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WEROSS REFERENCE TO A RELATED APPLI CATI ON [ 000RGTVE$2909/037489
application clains the benefiit of United States
Provi sional Patent Application Serial No. 61/037, 814,
filed March 19, 2008, and titled "El ectrodeposition O

. . i . ot ! .
pLERFRATA S AT %Bﬁgﬁ%ﬁ%@mﬁ?ﬁ SEReoupuCTIVE
THE I NVENTION [0002] T v ESinvention relates to
nmet hods and conpositions for coating sem conductive
mat eri al s. BACKGROUND OF THE | NVENTI ON [ 0003] Vari ous
el ect r oni(ROAESREFERENEC L0t RECAIIETOAPEBKG ATGNICt | ve
terials. In.the fabrication .sych deyi ces, o
rooffFl o1 L6t et Fahd o e o 3 i ST hER By agent Applicarion
Serial N¥RY 11087804, TREH rciUTd, 2068 b tliRe “EREIr6MPIHESH VR Dielectric Coatings
materials. [0004]Di el ectric coatings can be applied
On Semigoindective daterisdie poBich ilsdwrf(bED)QOflMﬁtiB% by eedereengs
el ectrodeposition, electricity flows through the
mat eri al being coated (el ectrode) and attracts charged
particles which argEdDdrETHEANVENTEON! ect r odeposi tion
bath. At the surface of the material being coated, )
[008Rkct Tog yRipsenhf inygitim delatpss to | methrds ngide rGomIPopiEippy for coating
atied hSsLrving as the anode, protons are formed at
the surtface which will then react with negatively
charged coating particles (anodic ED). If the materi al

semico

bei ng coated i | 0g. as at hode, 1 droxi de i ons
arefprmm at the .°!_3!f!h_l ﬁg-ream W th
[009?]5' tiMBh% a@%&gﬁ@ d&A&Lsi 4 Basthdceddesr £&ﬁ£$}9ﬂg§veE@aterilafs. In the

electricity flows easily through the el ectrode
fabricat{anorfduch deecemimsniatihy matdrelpsodessdielsctmo meatefifls, ghagnbe formed on

i.e., there i.s nore deposited filmfor a given set of
surfaceé%fatﬁ? ﬁedmﬁ%cgﬁcb?'%ﬂ’ﬁger ﬁan for a sem conductive or

[0008PK| pid@ncieddtivies BBt B hpplied [u_@ﬁ)l? 2dcandgrishrd (EDFEDDUE aqueous
ositively charged paint particles are neutralized by
electrodepesitigniraatadtyi Hnws dhropie th nagsial heigseraed fiectrode) and attracts

particles,. e Lhsol yble i n water and co ct o
charged et REUER of RGBT 8 (O kBl Fap 100y "0 P e o the
material beflg CaA¢E SRetrblybi0 ofl watsttdctuwo U $f the it fal béigg susitt@deserving as the

formng an insulatin Ia¥§r. As the insulation
%sw v

anode, piogqns A& rmef @ theots g dgndracy vadcregadedy ghyged coating

parciclel, AR FYSD H3he Vs ORIne cHbd is ssrving 3 the cathode, hydroxide fons are

formed haashet duefaad mthidhy wilb theanpiee tvethy pesititel pbhargeddsatiof particles (cathodic

e, 1ETBOEOnS S BB Bt B SRR SR, he process s more
efficienP@LENtHeR jst RoFOBEpJTREY fifthf e el e 98ANEE EdLBo! HabiRdLBOthan for a

parts wth acute angles, snmall holes, and s%arp edges.
semicorghiatiye edgekbhennductiveanateadll y hi gher potential to

ract charge oat i ng. ticles than fl. sur f aces.
00 ¢ o SR S B PR AL R BAR piles Y pRSEized by the
hydroxi@eliidd & Miansidrfiee, @ughped pgtiélbato BebohRGARSHuBIOWE KATer and collect on
surface tension effects tend to pull the coating away

the surfpgeoph thiyeatpda: plecppaitalizeguparigies thencealpsse inta aepafinyes, film on the
ace t i | es te..
surface TG S FRTL A K] oa BRI HAR, Hefeahy BBk Sieg eradutly
decreastdendatigecveitlidllyyBiopsai n some coverage. Higher film
t hi cknesses on the sharp edges of conductive
substrates can easily be obtained wth commercial ED
coatings due to the efficient flow of electricity with
these substrates. The result is sufficient edge
coverage. However, since sem conductive and weakly
conducti ve substrates have greater difficulty building
thicker filnms, these substrates nmay not obtain
sufficient edge coverage with standard E-coats.
[0007] There is a need for a conformal dielectric
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[0012] I n one aspect, the present invention is directed

to a method for preparing a circuit assembly. The
woreiohotr4rfncl udes: i mrersing a sem conducti ve SBOBUSADE037489

in an el ectrodeposition conposition, wherein at |east

20 percent by weight of resin solids in the

conposition is a highly cross-linked m croge

L A R R R R——

and out§ @k cHfkeNoRN Spaysldhdir8ecesbddQhabdith et aRHTHGS RUSIéNtRI to coat many
material can be, for exanple, a Goup |V el enental

