbsinoxs plelserddithe efectradepasitapld toatirgicompysitionicdndle i socyanat e

roups cap be reacted w.t ol yal such rimet hyl ol propane thereb

?ncrgasi g5 E?IMEG\KE?'BR?%&Fﬁ_@“%apﬁﬂbﬁﬂ’ig@mQO%X%HR%%&&“&bove, ?/n a
further enggfbifgfion of thdRoregeingNprovie@nthbehe cdvfertRMsdiRItd Nalbgewled hal ogen
content present in the resinous phase of the 30 el éctrodepositable coating

conposi t i ofPriam ipsulfisientda ensure that dptaseieni elpctindeprsiioniteatingent from and
presenty | nwff%rq 'e‘éc%ghgr%tn:%g\; %??Elecg ghi AfLd Qgssce"érfllé;ﬁ? lr%‘&?@%\gg%t'@bgﬁs uch

I nst ances, e conponen y IS cova / 003086
PCT/ US2003a¢t2034rtce WithdeG-Tid-e5 R as peaticusly dicassadulbe selvalentdyg fromthe

group consji stin f hal ogenated pol yol efin, hal ogenated phosphate ester,
hal ogenat eﬁoﬂd?éﬂﬁoggﬁéﬁn té’%ﬁ“%?esﬂ'%%'st%ﬁéﬁath%@?%@w¢m%ri bed above
and m xtur i it QNG i l; A ded hal ogen
cont ent prg(iaetlr?%gﬁn%%ﬂ%é? é@ioﬁ%ﬁbﬁdgﬁg é of {%éﬁang@’ty@d %%)fgééllle?g%l e coating
conposi t i cadvssselp affegtttie/eldctrodepaditon proicasg and/ariiee cesulting diglactri€ b) , t he

conmpongnt (¢ or..any. conbi nati on of the foregoing, provided that the
coval ent | yé%%wgﬁoﬁ?iﬁ@&en

In an embodiment of the present invention, the electrodepositable
coating composition can further comprise a rheology modifier which can assist
in the deposition of a smooth and uniform thickness of the dielectric coating
on the surface of the hole or via walls as well as the edges at the via openings

20 (without obstructing the holes). Any of a variety of the rheology modifiers
well-known in the coatings art can be employed for this purpose.

One suitable rheology modifier comprises a cationic microgel
dispersion prepared by dispersing in agueous medium a mixture of a cationic
polyepoxide-amine reaction product which contains amine groups, typically

25  primary amine groups, secondary amine groups and 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
detail in U.S. Patent No. 5,096,556 at column 1, line 66 to column 5, line 13,

30 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
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content is sufficient to ensure that the resultant el ectrodeposition
coating 10 when el ectrophoretically applied and cured passes fl ane

resi st ancwot2est/ioa@gei n  accordance with |1 PC-TM 650 as pr @¢irassoog/odizsgussed.
The coval ently bonded hal ogen content of the resinous phase of the

el ectrodepositable coating conposition also should be present in an amount

insufficient to adversely affect the el ectrodeposition process and/or the
resul ti ng AUQBEPPEIUM SF 8 satIPRIG iFNdpERINGSESIn aNdha themraeiiig of the

present i ”é’rB éli g%/éﬁ%r&te%ﬁﬁtrfe\%ﬂﬁ@% telitBnt EARILIGY cﬁg'@‘ﬁgék{t@{éoca” further

conpri se a r can assist 1n eposi n of a
snoot h andsuffnlén’r’m ¢rosslinkethe tab dongpatiesltsect ri ¢ coat i ng on the surface of

the hole or vi vvaII as we sthe edei esqéhe vi a_ openin 20 (w t hout
obstructing ¢ heTHopatg e mipragel & Rigsedtly Be Secrieborudye foatRg or
wel | - krsomcdrﬁpéé]ﬁomaéh Rgfo dHt lsufftibrit ®o BFREONER 08 rﬁéwé?wémﬂeanooﬂe

sui tabl e rheol ogy nodifier conprises a cationiC m croge di spersi on
prepar ed byoldiesigerasivesaden badinsoifficiensdo aeivarselyatieet ftofw afthat i oni c

D5 b mar y SRy vaChsRBle CQuBaRHT odinaRB I R SiERta b R phEDr “andl
pol yepoxi d&lréd@;‘b&hh?kl FGr aenble, heccdtieald mﬂ:rbﬁasfﬂeébﬂb@d trﬁm@dta@élper ature
sufficient to crosslink the mxture, thus formng a cationic mcrogel

di sper si orbOVE AN BaPresRNt inihe @§i0ugi fiRsesaTdhe radespeitahie saptig on are
descrifged f?cﬂnpgﬁg@h !{bé'q a%o%unt'?é‘ﬁ@ﬁé 3t 02 2280 wR ?quiﬂ?e?gér’&”ﬁ'{gﬂ:alll ine 66 to

colum 5, Tine 1 I ncor por at by reference Yu tabl e
r heol ogy nfoalinfi &r 20 weidhigerceritdasaticmnveight of togal redinsgadids ippesdrdn the a
shel | - core_norphol.o ¥ described in detail in EP 0 272 500 B1. This

m crogel % Wp Ry by enulsification in -17 WD 2004/ 003086

PCT/ US2003/ 0203 emaéﬁogrwwma@ﬁngac@mbbgﬂbﬁ id In #RelBffiof@nr esin and a
t hernosetting crosslinki n_Ph; ent, and heating the resultant enulsion to a

t enper at ur@juenustdigpersgion: 81 dispersient isd ievpdite hes twlfhphafm i onic
ool RN, yaleb P S RECRERE R SR M AR o "
coverage, thetdisprsrséd iphaestandahadwrssieliy tied Eestindduevpifsel Mhe average
particle size of the resinous phase is generally less than 1.0, usually less than
0.5 microns, and typically less than 0.15 micron.
The concentration of the resinous phase in the aqueous medium is

20 atleast 1 and usually from 2 to 60 percent by weight based on total weight
of the aqueous dispersion. When the compositions of the present
invention are in the form of resin concentrates, they generally have a resin
solids content of 20 to 60 percent by weight based on weight of the
aqueous dispersion,

25 Eiectrodepositable coating compositions typically 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, includes

30 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
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el ectrodeposi tabl e conposition upon application or surface roughness of the
cured coating. For exanple, the cationic mcrogels described i nmediately
above carwbeoprws®at in the resi nous phase of the el ect Podaseoaiztoaizse
coating 10 conposition in an anount ranging fromO0.1 to 30 wei ght percent,
typically from1l to 20 wei ght percent based on weight of total resin
solids present in the resinous phase. The el ectrodepositable coating
conposi t i G@MrRenants KB anst (R) e dispespbian afdeRysmediunTMedieler m * di sper si on”
is believ ; - nh 1 | ycent or opaque

resi nous ?&éﬁ@}n&%nﬁaﬁ%ﬁat ﬁ%ﬁar"g’s?%éllégalﬁﬁ@tbﬁ%%asl fsc{)@)?@]e phase and the water

i s in the etecttoduapasitiophsath, Afldeatively aihe elperddepasitableecaphpddition e6i nous
phase is qeneralelﬂﬁl.l ess. than 1.0, ysual I% less than 0.5 m¢rons, and
typi cal | y eSS NENIONFaY b SUBRIEd 252 QRErcamRAN&IHt CORPISENT AR phase i n

the aqyeoysfigslhtEmbddindntadf the pidsent #M&ntoH ANV lE 6P IsRaBR RefipgNt by
ht o? t d \%en t he

wei ght based on total welg he aqueous di spersi on.

conposi t i mespdsitidrecan besnppli¢chas @ substantially pigment-treen @fe-cemponent
concentrates tht?é’ generally have a resin solids content of 20 to 60
per cent bfo\'f\%? "hased on wei ght of the aqueous dispersion. 25

El ect r odeposi t gbsifo@i@dd aspreciamrebinat ttsetay®@vaabLy nfstRods BpMHech B two
conponents: (1) a clear resin feed, which includes, generally, the active

hydr ogen- GOMRINANGC) ¥iieh enployedaeaible ingareoraéed toithe. | the main

£ilmfgrni t (] . it y

it oy 5 € el RRo6RREb I At ol AR in 1ABd0R b1 Bl S fiRposiion o

whi ch, getbmta e domaberdait (Gfoamiss compuratent rean!, shatds,ihe contiorent si bl e
rrn resi n I C can e e aneg or | erent. romthe main-f]Jlm orm ng
Ol it -~ HRLOT B BauRaHS solhanTReraet Sam Bf Adiediranty 30 416 4RACHREEL i ng or

pol yrrer, i .. SR ¢
PCT] US2003) DA o S ApeStoT PoRpE AP ) il h AR o e, e

medi um whidispersedpenescampenant eleairodepoaaitibn, conisitsi. nlterobtiesly stheo f or m an
ot "t hdSpr SLEMO TN 2% uun 0% 2B L RR G et B R IR R B gRE ¢ on. 1 n
a any of the individual clear resin feed components, for example the film-
forming resin or the curing agent) prior to dispersing components (1) and, if
employed (2), in the aqueous medium. Further, the component (c) can be
admixed with or dispersed in the pigment paste, or any of the individual
20 pigment paste components, for example, the pigment grind resin prior to
dispersing components (1) and (2) in the aqueous medium. Finally the
component (c) can be added on-line directly to the electrodeposition bath.
The electrodepositable coating composition of the present invention in
the form of an electrodeposition bath typically has a resin solids content within
25  the range of 5 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
30 alcohols, polyols and ketones. Specific coalescing solvents include
isopropanol, butanol, 2-ethylhexanol, isophorone, 2-methoxypentanone,
ethylene and propylene glycol and glycol ethers such as monoethyl,
-19-



