WD 2009/ 117475PC0OUS2009/ 037489 1 ELECTRODEPGCSI TI ON OF DI ELECTRI C COATI NGS
ON SEM CONDUCTI VE SUBSTRATES CROSS- REFERENCE TO A RELATED APPLI CATI ON

[ 0001] Thiwoappd/iicatsi on clains the benefit of United Statmsr/Psovyaianal

Pat ent Application Serial No. 61/037,8{14, filed March 19, 2008, and titled
"El ectrodeposition O Dielectric Coatings On Sem conductive Mterials",

whi ch is hereby incorporated by reference. FIELD OF THE | NVENTI ON [ 0002] The

Cem condbbl Vg Gl Shion é@%ﬁé@;ﬂ%ﬂ%@ﬁﬁ% Fhisaatbiepnge

el ectroni c devices are construct nductive materials. In the
fabrication of such devices, insulating materials, such as dielectric
materials, may be formed on surfaces of the sem conductive materials.

[ 0004] Di el ectric co&ROfis ‘ Fh@&ﬂ%hﬁéﬁiﬂéhbsr tion (ED).

e U bR B EALS LR DS RURADE ARHELI) <o

in thesRherbl 00epRSi4, it PRk, 19AL0d1@ns Uk iEACE] tetoddpeslﬁaterlmtrtaat pacest ed,
el ectrolysis of water occurs. If the material bei ng coated is serving as

t he arf@ddcmgpodushse dhaeerfabsy nubiciats hepdy suporprededBy BHET39el then react with
negatively charged coating particles (anodic ED). If the material being
coated is serving as the cathode, hydroxide ions are forned at the surface
which will then react wth p@8ilLh\E YHERANISdKBat i ng particles (cathodic
ED). If electrrcrt flows easily through the electrodejgfonductrv

mat er i al )[008%e pr‘E}ce@%“iﬂé Wﬁr‘e‘“’é‘f fiElat Lento Ne@ods ¢ {idy LPPOFBPES dEF o SPRELE
filmf coating condltrons) than for a sem conductive or
weak jgggﬁﬁﬁgﬁﬁgeﬁﬁ%Fg$ral [ 0005] For cathodic ED, the positively charged
parnt particles are neutralized by the hydroxrde ions at the surface,
causing the particles toﬁggf and col |l ect on the
surface of the cathode ettt T art-ze -t s—then coal esce into a
cont i nuouphd)l M PR @Jteeraarctna,cee\frarsmleg:oa«m trcnfdud)ratdnmoﬂcayara nAserddie In the

i nsul ati on increases, electrodeposition gradually decreases and then
(eventlabti¢yionstiopsh devigys2 009k LNT ATEPETY, 1SpO0drgTggYaterigls. may be formed on

[ 0006] SI%IlF;lg{!;k}r&qﬁéat nr;rgmgba]%“g%ﬂga t))galsl ty to conpletely coat all Kkinds of
conponent § (i nsi i ofe Yhat °convent i onal spray/ brush processes cannot.
It al so ha&asodhe !pmzﬂ@nﬁd abatitngs cmabt, nEnied disiberlenb dgeoiveir(E€y. i 1nefindicqugopar t s
W th acute angl es, ? and s arp egge%' Sharg queecggve a
nat ur af w*%tra%lrorbdwﬁﬂrl | s 4 worlgt&tt E G At FOrCDATET ERE L ST
surfacgs, rcﬁhyzﬁué hanm, iEHges i Hg)ertet On haa/eaauhuggtﬁrmnwe&mf | AMind Yl gkd B@nhé he
nerghborrng at sur aces. wever, surface tension effects tend to pul

t he caanmngl@mayc@ﬂ@huthBOSMHK@vedge@swSdmrﬁﬂgwm@ommcug@OHWdamdnvmgmsﬁm
surface tension var rate to. strate. r co

bst
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- cover aggsiclkl ghehicfiibn kFhhCknesseseins cbhed sharmedges c@fho@@n@w@tw@mm are
- substrates can easily be obtained with comrercial ED coatings due to the

ef fi cilenmed howeofur @Pec\tlvcﬂtwﬂy theintikadt heide peubwily aharged Thatingepanligles scathodic
suf fi cl.gnt ) .CC age i u

con ducllt ll%\[);eﬁs%%'%t]%? wg as;f_bt no ?;L thc,s ?t?odsel (tn‘é)r?cgjragrlv%ﬂﬁﬁ/e?%aﬁl gl( %chx is mo%('hese
subst r atiegnimiye. not,;cpbt ﬂiol’t' aertd‘stted ert;tn e)dgeg@eweuage cmﬂﬂg sérandarsy tecaat $.

| 0007I There js a need for a conformal dielectric coating that can form an
|nsula%ﬁﬁ@“ﬁﬁyew'@H%%m%ﬁ%ﬁﬁa?%wy““h§ﬁlates seni conductive materials.

SUMVARY | NVE 0081 | j , P entipn is
directed J§£Fd gyngngﬁkg%Q §§ 5§FﬁK Eﬁﬂ P%ﬁBPS%Qgﬁségﬁggﬁghgﬁrgelﬂp
substraﬁboudhenneﬁhhﬂunﬁmhudmmngﬂMﬂBmQtht@baemmnmndubtnnevsubatkaibctmtan

el ectr ositio si,'on, wherein at | east 20 percent b ht o
oot Qorndas o PreBiothd Pariec Stttk <8 coabiocl RiectCmeetiatie i onhe
Conpon@ﬂﬁct%GHn@?QﬁNhﬂgaﬁnyQiﬁﬁgeAb@&%ﬁﬁﬂah8§1§QQ§E(@£&nﬁﬂ@ pbdio:C QPFeRgi$ | on
to forma dielectric coatihg on the substrate [ 0009] In anothér aspect,
t he i ndasntasomanpribvi gesntaakkorspasi tion for use in el ectrodeposition including
a resin blend, a coal escing solvent, a catalyst, water, and a highly
cross-linked m grogel, wherein at |east 20 percent by weight of resin
solids in the conposition is the highly cross-1linked mcrogel. [0010]1n
anot her aspect, the invention provides a conposition for use in

el ectrodeposition including a surfactant blend, a | ow ion polyol,
phenoxypropanol, a catalyst, water, a flexibilizer, and a highly
cross-linked mgrogel, wherein at |east 20 percent by weight of resin
solids in the conposition is the highly cross-linked mcrogel. WO

2009/ 117475pcni  S2009/ 037489 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] FI Gs.




[0012] I n one aspect, the present invention is directed to a nethod for
preparing a circuit assenbly. The nethod includes: inmersing a

sem condugii mey/pulpstrate in an el ectrodeposition conposindROs2oudrergeton at

| east 20 percent by weight of resin sobids in the conposition is a highly
cross-linked mcrogel conponent, and applying a voltage between the
substrate and the conposition to forma dielectric coating on the
substrate, t{’00131 The sem conductive material can be, Gﬁr _,exangjl e, r_a_ G oup
1V el enerPd90ls enfledmegetier basatheabliy IvcaBrshinge 4 e dutaiciaprong ey Giste
HH -V ﬁn@rH&)OtrHCIH@(El%muﬁmﬁal% /brush pis&rs@r&ﬂm%mu:%@%t e }ﬁ)ltélﬂﬁél tR Sl Oty
I11-V quaternary sem conductor al a Goup IlIl-V quinary sem conductor
al oy, (11‘5[01@10@90111@41% usgcém]dln@np@lustvoth a@t@aoglps | 42 mleqs n:aydyslanh]b@giges Sharp
sem conduc can ctor, a.Gou tor,
& oup e VPStesp eyl mEshaeRERH oo oSk pdidlrec B TACEEEN | 2
sem conguciain edé@%%ﬁ&i 16 SRl€ ANEHESOTSst (@M " ORI a8 thE QBTRUEBLORS f1 al ﬂ@;liht@lsng
organi ¢ sem con tors and magnetic sem conductors. [0014] G oup

el enmendayewsniubeddetssrsciiey (fad i rNohE oajNg SVRY dom (s )hal%hélg‘@r SHHIEUM
Ge 1'V,£09 L d nd

Si 11 o osant §aPP BRGSO RANHE) Qs M R (E ARG ‘Rl Shanlt

anti rmmicdeu(sAb&)bmdAbwmlmlgumanhmnheledgdﬂ ASl) madbteini mnmmd;atgodellﬁguxl)f jilm

Al um ni um phosphi de (Al1P ron nitri hosphi d Bor on
A Sen B PEAS) D1 1 TS e PG et (DY B U dF SEHIIE e AL | um
nitri d@D(L@é}LN)Ls o@%l15ltﬂ%iﬁ%ﬁphw%f(@@%ﬂmwl \ﬂﬁsﬁh LA QL RRE, dghd la§p)ls sdme;(,Hm

arsenide (InAs), Indiumnitride (InN), and Indi um phosphide (InP). G oup
I11-V ¢dperarvgragent mw@ct%mct atimWsdtﬂQ’qu @wale wRlalghyi grindneigal Subsinstey iy gleater

Al Ga i_d As) . 1ndi.
gal | TR RS ikeey T e TG st BTGRP A Shp L
i ndi unyantaidenicde. (Al | nSb) Gal lium arsenide nitride (GAsN), Gllium

arseni de phosphide (GaAsP), Al um ni umqgal liumnitride (Al GaN), Al um nium
gal I i um pu%%ﬁ. dehgraicamed phacomeyatlididlestis £o3ue atsaafyrm phiukiias S8BT de

20001 1014 PSR SRS B E P AP e oup 111 v quat er by se conduct or
al l oys include Al uminiumgalliumindium phosphide (Al GalnP, also |nA GaP,

InGAI P, AllnGaP), Al umniymagalliumar ﬁ:ghoighl de (AI GaAsP), | ndium
gal I'i um ar seni de phosphi de* di um arseni de phosphi de