differeng @'mbm@ma dedinding parte upith vewo rﬁ;ngmdsr@,@l}nh@bﬁdm glrarp gdges. Sharp
edges haé?n acrbar‘_c]u all hlgehrf% &)8{énHz(1:lt orattrgct%h?f'l dgc:yg H\é/% fggrrtf?: ¥ %han flat surfaces.
Thus slﬁle[b'l”leﬂgd%dtéﬁ& a6 Haht thlgﬁergvﬁdimlhﬂ bu¥lddthaR ahy nelghbormg flat surfaces.
sem conductor allo a Goup I1-VI sem conduct or,
Howevezy giface|tengiony ghfepsy &an§| tpdgﬂﬂs@m coatpriaYaY from tieowsin Cge(s) during
myG o 0 | r 0
ﬂow/cufe\'e./_ \%ﬁ z{zlg#%glf yursfgcr%%egﬁll UC%(gl?éL f?cﬁﬂs%ﬁ%ﬁz{ﬂf V? sub&ra. l’f@lgher coating
thicknessewilt aanduot laflp easu®: ohip thé eVgsewilt aradhteainosomed ayse:r@d Higher film
sem condyctors, or. other seniconductors, .includin
thicknegspy g the B et A6 R gt F0 Sfl Dp AiAIegith commercial
ED coa[n%%l(ﬂ]e% Qh’é)efiﬁyleﬁ{ BO% Y %iec%ﬁ'i@y%ﬂgﬂﬁgé){%sﬂrﬁgé Ui result is sufficient
Diamond (C), Silicon (Si), and Germanium (Ge). G oup
edge COIVMag@mﬁnwwers smce oerdigondiresive nod waeklSi domduxmvc asnbst@ees have greater

dlfflculérstmc?élg}gd gﬁrpgg}l%er nﬁ?ﬁ'{ﬂ?ﬁ?ﬁ%@g%ﬁ)t%mu cn(a% egﬁy coverage with

standard\EWHaf}l UM ar senide (AlAs), Aluminiumnitride (ALN),
Al um ni um phosphi de (A1P), Boron nitride (BN), Boron
[008Fbs phhafe iy Bmed fBog g(ppfg]i{geé Wicdecti@resying daat parufﬁrm an insulating layer
n [ rsenide (GAs), Gallium
that adegh! [ thlglgggu? #\ﬁ%@éﬁdfl%vr% %ﬁ%@%ﬁl de (&GP), Indium
antinonide (1nSb), Indium arsenide (InAs), Indium
nitride (InN), and |ndium hosphldel(lnP Goup I'Il-V
ternary sem con m niumgallium

(0085F EAREPrifsfa GO thcre R mtditbn, i ML 08k BB el fbosiine o
coating Alnumi sﬂmumndmdlva mubstsa&ml dine( AethoAsipcluddsu mmmﬂmngn disamiconductive
ant i noni Al InSb), Gl liumarsenide ni?ré)rlde Asf-{ﬁ'\gﬁ )
substrate | gny %H: H?%téonpﬁ%mﬁltboél (ALEIPL 185t aP RELRTNGRY Meight of resin
solids 1ﬁ‘ 'tﬁer &&ﬁp&sﬁﬁo@al@a’ hi: ?i]l‘;l'r@r&squg@lﬂnb%p&ﬁﬁﬁﬁe aglé\lagﬁl%ng a voltage
I ndi um gal | i um ni , I ndi um ar seni d
betweemnatheismptiageeand! thAs @) s1tm1ncto Ifwuim adiedratiiq enatingbn mlttmutisrate

Gagsh) WO 2009/ 117475PCT/. US2009/ 037489 4 .
["Of’lc‘yglsﬂs cﬁf%?Jb"rl PPREGE BT e FIHEP O%eﬂ’ioélf%élu& SPTROPHgR for use in

electrodeP@ilﬂikﬂﬁ iU h i %lénldu McoRididimg RhosRhh detalyM, Gadt&Pand a highly

also I nAl GaP,” | nGaAlP, Al nGaP),” Al umi ni um gal'l i um
cross-ligledanigeegep wdymn @bleeﬁl 28pmeqent by Wﬁlglhlfrp@@lslnl safflainstbe cepaposition is

( P), Al um nium i ndi um arseni de
the hlghq%&%ga gﬁed']ﬂ:{l ,&s Al um nium gal I i um ar seni de
[00110]: rIIiﬁ z(n@tlﬁaASiN)GCtl nb¢ uimvgalidd uptodideeniadecompokitid® for use in
I nGaAsN), and | ndium al um ni um arseni de nitride
electrm{(e%%% Mpcludinm a speiagias blend W #raY pol¥elmipEgFyRopRANOl. a catalyst,
n

water, agﬁ%x?lyr%lﬁ%r d%{dt’éjﬁilg%%%mrﬂigg 'n‘t‘g?o %‘]], ngl%lrﬁﬁtslga&v?@ percent by weight of
resin sofidsrinctbe) dexopaxitson N cheutd ghladysis-timk ede ndard gbﬂ (CdSe),

Cadm um sul fide (CdS), Cadmumtelluride (CdTe), Zinc

oxi de (Zn0), Zinc selenide (ZnSe), Zi nc sulfide (2ZnS),

and Zinc telluride (ZnTe). [0018] Group II-VI ternary

al | oy sem conductors include Cadm um zinc telluride

(CdznTe, CZT), Mercury cadmumtelluride (HgCdTe),

Mercury zinc telluride (HgZnTe), and Mercury zinc

sel eni de (HgZnSe). [0019] Group I-VII sem conductors

i ncl ude Cuprous chloride (CuCl). [0020] G oup V-VI

sem conductors include Lead sel enide (PbSe), Lead

sul fide (PbS), Lead teI I ur| de (PbTe) Tin sul f| de
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[0032] A variety of active hydrogen-containing resin

materials are suitable for use in enbodi nents of the
wWee@ari47i nvention. Non-limting exanpl es of SRCT/HRI089/037489