5 particul ar enbodi nent of the present invention, the el ectrodepositable

coating conposition can be supplied as a substantially pignent-free,

one- conpowerzo4/@sersposi ti on. It shoul d be appreci ated t h®CTiUusee03/020388 vari ous

nmet hods by which the conponent (c), when enpl oyed, can be incorporated

into the 10 el ectrodepositable coating conposition in the formof an

el ectrodeposition bath. The conponent (c) can be incorporated "neat", that
or an a ueous, sol ution thereof can be added directly

is, the co
to the di 4p 'P&é‘ﬁy' %‘g‘ig?lqr‘t?@@ﬁﬂ hesof&Shysap el ca'hﬁcﬁﬁ'é‘m 1) and (2), or
if appli C%@Ja‘i’esc‘i E&@enﬁ%?&‘ﬁ%ﬁﬁ@ @We@ﬁ%?@%féﬁ&?ﬁ 'a\trqu}ohen

conposi ti on. nat 1 vel conmponent can m xed wth or

di sper sed uaedt peeferabiy fmmsalmliteﬂe% (@ aboainy pefcam«bylweiglvh Md ah &dal resin
feed corrponenéf ft]ft?or exa (ilhe film formng resin or the curing agent)
prior to QYEEREGS Sac%’rﬁ%‘ Uh) and, if enployed (2), in the aqueous

medi ums FurtherA|tHdt@m@Pm@n;e§&bét9htuﬁlmr@@ofQfé;méﬁﬁdlf%&he@ra di spersed in the
pi gment paste, or an i ndi vi dual 20 pirgment paste conmponents, for

exanpl e, tm@mﬁnbﬁ@mpogmpnmdé@uwar@us@ddutblesawbea%$ur§e\c&mthWQﬂm (1) and

2) in th Ei be added |
1ot RRHERLBEA i oLk e SRIBBIGT, rhERGBRREE, S CCe Ty
conposi t i aonefodititn pragsendf thesomventional tyhé eofmprigingfpigmeats & odeposi tion

bat h typlc)@gY has a resin soljds content within 25 the range of 5 to 25
percent byPXABIRIG IroR Q¥lesnstitim GarQsRatey cathan b'@P%éF@WH@b@'?K'ﬁ?on bath. As

af or SOt HaReBarfsate R Y ot B8IGHIEANTIBRIKAIREIAARIA f iha 002! esci ng

sol vent. Usefu al escing sol vents car bons

esters, et&fbr?hele&dtmd@pesmommm usoallyeis Essgntially/feee of clmomete 30 al cohol s,
pol yol s and etong %{% | C co | esci ng sol vents include isopropanol,
but anol , Wylfaﬂ xgi?l% '“'“%BBHE)‘? fe, 2-net hoxypent anone, ethyl ene and

propyl ene gl ycorh@p@nﬂérvt%@hteeﬁ e tise éiéﬁ@rsﬁ’én DBRARE 8 ¥Expresked\¥3 #2004/ 003086
PCT/ US2003/ 020358 " npnobutyl and nono % et her's of ethylene glycol. The

amount of Pigwenttaresin safia, dntthe Praeticer ofi the imentisanwheo pigmeotlisand 25
percenk ang,¥B§8q, the pigment-to-resin ratio is usually within the range of about 0.02

to 1:1. The other additives mentioned above are usually in the dispersion in
amounts ranging from 0.01 to 10 percent by weight based on weight of resin
solids.
The present invention also is directed to a process for forming
20  metallized vias in a substrate comprising: (I} electrophoretically applying to an
electroconductive substrate any of the previously described
electrodepositable coating compositions onto all surfaces of the substrate to
form a conformal dielectric coating thereon; (Il) ablating a surface of the
dielectric coating in a predetermined pattern to expose a section of the
25  substrate; and (Ill) applying a layer of metal to all surfaces of the substrate of
step (Il) to form metallized vias in the substrate. Optionally, the process
further includes step (IV) apply a photosensitive layer, as described below, to
the metal layer.
In further embodiments, the present invention is directed to processes
30 for fabricating multi-layer circuit assemblies using the aforementioned
electrodepositable coating compositions. In one embodiment, the present
invention is directed to a process for fabricating a multilayer circuit assembly
-20-



used, preferably fromabout 0.05 to about 5 percent by wei ght based on
total weight of the agqueous nedium 5 Although typically substantially
free of pworeeew00308h desired, a pignment conposition andPOT/USA6030E358
additives 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, strontiumchromate, carbon
bl ack, ti tcomprining the steps dfi ({)aproviding aneleaiiccandyctive sase) tygisally a
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pignent-to-resin ratio. In the practice of the invention, when pignent is
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about Q. 0Zppt : L] ; | oned: ; y in the
di spergi ogupné%léatﬁﬁj%;ggﬁ?%gﬁhga ??dg%rﬁag%gﬁg{r%&%glp ggmée%%a\%eell@ﬂ?éiased on
wei ght of patkeirmto erposisa sébtiopvetentorenientpplyirl s tayes oflimetaltferd to a
process for formng 20 petallized vias in a substrate conprisi )

: ng, (I
el ect r ophdP@IRIG) FPRE5pIAAIhRHTRFeSO TRiTe fisigligRd yias 10dne 66! :raéldéq’an§ of the
previ ousl ﬁ@ﬁﬁé 'a%g'i[nrog{[%?b%g@ﬁﬁ%tIéi?éreto%étr?élg! @?gpom tions onto all

surfaces e sub to forma conform ectric coating thereon;
(11) abl ating alustiksieates ot here chretemprise anygaf andgriety af pr edet er i ned
pattern to ,expose ectio f the,2 ubstrate: .and (l11)_ applying a |ayer
b et SRRl St the, g RRY BV GRS 19! A BB et | 2o
vias in thmtfded babalvafibdeiedll Hluntiinempeepes’s gofd)hidked, magheiigs st ep (1V)

apply a photosensitive | ayer, as described below, to the netal |ayer. In
further erdloys eany ofthrfdiegeingimetalse @siwell as candudivesarbomeeaiedses 30 for

ot Bl ARSI LIE Yt ARSIl Sobal o LS LIRSS
I nvent i on thickdes® careging rom H0 ¢ 466 nhicrorisabypicalyifragn 25ntol ¥00 @mjceonsi r cui t
assenbllsy -20 W?t gﬁgd(d%oe?’gr?dﬁerspt%ydl%ﬁgp o?/pgggg’sSe% of the processes of the
present invention the formation of metallized vias “in the core” is intended to
encompass the formation of “through vias” (i.e., the formation of metailized
holes extending 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 “to 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 S. A., 168 Rue de Rivoli, Paris, France) comprising approximately 64
weight percent iron and 36 weight percent nickel. This alloy has a low
coefficient of thermal expansion comparable to that of the silicon materials

-21-



conprising the steps of: (1) providing an el ectroconductive core, typically
a netal core as discussed below, (I1) applying el ectrophoretically any of
the prewousdyoogisscussed el ect rodoepositabl e coating cecpaszeionssont o al l
exposed surfaces of the core to forma conformal dielectric coating
thereon; 5 (111) ablating a surface of the conformal dielectric coating in
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material s centimeter).
Any of the previously described electrodepositable coating

20  compositions can be electrophoretically applied to the electroconductive core.
The applied voitage 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

25 centimeter) and tends to decrease during electrodeposition indicating the
formation of an insulating conformal film on all exposed surfaces of the core.
As used herein and 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

30 not occluding) the holes. After the coating has been applied by
electrodeposition, it is cured, typically thermally cured, at elevated
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property is desirable in order to prevent failure of adhesive joints

bet ween swoceswios@sky | arger or smaller scale |ayers of paTaise@3secese
package, due to, for exanple, thermal cycling during normal wuse. Wen an
iron-nickel alloy is used as the netal core, a layer of netal, 5 usually
copper, typically is applied to all surfaces of the iron-nickel alloy core
to ensur eterppenwlresasadgnogﬁmm)gmT@BQOT@?@Ya periog oAl tadOminutessta hat appl i ed

in step can. be onvent | ,

el ectropl gﬁ\lﬁﬁ C°Bf°ém3?5féé%§”59§?f%°"% ﬂpﬁ&%%ﬁbﬁceg&fg@g@ P on techm ques,
and typicall ymésauaebﬁiccdmﬁﬁ i©bf bﬁi@éﬁﬂtrﬁ@(nb@srﬁrﬂrm isIHb Wyré et or at e
netal core"” is neant a nes eet havi ng pluraljt hol es or. vi as

spaced at SPegierens, Uﬁuaﬂwaognoreﬁbaa|2§n@t0é¢n%ﬁndﬁéplﬁaﬁxé§0mw&lth9m|?s0 about
200 m§r°ﬂﬁcrol?|‘ét m&qh%ﬁéggéggg 'Sthslt a%‘ﬁ fﬁt e gf Yaasdh w,;gﬁ,d that the

di aneter i's large enou ers app in the
process ObxaH@Ie;)raedslelﬁctmmMmttrim\mmg adow fﬂrhdhichhess blmesforgnodlistrr uct ed. The
15 center-to-center spacin

of. the hole ut .500 m.crons,
bt T T kaaRIB oY Repn dontng haad wiovi Bt Landa VR dSasEy o

range frogygg allc slf&r%%e%‘&rﬂcscdﬁfn FallOGEr ik trickress ameal8e! es per
square centi Any o e previ ousl y descrl bed el ectrodepositable

coati ng zmnmmpescapwhveaaupdmgetb@meeorﬂmmnt@tﬂﬂa}'trapﬁis| ed to the

el ect conduct e cQ | i vol chlO may be
vari eﬂigand can gseﬁkﬁledéag\%?&%%@g r%%ég‘%ltﬁlp{lgk gogs %ggﬁggﬁérgg(\:/ergl
thousand g@bliSatidAtbf th¥ @ilé]ébt'rht coaghyele dfde 80Hab8 thayobé pretidrted i ent
density is usually between 0.5 anpere and 5 anperes per g uare foot (0.5

to 5 mll |OHW%PWF%M¢BG%pb@ﬁﬁqrh%ftt@?)d'%{ﬁ@”@erﬂ:ﬂ axg rease during
| ectrod | f I fil
ot ToSobyl i 'y EA DA i S i, o7 o7l 111