(Al 1 nASP) oM 1 {"m sgisgcl:tu m(%és%ﬂ{ g]%’(?lmll(;llr ik A6 etV GAASNL mdiRgH H)mdg@(ln lidi A
arseni de nltrlde( nGaAsN) ,

| ndi um al um ni um arsenide nitrid
(1 nAl Asidying [cooa&}z@mmpumme-mbqwtnar yh@emltst@lnuhabr@m amneysng r@cm@ﬁem@mlmm

indiumnitride arse ant.i noni de 7

Lot SoHEErE T E e Rt DR Le T o eaas ettt ! Waithrggyosin
Cadm ugitdelih Whd SOmAEERTS) is Lhi361y0XbEETikIEA0bhicrddeN o SEbaii dend(fpBehg aZJdﬂt@F
sulfide (ZnS), and Zinc telluride (ZnTe). [0018] G oup II1-VI ternary alloy
seni cobriveedihs shdratriendhe ﬁPll}ﬁﬁ)‘zﬁl‘PitmtféIm@ iglect(ICAZHNE, Oncths SWsFiétsr y cadmi um

telluride | Cde) ANy ) e Te cu C;

sel eni de Hggiﬁ%; fb(%ﬁ %‘ﬁ% nt%ll s(’g’m goﬁd&g@ 1 nﬁﬁﬁ & J {OY Zd%gl

chl ori deci(&£eGhyitiof QQIZLle@ @u’@m}s{ b\lléncsandcmmadugtser@nu mcdamjgstj_efad:: smidemh@ﬂ@
(PbSe), Lead sulfide Lead telluride . TJin sulfide (SnS), and
Tin t eflogrided sizreye) \tf@wa}]a@@awq W‘W’“*ﬂ’ér%%lv Oééwl&:bcrmhd’e 8}%@%*&@@ I} ead
tinte f ITiumtin telluride (TbSnTe5), and Thallium

ger mn#l]ﬁmﬁ‘%lgﬁ&fpﬁh e HCIE%@ [0022] G- oup V-VI sem conductors include

Bi smut h t gloinay i dén (BncﬁcheS)qsp:fc@,OZGa]?Gimtﬁmtibh \¢1@\é«hdscozndumulpm‘élidnnchxdess@admri um

phosphi de ( Cd3P2 seni d anti noni de (Cd3Sh2),
2 DS Aa P ABH O Siirr  Qun b Sk iy FRRG AR BO S PR D

, N2302)-. q{l@Q@ﬁﬂz&aX@d e g)?.m;%&nqha@d%ﬁglémlwmh@a%w20 heoding ey (R IR ot
I\/bI ybdenum di sul fide | i um sel"eni de (C3aSe), Tin sulfi de (‘Sns),
and Bi smmt‘wlléuhfhhdéo(ﬂBDﬂS@l) is hobzhhQrher ligedirgiormdakt ors i ncl ude Copper
indiumgalliumselenide (CIGS), Platinumsilicide (PtSi), Bismuth(M iodide
(Bi12), Mercury(11l) iodide (Ugh), and Thalliunm(l) brom de cr1130.
[ 0026] M scel | aneous sem conducti ye oxi des include Titani um di oxi de: anat ase
(Ti 02), Copper(l) oxide (Cu20), Copper(ll) oxide (Cu0), Uranium di oxide
(U®), and Uraniumtrioxide (1103). WD 2009/117475PCF/ US2009/ 037489 5



[0027] I n one enbodi ment of the present invention, the substrate has a
surface resistivity of < Ix 1012 ohns/sg and a bulk resistivity of < 20
Mohms. [ O@28%Fhe7#Et eri al conpositions provide inproved KMigesSao%/er’aiye.
These materials have a | ower tendency.to flow, and are able to effectively
resist surface tension and renmain in place. The use of a highly
cross-linked mcrogel material enhances the flow restriction property.

[ 0029] Curabl e coating . JoLY Ny W alal ONPE S £, main filmfornmer, an
ungel | ed, active hydroge %?ﬁﬂ§8§ﬁ§%$§ﬂ2¢¥if Néges of such coatings
are descrjpber i nFidsS. 1-Batent sohpphiic atdpeneRuldisCati omshiies 2006601 44id43 oAl |,
whi ch i s hereby |ncorporated by reference. [0030] A wide variety of

fil m fenmongiopopyerarlar EVknown and can be used in the curable coating
conpositions, provided they conprise active hydrogen groups, as determ ned
by the Zerewitinoll test, described in the JOURNAL OF THE AMERI CAN CHEM CAL
SOCI ETY, Vol. 49, pa@ér3%8&EDIE29$RHHHODM@PéﬁﬁbﬂﬁﬁbhﬂTONhe active hydrogens

are deriv rom hydroxyl groups, .thial u rimar m ne qgroups. and/ or
Secondar y 0k e rdsspect 6 BrBak iy Ron iy Sfedis Bl Bl 3 e Fd RS aPe
subst a&télﬁxb]ky }fl{(ﬁQuﬂI)d ‘ﬁ{c‘ﬂﬁﬁu Q‘ﬁhﬂauﬁgﬁg sOBNBn @R VOLE SRS IcCin \inSIQSHJd¥p Med

di ssolved ih a suitable solvent, as determ ned, for exanple, in accordance
Wi th ASTiMoBLIDB5whereASTINE DA 24 Per cehieby weighhsi @smﬁ@b@‘sim@zu ePmphEtipedct highly
product i | cat [ ; bé ,0 :

b oaucto St MrRer Rameoneel P ipElth e BuBk: pAVES) (Y, BERER O

ol eCUcl{ﬁlﬁpdA@loﬁlhb forh b bich@vie: @b @bl intsduestydte.cosi ty too h| gh to rreasure As

used herein, a reaction product that is "substanti al

crossl i nkiVAE3] r eFlr seoveondpaiae: MBHEBY otiic et Aat °H%I§P‘§ vee.%mw ab\ér ggwental
nmol ecu , ! to f
B s R L T e S RS S L T g AT
mat er i Al- @rars sdrhiabhdicforllogen Growpnbbdi quantsar pf»ummenthceaeeﬁloyl m&enw -V

Non-limting exanples of suitahble r s incl ol
acryl|@“b%wyﬁ%?§gﬁhﬁﬁye§¥%$ bgﬁfHﬁrﬁsvﬁ“bWﬁﬁﬁg‘%%r #1 cSH“%dsé@py
pol y meLgic RRINEE hgrc ;@9{3 MR SsenRQInMHEBA POk c\/d"ﬂ?f\‘ﬁﬂV]V%cﬂMLoﬁél%%ﬁ'eé roRpliyani de
pol ymer's, polyimde polymers, m xtures thereof and copol yners thereof. As
used heweum seblycdhéu¢mco€n(ba$1@d/ -Hal semeeiduitornedmup 1ol pemicooduqier dhyriedne

| n clu dgnﬁﬁcﬁ}quatcbbl gl:n&ﬂ%u gcdgﬁm%gc{?)h JéwISgﬁ%r ;fﬁlg%alﬁ%:o scigicgﬁ%ucg% i yarlﬂa ;smac ant;c C ks

W th ongnigsndieigs.--Si0-- units in the backbone. [0033]The polyner is
typically a water-dispersible, electrodep05|table filmform ng polyner. The
wat er - di si#¥id] bl Erpan We@kmﬁytabébmb:ﬁinémt%%n@f«hﬂﬁle Diggnd; &), t‘ﬁgccbbl (Shrerndan
contai g, &g%&f LI GEARCT) UERARU03EARD ANLBRN fheldHIC iB0Rlcali QLRSIChO ang

i mpart "a nega charg & of cationi ¢ functiona groups to inpart ‘a positive
char geSIhNb]SLumfxmﬁdm (Stltﬁe) pGyupell-vortadcdnsuciats oolude $dkmhingroupsimousisalAiyD),

t |t 034] Non-| I f fil i
Coel SOASUTEN e roabaTRY AHERBOI T ATNSS TR Reehife SANS, Batde | o
ani oni ;&4 e?ﬁmd%%& tﬁq@hﬁn&o%w%ewgﬁbz‘hﬁ@“@}As‘ ) NEuelen ASBSHi U ébhch,i,

car boxyli ¢ aci d group-containing pol ymers such as the reaction product or
adduct Goflivan drsgiidg (Gnhs)OGaE emi ndm@u g a Craylivee iptodider (GaPh . Hindiveh eatiboxigei c

Cnsat ol a6 it e ey B i PR S rEriafRebd P e dn T G ey Al v

mat eri élzl$a1y\hie$1hc@{(ﬂcf(#rﬁlhﬁ/& nera@t edlhitihpololm Aksads uiNiabhe a«ngsnt, hasat

| east Fartla neutralized interpolymers o %drox%jalkyl esters of

unsat ubted celioryenide 4B ads, nSat-vhat Bdiwarpdy phosabidg (Bieplat Alwagtubne
ot her %& alkc%gti- %’A]‘j‘l?ﬁﬁt Wi &Eaﬁﬁmﬁnﬂﬁ?{"ﬁ{ il t%]i Hnldc %‘ﬁl%@% (SJM'hE@l lu’%cmdc l]illld(.

el ectro ep05|?a e resi k vehi cCl i

vehi cl eGgomali mangmanma&lky@ pl&s,pmdand(xaﬂslam Y\Grsﬁlh]dﬁllﬂydﬂhﬁasnmi ldAnQAﬂfézEN)
sui tabl e anionic eIectrodepOS|tabIe resin conp05|t| n c m xed

est er sAGMAIWEsEHBYE pRIspBIde (PHESE) cBKpoRi #3lgHe %}f»ﬂédptdé%@%ein HMgasanide; n
u. S. P%E[ﬂll’i”ﬂdC%ll?’\%Qbﬁﬁ!?d ﬁ%duﬁﬁ all m deif‘)?(ﬁmhc ifGdsmand col, 10, Tines 1 to
13. Other acid ?unctlona pol ymers al so can be used such as phosphati zed
pol yepoxi de or phosphatized acrylic polyners as are well known to those
skilled in the art. Additionally, suitable for use as the polyner are those
resins conprising one or nore pendent carbamate functional groups, for
exanpl e, those described in U S Pat, No. 6,165,338. [0035]In one
particul ar enbodi nent of the present invention, the polyner is a cationic,
active hydrogen-containing ionic el ectrodepositable resin capabl e of

deposi tion on a cathode. Non-limiting exanples of such cationic
filmformng resins include am ne salt group-containing resins such as the