resins include: polyepoxide3polyners, acrylic

pol ymers, polyester polyners, urethane polyners,

silicon-based polyners; polyether polyners, polyurea

pol yners, QIQ%E;PBE YRS IR P E PR RIS

pol yi m de p Xt ot €St net CUI afa L.up0| yners
[00UET ePIGs. A$-cUsRE R@kRiaNe R¥presShthii®Rn-draseskiRsy ¥B4ted using the
is nmeant a pol yner conprising one or nore --Si0--
composifiing ©f Examples badkbone. Such silicon-based pol ymers can
i nclude hybrid polynmers, such as those conpri sing
organi c polyneric blocks with one or nore --Si0--
units in tbETEACKDAMESCRIOIBNTOE THE INEENTSONY pi cal |y
a mater di spersi bl e, el ectrodepositable flln}forn1ng
[0042] y sy oneTasReigihe PreseigBYETinN & Sistciereie anmsthpe fergipraring a circuit

e Bk AT BRIl g cctosiion

composificmy phetein atripast 20 Epercegtaﬂiy weighhetl igeinaplidaini thet b@mposmon is a highly
functi onal grou art a positive charge

Cross- h%lfetde Hucrpg%l a"lpﬁ]é/lr{galal 6<hl1ta(ges qtyve@q, 6%Ssul§strate and the
compos&’cﬁﬂl@ﬂféfrn?@ﬁie%'t& &ﬂhﬂgo§?ﬂe sug§eips. [0034] Non-limting
exanples of filmforning resins suitable for use as
[00dBE phe rremidomdudievec oy tdaonbe.i forpaxample) ar Graup IV elemental
oni c Iecigode ositable c

sermcor?cﬂfg Oﬁ’d% pp}n% aemlegpcg%xé}rpg (?rg?}g gﬁi—\gisgrgfdonductor a Group

I11-V teBa®y BerkieShdictr 8o Pl GFRIPITISV GfliaRnal{ SerhiedsducS? alb P cw@ioup -V
or adduct of a drying oil or sem-drying fatty ac

quinarye sgreiconductor aallfive o Kareyp i d- e isemisendieksydra §woupardt Vil h@rnary alloy
e nsat,u ed
sermcor{deu%%tr oé) l%rﬁg@g% esglfé]hc né%b&ra 3t %ougng\% %’Ensseﬁtlclj)?lg gtgrt, a Group 1V-VI
ternary rﬁedﬂl(fo)ﬁdﬁtgom Srb@) &/-Whi sehic@naudtor, t h@rotieabVecknttéiluctor, layered
ol. Also suitable are the at | east partlallegig
sermcorﬁﬂéla Bl Piz QST ntcERGIYarss ipFlugipar erepuig) reppiceidtugiogs gnd magnetic
rated carboxylic acids, unsaturated carboxylic

smnwo%%?@ﬁ%nd at | east one ot her ethylenlcally unsat ur at ed

[OOI’hthonGroupS[VI ¢lemaabthermesondwehire intledd ﬂhaimpmSI(C&,bBﬂlcon (Si), and
anlno | ast vehicl e,

Germar{}lgrﬁ: &g C %qluile ?fgng)lﬁllﬁé(f ﬁglaucrog crliorénlacl&ﬂe Slhcoln carblde (SiC), and

Silicon %@n‘f'ﬁu&l GehydecfRPiTN- v ARRRRIuSMs iR & AMNARIE antimonide (AISD),
€l ectrodepositable resin conposition conprises m xed

Alumingsn erssngle AlAssi Abosnipol yotide TAESE Aslnposint phesphialee(AlP), Boron

nitride gﬁﬁlﬁ,r il%ggodnl ipF %g%ialak%ﬂ’)n olj?’Jdr%_nL angf%qlc}?'\gB%:{} 7(4,'1 g%&ﬁ‘%@gmde (GaSh),
GalliunP&iséhilld (G A HnahlliRR YifRIeS(GaNg OGﬁﬁhﬁnplﬁldéﬁl‘ﬁae $U&M), &fium antimonide
hosphati zed pol yepoxi de or phosphati zed acry i c

(InSb), besliymarssnige (BTPeS)WélﬂlunkWér\A#P &I@Ni W@é dndjiiin| Hh@dphldﬁ tIrB). Group III-V
ternary ehn%o/i\(ragétﬁ Oanfglgé ylhclﬁéllé tAal%nﬁmul%r %ﬁl% Sérsgel%epngt%% maaxleGal <AS),

Indium fgunmtn mahdeg (I@GIQAS, lfngBale(AaHHh&mni MBlﬁnq&lSSﬂhldmdnGlP) Aluminium
165, 338. [0035] I n one articul ar
indium @ﬁ%%%ﬂiie nféﬂ%n/w {*h@lﬂﬁﬁl@é artiummnsimanide, (4 St CpHm jassepide nitride

(GaAsl\g?t GQﬁ‘l‘uﬁTe AGdnidee Iﬁ%gﬁﬂ@@ n pag?e Pgl dﬂlﬁ)ﬁ' %alhum mtrlde (AlGaN),

ctrodeposi tabl'e resin eposi‘tion on
Aluminoat hpadéim Ndsphidd t(AlGaldx dnghibes gelliusu altridat (di ), Indlum arsenide