€ core
speci fi Cafalppl‘icatm ofrthe hileletiricmay by dppoofriatenl * film or coating is meant a

the s4bstrat o MREEHERIENIURE baaHBr et dtirt 4k el R APTP PRt ot
occl udi ngliddifRdapbsiabl&idodfing kBnfiRRltIONS dARDLESNIAPHY heRriBY of

application techniques well known in the art other than electrodeposition, for

example, by roli-coating or spray application techniques. In such instances, it

may be desirable to prepare the composition at higher resin solids content.

20  Also, for such applications, the resinous binder may or may not include
solubilizing or neutralizing acids and amines to form cationic and anionic salt
groups, respectively.

After application of the dielectric coating, the surface of the dielectric
coating is ablated in a predetermined pattern to expose sections of the core.

25  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
metal to all surfaces, allowing for the formation of metallized vias in the core.

30 Suitable metals include copper or any metal or alloy with sufficient conductive
properties. The metal is typically applied by electroplating or any other
suitable method known in the art to provide a uniform metal layer. The
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el ectrodeposition, it is cured, typically thermally cured, at elevated -22
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a period wbD 2004003086 m nutes to forma conformal diel ectPCt/useaBioagsover all
exposed surfaces of the core. The dielectric coating is of uniform

t hi ckness and often is no nore than 50 mcrons, usually no nore than 25
mcrons, and typically no nore than 20 5 mcrons. A lower filmthickness
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photoresist layer can have a thickness ranging from 1 to 50 microns, typically
5 to 25 microns, and can be applied by any method known to those skilled in
the photolithographic processing art. Additive or subtractive processing
methods may be used to create the desired circuit patterns.

20 Suitable positive-acting photosensitive resins include any of those
known to practitioners skilled in the art. Examples include dinitrobenzyl
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
embodiment, the resinous photosensitive layer is a composition comprising a

25  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
Examples 3-6 of U. S. Patent Number 5,600,035.

30 Negative-acting photoresists include liquid or dry-film type
compositions. Any of the previously described liquid compositions may be
applied by spray, roll-coating, spin coating, curtain coating, screen coating,
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30 Suitable netals include copper or any netal or alloy with sufficient
conductive properties. The netal is typically applied by electroplating or
any ot herweuntabB@snmet hod known in the art to provi de aPamitfSesononEsssl
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phot osensi applizatieniofisiot mjlemle any of those known to practiti oners skilled
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layer is applied, a photo- mask having a desired pattern may be placed over
the photosensitive layer and the layered substrate exposed to a sufficient
level of a suitable radiation source, typically an actinic radiation source. As
used herein, the term "sufficient level of radiation" refers to that level of

20  radiation which polymerizes the monomers in the radiation-exposed areas in
the case of negative acting resists, or which depolymerizes the polymer or
renders the polymer more soluble in the case of positive acting resists. This
results in a solubility differential between the radiation-exposed and radiation-
shielded areas.

25 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
may then be etched using metal etchants which convert the metal to water

30  soluble metal complexes. The soluble complexes may be removed by water

spraying.
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pol yur et hane and an epoxy-am ne pol yner such as that described in Exanples
3-6 of U S. Patent Nunber 5,600,035. 30 Negative-acting photoresists

i ncl ude Iwouoamsosdry-fil mtype conpositions. Any of tRETArSeM3OABEY
described |liquid conpositions may be applied by spray, roll-coating, spin
coating, curtain coating, screen coating, -24 WO 2004/003086
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this point allowing for transport and processing of any subsequent steps
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radi ati on assembly.
In an alternative 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; (ll) providing a
20  photoresist, such as any of the photoresist compositions described above, at
predetermined locations on the surface of the core; (lll) applying
electrophoretically any of the previously described electrodepositable coating
compositions over the core of step (1), wherein the coating composition is
deposited electrophoretically over all surfaces of the core except at the
25 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 extending to the
30 metal core at the locations previously covered with the resist: and (VI)
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 methods
26-



source and the |ayered substrate devel oped using conventional devel oping
solutions to renove nore sol uble portions of the photosensitive |ayer, and
uncover swbeotsdd@mceeas of the underlying netal |ayer. Tir€Truse@ls/ossover ed
may then be etched using netal etchants which convert the netal to water 30
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el ectrjical interconnects from highky fwpcggonal chips to the packages in
10 : gélﬁ § . . .
the assenbly. In an alternative e the present invention is

directed to a FExamples A andBbesaibie thg mepér;aﬁ:iuhtofmﬁembhalﬁgﬁlmécﬁ ng the
steps of (I). proyidin a core, such as any of the previoysl scri bed
metal cor é@?lwﬁ%r@%{gi%eﬁgn5!1%%5#{89%?%%1%%% CoaWg %maﬁ?tlemg pﬂﬁw
phot or esi [Yalace §éﬁtiid?ﬂSC? rAthe BC | idnog@d i ons on
t he surfa?ereo€ t_ﬁe core; (I Iil ) apﬁfﬁnﬂg eﬁgggﬁggﬂﬁegé@gﬁyna% of the
pr evi ous| ycaiweotidnal cadioo st lesihdpassid aib hendwdngdanpted bigpbenoi Ans over the core
of st (1 ereln . the caating conpositipn i deposited ..
ol ect rpndrAATRIERI a5 2feseiBL Y adEhaion hEStesfodRitble oating
compositions of the present invention comprising the resinous binders of
Examples A and B, respectively. Comparative Example 3 describes the
preparation of a conventional cationic electrodepositable coating composition
comprising the resinous binder of Comparative Example C. Comparative
20 Examples 4 and 5 describe the preparation of electrodepositable coating
compositions based on commercially available cationic acrylic and epoxy

resin packages, respectively.

PREPARATION OF RESINOUS BINDERS:

25 The following Examples A through C describe the preparation of
resinous binder systems used in the electrodepositable coating compositions
of Example 1, Example 2, and Comparative Example 3, respectively. The
resinous binders of Examples 1 and 2 are prepared from tetrabromobisphenol
A and tetrachlorobisphenol A, respectively. The resinous binder of

30 Comparative Example C is prepared from non-halogenated bisphenol A. The
resinous binders were prepared as described below from the following
ingredients. Values listed indicate parts by weight in grams.
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25 |l ocations having the photoresist thereon;
el ectrophoretically
condi t i orwodesBised above to

(I'V) curing the

appl i ed coating conposition under the curing

forma cured confornal diPerasken3m2038yer over
all surfaces of the core except at the |ocations having the photoresist

t hereon; (V) renoving the photoresist, as described above, to forma
circuit assenbly having vias extending to the 30 netal core at the

| ocati ons previously covered with the resist; and (VI) optionally,

applying af metal—us ) to | aces of the

circuit asse "rfr'éfay éﬁsstep (V) LE&d ngllb%#) bl%xd rlgvel'c E:Fo%p %ﬁﬁvé) d net hods

-26 WO 200 Qﬂ%gy bl/uoauu?'n“nqrn fror—pet |||4|||gr,Il form netal lized
i 0 enbodi ne

vi as ext endi ng ?he core. In a particular f the present

i nvention, |diethylene giycolvi di ng t he8.7ési st 198.48 ep ((11)80h#9 predet erm ned

| ocat i ons grmormbusylefrecrmbl t he netal ¢ore, a layer of netal,| typically
copper et aIEP(DN®82§3ﬁ ied to he?ﬁ&BaI ¢cor @5580! | llustrassng the i nvention
are the fol H-€ rot—to—be—¢onst-dered—as| linmting the
i nvention tlo TR 2R0eNe A n §g§9§t herwi S€ indicated,” all jparts and

per cent ageg Tetrabhlerdtﬂﬂdhemblmg exapples, t he

1n EX AN

as4eel7b as threughout
specificatimg u by—wei-ght EXAMPI-ES —Exanples A and-B-descri be the
preparation%*p Iénlc hal ogenaf€d resindUS bi nders %Egd i nf the
el ectr odepa