[ 0041] The coating conposition can have a coval ently bonded hal ogen content
of at least | weight percent, or at |least 2 weight percent, or at least 5
wei ght pewoenty/1io47sat | east 10 wei ght percent, based on n@ves2owsixyty of
resin solids. Also, the coating conposition can have a coval ently bonded
hal ogen content of |ess than or equal to 50 weight percent, or less than or
equal to 30 weight percent, or less or equal to 25 weight percent or |less

than or e to.20 ht percent coa ng, ¢

coval ent 10 Binada hal BeLreBhentetiraneEt Al bniseh BEcaba A Datta S ron
of theggMaldesIGal el usiMRI@LP, 1Ga AR Bt PRl Al8Sinium da0RdRdrskRid@Rhosphide
enbodlnent of the present invention, the coatin osition is an

el ect riddepdsiix ablamneoglivg eoppds| mhoonhlé@nﬁéa%ﬂﬁ“g} nﬁl@ﬁmﬁtﬁhs’“ﬁlﬁtﬂé gusenide
dlsper ed |n o nedi t f
the r e; 06;01 g&%% Hﬁ iy nLll gﬂhu 0 319811?48-51?]%@\/ /gt%?%%q) H%@gf?”]gﬁ‘ﬂcaz%ﬂ,‘g
derlvaduhkqnxh@&@gemKBMQnﬁn@hmﬁh&nt$yahﬂndemcahwﬂheNDeS|n (i). I'n such

i nstances, the coval ently baonded hal ogen content can bgggttrlb ted to(%
reactant 19986 t cCFOPmMIUNY GHNAHe SFEARFSIH AP Pedl M Belf 488 VR 1 Eor

exa”plﬁujﬁ%,lﬁﬁﬁhﬁht yﬂQﬁAtgﬁ_reactlon product of a hal ogenated phenol, for
exa éfogenat polyh ri c phenol such as chlorinated or bronineted
bi sphenol [0AIT t hGanpdpoXysciaupguaontiaéindnGadraer sed¢nidudhiSes Chbsiemdedicdd bed

ar oup- Rob R henyies (CTuuait: Sl GROW R RbGRIAREe SRR Wges 1

Al t er nafd Xl Yolludide €POKY. cont ai ni ng conpound reacted with a halogenated
carboxylic acid followed by reaction of any residual epoxy groups wth
phosphor i #0481 d Goulpd 1Val @llwlﬁmlt%bI%@11%|l§Lm1* mebdgcladgivupsne ais b Héh be

;?Lﬂgl LCL C%]ju ?g)aﬁll‘u cu11\g Latr ﬁtums Fc’llut 18(&&1@&%8’?@ ruétg‘ ??ﬁ(glngll‘plll’“g & @lléé?l (ghalédp oxy

functlpmah”ﬁEMemmahmsuﬁgza&ﬂthose descrlbed above with a hal ogenated phenol
foll owed by reaction of any residual ep grou S mnt&_ m ne. The
reaction éahctGeaﬁ”tHQWGH@X§SWﬂBﬁHP%@ﬁ’ RYS ”%EWd l?8b431|n one

enmbodi "enfa0g 020y ! h@h(m eent sbfIXG tlc%}t, ]tétﬁdecemt §tdiYe pandsd hal Qasae gopd ent
of the re kl) can derived from a hal ogenated conpound sel ected from
at Ieas@unﬂEmmkw@bmald@emﬂhé@@bﬁenmh1Hhaﬂmg@né$mﬁﬂpolyepOX|de halogenated

acrylic p r, halo yol efin, hala hosphat e

m xt ur es UWé?Eof(”?%)gﬁnﬁie?“ oﬁWHﬁHWhgp“tHgg &% ﬁf ”hﬁgﬂy 5%§é1%
coval efhliyuhanded. i@l agsmreont@nthdfivh Rerdasi t&]lu)ndlef’(TU@LTMs@d f roma

hal ogenat ed pol yhydric phenol, for exanple, a chlorinated bisphenol A such

as tetracH082bbi §rp¢taht$tV1Aécnb¢Oleiuﬁpmﬂilﬁlat1‘eBl%‘M‘ph@lﬁbﬂdt MBileh as

tetrabro he A d iona e
coval ont | ) UB3hded W4T d5d S ORBMCT iy ME aer it P el Cauats Camety
conmpougdenifi@r Caxagp @adl’fﬂhﬁn dlt@lht)()@thd:yk(“@gﬂhﬁ)l; Lihc QDliO&tb]G@@r(Zhﬁﬁ) bizsphenehidA.

[ 0044] The active_ hydrogen- contalnlng resin (i) described above can be
presenbﬁhﬁsth@“ﬁ@waﬁﬂemeﬁﬁ?ﬁﬁ@‘E@np05|t|on in anounts ranging from10 to 90
percent b Y !)ghﬁ Ed %Qmﬁc%nééct&%rﬁ@lﬂﬁ Q)Latt\@b%&d'@a@%gg ON’Iotlﬁfc@ltulY’{eéllgtmhd@f
the curab atln nposi tion. T previ ousl i scussed

conposiMiben, Claﬂlluf]‘l,l‘{’tﬂ(i'lﬁﬂk (311 ﬂeesuﬂhee SnSypael ﬁbtemyésttﬁdec(dﬂu&g agent s (ii).

The pol ye curlng agent i) s teri.al, havi ne ester
group perﬁh§§ECuF%h“Tﬁ i1 ‘?é GIBQBg g%BP%HEQ@Htgyﬂgg §ﬁ6§d¥ﬁgﬁgﬂﬁé'ﬁﬁP to
ef fect an;lEQlés('P'tSﬂ‘ klklngtuﬁﬁllﬁ)c%@mka(@ E) WE}%UI)&‘HP%C@@@(ﬁglaﬁﬂﬁﬂdcﬂfﬁhdﬂtﬂ?%} -orhi@k
exanpl e at tenperatures up to C, and curing tines of up to 90 m nutes.

It sholl'lérbe understood t hat acceptable cure tenperatures and cure tines
wll be d bstr.ates to 0 L. € S

00467 ofihas RaPai5 SHRT AR R P8 e SRR PR G TPk o

pol yesieigeof ORQﬂtXC@F(bPXYJ F@t(ﬂﬁbﬂ&e (NeYy, Ithmntamnngoemar(rpbe}s dhdMLhuhd&m tnoxtdt,

bi s( 2- hydroxyalkyeesters of dicarboxylic acids, such as bis(2-hydroxybutyl)
azel at €U8nd bi s(2- hydroxyet hyl )t er epht hal at e; tri(2-

et hyl hexanoyl )trinellitate; and pol y(2-hydroxyal kyl )esters of acidic

hal f-esters prepared froma di carboxylic acid anhydride and an al cohol,

i ncl udi ng pol yhydric al cohols. The latter type is particularly suitable to
provi de a polyester with a final functionality of nore than 2. One suitable
exanpl e includes a pol yester prepared by first reacting equival ent anmounts
of the dicarboxylic acid anhydride (for exanple, succinic anhydride or
phthalic anhydride) with a trihydric or tetrahydric alcohol, such as

gl ycerol, trinmethylol propane or pentaerythritol, at tenperatures bel ow 150
C, and then reacting the acidic polyester with at |east an equival ent
anount of an epoxy al kane, such as 1, 2-epoxy butane, ethylene oxide, or



di sperse in water typically in the presence of resins conprising cationic
or anionic salt groups such as any of those described previously. [0057] A
transest eMNd dwatiems catal yst (iii) may optionally be presenistmonbasy
conpositions. The catalyst (iii) can bg.any suitable catal yst known for
catalysis of the transesterification reaction. In an enbodi nent of the
present invention the catalyst (iii) conprises a netal oxide, netal conplex

or nmetal ¢ [ 0058] oxi des of
Cead bi s0ER o o fEr Sl b e L eSS T G SRR
oxi de @< di hot y)|hhisﬂ,c axlt deuliMNbtiviat bvebyMdmgad oxi de and bi snuth oxide can
al so be used when dissolved in an aqueous acid solution for exanple, an
aqueous sO&8l onThs mpteipl fomnesitiens Preodsapsovedisiee §av<ii@geim>7ﬂiemiwwls
carb OXi{l\%tae ]0§A%|] tiénocz ?P'; t eﬁg@p Li"?d ‘u%C;b?(?‘Eoegff(cht vQ%pQE t&eﬂl‘?{ Eg )[ nQ on an%d penfd Iu"p %
cal cium barium nd tin i

di car bpixyd. at’ l&swel\d@m ilgmy t:tonghekmmk%g(ﬂ)fna&aiat aihanojsuhkeﬂbﬁa:dstﬁctﬁ(ﬂalbiepeizy nc

oct oat e, io tyI in formate. A suitable exanple of t al conplex is
titani um @@g?ﬁl é %ﬁaémg [COBBOTAPLLHLFL AN ae?r‘“emsﬁ‘(‘aii f@“ gE‘dim Bl uBag kg,

and naﬁhivlaaf}%i(ﬁg%n c%fiialiihﬁ aldeal. mnﬁﬁ’ét@ @k abhiBt AL Ves@fbeling 1S, Patent
| ant hani des, Z|rcon|un1 cadm um chrom unm "acetyl acetonate
conpl e%esh@riloh é’auilcamond\lo CagMdH 148eX i, trhiclt 1Iad1r:nubmnc©qppaﬁd bab&fatencal um num

al cohol at |ta |unitetr xtur of , a

S re o als bR S S R PSR 5o Rt e e L g e b ey e
2009/ 1&?&1?15 lcddt A dSZOR QB8R0 vidd2 they[BRBAL ﬂctWeQWdQﬂcgeh @@od{ﬁrﬁ/d NGerBhi@ by
content of available netal oxides, salts or conpl exes, or solutions

t her eofh® ¥REvdteRlht oo dueapdgstn iy HéURh\bﬁlea@deW MY ERICAN COHEMRCAL
t t tl t nt