. filmformn sins j.nclude a

antimorgie,{ThARHH At Ag T &ulie a50n e PESEE d- sof ubi 11 zed
reacti on products of pol yepoxides and primary or
secondary am nes such as those described in U S. Pat.
Nos. 3, 663,389; 3,984,299; 3,947,338; and 3,947, 339.
Besi des the epoxy-am ne reaction products discussed
i mredi atel y above, the polyner can al so be sel ected
fromcationic acrylic resins such as those descri bed
in US. Pat. Nos. 3,455,806 and 3,928, 157.
[0036]Be3|des an1ne salt gr oup- contalnlng re3|ns

oy o N R T o




Addi tionally, the coval ently bonded hal ogen content

may be derived from a hal ogenat ed epoxy conpound, for
wexwapia7s t he di gl yci dyl ether of a hal ogenat eRICT/US2009/037489

bi sphenol A. [0044] The actiye hydrogen-contai ni ng

resin (i) described above can be present in the

curable coating conposition i n anounts ranging from 10

[OOES% edC (Hl Clilpg{l qL%/%elr seaffucgﬁcgl%g%raglﬁ @Eqélge@lamn}/mm ga?hum indium

pho Sphlg@ MRESATAP, Ao Iﬁl@%gﬂ ASGRARY IAN4E]ap) dA 18RS ERal Il arsenide phosphide
onposi tion can further conprise one or nore pol yest er

(AlGaAéH} | hyliegeslyun pysenitpephysplidst dnGedslngAgenuny jindiuing arsenide
phosphlae Rgcu s1§5I h:n\ﬂélél?n%aglﬁ%ﬁ%genésee mgr? eesgilp% ﬁgqu&ulpne ratlhum arsenide

nitride (Slb(fiiAQ‘ﬂ e aid ndieh ﬁﬁﬁhm@fm‘ﬁ‘&dldd’mﬂ& (atAlagsept abl e cure
enperatures and cure tine for exanple at
[00r16hp ePEaupr 45- \Opqltlaarzseﬂr@comt%ualﬂqyg fclds Grllgyn tigdigen  nitride
msmnd@bﬂﬂﬂﬁﬁ&:%&ﬂﬁﬁgghg.be under stood that acceptable cure
eratures an ure tinmes wll be dependent upon the
[0031Z|bst GadwgslI\d sbmicwadb@orsdamdudeh@admiendseliséde. (CdSe], @dblium sulfide

(cas), SRERRT el Aar BBy 806 ereear oDl 485 BBRYE ¢har du ride (2nS),

and ZmN@éll’quE”(Zﬂlﬂg exanpl es i ncl ude
2- hydroxyal kyl )esters of dicarboxylic acids, such

[00&8] bi §r((21-ph)ﬂjf%xgebuzr)yl dllogz e¢raicendugtbrs include Cadmium zinc telluride

(CdZn"lgit ﬁl%ﬁ';)]h 'S Cl}i(lﬁé‘{ & ]{“S{ilt q—al%(géjleé) Merc(ury zinc telluride (HgZnTe), and

hkﬂanpgby@gmﬂmgrpgzﬁggyl)esters of acidic half-esters
prepared from a di carboxylic acid anhydride and an

[OOAPI: 0 hGroupu In¥Hisamisgnéhesitgats yeplide GursowothdoridpHEuCht t er
e afty r t r er
[0028P® §§?1R)ngl Ve gér@ %)%dﬁ%ﬁ) ! %Ill%de ool 2y n% &Jbgg %e5h &lifide (PDS),
Lead teBMﬁdeG(WbEe)e)I&nﬁﬂﬁdd sy das Tan ﬂﬂth@é(S&ﬂ“ epr epared by
first reacting equival ent anmounts of the dicarboxy
[00Z%] o GrMpdAVdEl (tEEane esmoaduggrscinfledea deagd ting éelbrﬂde (PbSnTe),
dyic
Thallia QAR ASATINITE Gdnd ol fin bl fenifiad SHIGEUEY.!
[00R2t a@rgupth\ﬂcsbnnca)mucamemcamd.erlésmb&i elludd&0(BGTeand t hen
002367 Vardi Tawotieicordiiore pesiyeGednaims Banpade (CaiPy. Cadmium
arsemde1 (éd?ﬁ?ﬁﬁ(ycg’&%ﬁﬁ?’anﬁﬁleﬂ de n@d(] € ZifS pl%ébﬁidee(@nﬁﬁsi, 8nc arsenide
he pol'yester curing agen can conprise an
(ZnyA&anhyﬁbn@emnnmndméﬁhSMwtabIe polyester conprises a

00g8'V” s RE B VBt Tl ERAID fostide (Pl Molybdenum disulsde

(MoS>) p@mhuﬁltgleﬁ:hld@rrta@gémnr sulfidee SRYY, W8S BX MR RWFiS €51, SY).
| east one ester group per nol ecul e in which the carbon

[0035bm Qifjeacanicondnctare incduder Coppst indpem enlliunh sgderidg ((@l&3S), Platinum
[;00
i S Ao (ah OOURLL L3P BB Syt igpy romi

(T1Br). i nt er nedi at e prepared by reacting trinmellitic

anhydride _and propyl ene glycol (nolar ratio 2:1), then
[0026h ¢t Misgelipneoph peanispiugtize Qridps PClzLdé pldtapivgy ¢ %é?ean@latase (TiO>)

Comper B B VB B b ™ § PSP 8 hdmom riowie

(UOs). particul ar enbodi nent, where the active
hydr ogen-containing resin (i) conprises cationic salt
groups, the polyester curing agent (ii) is
substantially free of acid. For purposes of the
present description, by "substantially free of acid"
is meant having less than 0.2 nmeqg/g acid. For aqueous
systens, for exanple for cathodic el ectrodepositable,
coating conpositions, suitable polyester curing agents
can i nclude non-acidic polyesters prepared froma
pol ycar boxyl i c acid anhydride, one or nore glycols,
alcohols glycol nono- ethers polyols, and/ or

o o o A1 o~ " I T T L T Y L



al kali netals, of the | anthani des, and of zirconi um
cadm um chrom unm acetyl acetonate conpl exes of | ead,
wQRme/11ezdm um cerium thorium copper; al kalPCT/US2009/037489
al um num al cohol ates and tigani umtetrai sopropoxi de.
[0061]N|xtures of any of the salts, oxides and/or
npl exes descri bed above can also be used.