STEEORIC 050R1ig cOnpogi3Bl ong of ppBe present2s nventi on.
Conpar ati ve

cationic

AZAE"A 2

Example—C describes the prepar ation of i onal
resi n based

—a—convent
anpl ®5°2 and

[gﬁmﬁﬁﬂ'aﬁmeogenat q

bd BilGmhend

enol

N

2 descri be

the prepar dtAmiRoplopgl ect rodej
i nventi on cdaigthardlagidehe resi

nous bi ndé

bosifiall e ¢

oat4m®p C
brs of  Ex

OMpos{{3 #ns o
anples A and

f the present
B,

respectivel
conventi ond
resi nous bi

Wistlamahadvede EX

| _cationic electrg
mdidMig @@ npar at |

TTp{eY.66) 46
)depncqtam

SCT (gEERp)t N

e _coatli nn

¢ DPISPPEALI O

rnnan|T|nn

n of a
onprising the

e I’:"b@a?ﬁ)le

C. "’éaWpar

atived0.59 Exa

nples 4 and 5

describe th pat i Ngsggonposi tions based

DAEAER] @hiepn Of el eci7adeposi Ty C

on comercilally avajlable cationic acrvlic and epoxy resin packages,
respect i vel [y-2CHREBERATI ON OF | REST-KBUS BI NDEZS: 1.64

Resin intermediate’ 244.7 . 210.8 178.0

Gum rosin® 27.49 23.62 19.92

Deionized water 2875 2609 2858

' Polyisocyanate curing agent prepared from the following ingredients:

Ingredients Parts by Weight
(grams)
Ethanol 92.0
Propylene glycol 456.0
Polyol® 739.5
Methylisobutyl ketone 476.5
Diethylene glycol monobutyl ether formal® 92.8
DESMODUR LS2096° 1320.0
Methylisobutyl ketone 76.50
5 ? Bisphenol A/ethylene oxide adduct available from BASF Corporation as MACOL
98B.
® Available from BASF Corporation as MAZON 1651.
¢ Isocyanate available from Bayer Corporation.
The first five ingredients were charged to a suitably equipped reaction
10  vessel under agitation. As the temperature reached about 25°C, the addition
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25 The foll owi ng Exanples A through C describe the preparation of resinous
bi nder systens used in the el ectrodepositable coating conpositions of
Exanpl e IwoBrewB@62, and Conparative Exanpl e 3, respecPCraisgoo3nhesss
resi nous binders of Exanples 1 and 2 are prepared fromtetrabronobi sphenol
A and tetrachl orobi sphenol A, respectively. The resinous binder of 30

pared from non-hal ogenated bi sphenol A The

Conparative Exanple Cis pre
resi nous b@frBEBQDQ\BUB @%‘S@@ wasdhiegies ckérpperabweovas incneases 1H6l055G atg

I ngredi ents,.: | i sted,i.ndi cat arts ight in gr . -27 WD
2004/ oosos‘%@@%%@%ﬁg@ggn of Hb&@@l@ﬁ‘w&ﬁ@ﬁﬁﬁ@a%@%ﬁ“%@@ﬁm e C
Conpar at | Weas hefaPas]00%eas Hebroatfidd welhonihrabimyt B1eedighys@irad88of 8 93. 48
81.49 nonobutyl ether formal EPON 8282 755.30 755.30 7553

Tetrabr ormlﬁpﬂ)ékémﬂarﬁd 6paciposcopy-at which tinke thetamhperalbirephastedused-to- -
467.70 - - 54 oBl sphenol A ----- ----- 291.3 TETRONI C 150R1 0.33 0.28 0.25
D et har?ol aEF’TQ 51.55 51.55 51.55 Am nopropyl 113.2 113.2 113.2

di et hanol anDrgciyIsthet dfdisphdrenmuRilad|Siorh Shel( Gifand Dhefnk8l Jordpangul fani ¢ aci d
45. 17 45. 1?84@c&2ta\mmfmemgsa¢:@porat70h4 2339 1586 Lactic acid 1.70 1.70
1. 64 Resin8§%heeysopeisciition.244. 7 210.8 178.0 Gumrosin 27.49 23.62 19.92
Dei oni zed wag@niczesrrrremue PG e falowipg wowdientat e curi ng agent prepared from
the fdi% ow ng ingredients: Ingredients Parts by Wi ght

Ingredients Parts by Weight
(grams)
MAZEEN 355 70° 603.34
Acetic acid 5.99
Dibutyltindilaurate 0.66
Toluene diisocyanate 87.17
Sulfamic acid 38.79
Deionized water 1289.89

 Aminediol available from BASF Corporation.

The first two ingredients were charg;ed to a suitably equipped reaction
15 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 solubilized with the addition of sulfamic acid and
20  deionized water under agitation. The final dispersion had a measured resin
solids content of 26 percent by weight.
Each of the resinous binders of Examples A-C was prepared generally
as follows. The crosslinker was added to a suitably equipped reaction vessel.
The next four ingredients were added to the reaction vessel under mild
25  agitation and the reaction mixture was heated to a temperature of 75°C at
which time the diethanolamine was added and the reaction mixture was held
at that temperature for a period of 30 minutes. The aminopropyl

diethanolamine was then added and the reaction mixture was permitted to
229..



(granms) Ethanol 92.0 Propylene glycol 456.0 Polyola 739.5

Met hyl i sobutyl ketone 476.5 Diethylene glycol nonobutyl ether fornmalb 92.8
DESMODUR w62006m3@820. 0 Met hyl i sobutyl ketone 76.50 a BCIiseo03/02035&t hyl ene
oxi de adduct avail abl e from BASF Corporation as MACOL 5 98B. b Avail able
from BASF Cor porati on as MAZON 1651. | socyanat e avail abl e from Bayer
Corporation. The first five ingredients were charged to a suitably equipped
reacti on @wthessie 1@3‘&|ﬁndd‘|6ﬂ‘gﬁt that tepersduredapameriodeofZhetrsd about 25C,

begun. - TenRBHIREMSR 1A cEaEe Paeole e Rbieh rBiCTwas Rl Saai 11 on
of nethyl i sedurtryild Kgitation woan BadxtureeohBie utamic veiel, BelodiRd WaRE as the
reaction was nonitored for the di sappearance of _NCO by infrared

spect r oscopfliagcigifialytion ard calipnic segie inietpediies Flaeigustirasi sglutiot. 2I
i gl ycigdyl ' I ds ; - m ca
Company WERn Bude) RPN a8 Reciflofal b By difonizCh WtgEn R OO

sol uti on. $ediantiahadditiess.nEpcegsawatbrfandnsdivent wdre saimoyet rgr stripgings: 10OI
I ngredients Parts by Wi ght ramns) JMAZEEN 355 70a 603. 34 Aceti c aci
5 90" bt bukgAE RGP AR ETDPRETUPGIAGsD: SEis AlTeagion product had &

measured resin solids content of approximately 40 percent by weight.
10 PREPARATION OF ELECTRODEPOSITION COATING COMPOSITIONS:

EXAMPLES 1-3

The following examples describe the preparation of electrodepositable

coating compositions in the form of an electrodeposition bath. Examples 1

15 and 2 describe the preparation of electrodepositable coating compositions of
the present invention comprising tetrabromobisphenol A and
tetrachlorobisphenol A, respectively. Comparative Example 3 describes the
preparation of an analogous conventional electrodeposition coating
composition comprising non-halogenated bisphenol A. Each of the

20  compositions was prepared as described below from the following ingredients.
All values listed represent parts by weight in grams.

Ingredients Example 1 | Example 2 Example 3
(Comparative)

Resinous binder of 7049 | - | e

Example A

Resinous binderof | = - 4648 | @ -

Example B

Resinous binderof |  —— | o 713.6

Example C

Hexyl cellosolve 28.5 19.5 28.5

E6278' 13.2 9 13.2

Deionized water 3053.4 2106.7 3044.7

Catalyst paste, available from PPG Industries, Inc.
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Sulfamc acid 38.79 Deionized water 1289.89 a Am nedi ol available from
BASF Corporation. The first two ingredients were charged to a suitably

equi pped woaot4/ms08615 vessel and agitated for 10 m nut ePCAUSAN3IORO3ES me

di butyltindil aurate was added. The tol uene diisocyanate was added slowy
as the reaction was permtted to exothermto a tenperature of 100C and
held at that tenperature until the di sappearance of all NCO as npnitored by
i nfrared spect r b3 Blgyediemtsefor each cormpespoapaeecambined anst mixedavith t h t he
addi tion : el j ; il [ | i.on. The
final di s%@'r@?‘gﬁ o Z%ﬂ%ﬁ?ﬂéﬁ?ﬁ%ﬁ%%wﬁ%ﬁ gk\iﬁ%&%{a@\% %g‘ﬁggnt by

wei ght . Eadltrafiferetd 0% sindaesohstitdzdawitt d&vaineldesatér CThascamsgsdticadofgener al |y
as follows. The ciossli ker \Nas added to a iilﬂitab'ly equj pped reaction
vessel . TRAMBIEZ pagul rﬁ@k‘é@ &0t7e ajid reconsibiyed withdeipairedi Witelessel  under
mld 25 agitation and the reaction mxture was heated to a tenperature of
75C at  which tine the diethanol am ne was added and the reaction m xture
was held at that tenperatur@OMPARATEVE GXKAPRE 4i nut es. The ami nopr opyl

di et hanol am ne s then added.and, the reaction m xture, was. mtted to -29
VI 2004/ 003086 Jé%?ﬁﬁ%_ﬁ%%%&?ﬁ%‘%%s th«?ﬁ?ﬂéﬁc‘rﬂof“&qﬁ?%eﬁ‘mdwsﬁ‘%ﬁ{e t hat

t enper at ur &dting conesditsh R the BAHISF an dRb&ttdddisttioMasatheprapRfed frem a
solubilization, the reaction géoduct was added wunder mld agitation to an

admi xt ur e eAMiEECially ryailableeationig scaic fesinwmackage, POYYERCRON™ 980ut i on and
cationic reshani } : M-#.QS| AFIl added to the
sol ubiwzogd %@é@ﬁ!&%ﬁﬁe@hggs@ggbﬁﬁzgr&%v%({}gég%lﬁ&b \%é SS%%@%E%{]%;I addi ti ons.
Excess watdescribddhallowe fitomuhreefolleminveisighadientsi ppi ng  under vacuum at a
tenperature of 60-65C. The final reaction product had a neasured resin
solids content of approximately 40 percent by weight. 10 PREPARATI ON OF
ELECTRODEPCSI TifdVetditd NG COVPOST TIONST 4P biESvdigRt (HfEmsp! | PW g

exanpl es describe the preparation of ellectrodepdsita fe coating

conposi ti ons | FAMERERGN o930an el ect rodeposi ti on ®#th. Exanples 1

Deionized water 1825.6

The ingredients were blended with agitation. The composition was

15 ultrafiltered 25% and reconstituted with deionized water.