Con iai-![ Qg?‘éﬁ“gh’l ngti) %?lgé 3l p%l‘)éyﬁ " Zﬂr]] toglg %#n%gﬁgne%ft t% 610%\2?’ g QB{SCS deﬁxed

be usedonhg@eﬂqm@unmethmmgknmanghmmghnmmﬁgﬁupe£Mﬁn&aaﬁﬂmguﬁmnag&nmnon

[0063] I'n o S ﬁ ct, the jnvention uses a c tionic el ectrodeposition of a
m crogel @03bbr sPyn v kds nieomdhe Fevs Hasebstataliedier giiceos EPB%@P% hag
their M?Qnﬁﬂs@'@%&ﬂﬁ eﬂﬂﬁiHh@ﬁv&f%a%e%ﬁ&bR?Qﬂb&uUWJdHhﬁ%&%ﬁ%o?@&ﬁﬂ@% 1

5, 096, 556, whic ereby I ncorporated by reference [ Any of e

previ owbwade@wniiibb‘ﬂfhﬂdhi”&)ﬁgwm%@l et 2d i hig mowpm:smqogm}s otéuq ibm:uon product
electrophor tica to ect roconductiyve su eTh Iied

Sor + agb Ponar R oubhBlEFRe kD SRSk PERDERG R 3o SRCSlR, RRE 4SS, o
as 1 vef umu@isy NifgheRs hEeVY tlodlculahopsand wigl fise BUtintkivpt qaidoyiiiaega\@ﬁ i 29
and 500 volts. The current density is usually between 0.5 anpere and 5
anper eBcpare. s(‘f}uai‘@ lito@tl 2(@astfctlbprs'dmtltiz4iami)é311tp»élw fggudceosslimtingreteéry tand

t ends I o] c he f n n
|nsulabgﬂg§c d?ﬁa ‘ﬁ?dﬁﬁ & QQQ%% t%ﬂb g%egﬁogg“h gS(Bﬁgﬁﬁ§% b%dﬁ?
her6Inp@ndmhﬂitmenﬁﬁE@MﬂM$6ﬁkQﬂhaﬂdOD@OO@E clains, by "conformal" filmor

coating is ant a filmaor coating having a substantially uni form t hi ckness
whi ch coni‘i?nﬁﬂs t & YHEW PSCHsg @y@'&ﬁ@aﬁgawma FelueRkgasnEe suitnble 8T Wikt i n
(but not, o8 eeHd eg)m@@yegem SRchhidt. MYy guﬁﬁ%%ﬁ% h,LO&iﬁéJ éfbi@';&niten&@@éc' ng
has been applied appropriate neth g t hose nenti oned above,
it is mﬂwaﬁ»u@meo@uabinqy@anxbﬁn@uuﬁﬂyaMmanﬁweﬂb meﬂpeeamhmnaspmh¢mm%mmmly
cured at el evat enpeqatures [an |ng fron190 00 Cfor a |, q

to 90 RyNIEEs P Y‘r‘ PmPRRaTEr e EPHUEC HEEIGS O\YB]ry t YQHiys oA BN Fob%é]“?h“

di el eCE(Bllyﬁm@@@blyﬂgail hﬁlcikn@ﬁ&iel%aﬂaimdx@imeuma)m 2Q IR ERGEH b P iR IBs8d
than 25 mcrons, or no nore than 20 mcrons. [0067]' Those s led in the
art \Nol](Pld“itécdgni“ZJé“ tﬂhi%ﬂyli!??ll ePMpIBSIH @naEP| Mergt - 0i-ofinithén ﬂiﬁeb%ﬁﬁn(@ Such
o gbr RO L REC TP DS RS SR S OB PRl et
and/ or blbtleatire@he W draenSaBhasiomn (pe badbefe.pri or to application of the
dielectric_may be appropriate. [Q068]After application of the dielectric
coati ng, i‘ii’é*’*is/urfrabdﬂ%imilhé% At pi vatebAPHE DS WpiTosRBeHbIsbiHE-derming a
pr edet d- U r.a

Vo 2008 117474 BERr Fe2668) BI0RAE AP T NGB h MEuR SRk IS o Rl PRLAMER o,
ot her conventional techni ques, for exanple, nechanical drilling and

chemi cal or plasna etching techniques. [006911l|lustrating the invention
are the foll ow ng exanpl es which are not to be considered as limting the
invention to their details. Unless otherw se indicated, all parts and
percentages in the foll ow ng exanples, as well as throughout the
specification, are by weight. EXAMPLES



[ 0070] The follow ng exanples illustrate the preparation of an

el ectrodeposition coating and its use in the nmethod for formng a circuit
assenbl y. witxamplk e+ [ 0071] The fol | owi ng exanpl e descri besct/nsoeynthesi s of
the cationic binder used in the el ectrgdepositable coating bath described
bel ow. The binder was prepared fromthe follow ng ingredients: |Ingredients
Parts by Wi ght (in grans) MAZON 165F 150.0 EPCN 8802 755.3 Tetrabrono

bi sphenol A169 lTETRCNIC 150R13 0..2857 Ami no Pygpleth nol am ne 114

Di et haHlé‘P‘H?n R 5O YhH B Bt hiAHaH Y3 82 BPeN®: é’@ ngtig &?‘?9’?%&””1‘19“5 A

pl ast i gdsaRle, cHaRIFTEMGLEbTkeh, ABpbIaREE coiitORL BAREICOLIPoabS, ARuaBABa@RAXYmIRST N
avai l abl e from Hexi on SpeC|aIty Chem cal s. 3A surfactant, commercially

avai | apltereysm BASE Cor poration. A pol yester prepared accordlng to Exanpl e

\2/08];9/ EE? 9@%%# 11%‘&%@9“3%‘7%@8“ AL A3 i [%S%il %MQH%@@@Q%” Cialb,

tetraumemobmsphemqh}AuamduTEﬁﬂamdkéﬁﬂkwpmembkahang@dompo@n@%naamuhduna

botton1f|ask fitted with a stirrer, tenperature robe and an- Eiég {a
under ¥kl DY HIfIASId LHPHBCRTRENEP §1eﬁe‘*§‘t‘}é€|* ths lhact“éﬁrb?é‘? GPerygtuckpt C

and stj rqr gﬁk AN oft Sem-OMESS 'fatﬁh@thQEu Sk Qledlrclﬂ%@x)\/%s a&@nﬂ;}vﬁ% yd®ae LRE the
am nopr opyl di et hanol am’ne” and di et hanol am ne were added. The reactlon

m Xt ureaehicot perdved of oa datmpxdcndl mstteenpematl wee ofd Lro@iyfitide Eaidoatly 1Qlditiomat es.
The reaction to.a tenpera

The el e e tatitls S0 i Ruh SRR Wi ity o SUBuaRe RS o

The m ghyungrnas debgrinelideaiolldd s@ffhgﬂl AylaBbydlestefs drumsfotta E6boibacRRak
exotherm The second charge of EPON 880 and the crosslinker were added _and

t he solivrchastorile agidf oKl 2 Bagopires oter pPglepicaliyainslyer¢h marioreir {18428
parts) was. . R%HH@Q {,?ggggmiﬁhﬁﬁ |- Qi gémszlu%m aﬁkg@ﬁ% &g%s?@f}&ks ¢ di;Szal yed

in dei Oni zed strong oné hour
agi t at ¢giniag aﬂduﬂq@natuanmumtamfadﬁkﬂﬂﬂagﬂeWE@ﬁr (Sﬁﬁ@haarmﬁmbMQSmadded
slowy, yielding a dispersion having a 30. Z%Qnon vol.atile content. anpl e
2 electrodeposifable resin composition compnsu mixed esters of a resmous polyol. Thu,c,
compositions are described in detail in U.S. Pat. No. 3,749,657 at col. 9, lines | to 75 and col, 10,
lines 1 to 13. Other acid functional polymers also can be used such as phosphatized polyepoxide
or phosphatized acrylic polymers as are well known to those skilled in the art. Additionally,
suitable for use as the polymer are those resins comprising one or more pendent carbamate
functional groups, for example, those described in U.S. Pat. No. 6,165,338.

[0035] In one particular embodiment of the present invention, the polymer is a cationic,
active hydrogen-containing ionic electrodepositable resin capable of deposition on a cathode.
Non-limiting examples of such cationic film-forming resins include amine salt group-centaining
resins such as the acid-solubilized reaction products of polyepoxides and primary or secondary
amines such as those described in U.S. Pat. Nos. 3,663,389; 3,984,299; 3,947 338: and
3,947,339, Besides the epoxy-amine reaction products discussed immediately above, the
polymer can also be selected from cationic acrylic resins such as those described in U.S. Pat.
Nos. 3,455,806 and 3,928,157

[0036] Besides amine salt group-containing resins, quaternary ammonium salt group-
containing resins can also be employed. Examples of these resins include those which are
formed from reacting an organic polyepoxide with a tertiary amine sall. Such resins are

described in U.S. Pat. Nos. 3,962,105; 3,975,346; and 4,001,101, Examples of other cationic



[0073] This exanpl e shows the preparation of an ungelled cationic soap used
in the synthesis of the mcrogel exanple shown bel ow. The cationic soap was
prepar ed twomt/me4fol | owi ng i ngredi ents: |ngredi ents Pargsi/by2@bghge (i n
.ranms) EPON 828 1023 Bi sphenol A-ethyl ene oxide adduct' 365 Bi sphenol A 297
2- But oxyet hanol 187, 2 Benzyl di net hyl am ne 1.4 Benzyl di net hyl am ne 3.0
D ketimne2 182.3 N-net hyl et hanol am ne 85.2 Acetic Acid 105.9 Dei oni zed
wat er 1065.9 WO 2009/.117475periu S2009/.037489 - 15 - Deionized water 735.9
Dei oni$80° i dF 40560 TSRO SEP\RETSFIHR 'S0 2AT 1918 4 PReRRITU B salt
bi sphenelipAbphhvierainxide avablabberibéom BASEpUriactianik7s2adl 3 ogeroeent
solution of the reaction product of diethylene triamne and nmethylisobutyl
ket onercbirechiet!by | Alsobliyforrerp iesins such as described in Buropean Application No. 12463

can be used. Further, cationic compositions prepared from Mannich bases such as described in

.S, Pat. No. 4,134,932 can be used.