9/ 17475PCT/ US2009/ 03748 I.n VI ew of o
[0052]2 e hagigen g%eePFFseé‘? “%Y\?%‘il‘?“a K S“?P‘é‘]t“’éF hgsd &'"Bfg%ce resistivity
of < 1x 381 tohnRfsq GAIRIbAKESsis@VitySsH Litd BMhnisher eof , the anmount
of catalyst may be indicated by the metal cont ent '
[0028ht aThfe@mtfrrlaﬂ W@H@Qﬁiﬁggﬂ Playids, 1rmmoa¢d @égﬁt é@u‘tesag@f @hgse materials
have a Log)vne %(([%C oS vplyavd\‘le %ha%éefé)g% el'cl:lg% reS1ﬁc sur ace genswn a&d remain in
place. 'Dl%t% of @ highgy tiokalinki gidtogef mhfeﬁapéﬂhaﬂde@ tlﬁ‘eoﬂdw Rghtriction property.
onposi tion. £0063]In one aspect, the invention uses a
[008%1 i ohpable) @rfipg &@@eeml@wa@fcoainﬂﬁse RS gemaidi fé]ﬁef%méh anungelled,
[
active }ﬁdgoe#h &ggﬂ#ﬁﬁ%r 5 déi’gglslﬁp%e%f sg!rgllé %850;&1‘% I%%? gésc?iﬂ 1n U S. Patent
ApphcaﬁbﬂiPﬁBhd%ﬂbﬁ MNo. Bb06/614[1963 236 whuwthiic hel‘e&/ meomployated by reference.
[ 0064 of the reV|ous

c ora ed b ference, .
[008@15 o LY Q? Jtlprsming e b ﬁrﬁo A AR AR tﬁeu?ed in the
curable %b@c‘ﬁ{gr &%wsﬁfohg: é}JrJ)\\ﬁd@tpﬂ)lle}r %gmbﬁsea&ti%e BGHIBEPPMBE, ¥ Betermined by
substrate. The applied voltage for electrodeposition
the Zereswitilpgt vtasti ecttsermdcan the, JOIdeNé)La@W eTHEs ANKRRESAN CHEMICAL

SOCIE'Y?'FJ- ?4961?)6%!( 3£%]n?],59%‘;7‘ge algﬁ%lgogi)(? gn%né/rﬁ ft: gﬁ}vlt,e:ﬁ%drogens are derived
from hyd€B§1 Edoubs, thl@y?lolu% ?ﬁhwﬁan&efgr&[m%e/oa RetoRdAYRBRSeroups.

per “square to S mllianperes per square
[00@@}“ | %ﬁt gngellgﬁdlst @ﬁzgg thebre(g@@ e sebsHytiplhyyfree of crosslinking and have
an 1ntr1%L1§ 15(;(%%'1?5 v%egll 1ssolYe 11 tal pu%af)]:eesolvengags i ‘&;‘tﬁf ngtli] for example, in
accordahb‘@wﬂﬁ IAESTMD L@Gd)r MSS’H/HDMG I'ﬂ’hehﬁt@m&ﬁ &@dch $1€yadﬂ tﬁdﬂ reaﬁt(ibn product
in the clains, by "conformal" filmor coating is neant
is an ingicatiqneigls melseylAGWRiaht ng 2slledirraetion prag. i thr hand. since it is
of essehml h?ﬁl?teflgihh&ﬂ EE&BF%Ve %1 Slﬂpestalhaﬁl?ﬂ s%ogﬁr:?s[i’tgytoo high to
I nclrudl ng he SUI' aces wthin ut not occl udi ng
measurd10A e Bsddﬁ&relwebﬁlomrpeedirdt thaf B06astdrtielly tibe of aabilingingd sefers to a

en ap an ap roprlate t hod, h as those
reactionygiUGh R dHovie Weight | BeF doleTHE" AGHN Y R eiemiaE by el
permeat%n AFBISRerdpBTRATIAL YREST, 00, ddter mal |y cured at el evated
tenperatures ranging from90 to 300 C for a period of
[0032} 0 BOvarienupésctie hypdrpgen-dingdisiog riegin goatiilg am/emltablﬁefor use in

embodlglgnt%grtﬁgl} E %ﬁG%gQIﬁ% gllr gl G %#%H%oﬁ%qné{ge% g:ﬁ nglgegle 1280s include:
polyeporfﬁder AI&ﬂ?mel%r a&?hff@b@n{elﬂﬁg)o%gesm @bRsers, (POBLcTPASRers, silicon-based