COMPARATIVE EXAMPLE 5
This example describes the preparation of an electrodepositable

coating composition in the form of an electrodeposition bath, prepared from a
20 commercially available cationic epoxy resin package, CR670 BL,

commercially available from PPG Industries, Inc.

Ingredients Parts by Weight (grams)
CR 670 BL 568.2
Deionized water 1923.2

The ingredients were blended with agitation, and the composition was

25  ultrafiltered 25% and reconstituted with deionized water.
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15 and 2 describe the preparation of el ectrodepositable coating
conpositions of the present invention conprising tetrabronobi sphenol A and
t et rachi owolkzoegearsel A, respectively. Conparative ExanplPeTASde@soridses t he
preparation of an anal ogous conventi onal el ectrodeposition coating
conposition conprising non-hal ogenated bi sphenol A Each of the 20
conpositions was prepared as described below fromthe follow ng

i ngr edi ent BEST RANERIRREPARATEON epr esent parts by weight in grans.

10517 R oS BB g B 10
B Resi nousoftEaaeplest through 5-were niddsured Bxdepertéd lileid folelimesame 28. 5
19.5 28.5 E62781 13.2 9 1 i oni zed water 3053.4 2106.7 3044.7 1

3.2 De
Cat al yst phsfBIMigyR) taghpanelsdh KRR BE25), dabeledas Miljdrinigh 3002/ H#B086 |
PCT/ US200 | ' f i {d qnhi ned
i xed v tRORTG0 oy, GHirarl S BaLits fereiitey S HRCSIGHRfe Y6F R ARRELRCS Ve 5
ul t rtebiing.e Etsttio@diépasition emoodiions werd swuchthalea esmicodt, wafoan.anthe

conposition of, .  Exanple 2 was ultrafiltered 46% and reconstituted with

el i zed GelBE{1o% CORRRIRT APE SR S BSHAE NEXa 6ORUERTbes ¢ he

prepar at i Rickhedd réfifg fOREDIId @blrRils ©VR82 A28 VBRARrbMEers)) E&&h bpr m of an
el ectrodeposition bath] prepared froma conmercially available cationic

acrylic rdberappliet xgatinPOWERERAN for 380ninLtesaatza terhperaturenofRPBG°F ndust ri es,
Inc. T | t] d | pbed_ bel ow fromthe follown
i Egr edh Snf@%gé)l. The a\y’:\)%ﬁcguroe Sonditions and rsecsrullt%% film prov;\alerties are provided ng

for each composition in the following Table 1. The dielectric constant and loss

wer e

factor for each of the coatings was determined as described in detail above.
Also, for flame retardancy testing, each of the compositions was
electrodeposited on aluminum foil under the conditions described above. The
15 flame retardancy was determined using IPC-TM-650 test method as

described in detail above.

TABLE 1
Example pH Conductivity Volt Time DFTt Dielectric Loss Flame
{pmho) (sec.) (mil) Constant Factor Resistance
1 5.35 410 160 120 0.87 2.8381 0.0018 SE
2 5.15 398 150 150 0.86 3.2543 0.0035 B**
3* 4.97 433 80 120 0.84 2.7514 0.0011 B
4* 4.72 465 115 60 0.87 3.9261 0.0315 B
5* 5.60 716 250 120 0.83 3.5527 0.0247 B
20 * Comparative example.
SE= Self-extinguishing; B = Burning (IPC-TM-650).
The data presented in Table 1 above illustrate that a cured film of the
composition of Example 1 based on tetrabromobisphenol A is self-
25  extinguishing while those of the non-halogenated commercial compositions

fail the flame retardancy test. All of the compositions, except for those of

Comparative Examples 4 and 5 provided cured films having a dielectric

constant of less than 3.5 and loss factors of less than 0.02.
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I ngredients Parts by Weight (grans) POAERCRON 930 674.4 Deioni zed water
1825.6 The ingredients were blended with agitation. The conposition was 15
ul trafil twopedo@®36sand reconstituted with dei oni zed wat ePCT/USOMBARSTS VE
EXAMPLE 5 Thi s exanpl e describes the preparati on of an el ectrodepositable
coating conposition in the formof an el ectrodeposition bath, prepared from
a 20 commerci al*li_r avai | abl e cationic epoxy resin package, CR670 BL,
comer ci al | y avaiHadiefdhe teshiivpeof thrichlpringted eampositipreweemselfPart s by

Wi ght (gr : QR t LR J0e 1B edi ent s
wer e bl ende \ﬂutlsfcﬂﬁég@%ﬂvgﬁ?%aezn%thtgggggﬁgsq i E’iaﬁ‘%faaé%e gﬁprlggf@er ed 25%
and recons@50,ievewdr! thedeiresulzatustibe reportd ¥ bdHAB)030Hould be

PCT/ US2003/ 020358 PARAT] ON. The pH and conductivity of the

TE&L PAIEE% PR (
el ect r odepR7erginad Rwfassskiledindhe pgibat the amanp isweighh phegyplenther e

; . i 0G: | um . | 4" X
122X 6 0o2mIRpefibfifie bheddiit e AUFeRMIMEE Expiole 2 HUBSERHER RIS [0
Product s viinas the ednantthyewsightofr cavaldndly zoridedi leoetine poesent &t thegcured
El ectrod ity djti h .t hat th, i f d defect
ree coat | 5 OHEXRBRN ba HEltenE scarbicivated Yot RS Risal 3 omPPRIOR | ckness
rangi ng framalBg8us & thal ofExampRO2 Bt WithZh PerdlselaBRsIiThvaleagp of the

applied coatings were cured for 30 minutes at a tenperature of” 350F 10
(177C). Thiorgssl eltlatine waidshield @ pasaing rating bf { $ig” Whemtgstegén ti es are

providgd £ qr&é‘l‘f& ﬁ@ﬂqp&i_ﬂﬂg&d_n the followng Table 1. The dielectric

constant an 0SS ctor tor each of the coatings was determ ned as

descri bed i n deltaill balappeecidteddy those kkillad i eicaadaRatcHaggbs oulcdsh of the
conposi ti onsg\éggt el e trodegos' ted on alum num foil under the conditions

descri bed %8 he embpsiimegisessiiied aheye wathoyt depaiting dram thbraad T 650

test methogyastive concept thereof. It is understood, therefore, that this invention is not
limited to the particular embodiments disclosed, but it is intended to cover
15 modifications which are within the spirit and scope of the invention, as defined
by the appended claims.
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described in detail above. TABLE | Exanple pH Conductivity Volt Tinme DFTt
Dielectric Loss Flame nho sec. m| Constant Factor Resistance 1 5.35 410
160 120 Ower2o@/®3@é 0. 0018 SE 2 5.15 398 150 150 0. 86 PCITHAA3003/00335 B**

3* 4.97 433 80 120 0.84 2.7514 0.0011 B 4* 4.72 465 115 60 0.87 3.9261
0.0315 B 5* 5.60 716 250 120 0.83 3.5527 0.0247 B 20 * Conparative

exanpl e. SE= Sel f - extinguishing; B = Burning (I PCTM 650). The data

pr esent ed THERERQRE, W%QWMI ustrate that a cured filmof the conposition
of Exanple 1 based on tetrabronobi sphenol A is self 25 extinguishing while

ot ar dancy!t eot A4 REABBRARLIE ERE BoBBERAR o iHling Breshdfs compar at ve
Exanpl es Apmsécﬁswr@éddﬁdn@queduéinhéﬁiuﬂﬁ@%éiﬂl@e@irdius\!ge@tséidbmm@im:ant of less

than 3.5 and | oss factors of |ess than 0.02. -32 WO 2004/ 003086
PCT/ US2003/ 020388  *aigngelled, aglive B¥drogeniaoniaininge iofit $alf BERYd conposi ti on

were self N ks i shi SE) while the other half were not. In accordance
with | PC Mtt%@g‘té r%%!/\rg\%ggi these results must be reported as burns (B). It

shoul d be unddb}t ocalcbing hgsmet relctivediththe hetiee hydrogens lof themsin by wei ght
of covale t#y 5 bonded chlorine present in the cured filmof Exanple 2 is
subst ant i aP 'y less than the anount by wei ght of covalently bonded brom ne

present in the gid eshindid phade FAAAG 2CcolaldiAonded Nalogeh benteat ed that a
cured filmof a conmposition analogous to that of Exanple 2 but with an

i ncr ed9ed hasgdl orptotaloveipbhef resinosnlids prasentiin saikbigsinaisghpsg suebhsthat rati ng

g];)p'r' SEI a%@géiﬁg%éh '2 ﬁiﬂr?negcéﬁ&f(ﬁ&egpgors%@ %glfipc%%%cggo(%%%fcg%dehlnﬂ:de to the
embodi mentsaidlearyd filatpasseediand registaded esdtingdn faceordaneewitaPCTiwent i ve

concept thereof. It is understood, therefore, that this invention is not
P 650, and has a dieLilectrﬁ;c constant of less than or equal to 3.50.