[0037]  In one embodiment of the present invention, the polymer 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.S. Pat. No.
3,947,339, a polyketimine derivative of a polyamine such as diethylenetriamine or
triethylenetetraamine is reacted with a polyepoxide. When the reaction product is neutralized
with acid and dispersed in water, free primary amine groups are generated. Also, equivalent
products are formed when a polyepoxide is reacted with excess polyamines such as
diethylenetriamine and triethylenetetraamine and the excess polyamine vacuum stripped from the
reaction mixture. Such products are described in U.S. Pat. Nos. 3,663,389 and 4,116,900.

[0038] Mixtures of the above-described ionic resins also can be used advantageously. In
one embodiment of the present invention, the polymer has cationic salt groups and is selected
from a polyepoxide-based polymer having primary, secondary and/or tertiary amine groups (such
as those described above) and an acrylic polymer having hydroxyl and/or amine functional
2roups.

[0039]  As previously discussed, in one particular embodiment of the present invention,
the polymer has cationic salt groups. In this instance, such cationic salt groups typically are
formed by solubilizing the resin with an inorganic or organic acid such as those conventionally
used in electrodepositable compositions. Suitable examples of solubilizing acids include, but are
not limited to, sulfamic, acetic, lactic, and formic acids. In an embodiment of the invention the
solubilizing acid comprises sulfamic acid and/or lactic acid.

[0040]  In a particular embodiment, the coating compositions useful in the methods of the
present invention comprise one or more components comprising covalently bonded halogen
atoms. 1t should be understood that for purposes of the present mvention, by "covalently bonded

halogen atom" is meant a halogen atom that is covalently bonded as opposed to a halogen ion,

for example, a chloride ion in aqueous solution.



[ 00741The EPON 828, bi sphenol A-ethyl ene oxide adduct, bisphenol A and 2-
but oxyet hanol were charged into a reaction vessel and heated under a

ni trogen atopsphens to a tenperature of 12511C. The firsecporioamsafe t he
benzyl di met hyl ami ne was added and the. geaction was allowed to exothermto
180 C. During the exotherm when the reaction reached 160 C, a one hour hold
was begun. After the exotherm peak the resin was allowed to cool back to
160 C, co u the hold. After the hold the reaction was cooled to 130
C, and th@‘%@con HBRLNG 5O BPOHENL SAAYE PP ART e Dondsd Dalsad ceE Cgé’éﬂt’l”‘é‘n
vas hej d.edh 13Qcft, bPa@Ra &% LERR S8t %%Y@ﬂ@ﬂﬂ'\ﬂéﬂih@@él c@ﬁt’ 8hht Rhst4OAeight

t he expected epoxy equival ent "wei ght, the diketimne and

Nret hybeatdvanbhsadi ore totel evegdid ed liewnsmimiessﬁdm alﬂtdC@M@%nﬁ@dﬂm%ﬂ%%m“a@mﬂd to
exot herm appr ox eak .exat.herm a one

bagun 1< RBRhETb R ramty Bnthohat sl St T5 e Wb PR REnaBk Rot <
the resgjual Waso diSRarEeet,brded SOl @N20fwdifle RE@N, Graeisdhah $8elyadol 70 t he
first portion of deionized water. The dispersion was |ater reduced with the
second¥eighi pacetind IeGigRtrE pOMPPOT ¢ ek anforalinibaepdedrido geasantgoh gy hich

cationj Qpléﬁ \ 1 tylaketone | evel was
| ess t & r'ﬁ@ aéxﬁﬁp%é%%ﬁﬂ[ %g%?hlﬁﬁ?gh é%{h&ﬂﬁbﬁv{\g %g slf/z}]tﬁ\em s of a
catlonlc joodzpgeln fanoembdEneat iobnihe mp@my1smammde$mfwbad@abovyounoﬁmanpie
2. The m crogel. was prepared fromthe follomnngﬂbn redi ents: I.ngredients

Parts ‘l:)‘W\/%i"{j‘Pt‘tlmHe C‘tﬁ“&%s‘)o“@t“’i“Bﬂl‘Em%léb]go? ER 1a5¢ SEPYTSER B i BHIERA er

443 EP(N 848 (&5c{9xla[bnﬁ§tb*a}ﬂim€9ﬁé§e)ﬁlco%nflof WO L0k LhA4TSRE 1SR4 H489
16 - ketone) Methylisobutyl ketone 5.81 Deionized water 337 [0076] The

de|onlmﬂmmmapemowagﬂadm@dCMUV@méooaha@ﬁmdns@apowﬁUEkahﬁkbdzol@hdﬂﬂh@) In

bl The, EPON_ 8
vas. achish Bvarcts AUl BaTt PR Bkl (AP PR i RCSRES iGL

was adgeh &S & thd NEE-forafly tdighseXdribee a¥Es:. e @x@;’hp]@oth@lémi nhy B@tﬁ@t@ﬁuoﬁrhe
m Xture was then heat ed to 90 C over 70 mnutes and held at this

t enper Biodre Pbra JakgeraeduphAngjoddr WkKIMA. 2 TREOZORGA; PRldhvilite PhaRl tusdnas
dded ' 18. 9%
none vl no 106 B BhtEfaB S EBRLATA XS] 6 D, Bbfb AR BRIGHP By fhopd

hereindQSHaxinb@&nqﬁh%eﬁﬂmmﬂtsaﬁelbmsu@ncestm:&ﬁhaﬂdawdnmnmxg@mp%onﬁmample

4 [0078]Th|s exanpl e shows the synthesis f a hi cross-1linked cationic
i Cr ogBIYFFBmMOA N ’E’Pd’hli“b}’é‘b‘cﬁ’%“‘é&%ﬂﬁ s driied ABsVENED. ERATROIE CONTFRS

hi ghl y . 6hesisal b RK&HTh %rh%gkmﬁ@&czpsoﬂm%ra_@rdefgl M&m)% hecfiol bOMyNGsidual epoxy
ingredients: Ingredients Parts (in grans) Cationic soap of

Exanpl gro2p@5dith phosphoric acid would yle}d a sultabie polymer. The acid groups 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 followed by reaction of any residual epoxy groups with an amine.
The reaction product can then be solubilized with an acid.

[0043] In one embodiment of the present invention, the covalently bonded halogen
content of the resin (i) can be derived from a halogenated compound selected from at least one of
a halogenated phenol, halogenated polyepoxide, halogenated acrylic poiymer, halogenated
polyolefin, halogenated phosphate ester, and mixtures thereof. In another embodiment of the
present invention, the covalently bonded halogen content of the resin (1) is derived from a
halogenated polyhydric  phenol, for example, a chlorinated bisphenol A such as

tetrachlorobisphenol A, or a brominated bisphenol A such as tetrabromobisphenol A.



Dei oni zed water 443 EPON 828 (85% i n nethylisobutyl ketone) at |east 85.4
and preferably 95.0 Methylisobutyl ketone 5.81 Deionized water 337

[ 0079] The wonponemntrs of Exanple 4 are mi xed and processedcirnistine/sase
manner as the conponents of Exanple 3. ¢gThe microgel of Exanple 3 is
referred to herein as a "highly cross-linked mcroger A highly cross-1|inked
m crogel has a greater anount of cross-linking than a standard m crogel .

WO 200 475PC17US2009/ 03748 17- El ectrodeposition Coati ng Bath and
Coat | néé%’és?aﬁﬁa Nt B O R R I N R I B R
to prepah oalﬂef&mﬁmpg Baldk deaerdiRed s heh RWehdeENgRhe £ The bl end was
prepared fromthe fo Iovmw? ingredients: Raw Material Parts by Wight (in

granms) CatlMdic Epoxgtivg b Wlwftlﬁﬁlpmlgyéslﬂdﬁ) seskiibiderbovExcanpieepieyent 02307

2037, 6 T BBRT | Hhes B e b pe siheechRClo ITERE Y it !B &

cont ai pemur@amghdw“agdnt atdl ereight bé tietdiydtanegkiig obmpoyiohexyl et her was
added to @é{‘% resin slowy under agitation and stirred for 30 m nutes. The
dei oni zed br \ﬁésl”t‘JH‘é?HSéd@‘éﬁ“t“@ ttHY COMPRPIPR . caEx BiHEE CRMPHIOB ZiTheis more

P oA IS LR Lyl SHEART U AR A L
f ol | owesigr g:t@)tualpysmoﬂaguiehe"l"}bil ese phuExanpleed in an amount sufficient to eﬁeci Cross-
linking at acceptable cure temperatures and cure times, for example at temperatures up to 250° C,
and curing times of up to 90 minutes. It should be understood that acceptable cure temperatures
and cure times will be dependent upon the substrates to be coated and their end uses.

[0046] Compounds generally suitable as the polyester curing agent (i) are polyesters of
pelycarboxylic acids. Non-limiting examples include bis(2-hydroxyalkylesters of dicarboxylic
acids, such as  Dbis(2-hydroxybutyl) azelate and Dbis(2-hydroxyethyDterephthalate; (ri(2-
ethylhexanoyl)trimellitate; and poly(2-hydroxyalkylesters of acidic half-esters prepared from a
dicarboxylic acid anhydride and an alcohol, including polyhydric alcohols. The latter type is
particularly suitable to provide a polyester with a final functionality of more than 2. One suitable
example includes a polyester prepared by first reacting equivalent amounts of the dicarboxylic
acid anhydride (for example, succinic anhydride or phthalic anhydride) with a tribhydric or
tetrahydric alcohel, such as glycerol, trimethylolpropane or pentaerythritol, at temperatures
below 150" C, and then reacting the acidic polyester with at least an equivalent amount of an
epoxy alkane, such as 1,2-epoxy butane, ethylene oxide, or propylene oxide. The polyester
curing agent (i) can comprise an anhydride. Another suitable polyester comprises a lower 2-
hydroxy-akylterminated poly-alkyleneglycol terephthalate.