d in the art woul d recognize t hat prior to t he
polymet‘asp ppqlﬁféh¢ro Robymerepelyelcacpelymetso atipplg pobyeers opelyamide  polymers,
pOlyll’l’ll?% ggg(r‘h%rs ﬁ%geﬁ% ?E(%fea%hggg@émt%}sqger\é%é t Afpus%eireree(iin b?lr"sﬂlcon based
polymeBX amﬂﬂl&nt al@&aﬁnﬁgcorﬁprlsﬁigngne angion¢ -1SiGat lﬁlﬁﬂ’st inv¢hé baéltbone.  Such
adhesi on pronoter prior to application of the
silicon-psgfl gekypmess srgyingedabyrgdolynes. b asihase ermpiing ugapi Rolymeric
blocks \gfth BH@OIdﬁlglle §16 CufiRdh 'tﬁegaacf( eSur face of the
el ectric coating 1's optiona y ablated in a
[OOBB]edeThasr rpolyekr pat t;@rcrally a expasdsEedle orkcodddpheitable film-forming
g trate.. Such ablation .. ) . .
POlYmel?o Yﬁ&‘i‘*ﬁ’?’%ﬁ' SPIBF0I% 89 1oniq ) natwrgythgisfhe pglymeg can contain
using a laser or by other conventional techniques, for
exanpl e, nmechanical drilling and chem cal or plasnma
etching techniques. [0069]1llustrating the invention
are the follow ng exanples which are not to be
considered as limting the invention to their details.
Unl ess otherwi se indicated, all parts and percentages
in the foll ow ng exanples, as well as throughout the
speC|f|cat|on are by MEIght EXANPLES [0070]The

o o . o o o, o
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woe@oherod am ne 49. 57 2- But oxyet hanol 382 EPONP@GBUS2489/@37489

Crosslinker4 1195 1A plastpcizer, conmercially

avai | abl e from BASF Cor poration. 2An epoxy resin

avai | abl e from Hexi on Specialty Chem cals. 3A

. . surfactant, commercially .avajlable from BASE .

anionic ok A F6 S BATHBI Y LLtSEH b AT 86 CHREY Mo Eroups to impart
positiveEXARR, eM¥sObftd the Pdign@P3ont@ing calidnid €t tRuBY %saMyY Esiionic amine

i n 2-butoxyethanol. “~WD 2009/ 117475PCT/ US2009/ 037489 -
salt grogps. - [0072] The MAZON 1651, EPON 880,

r apr onobi.sphenol, A ETRONI C. 150F e charged :
roupgt & R RTRRFE RSt o DA EbRF Iy SR uR R B botymer in
the contp@Rieh ainUsaetidulahe andnit Searodshaditibler@atibkn d@hpdsitions, include base-
_Nitrogen bl anket. The m xture was heated to a
solubiligedhpripaxyliceacit 2rpgp-conaing pelydgrsrsyeh astheireasties progyet or adduct of
- he > . . . nek . . s 1.

o dryin g o R e e SR Rith 3By tic peid qpenpydrides and the
reactioragdethct Tiea rfe@g tdcah entext utisatuextod helidred drmhydridexindumy additional
tenperature of 176 C after about 10 m nutes. The .
unsaturgiEd GacE MBS oM BredBiherTgacsed ‘éf% Ao éT%S)f sujtgBlecare the at
least paP¥Ely eI infelR 1AV L RY&LRAAMY1 Bas satdathiudd LR xylic acids,

m xfure was further cooled to 125 C. The m xture was
unsaturathe watbekgliaucid 251dCatf leastaoneoothér ethylewwsalyp wmsatfuragadh mhaomer.  Still

pe exot herm . second charge of EPON 880 and.the .
another g 80F el P odRos LGS StaP RS A oY A RA s T - a vehicle
con‘cainfn@r ad- QHQ@U ésidt adddar aﬂiﬁﬁ—aﬂ@e}@ﬂé OfesfH. Xt %&tﬁé’ﬂ%ﬁitable anionic
arts) was poured into a solution of sulfamc acid
electroc@pgslt@ lsaresy) coingewiicegomprisksi onkededstokst efr a(Es@pup@ety). These
r stror | i- O r i ion,
compos S breS e R bl P s Bk Sy BB 8900 Qle P o fgne con 10,
lines 1 @dide DthE0MiY funyiieiallpoly n2roilspednsheised 8vdhng phosthadd¥ed polyepoxide
non-vol atile content. Exanple 2 [0073] This exanpl e .
or phosphyized tiriylis rROp¥PEIt ide b e knengetol Bascc dillghincthspdp Additionally,
. u i t esj . i ’

sitablep RF st oy HE pRUMAEE Incl et ToRpRGRY FEOSP e Bl carbamare
functioad e tomps,fgr exagrpdd itkerse slescribgd edUenPat. Rar 64653381 ght (i n

[OOgéﬁggiq g@r@?@g&éﬁ%d?&éﬁhoefqg pé_seer}tq \lfe%ggn,ot)l(liz %glymer 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-containing
resins such as the acid-solubilized reaction products of polyepoxides and primary or secondary
amines such as those described in U.S. Pat. Nos. 3,663,389; 3,984,299; 3,947,338; and
3,947,339. 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 salt. Such resins are