15 2. The electrodepositable coating composition of claim 1, wherein said

cured film has a dielectric constant of less than or equal to 3.30.

3. The electrodepositable coating composition of claim 1, wherein said
resinous phase has a covalently bonded halogen content ranging from 1 to 50
20  weight percent based on total weight of resin solids present in the resinous

phase.

4, The electrodepositable coating composition of claim 1, wherein said
cured film has a dielectric constant of less than or equal to 3.00.

25
5. The electrodepositable coating composition of claim 1, wherein said

cured film has a dielectric loss factor of less than or equal to 0.02.

6. The electrodepositable coating composition of claim 1, wherein the

30 resin (a) comprises cationic salt groups.
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limted to the particul ar enbodi nents disclosed, but it is intended to
cover 15 nodifications which are within the spirit and scope of the

i nvent i onwoaso«wBisaied by the appended cl ai nms. -33 WO 2004/132@0HE0358

PCT/ US2003/ 020358 THEREFORE, WE CLAIM 1. An el ectrodepositable coating
conposition conprising a resinous phase dispersed in an aqueous nedi um
sai d resinous phase comprising: 5 (a) an ungelled, active

hydr ogen- cont aimeng!ectr@ﬁe@ogba?ﬁe gealing cempeaifian of cleémith;wherginhp a curing
agent reactjive: W h i . i : i g, resi nous
phase havﬁ\dgt%gldé%é\/lggggﬁj? F?a?%g\é&acgé/ (ﬂﬁﬁ%ﬁ%ﬁlﬂﬁ%ﬁlﬂﬁﬁ@% dt;hgs/é@g%lrﬁféo %I wei ght
of resin sgbups. present in said resinous phase such that when said
conposition is el ectrodeposited and cured to forma cured film said cured
filmpasses flane resistance testing in accordance with | PCGTM 650, and

has a @i elgctritheapztdnbpitdfs eokt c&?p@?l‘ﬂéh o?%laaﬂw'wﬂée#tthghe .

el ectrodepositable coating conposition of claim1, erein saild cured film
has a di elresinr (&g coomiseatat tfast ene palmenderdrdairoma polyeposide Bmel/or an

el ect rodeposrixlt ablle coating conposition of claim1, wherein said resinous
phase has ES b%%?gmelry bonded hal ogen content ranging froml to 50 20

wei ght percent based on total weight of resin solids present in the

resi nous hase. 4. The el ectrodepositable coating conposition of claim]l,
wherein sal-d clheglectrdepesitableiceating Wr@p@@lﬁ@mﬁpla@n?e@@r@mﬁheor equal to

3.00. 85 - | ' ' 1 ' [
sai'd ur dg°H o oae EVERERG et aBbeRRonRAERSlhed ot o FefbdBated "
0.02. 6. Thuyepmdde adefoosi abyenatedtacndicqmwiyasei.ti on of claim 1, wherein the
30 resin (a) conprises cationic salt groups. -34 WO 2004/ 003086

PCT/ US2003/ 020358
10.  The electrodepositable coating composition of claim 3, wherein the

resin (a) has a covalently bonded halogen content derived from a halogenated

15  phenol.

11.  The electrodepositable coating composition of claim 10, wherein the
covalently bonded halogen content present in the resin (a) is derived from a
halogenated polyhydric phenol.

20
12.  The electrodepositable coating composition of claim 11, wherein the
halogenated polyhydric phenol comprises at least one of chlorinated

bisphenol A and brominated bisphenol A.

25 13.  The electrodepositable coating composition of claim 12, wherein the

halogenated polyhydric phenol comprises tetrabromo bisphenol A.
14.  The electrodepositable coating composition of claim 1, wherein the

curing agent (b) comprises a material selected from at least one of a blocked

30 polyisocyanate and an aminoplast resin.
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7. The el ectrodepositable coating conposition of claim®6, wherein the
cationic salt groups are selected fromam ne salt groups and/or oniumsalt
groups. 5SwB.200Hm®3@kect r odeposi t abl e coati ng conposi ti onPefi/ush@i3midss wher ei n
the resin (a) conprises at |east one polyner derived froma pol yepoxi de
and/or an acrylic polyner. 9. The el ectrodepositable coating conposition
of claim3, wherein the 10 resin (a) has a coval ently bonded hal ogen

cont ent det5.vedTlie elactrolepositivd edatimpy@poszitide ofictHior1, aviierbpokeat ed

et oi n §rRATEAGS (a) N CRalsay BoNHsd DeVesed FRSGGH Boi Sheighti ved {1 o
a hal Ogen%vﬂgentléaég&e&?{otag\&%igwéf géosﬁgé%m%:@%%ﬁﬁﬁltﬁe %ﬂﬁfw%%geﬁf’ osi-tion of

cl aim 10, rein the cov gen content sent ‘I n the
resin (a) is derived froma hal ogenated pol yhydric phenol. 20 12. The

| ect rqd i tahpl £ it f cl.ai 1, .wherein th
Pl openat ol pol D aREfonAdaS S Rartiad eShpSe Baliot siamnt witdTsh the: e
bi sphenol dvvaishtiyrsuhidedt iRflodérs BbERAL ofthed2sihdus PHast!ie abFifse BPRiakaR e

coating conposition of claim 12, wherein the hal ogenated polyhydric phenol
conpri ses Rat frapy epropenepHehwhich is differgntfremeand pirseot in additiors éatheng
conposi ti lal , rel e curing agent (b) conprises a materi al
sel ect ed ﬁ’r%gﬁi@aﬁggg Cgmso eﬁt E)q}bcked 30 pol yi socyanate and an

am nopl ast resin. -35 WD 2004/ 003086 PCT/ US2003/020358 15. The

el ectraodepositapl e coating conpositjon of claiml, wherein the curing
agent 1((2)b) fs ke eefiner Oﬁ%ﬂ%aom%g%mpeﬁﬁ% cmUi$. vieseinei ght
percent baggfooreritqt H68Y 2 RbvARH ' EBnthii g agent
(b). 5 16. The el egt)?%%ﬁgg(;%% agpyafent ibﬁ’S*’%%ﬁS‘?sg?ﬁ Eintafir Gt i
t he covalsgietted fiomléwe pedupgeonsisiimgeofthaddgearaded pslyotafin, palkgenatedder i ved at

;ggﬂi '02 t@%Sfp@%feo&tgﬁrwggggﬁatég)phve\/(rllbﬁ%n'dsm&h}crfe(sa rtﬁenr%o¥.mm and present in

15 18. The electrodepositable coating composition of claim 1, further

comprising a rheology modifier.

19.  The elelctrodepositable coating composition of claim 18, wherein the
rheology modifier comprises a cationic microgel dispersion prepared by

20  dispersing in aqueous medium a mixture of a cationic polyepoxide-amine
reaction product which contains amine groups selected from the group
consisting of primary amine groups, secondary amine groups and mixtures
thereof and a polyepoxide crosslinking agent, and heating said mixture to a
temperature sufficient to crosslink the mixture to form said cationic microgel

25  dispersion.

20.  An electrodepositable coating composition comprising a resinous
phase dispersed in an aqueous medium, said resinous phase comprising:
(@) 5 to 90 weight percent of an ungelled, active hydrogen-
30  containing, cationic amine salt group-containing resin; and

(b) 1 to 80 weight percent of a blocked polyisocyanate curing agent,
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resin (a) and the curing agent (b). 10 17. The el ectrodepositabl e coating
conposition of claim 16, wherein conponent (c) conprises a covalently
bonded hawogeemwmarssai ni ng conmpound sel ected fromthe groTSecanideesss ng of
hal ogenat ed pol yol efin, hal ogenated phosphate ester, hal ogenated phenol,
and m xtures thereof. 15 18. The el ectrodepositabl e coati ng conposition of

claim1, further conprising a rheol ogy nodifier, he
el el ct r odeposi t $Aifl ée2iBaY$ RHASS RBYEDLE eQvalentiy %@ﬂﬁ%halﬂﬁéﬂé’ioﬁtqnﬁe r heol ogy

modi 71 er LY Jigﬁfr?n P f@f;b ﬁbgkgﬁdi‘g%vg%ght %&Wéﬁt&%&%@ﬂ?&?%sﬂ%’ s@ifisdli Spersing

i n aqueous m X oni c am ne T Peact i on
pr oduct mhpmlsenbmtsm@sesmd:mmplgamm@eseinemmed éle@tmdetp&)sgedlamd apaditst i ng of

primary anine rou secondar m ne and . m xtur .thereof and a
pol yepoxi d ”E'r g‘érl %éaEG%H?Xf d%ﬁé%? ﬂﬂ%esf&fﬂ?t%ﬁ%f@ﬁﬁnw a tenperature
suf fi cisgent aé&rgémwtﬂ HPEDRVIDBS(, Wl K 4 BldR &AL doRdiahPBi fesBitikdiPee! 25