[0047]  In a particular embodiment, the polyester comprises at least one ester group per
molecule in which the carbon atom adjacent to the esterified hydroxyl has a free hydroxy! group.

[0048]  Also suitable is the tetrafunctional polyester prepared from the half-ester
intermediate prepared by reacting trimellitic anhydride and propylene glycol (molar ratio 2:1),
then reacting the intermediate with 1,2-epoxy butane and the glycidyl ester of branched

monocarboxylic acids.



1Cat al yst paste, available from PPG industries, Inc. WO

2009/ 117475PCT/ US2009/ 037489 - 18 - Exanple C [00841Exanple B was repeated.
Appr oxi matvel y0d/7207gr ans of perneate was renoved from t heCoatowgs &t h vi a
ultrafiltration, the pernmeate being repj.aced with deionized water. The
final pli and conductivity of the ultrafiltered paint were 5.08 and 566

m cr osi enens respectively. The neasured solids of the tank (I hour at 110

O was 9.43% Exanple D [0085] The. el ectrodepositable coating canposition of

Exampt e UMY ol BobHoBRBFART GRS BRI 0 Boetd T B IEURerTALEETE Ferl  Ho

el ect rogenpst th@hibatinglupd heppREabuaERIRf s8Rt Fi)fiokuRdhiisre oRdorateid). Bor

anps. Three sanples were coated using voltages of 150, 200 and 250 volts.

The coamtrpsgs whshet present dessdpfion. B0 sHbviutiedy dice 240cid isdgnitigiElg less than 0.2

© oo L GHRERL o SPRRRLY [FI-BEoE SR B ghngde Wgynffns R Yy
compositions, suitable polyester curing agents can include non-acidic polyesters prepared from a
polycarboxylic acid anhydride, one or more glycols, alcohols, glycol mono-ethers, polyols,
and/or monoepoxides.

[0050]  Suitable polycarboxylic anhydrides can include dicarboxylic acid anhydrides,
such as succinic anhydride, phthalic anhydride, tetrahydrophthalic anhydride, trimellitic
anhydride, hexahydrophthalic anhydride, methythexahydrophthalic anhydride, 3,3'.4.4"
benzophenonetetracarboxylic dianhydride, and pyromellitic dianhydride. Mixtures of anhydrides
can be used.

[0051]  Suitable alcohols can include linear, cyclic or branched alcohols. The alcohols
may be aliphatic, aromatic or araliphatic in nature. As used herein, the terms glycols and mono-
epoxides are intended to include compounds containing not more than two aleohol groups per
molecule which can be reacted with carboxylic acid or anhydride functions below the
temperature of 150° C.

[0052]  Suitable mono-epoxides can include glycidyl esters of branched monocarboxylic
acids. Further, alkylene oxides, such as ethylene oxide or propylene oxide may be used.
Suitable glycols can inclhude, for example ethylene glycol and polyethylene glycols, propylene
glycol and polypropylene glycols, and 1,0-hexanediol. Mixtures of glycols may be used.

[0053]  Non-acidic polyesters can be prepared, for example, by reacting, in one or more
steps, trimellitic anhydride (TMA) with glycidyl esters of branched monocarboxylic acids in a
molar ratio of 1:1.5 to 1:3, if desired with the aid of an esterification catalyst such as stannous
octoate or benzyl dimethyl amine, at temperatures of 50-150" C.  Additionally, trimellitic
anhydride can be reacted with 3 molar equivalents of a monoalcohol such as 2-ethylhexanol.

[00541  Alternatively, trimellitic anhydride (1 mol.) can be reacted first with a glycoi or a
glycol monoalkyl ether, such as ethylene glycol monobutyl ether in a molar ratio of 1:0.5 to 1:1,
after which the product is allowed to react with 2 moles of glycidyl esters of branched
monocarboxylic acids. Furthermore, the polycarboxylic acid anhydride i.e., those containing two

or three carboxyl functions per melecule or a mixture of polycarboxylic acid anhydrides can be
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reacted simultancously with a glyeol, such as 1,6-hexane diol and/or glycol mono-ether and
monoepoxide, after which the product can be reacted with mono-epoxides, if desired. For
aqueous compositions these non-acid polyesters can alse be modified with polyamines such as
diethylene triamine to form amide polyesters. Such "amine-modified” polyesters may be
incorporated in the linear or branched amine adducts described above to form self-curing amine
adduct esters.

[0055]  The non-acidic polyesters of the types described above typically are scluble in
organic solvents, and typically can be mixed readily with the active hydrogen-containing resin (i)
previously described.

[0056]  Polyesters suitable for use in an aqueous system or mixtures of such materials
disperse in water typically in the presence of resins comprising cationic or anionic salt groups
such as any of those described previously.

[0057] A transesterification catalyst (iii) may optionally be present in the compositions.
The catalyst (ifi) can be any suitable catalyst known for catalysis of the transesterification
reaction. In an embodiment of the present invention the catalyst (iii) comprises a metal oxide,
metal complex or metal salt.

[0058]  Suitable metal oxides include, for example, oxides of lead, bismuth, and tin,
including dialkyltin oxides such as dioctyltin oxide or dibutyltin oxide. Alternatively, lead oxide
and bismuth oxide can also be used when dissolved in an aqueous acid solution for example, an
aqueous solution of a sulfonic acid.

[0059]  Suitable salts may include carboxylate salts (for example, octoates or
naphthenates) of lead, zinc, calcium, barium, iron, bismuth and tin, including dialkyltin
dicarboxylates. Non-limiting examples of salts include lead octoate, zinc octoate, and dioctyltin
formate. A suitable example of a metal complex is titanium acetyl acetonate.

[0060]  Also suitable are salts e.g., octoates, and naphthenates, of the alkali and earth
alkali metals, of the lanthanides, and of zirconium, cadmium, chromium; acetyl acetonate
complexes of lead, zinc, cadmium, cerium, thorium, copper; alkali aluminum alcoholates and
titanium tetraisopropoxide,

[0061]  Mixtures of any of the salts, oxides and/or complexes described above can also be

used,
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[0062]  In view of the varying metal content of available metal oxides, salts or complexes,
or solutions thereof, the amount of catalyst may be indicated by the metal content contained in
the compositions. Metal contents of 0.1 to 3.0 percent by weight are suitable, or metal contents
of 0.3 to 1.6 percent by weight may be used, based on the total weight of the curable coating
composition.

[0063] In one aspect, the invention uses a cationic electrodeposition of a microgel
dispersion on a semiconductive material. Cationic microgels and their use in electrodeposition
are described in United States Patent No. 5,096,556, which is hereby incorporated by reference.

[0064]  Any of the previously described ionic group-containing compositions can be
electrophoretically applied to an electroconductive substrate.  The applied voltage for
electrodeposition may be varied and can be, for example, as low as 1 volt to as high as several
thousand volts, but typically between 50 and 500 volts. The current density is usually between
0.5 ampere and 5 amperes per square foot (0.5 to 5 milllamperes per square 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" {ilm or coating is meant a film or coating having a substantially uniform
thickness which conforms to the substrate topography, including the surfaces within (but not
occiuding) any holes that may be present.

[0065]  After the coating has been applied by an appropriate method, such as those
mentioned above, it is cured. The coating can be cured at ambient temperatures or thermally
cured at elevated temperatures ranging from 90 to 300° C for a period of 5 to 90 minutes to form
a diclectric coating over the substrate.

[0066]  The dielectric coating thickness can be no more than 50 microns, or no more than
25 myicrons, or no more than 20 microns.

[0067] Those skilled in the art would recognize that prior to the application of the
dielectric coating, the core surface may be pretreated or otherwise prepared for the application of
the dielectric coating. For example, cleaning, rinsing, and/or treatment with an adhesion
promoter prior to application of the dielectric may be appropriate.

[0068]  After application of the dielectric coating, the surface of the dielectric coating is

optionally ablated in a predetermined pattern to expose sections of the substrate. Such ablation
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can be performed using a faser or by other conventional techniques, for example, mechanical
drilling and chemical or plasma etching techniques.

[0069]  1llustrating the invention are the following examples which are not to be
considered as limiting the invention to their details, Unless otherwise indicated, all parts and

percentages in the following examples, as well as throughout the specification, are by weight.

EXAMPLES

[0070] The following examples illustrate the preparation of an electrodeposition coating

and its use in the method for forming a circuit assembly.

Example |
[0071]  The following example describes the synthesis of the cationic binder used in the
electrodepositable coating bath described below. The binder was prepared from the following

ingredients:

Ingredients Parts by Weight
(in grams)

MAZON 1651 150.0

EPON 880° 755.3

Tetrabromo bisphenol A 694.9

TETRONIC I50R1” 0.2857
Aminopropyldiethanolamine 114.7

Diethanolamine 49.57

2-Butoxyethanol 382

EPON 880 48.3

Crosslinker’ 1195

'A plasticizer, commercially available from BASF Corporation.
?An epoxy resin available from Hexion Specialty Chemicals.
A surfactant, commercially available from BASF Corporation.