described in U.S. Pat. Nos. 3,962,165; 3,975,346; and 4,001,101. Examples of other cationic
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. Alethyl ene .oxide | abl e fr.om BASF Surfactants. 2 .
resins 7 SGAVBEALICRI Tt 1 CEIPCREYHSETT IR PQGURLCr Gy Phosphonium sl
group-cBh@idygd eidhst fucAnsNBodndeddBbEY lih I0BUPN. Nt BMB3INS and 3,984,922,
met hyl1 sobutyl ketone. [0074] The EPON 828
respectiyplyphlsed film-garmpng rrsinsxivdle aaddsseibed i Spransan Applieation-No. 12463
can be ﬁsg:glto g ?tﬁlﬂgg:zr?tllonvl\cl:e E(?mgge%&:Spéé)ga%%defrgmﬁg[grtéﬁl gﬁ%sgzg gl?éh z?sncgefscrlbed in
U.S. Pal. 2. @, 134982 fchiti B¢ ugedr ti on of the benzyl di met hyl am ne
was added and the reaction was allowed to exothermto
[0033h dn exp pgodinENERbENsePRTaRh divenHeN.rBE POLYBRE! r @A JosRprise one or
r r
more paddycly coBBE AL whEh tohBh PERHE pAYE fecblEy EBRE Rups.  Such
resins am)ﬂtsmlbed]gl Uhe Pwl Nos. A3, 663,38, 3Bt hed deld6tdoon Inas.S. Pat. No.
oled to 130 C, and .the second portion of
3.047.3§ nzayumtlﬂi@flﬁweanﬁl%vawé% A b0 fﬁamfﬂeéeeh ot viHEhKigpgjriamine or
trlethylé?}fetejﬂ%gmﬁe Q reft &XHARROP AL G RROXWHEAYhY RlaBfdn %dg&t isHeutralized
70. At the expected epdoxy equival ent wei ght,
with acdi ket dispereccamd wiiret figd pimarnohmmengowes ae@d@@tqdn Also equlvalent
ductSUsse sion and the riixturcﬁwas at(}c:vve 0 exoth h
produc 5p?fFo Qs e st RO Gte 1HeER ek o} r‘?ﬁce%f Ll "‘HB‘&ES such - as
diethyldhelrAnhaSafiedidihy Wakle8asthin® Whid theldiBe sk @Gl $RuEAtrigpRd from the
125 C. After tﬁ, one hour hold the resin was dispersed

reactiorj mixgurg. SofFupiogncty fretdgecrihedtin E %&Taﬁ Niiss 8609880 pirel 4 h&06,900.
[00{.’)8{ St M?)(()tr }es %g tl?e l%e{: %néc%l%gd ehmlg?so %%g u§éc{) eﬂiv\z/i@t%geously. In

UCG he secon our

one emb@c[lfrieﬁmsf o pi@eﬁﬂin&éﬁhd&@fﬂﬁﬁ pol'yrﬂler h&ﬁscbdtiohfd:gsa(llagrb@pﬂ &nd is selected
oap was vacuum strijpped until the nethylisobuty
froma p&lmﬁé@em E@gmﬁre@glrtwﬁn@ryomr@wﬁ /& tsrtfa@ownvmr@lps (such

as thos )ﬁﬂg(mb%d 54%8% LJIP an ya@b?ﬁs%ogi;ﬁg Ha Gt ehgﬁ%og(g[naﬁ&/ag edhnne functional

romthe cati'onic epo escr | ve in
groups.Exanpl e 2. The m crogel was prepared fromthe

OB A LS ot AL T B Sl VRS L Benin,
the polﬂtﬂg?r 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. It should be understood that for purposes of the present invention, 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.
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dei oni zed water was added tg-the cationic soap of

Exanple 2, and the m xture was heated to 70 C under a

ni trogen bl anket. The EPON 828 sol ution was added over

(002} on e i amPagte e SnuttRe Ropi SRR gy of a eas

1 weightt chQntCof af leds? 2N EidheSercehin Corit Xdadt § weRsht ‘p&%@nth 8Ahtedast Q0 weight
(S)C over 70 mnutes and held at this tenperature for

percent3 barsdren teh wgtedd afi iebingsolifhe Aboortie, coatingt ermpesdiqnhesn have a
ed.a the m coaql ed el di
covlenfiy 08T bl el FREUBFEPT Pl f ) Peheft Pt than or

equal tdTB30 rvaggit p&frceﬁxaﬁnb@ & écfual &f €5 etk peRAGION 1&S than or equal to 20
‘mcro In sone | nstances a ‘'standard m croge

el "

weight psrgers| grh@ C[OGE%TGITHP%“%%I ke ve Ranyalendy Sgrdeddwlagepicoptent which
' | of

can ran%lal @E%Xe&i@;%nlﬂlﬂmﬁq of %ﬁe‘s@ O%lﬁ%smr%ﬁg% of t@%@a&gesj_he

ationic soap descri above in
[0042hl §n @hosabddimked ofnthas qgedenc anvelndopr epacedingr Oclil’npchsétion is an

ol I.ow ng i.ngredi ents: Eg}re,cllents.Part by V\élget
electro P%Sr’ﬁé1 eCeRfig CBH?B%GHO%FO affiee? 2°59WYT RBdio F‘HSE é? aqueous
med1un4@héi?%e§ﬁ§ b()%é’ Halb %ﬁtcbﬂﬂehtsmﬂé Yésuk)%g BR&L Alhd tﬁ@@tﬁodepo sitable
.4 and preferably .0 Methylisobutyl ketone 5.
coating Dempnslzlem coabe ﬁeﬁ\&'ﬁ from liamc@EQ]atd'rhECQ@ﬂm@tyém@ecbfo the resin (i). In

such inggr?ctn‘g,le&lgél ar e]étﬂ }E c}e%%@é%ng eozl e ﬁlgr? gﬁtez‘af%%ﬁ{*ﬁ otf)rmanpe%{:tant used to

form anfPRARY ﬁ’ln@fdrﬁnﬁgffe@fnrs QelschBed8hRleN FAS eRample Rt Yesin may be the reaction
cross-linked mcrogel™. A highly cross-Ilinked nicrogel