di spersion. 20. An electrodep03|table coating conposition conprising a
resi nous @uRIdodiHbersed in an aqueous medium said resinous phase
conprising: (a) 5 to 90 weight percent of an ungelled, active hydrogen 30
containing, cationic amne salt group-containing resin; and (b) 1 to 80

wei ght perzent Tie alddiodkpdsiptiy icoatindoanpositibh P cRHGIT0, whidh whBn
2004/ 003086, PCT/ US2003/ 020358 sai d resi nous phase havi \rxlg@a coval ently

bonded hal ®§etiodepnsiied ansheprrg Fasonfielacyiclpspdaetonel lopsiag Rt egualda on

total Mgeighfgqof resin solids present in said resinous phase, wherein, when
el ectrodep03| ted and cured to forma cured film said cured fil mpasses
flame resistance testing in 5 accordance with | PCTM 650, and has a
dielectric on:{%ant of Ie s _than or

el ect r odep naethgd for ”E'H}Qp%Ql'ql?‘aﬂggggE”%P%aibe'eé%?Eq’?h@?QHe
el ect rOdepﬁ?dsttI%‘t’e Qéﬁlnrﬁ‘gié@@n*’tﬂ,ﬁlécti?odiﬂ,l ) &Pélbbﬁlcbpél%ljl%rﬁbngﬁg'tﬁéS than or
equal to 10 01. 22." A nethod for formng a dielectric coating on an
el ectr oconglggtrod@and a counter-electrode, the electrode being immersed in an
15 aqueous electrodepositable composition,
said method comprising passing an electric current between the
electrode and the counter-electrode to cause the electrodepositable
composition to deposit on the substrate as a substantially continuous film, and
heating the electrodeposited film to a temperature and for a time
20  sufficient to cure the film, thereby forming a cured film,
wherein the electrodepositable composition comprises a resinous
phase dispersed in an aqueous media, said resinous phase comprising:
(@  anungelled, active hydrogen-containing, ionic group-containing
electrodepositable resin; and
25 (b)  acuring 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 wherein said cured film passes flame resistance testing in accordance
with [PC-TM-650, and has a dielectric constant of less than or equal to 3.50.
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substrate serving as an electrode in an electrical circuit conprising the
el ectrode and a counter-electrode, the electrode being imersed in an 15
aqueous ewecneomesesi t abl e conposition, said nethod compcCirdiseg3passs ng an
electric current between the electrode and the counter-electrode to cause
the el ectrodepositable conposition to deposit on the substrate as a
substantially continuous film and heating the electrodeposited filmto a

tenperatur 3;1 é)ﬁqeel’hc%ég]gf"cl %ﬂﬁ”%le%lﬁ@ﬁ Qred il M@f 'dibiBkkher eby forming

a cured fi erein PEC{Fo eposita e composition conprises a
resi nous qmmwtdrfmmed orrecaual ®oB80us nedi a, said resinous phase
conprising: (a) an ungelled, active hydrogen-containing, ionic
group-contai ning electrodepositable resin; and 25 (b) a curing agent

reactive vg4 h tg ﬁﬁsﬁh&&oh&l@frﬁ@?”%h@felﬁ ke E@%d‘fllm( ﬁés a%fbldchigsi nous phase

havi ng a coval ently bonded hal ogén cont ent of l'east 1 percent by weight
based én tasmnstantesf igas ibbnrarsiquasts 3.89. present |n said resinous phase, and
30 wherein said cured filmpasses flanme resistance testing in accordance
with I PCGTM 650, and has a dielectric constant of |ess than or equal to

3.50. -3723M0 R IEB6f Blaih US2AB3rd1R RS BuredSfilmlhes HBhidRAes ofdkas m 22,

wherein the cured filmhas a dielectric constant of |ess than or equal to
3.30. 24. hAe ofeaHabito?d BigoRs22, wherein the cured filmhas a dielectric
5 constant of |ess than or equal to 3.00. 25. The nethod of claim 22,
wherein the cured filmhas a thickness of less than or equal to 25

m cron®. 12B.26.THdmetieddhoficlafm @Raivimeidn thd eusdfilbmieas ardieleéiriciodsms a
dielectric_loss or of E%@B?n or equal to 0.02. 27. The nethod of

C
cl aim 22, fﬁﬁ‘é’lré’ﬂ?stsﬁbaﬁloé@ﬂfda tive substrate serves as the cathode in
an el ectrl cal circuit. 15

27.  The method of claim 22, wherein the electroconductive substrate
serves as the cathode in an electrical circuit.

15
28.  The method of claim 27, wherein the resin (a) has a covalently bonded
halogen content ranging from 1 to 50 percent by weight based on total weight

of resin solids present in the resin (a).

20 29. The method of claim 22, wherein the resin (a) comprises a polymer

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

30.  The method of claim 29, wherein the covalently bonded halogen
content present in the resin (a) is derived from a halogenated phenol.

25
31.  The method of claim 30, wherein the halogenated phenol comprises a
halogenated polyhydric phenol selected from at least one of chlorinated

bisphenol A and brominated bisphenol A.

30 32. The method of claim 31, wherein the halogenated polyhydric phenol

comprises tetrabromobisphenol A.
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28. The nethod of claim 27, wherein the resin (a) has a coval ently bonded
hal ogen content ranging froml to 50 percent by wei ght based on total

wei ght oWoresi/m3asel i ds present in the resin (a). 20 29PCThs2enstobads of
claim 22, wherein the resin (a) conprises a polynmer derived fromat | east
one of a pol yepoxi de pol yner and acrylic polyner. 30. The nethod of claim
29, wherein the covalentlgpbpnded hal ggen cant ent Fresent in the resin (a)

i s deri ved¥r onihe matherd phelain gewbereindhe suring agegt () gopirrisesian 30,
wher ei n t'}ﬁafé%?Qﬁlgé{e%dfr&ﬁeé‘c%aﬁ%réfsfﬁlg%k%@gbﬁfg{dﬁéﬁ&ep%cg? ydric phenol

selected froma ast one of rom nat ed

bi sphenol amindPlad® redine nmet hod of cl ai m 31, V\/nerel n t he hal ogenat ed

pol yhydri c phenol conprises tetrabronobi sphenol A -38 WD 2004/ 003086

PCT/ US2003/ 020358 33. The nethod of claim 22, wherein the curing agent (b)

conpri ges g et hiddthS§ beelahf 20 Wﬁb?ém'tﬁé‘%hnﬁ@%ﬁ%t &) li’1|a@>(‘e{<l=}‘@\/aIently

pol yi socyanate and an am nopl ast resin nmet hod of claim2

wher ei n t Honsigdi kajoaefe sonian) ofitg t®6@m¢%ﬁtbwebbhbeﬂed19h(tg’f@hwetgﬁttent of up
to 60 per c¢ V. resin solids present in
the curi ng%g\%gﬁ 9 ?%}P‘%%g'%?‘ﬁ&%@mg@?mbgu m 22 wherein the covalently

bonded hal ogen 10 content of the resinous phase is derived at |east in part

froma conponent (c) which is different fromand present in addition to
the resi anE"(D %) aliF Methedof Algim agewhergn thegovaigetivbpnged Hrlogesi m 35,

wher eijg ¢ t ali‘ﬁ)l?&ﬁ tai ni ng
corrpou?d sel ect ecftégg%glﬂﬁpé Sr g%%ﬁ%ﬁ?gﬁﬂéé’%@% ha ogena?&th on f| n,

hal ogenat enlhlphas;dﬁﬁarentdmmrandkmbegmata&tdhtmwhe reaindajrardl dnessutimger eof .  37.
The met hod. of aim 22, wherein the el ectrodepositable coating 20

conposi ti &if 'ﬁﬁ her conprises a rheology nodifier. 38. The nethod of claim
37, wherein the rheology nodifier conprises a

36. The method of claim 35, wherein component (c) comprises a covalently
15 bonded halogen-containing compound selected from the group consisting of
halogenated polyolefin, halogenated phosphate ester, halogenated phenol,

and mixtures thereof.

37.  The method of claim 22, wherein the electrodepositable coating

20  composition further comprises a rheology modifier.

38.  The method of claim 37, wherein the rheology modifier comprises a
cationic microgel dispersion prepared by dispersing in agueous medium a
mixture of a cationic polyepoxide-amine reaction product which contains

25 amine groups selected from the group consisting of primary amine groups,
secondary amine groups and mixtures thereof and a polyepoxide crosslinking
agent, and heating said mixture to a temperature sufficient to crosslink the

mixture to form said cationic microgel dispersion.