A polyester prepared according to Example V of EP 0012 463, and diluted to 90%

solids in 2-butoxyethanol.
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[0072] The MAZON 1651, EPON 880, tetrabromobisphenol A and TETRONIC [50R]
were charged to a 4-neck round bottom flask fitted with a stirrer, temperature probe, and Dean-
Stark trap under a Nitrogen blanket. The mixture was heated to a temperature of 70° C and
stirred for 15 minutes. The heat source then was removed, and the aminopropyldiethanolamine
and diethanolamine were added. The reaction mixture exothermed to a maximum temperature of
176" C' after about 10 minutes. The reaction was allowed to cool to a temperature of 135° C over
an hour, the 2-butoxyethanol was added, and the mixture was further cooled to 125° C. The
mixture was then held at 125° C for a total of two hours from the peak exotherm. The second
charge of EPON 880 and the crosslinker were added and the solution was stirred for 2.5 hours at
125% C. The reaction mixture (3428 parts) was poured into a solution of sulfamic acid {49.5
parts) dissolved in deionized water (1287 parts) under strong agitation. After one hour agitation,
an additional amount of deionized water (3970 parts) was added slowly, yielding a dispersion

having a 30.2% non-volatile content.

Example 2

[0073]  This example shows the preparation of an ungelled cationic soap used in the
synthesis of the microgel example shown below. The cationic soap was prepared from the

following ingredients:

Ingredients Parts by Weight
{(in grams)

EPON 828 1023
Bisphenol A-ethylene oxide adduct’ 365
Bisphenol A 297
2-Butoxyethanol 187.2
Benzyldimethylamine 1.4
Benzyldimethylamine 3.0
Diketimine” 182.3
N-methyiethanolamine 85.2
Acetic Acid 105.9
Deicnized water 1065.9
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Deionized water 735.9
Dejonized water 1156.4
Deionized water 867.3

'A 1/6 molar adduct of bisphenol Afethylene oxide available from BASE Surfactants.
A 71 percent solution of the reaction product of diethylene triamine and methylisobutyl
ketone in methylisobutyl ketone.

[0074] The EPON 828, bisphenol A-ethylene oxide adduct, bisphenol A and 2-
hutoxyethanol were charged into a reaction vessel and heated under a nitrogen atmosphere to a
temperature of 1257 C. The first portion of the benzyldimethylamine was added and the reaction
was allowed to exotherm to 180° C. During the exotherm when the reaction reached 160° C, a
one hour hold was begun. After the exotherm peak the resin was allowed to cool back to 160° C,
continuing the hold. After the hold the reaction was cooled to 130 C, and the second portion of
benzyldimethylamine was added. The reaction was held at 130” C to an extrapolated epoxy
equivalent weight of 1070. At the expected epoxy equivalent weight, the diketimine and N-
methylethanolamine were added in succession and the mixture was allowed to exotherm to
approximately {50° C. At the peak exotherm, a one hour hold was begun while allowing the
reaction to cool to 1257 C. After the one hour hold the resin was dispersed into a solution of the
acetic acid dissolved in the first portion of deionized water. The dispersion was later reduced
with the second, third, and fourth portions of deionized water. The resulting cationic soap was

vacuum stripped until the methylisobutyl ketone level was less than 0.05%.
Example 3

[0075]  This example shows the synthesis of a cationic microgel from the cationic epoxy

soap described above in Example 2. The microgel was prepared from the following ingredients:

Ingredients Parts by Weight
(in grams)
Cationic soap of Example 2 2517
Deionized water 443

EPON 828 (85% in methylisobutyl 66.4
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Methylisobutyl ketone 5.81
Deionized water 337
[0076]  The deionized water was added to the cationic soap of Example 2, and the mixture

was heated to 70" C under a nitrogen blanket, The EPON 828 solution was added over 15
minutes with good agitation. The methylisobutyl ketone was added as a rinse, and the mixtwre
was held at 70° C for 45 minutes. The mixture was then heated to 90° C over 70 minutes and
held at this temperature for 3 hours with good mixing. The delonized water was then added and
the mixture was cooled yielding a microgel dispersion at 18.9% non-volatile content,

[0077]

?

The microgel of Example 3 is referred to herein as a “microgel” or in some

instances a “standard microgel”.

Example 4

[0078]  This example shows the synthesis of a highly cross-linked cationic microgel from
the cationic epoxy soap described above in Example 2. The highly cross-linked microgel can be

prepared from the following ingredients:

Ingredients Parts by Weight
(in grams)
Cationic soap of Example 2 2517
Deionized water 443

FEPON 828 (85% in methylisobutyl

at least 85.4 and preferably 95.0

ketone)
Methylisobutyl ketone 5.81
Deionized water 337

{0079]  The components of Example 4 are mixed and processed in the same manner as the
components of Example 3. The microgel of Example 3 is referred to herein as a “highly cross-
linked microgel”. A highly cross-linked microgel has a greater amount of cross-linking than a

standard microgel.

in

0. 06 2.00% 0. a0PaiBRo0WAE=ERY 0. 00%
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Flectrodeposition Coating Bath and Coatings

Example A

[0080]  This example shows the preparation of a blend used to prepare the coating bath

described below in Example C. The blend was prepared from the following ingredients:

Raw Material Parts by Weight
(in grams)

Cationic Epoxy High MW with 1023.7
polyester x-linker
(Example 1)

Ethylene Glycol Monohexyl Ether 34.4
Microgel 344.3
(Example 3)

DI Water 2037.6

[0081]  The electrodeposition resin of Example 1 was placed in a container under slow
agitation. The ethyleneglycol monohexyl ether was added to this resin slowly under agitation

and stirred for 30 minutes. The deionized water was then added to this mixture.
Example B
[0082]  This example shows the preparation of a second blend used to prepare the coating

bath described below in Example C. The blend was prepared by adding the following catalyst to

the blend of Example A:

Raw Material Parts by Weight
(in grams)

F6278! 13.0

'Catalyst paste, available from PPG Industries, Inc.

[0083]  The above ingredients were mixed under low agitation for 30 minutes.
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Example C

[0084] Example B was repeated. Approximately 1720 grams of permeate was removed
from the coating bath via ultrafiltration, the permeate being replaced with deionized water. The
final pH and conductivity of the ultrafiltered paint were 5.08 and 566 microsiemens respectively.

The measured solids of the tank (1 hour at 1107 C) was 9.43%.
Example D
[0085]  The electrodepositable coating composition of Example C was electrophoretically
applied to silicon substrates from the electrodeposition bath at a temperature of 85° F for 240

seconds at 0.5 amps. Three samples were coated using voltages of 150, 200 and 250 volts. The

coating was then cured for 30 minutes at 240° C.

Additional Electrodeposition Composition Examples

Example |
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Totel % s
. ) L Toid %in
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Example IV
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Example VI
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Raw Material s Solis Weight (g} Solids Solids Solids in Bath Bath
Surfackant Blend £3.50% 6.7 4.25 425 058 0.58% 0.16%
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Phencuypropanc 0.00% 193 8.0 000 0.00 0.00% 047%
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Standard Microgelin Resin 17.80% 373,00 58.56 58.56 800 791% 802%
Added Super Microge! 12:20% 1203.0 146.77 i46.77 20.04 19.84% 29.34%
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[0086] In Examples 1V-VI1, the Surfactant Blend is 85-XS5-139, available from Air
Products and Chemicals Inc., the Low lon Polyol is KP-96-1578, the Coalescing Solvent is hexyl
cellsolve, and the flexibilizer is an Epoxy Flexibilizer (FQ 408), European Champ Code WE-43-
1330. To produce the flexibilizer, 711g of DER732 (Aliphatic epoxy resin available from Dow
Chemical Co.), and 172g bisphenol A are charged {o a suitably equipped 3-liter round-bottomed
flask. The mixture is heated to 130°C and 1.65g benzyldimethyl amine is added, The reaction
mixture is held at 135°C until the epoxide equivalent weight of the mixture is 1232, 38.8g of
butoxyethanol is added and then the mixture is cooled to 95°C. 184.7g Jeffamine D400
(Polyoxypropylene diamine available from Huntsman Corp.) is added and the reaction held at
95°C until the Gardner-Holdt viscosity of a sample of the resin diluted 50% solids in methoxy
propanol is “H-F". A mixture of 19.1g Epon 828 and 3.4g butoxyethanol is added and the
mixture held until the Gardner-Heldt viscosity of a sample of the resin diluted to 50% solids in
methoxy propanol is “Q-". 989g of this resin is poured into a mixture of 1047g deionized water
and 19g acetic and mixed for 30 minutes. 1030g detonized water is then added and mixed well.

The final aqueous dispersion had a measured solids content of 30%.

[0087] A summary of the properties of Examples I-VI is shown in Table 1.

Table 1.
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17475HCT/ U S2009f 037489 |- 26 - |Sanpl e|Resin Type (Hi gh o Low Bake) [Formulia
Total M crogel Layehkegsi n solids) Stan d Mcrog vel .(as$s % of | Resin
Sol i dsl) HigHEY C?%%ﬂwianked“;g% 1V cP8gel R A s e nTsoliddy | *
Applicstion Vol t age Cure Paraneters Syrface Cpating Thi chness kEdge Cpverage
Vi a Cowerage

pample | TR Bake Resinl 0 o 0.0% 29.4% a0 | 200050 | 1820 10 37
Formula
Low Bake Resin . , 2.5
Brample IV 0.9% 9.9% 0.0% w | s | 193 | 02 :
Formula
Low Bake Resin , . %
Example V. 18.9% 8.9% 10.0% 00 | sepe | w 3

Formula
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Formula




Exampl e | Hi gh Bake Resin Formula 12.2% 0. 0% 12. 2% 200 200C/ 150" 18 <1 36
Exanpl e Il H gh Bake Resin Formula 21.8% 0.0% 21. 8% 200 200C/ 1501 27 11 45
Exanpl e | Mo FghiBake Resin Formula 29.4% 0. 0% 29. 4% 200p29Rfshd@Q37448- 20 10

37 Exanple IV Low Bake Resin Fornula _,;.

[0088] In Table [, the High Bake Resin Blend is a cationic epoxy high melecular weight
resin with polyester, as in Examples I-111, and the Low Bake Resin Blend is an epoxy urethane
resin, as in Examples IV-VI. The edge coverage represents the thickness of the coating near the
edges in FIGs. 1-6. The via coverage represents the thickness of the coating at the bottom of a
via in the substrate.

[0089] FIGs. 1-6 are schematic representations of the substrates coated with the
compositions of Examples I-VI, respectively.