30 39. The method of claim 22 wherein the electrodepositable coating
composition comprises a resinous phase dispersed in an aqueous medium,
said resinous phase comprising:
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cationic mcrogel dispersion prepared by dispersing in aqueous nedi um a

m xture of a cationic pol yepoxi de-am ne reaction product which contains 25
am ne growpoedioessed fromthe group consisting of pri nRCY/S20302Ep5OUPS,
secondary am ne groups and m xtures thereof and a pol yepoxi de crosslinking
agent, and heating said mxture to a tenperature sufficient to crosslink
the mxture to formsaid cationic mcrogel dispersion. 30 39. The net hod
of claim 22 wheagi n § he9e meighiquebrperst baskedeorc todali regin solidp sesendnn thoerpri ses a
resi nous phase di.spersed in ap aqueous nmedi um, . said resinous phase

conpr i si ng-OMBRENIGH 5531 MBSHsE SeYs DUSrET v ¥aEING SrlieNic e Eligh

percent baggdpXdntalhitly re8m K h4ovARRAG BondBd HafodePdtteht @RgRIg an
ungel l ed, active hydrogen-containing, cationic amne salt group-contai ning
resi n havifrgmd weightyereand dashdlangietal weighkimf resingiotigs presantint o 50

wei ght Speg«é?.\r;\% clbased on total weight of resin solids present in 5 (a); and
(b) I to ’ r?ght percent based on total resin solids present in the

conposi.tion of ()bl otke80 pightyeryentaiaedusn falagsintsolidb Présant i ke cur ed
filmpasses flane resistance testing in accordance wth | PCTM 650, and
has a di el@WpPesitienaEabiackss nobysosyraaterudrgiagenty 3. 50, 10 and a

dielectric | os : Ol QF r . ; clg?{: od of
claim 22, Meryﬁéﬁlﬁéhglﬁye%e@ﬁ ﬁ]g%e%% fél #I ?én?l%%{]gﬁg%%“snﬁgp a-qaggs Ean or
equal to 2&itmRC-oMd-650% add had adisteniric atrsttant af lessriansomenual suBLHG,at e and a
cured dielectric, coating, | ayer., over at | east, a rtion of the substrate,
Wnereilﬂ t ﬁrdé%ed&'?é‘?%%laf:f% Oéé)%sithanloéfgﬁ'ai)?s%@ “flane resistance testing
in accordance with |PCTM 650, and has a dielectric constant of |ess than

or equal to 3.50. 20 42. The coated substrate of claim4l, wherein said
cured di el4t rithegthed of claipe 22hwhereiniseidcedreddilmdastafitm diicknass athan or

equal to %eg’gthqé}]?’oc[%—%\gal(fg%%qic%fgs.t rate of claim4l, wherein the substrate

conprises an elec onddactive Substrate selected froma perforate copper
foil, an iron 25 nickel alloy, and conbi nations thereof.

15 41. A coated substrate comprising a substrate and a cured dielectric
coating layer over at least a portion of the substrate, wherein the cured
dielectric coating layer passes flame resistance testing in accordance with

IPC-TM-650, and has a dielectric constant of less than or equal to 3.50.

20 42. The coated substrate of claim 41, wherein said cured dielectric coating

layer has a dielectric constant of less than or equal to 3.30.
43. The coated substrate of claim 41, wherein the substrate comprises an
electroconductive substrate selected from a perforate copper foil, an iron-

25 nickel alloy, and combinations thereof.

44. The coated substrate of claim 43, wherein the electroconductive

substrate comprises a perforate copper foil.

30 45. The coated substrate of claim 43, wherein the electroconductive

substrate comprises an iron-nickel alloy.
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44. The coated substrate of claim 43, wherein the el ectroconductive
substrate conprises a perforate copper foil. 30 45. The coated substrate of
cl ai m 43, watressioposshe el ectroconductive substrate conpPCITAS2@03/02036%- ni ckel
all oy. -40 WD 2004/ 003086 PCT/ US2003/ 020358 46. The coated substrate of
claim4l, wherein the cured dielectric coating has a filmthickness of

| ess than or equal to 25 mcrons. 47. The coated substrate of claim41l,

wherein tH8.cur QD@E@(&WB’%&)@NW@ 44, wheeain thesceretl diglectiictaading of | ess
than or e Ie?tgﬂp%t(hc%&r O&ﬁes a er c&&q;gg@#g% ate of claim41l, wherein

the cured r'c coa Prc 1oss factor of | ess
than or equal to 0.02. 10 49 The coat ed substrate of claim44, wherein the

di el ectric, coat | ayer or y the el ectrophoretic dep03|t|on of an
el ectr odep%fsl t th%ce% ﬁ\’ﬁ’Str@ 1"“1!‘" 6?\ woereinthe edred dielsstiic «aativg t he

substr at e. 558 hgé‘ﬁ fmﬁgﬁi%lénééébéﬁlééé et orcéq?]\hméﬁo nMeRSd. N the

el ectrodepositabl e coati ng conposition conprises a resinous phase
di spersed in an aqueous nedlun1 sai d resinous phase conprising: (a) an

ungel | ed, tiv dro enscp n Lon t sin, and
(b) a curi% @h s 'ﬂg"é bsrq%@/ﬁ?% ?'%6{51{5% °°28‘”9a| d

resi nous nb@é'ehéf@wor@e@tn@wﬁ@&tdrxbfhégmanhﬁléqgantd:@otzent of at least 1
percent by weight based on total weight of resin solids present in said

resi nous phase. 51. The coated substrate of claimb50, wherein the resin (a)

conpriges 45 ﬂllé Bgét%fja%ﬂbgﬁaféaéﬁlclglrrﬁﬂﬂsw 2fin Frge g@ﬁéﬁ(??%%ﬂﬁ Iragé ss,? f Oﬁga'm[n

50, wherein'the iseS a Ppo yner

a pol yepomdaedddywherelem:bphm@twdépdsmmﬂd)ﬁlmélecﬁadeﬁdsdwlé@@dﬁ@3086

PCT/ US2003/ 02035
composﬁ8 lon over at least a portion of the substrate.

50.  The coated substrate of claim 49, wherein the electrodepositable
15 coating composition comprises a resinous phase dispersed in an aqueous
medium, said resinous phase comprising:
(@)  anungelled, active hydrogen-containing, ionic group-containing
resin, and
(b)  acuring agent reactive with the active hydrogens of (a),
20  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.

51.  The coated substrate of claim 50, wherein the resin (a) comprises

25  cationic amine salt groups.

52.  The coated substrate of claim 50, wherein the resin (a) comprises a
polymer derived from at least one of a polyepoxide polymer and an acrylic
polymer.

30

41-



53. The coated substrate of claim52, wherein the resin (a) has a

coval ently bonded hal ogen content ranging from1l to 50 percent by wei ght
based on wot2aé4/omeisght of resin solids present in the re®Ca/USa)o3/020358. The
coated substrate of claimb53, wherein the covalently bonded hal ogen
content of (a) is derived froma hal ogenated pol yhydric phenol selected
fromat | east one of chlorinated pol yhydric phenol and brom nated

pol yhydri @phenbie CQ@egEﬁL'bFHétQ:@%@létﬂn §éb§’hﬁ@'@thﬁ regimia@) s awherein the

hal ogenat e 6. The
coat ed subs g% e&zﬁm a| m @@&# \Ag@@élﬁ *aﬁ%é @hﬁfﬂﬁé’%gﬁ?@%ﬁ)@ ?I ses a
conmpound sedssd edtdtaloneight bemsin solelsofresebl indkededih (apl vi socyanate and an

am nopl ast resin. 57. The coated substrate of claim50, wherein the curing
agent (b) has a covalently bonded hal ogen content of up to 60 wei ght

percents based ofhd ebated WRsEBte Sfcléﬁﬁ% ﬁ,ﬂbréa'ﬁtrﬁ)é %@é}énfhwb&ﬁ'@e uring agent

(b). 20 58. The coated substrate of claimb50, wherein the coval ently bonded
hal ogen cdmlegen eontentof &piindasvehiton aﬂwaidmnateﬂ:polgmmxsphawe coati ng

i1 Torent “Sulegri o BF sn pFERF shibrBld eBORi QBRI WRtREEL g

agent (b).pdphyftic pHenotoat ed substrate of claim 58, V\/nerel n conponent (c)
conprises a covalently bonded hal ogen-contai ni ng conpound sel ected from
t he group consi sting of hal ogenated polyol efin, hal ogenated phosphate

ester, o ha genﬂggg%%ﬂgav%%’strﬁ’c@ Iéﬁ*x‘n’%ﬂswhgﬁén’?%? h%ﬁg@ﬂcogﬁolg orrp03|t|on

subst rate of claim erern el ect rodeposi

further caovpndesmprisbs détoayromudiigphamnol A42 WO 2004/ 003086 PCT/ US2003/ 020358

61. The coated substrate of claim 60, wherein the rheol ogy nodifier

conprises a cationic mcrogel dispersion prepared by dispersing in agueous
56. The coated substrate of claim 50, wherein the curing agent (b)

comprises a compound selected from at least one of a blocked

15 polyisocyanate and an aminoplast resin.

57.  The coated substrate of claim 50, wherein the curing agent (b) has a
covalently bonded halogen content of up to 60 weight percent based on total
weight of resin solids present in the curing agent (b).

20
58.  The coated substrate of claim 50, 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
59.  The coated substrate of claim 58, 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
60. The coated substrate of claim 50, wherein the electrodepositable
coating composition further comprises a rheology modifier.
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medium a m xture of a cationic pol yepoxi de-am ne reaction product which 5
contai ns am ne groups selected fromthe group consisting of primary am ne
groups, swoanaiogosam ne groups and m xtures thereof andPaTaskespeosseie
crosslinking agent, and heating said mxture to a tenperature sufficient to
crosslink the mxture to formsaid cationic mcrogel dispersion. 10 -43

61. The coated substrate of claim 60, wherein the rheology modifier
comprises a cationic microgel dispersion prepared by dispersing in aqueous
medium a mixture of a cationic polyepoxide-amine reaction product which

5 contains amine groups selected from the group consisting of primary amine
groups, secondary amine groups and mixtures thereof and a polyepoxide
crosslinking agent, and heating said mixture to a temperature sufficient to

crosslink the mixture to form said cationic microgel dispersion.

10
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