[0090]  FIG. 1 shows a substrate 10 including a semiconductive layer 12, which in this
example is silicon. The semiconductive layer defines a notch or via 14 having edges 16 and 18.
A dielectric coating 20 has been deposited on the semiconductive layer using the composition of
Example 1. The thickness of the coating near the edges is less than or equal to 1 micron.

[0091] FIG. 2 shows a substrate 22 including a semiconductive layer 24, which in this
example is silicon. The semiconductive layer defines a notch or via 26 having edges 28 and 30.
A dielectric coating 32 has been deposited on the semiconductive layer using the composition of
Example I. The thickness of the coating near the edges is about 11 micron.

[0092] TFIG. 3 shows a substrate 34 including a semiconductive Jayer 36, which in this
example is silicon. The semiconductive layer defines a notch 38 having edges 40 and 42. A
dielectric coating 44 has been deposited on the semiconductive layer using the composition of
Example 1. The thickness of the coating near the edges is about 10 micron.

[0093] FIG. 4 shows a substrate 46 including a semiconductive layer 48, which in this
example is silicon. The semiceonductive layer defines a notch 50 having edges 52 and 54. A
dielectric coating 56 has been deposited on the semiconductive layer using the composition of
Example I. The thickness of the coating near the edges is less than 2 micron.

[0094] FIG. 5 shows a substrate 58 including a semiconductive layer 60, which in this
exampte is silicon. The semiconductive layer defines a notch 62 having edges 64 and 66. A
diclectric coating 68 has been deposited on the semiconductive layer using the composition of
Fxample 1. The thickness of the coating near the edges 1s about 3 micron,

[0095]  FIG. 6 shows a substrate 70 inchuding a semiconductive layer 72, which in this
example is silicon. The semiconductive layer defines a notch 74 having edges 76 and 78. A
dielectric coating 80 has been deposited on the semiconductive layer using the composition of

Example 1. The thickness of the coating near the edges is about 8§ micron.
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a 18.9% 8.9% 10. 0% 100 175C/ 30" 17 3 20 Exanple VI Low Bake Resin
a 28 ®%8:194r20. 0% 100 175C/ 30" 22 8 22 WO PCT/US2009/637489
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g nEMY6L helleggaigimumnpeagding 1thaknephes vPacitel éf-alfe P@pPEs enticiphe it is
ﬁﬁ%lstglft iﬁ%%)&%ﬂ)ﬁ&snlg 3y e ROLSORA fthcgjl nﬁiiliﬂ?]inp sﬁ&%’ieﬁygﬁﬁl&ggﬁ' However, .

. 1-b are’schématic representations of the substrates coated w
Examples 11, 1Il and VI, which include a highly cross-linked microgel level of at least 20% of the
resin solids, meet the specified coating thickness at the edges of the vias. In other embodiments,
the minimum coating thickness can be 7 microns.

[0097]  Other than in the operating examples, or where otherwise indicated, all numbers
expressing quantities of ingredients, reaction conditions and so forth vsed in the specification and
claims are to be understood as being modified in all instances 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 desired properties
sought to be obtained by the present invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

[0098]  Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible.  Any numerical values, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their respective
testing measurements.

[0099]  Also, it should be understood that any numerical range recited herein is intended
to include all sub-ranges subsumed therein. For example, a range of "I to 10" is intended to
include all sub-ranges between and including the recited minimum value of 1 and the recited
maximum value of [0, that is, having a minimum valuee equal to or greater than 1 and a
maximum value of equal to or less than 10.

[0100]  Whereas particular embodiments of this invention have been described above for
purposes of iilustration, it will be evident to those skilled in the art that numerous variations of
the details of the present invention may be made without departure from the invention as defined

in the appended claims.
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4. The method of claim1l, wherein the conposition further conprises a
conbi nation of a standard m crogel andiphe highly cross-1linked m crogel
make up between 20 percent by weight of resin solids and 50 percent by
wei ght of resin solids in the conposition 5. The met hod of

laim1, wherein th t t h nol ecul
el ght Fesim and t R merab bR dofrrad® CRBATIEE R Ea g to &

tenperature of 200 C or dlﬁf‘ﬂsllfoﬂﬂ’poayepefb@dlgafjcﬁ | east 150 mi nutes.
6. The net hod of cl |m1 whehe(*n t.he osi tion mg{(r es an eg ?/
ur et hane resin, and lthe YA oF Rt *0”6 P desaCtife BYqTRgr RN 1598 to a

t enper at urigq@fved FomGi RhstlRs st & lydpoRiEE hOgmef andtan hegEE p@Omen, nut es
7. The nethod of claiml1, wherein the substrate inc]udes a v %F“i? a
1

di ameter of |ess thah 25Bningihah of claim Y, Whmm“‘%3“ﬁﬁémﬁékﬁ88‘8fy

wher ei n t heRUPLhRAE IGRRBN k§RS: HhlbobGRRkd polyepoxide and/or % hdibgeraRE hQdyiRf
claim1, wherein the conposition conprises: one or nore
active hyd?()@@]@?’l— contai ning resins, wherein the active hydrogen-containing
resin conprises covaentiy, 199;99({36# 8 SMeRfn BE EALRRNY Mﬂe@ﬁa%@én%&%cﬁle rcent
based on total weight of resin solids present in the conposition. -

10. The nettisdesh (itisalenyet, franhe hdpgenpled pelohyssisiphenoh conpri ses: one or m)re
pol yester curing agepts ; 1968 NOde Rt gl & ahLein
the active hydrogen?%ont%?%?ﬁgﬂg8£F%H?§%dg%$Vggﬁfron% © gmyoﬁéw%

pol yepoxi dempolkssmeteagimde aifphaufmyﬂedblbpmnyhﬁrand brominated blmhcnom The net hod of
claim9, wherein the.resin ha Q t en rived
from a hal ogenat ed gol yeJH(l)exm glocir?g i(gfr?hleie k}(g@%ﬁlﬁ%ﬂa&hg 119@?%88/818{113”%}}&81

13. The medonpiseftetcibainmbphatoenei n t he covalently bonded halogen present in
the resin (i) is der ved..from a. hal o ated ol.yhydri.c

14. The nethod of cl él m I]é” 1%1}851 8??11 'ﬂ 1%55‘“&%(@& hgfh%ﬁm wmamlﬁ%mbfn
conpri ses @ﬁnﬂr‘@&ﬁaﬁ@ﬁ&qﬁfg@tﬂsorl nat ed bi sphenol A and brom nat ed bi sphenol

A he tho f claim 13, wherein the hal ogenated

pol yhydri c phenol c&ip EE 85?‘8%@’5‘%}?&%Fa“ipgly%m cORpHSS 4 g‘fes%e

met hod of M‘a%ioﬂ'@c&bo)l\!ﬂﬁﬁeidrha&@g%0@@&1&11\(8113’6&6:5‘@@ﬁﬂp@lﬁﬂ&l&luﬂﬁ ng resin conprises
cationic salt groups, he nmet ho (gf cl ai rein said

pol yester conpri ses & pollyedeipd gf Clémbb'f VESFHLAA PUYSET & SH‘]N?“H@‘ *8°t han
one ester gipup per nolecule. 18. The rret hod of claim 17,
wherein said polyester is substantially free of acid 19. The
net hod of claim 17, Nther ébhmstird Obblfls’/‘é& athepednipd BeRosiyr opapEdes shisass Si%r

group per ggl %F(Hllp%)d Hlo%hl@ I WIRHGRE @9&)1@51@1@&@9&@@Q(Mh(,t&lbhh&i Baken hied
hydroxyl has a free hydroxyl group . The nmethod of claim17,

wher ei n t héccvipost #P8h furt her incl udes a transest erification catal yst

conprising a netal oy de,lhénﬁ{(,ﬂ{oc!s(ﬁlgtlan(ﬂr11@1@1@11?91@@ ﬁ'?f)osmon further includesZd- The
nmet hod of claim 20, wherein the netal oxide, netal salt and/or netal

conpl ex ar eandestérifsalricr el vretpalsingel edtledider oant Sak or picwheiplend | ead. 22. A
conposi tion for usezl n elIﬁ?Hﬂuﬂ%%p(gsdlfhh fbﬁgrﬂ{EPJixﬁ\lef'ﬁétaf%xi@e,rn‘?é&l”saﬁ'a%%i a

coal esci ng solvent; a cata
metal complex are derived fx om a metal selected from tin, bismuth and lead.

22, A composition for use in electrodeposition comprising:
A) a resin blend,
a coalescing solvent;
a catalyst;

water: and



a highly cross-linked mgrogel, wherein at | east 20 percent by wei ght of
resin solids in the conposition is the fjighly cross-linked mcrogel; or B)
a surfactant blend; a | ow ion polyol; phenoxypropanol; a catalyst; water; a
flexibilizer; and a highly cross-1inked m grogel,

the highly cross-linked feroger tnm el LSS5t e ERTRARS O 1 ©
clai m 22, swhérieibnchatneans 2Ohipdy cestlinkyd niebgghitor of sol i ds and 50 percent by
wei ght of resin solidsyi,R,kRgGeaposition includes the highly cross-1Iinked
m crogel conponent. ) 24. The conposition of claim?22, wherein
bet ween 27 percent by wef§itowiolgbl i ds and 33 percent by wei ght of resin
solids in the conpositi ophch¥ghygtas; t he hi ghly cross-Iinked m crogel
conponent . 2224 The conposition of claim 22, wherein the
cat al yst conpri ses: a catalyst,

water,

a flexibilizer; and
a highly cross-linked migrogel, wherein at least 20 percent by weight of resin
solids in the compaosition is the highly cross-linked microgel.

23, The composition of claim 22, wherein between 20 percent by weight of solids
and 50 percent by weight of resin solids in the composition includes the highly cross-linked microgel
component.

24. The composition of claim 22, wherein between 27 percent by weight of solids
and 33 percent by weight of resin solids in the composition includes the highly cross-linked microgel
component.

25. The composition of claim 22, wherein the catalyst comprises:

tin.