producthgf aa hglogenagad 2 ¢ forf eézrr@Eslg 3 ihlagegatedaprlehysirignplangl such as

chlorlnagllf& b ? gug%%ﬁb?sgg‘gj& ]Z{?VE%P% %1#82 Or%géﬁ g%rlﬂf% gglgézterliﬂ suﬁ\h as those

describdDABHETRitE refkadnot @o Showssit Y. pefer @lksé off aaf ardoit @M6lup-containing
used to g(r)epar e the coating bath described belowin
polymeg,sgibilizagion FHih plespbRnigaacit Madyafadle W r ORCEREVEIN] Ab@PeTy containing

compodnﬁgéﬁ@éde\mﬂ? a halogenated carboxylic acid followed by reaction of any residual epoxy
groups with phosphoric acid would yield a suitable 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 (1) can be derived from a halogenated compound selected from at least one of
a halogenated phenol, halogenated polyepoxide, halogenated acrylic polymer, halogenated
polyolefin, halogenated phosphate ester, and mixtures thereof. In another embodiment of the
present invention, the covalently bonded halogen content of the resin (i) 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.
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resin of Exanple 1 was placed in a container under

sl ow agi tation. The et hyl enegl ycol nonohexyl ether was

st B B S B S S LB e ey
compodnﬁ' for Bkachple Sthe Eig@fﬂi’chﬁ chel 0PBRIITHIntc@APRERo1OWS t he

preparation of second bl end used to prepare the
[0044ht i Tﬁ@e petive I@@g@gqnb@@tmnmﬁm (Ma@ﬂ@d@bow éapperpeesent in the

are addi ng the. f taI t_to.the
curable tﬂoatl cg mlgaxs 10 1n a .ou rang}atgeFolnél Ont%ar t%erﬁeyn%w Véeﬁtgﬂ or 30 to 45

percent%amghtlﬁﬁ&a&h toﬂanelght dfGat alysle cpaﬁﬁgecorﬁpbaitioabl e from
PPG I ndustries, Inc. [0083] The above in redl ents were
[0045 ) e dAB RIBYIONDYy disFupsseli o FOMPBDUH Kai durtherygymprise one or more

polye stfr%%%&% %éé&?rg ﬁr / Tg‘g‘%g ; %g é% dagekpglp 65%( ﬂng{i’éé )1/ 9&1\9% greater than one

ester grgu@per wblepele midiceswagroupsnye drebendrin bh emcmat SlffﬁClbﬂttb effect cross-
via ultrafiltration, the perpeat belng | aced with
linking & G316 Wit BPeT TR ST &P Fnein (P CopaEr mRpryprep H to 2507 C,

and curlgt{Rdd df{lﬁ)rt%@OHﬁinﬂgesV\@trs@loﬁ}d% ARERRA tfﬁt%@ep?é‘tﬁe'@ﬁé temperatures
reéspectively. The nmeasured solids of the tank (1 hour

and curgtimgd ilCpe depsendent 3Pon Bxcapstentdd th ®O864tdthend their end uses

[00§£§Ct ode @ﬁsfﬁ%g«%rggggﬁvb[fegas R po‘?yetsteP gur?r];g agenml) are polyesters of
polycarboxylic acids. Non-limiting examples include bis(2-hydroxyalkyl)esters of dicarboxylic
acids, such as bis(2-hydroxybutyl) azelate and bis(2-hydroxyethyl)terephthalate; tri(2-
ethylhexanoyl)trimellitate; and poly(2-hydroxyalkyl)esters 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 trihydric or
tetrahydric alcohol, 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 (ii) 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 hydroxyl 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.
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was then cured for 30 m nutes at 240 C. Additiona
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purpose3 @f Hloe, prRERE desRAPtios (. Bobsantialy greg®1f acids gomemehaving less than 0.2

meq/g acid. For aqueous systems, for example for cathodic electrodepositable, coating

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, methylhexahydrophthalic 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 alcohol 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 include, for example ethylene glycol and polyethylene glycols, propylene
glycol and polypropylene glycols, and 1,6-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.

[0054]  Alternatively, trimellitic anhydride (1 mol.) can be reacted first with a glycol 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 molecule or a mixture of polycarboxylic acid anhydrides can be
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reacted simultaneously with a glycol, 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 also 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 soluble 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 (iii) 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 milliamperes 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” 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 not
occluding) 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 dielectric coating over the substrate.

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



Total Solids Total Wight (g) Actual Solids Resin

Solids Resin Solids Density |bsigal Density (k1)
wo/Rlane74(1) Total % Solids in Bath Total % in BZE/ES2009/037489

Resin Bl end 29.5% 3557.7 10/4Q. 52 1049.52 78.24 8.85

1.06 3.36 76.6% 26. 96% Coal esci ng Sol vent 0.0h 119.5

0.00 0.00 0.00 7.52 0.90 0.13

can be performed using a laser or by other conventional techniques, for example, mechanical
drilling and chemical or plasma etching techniques.

[0069] Illustrating 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 1
[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 150R1’ 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 0 012 463, and diluted to 90%

solids in 2-butoxyethanol.




0.00% 0.91% Hi ghly Crosslinked Ivlicrogel in Resin

12.2% 1196.4 145.96 145.96 10.88 8.85 1.06 1.13 10.66%
W®209%78Hh Catal yst 53.h 51.6 27.35 0.00 0. 00 BCBUSDOY137489

0.04 2.00% 0.39% DI Water 0.£0h 7074.8 0.00 0.00 0.00

8.35 1.00 7.07 0.00% 53. 61% Added Hi ghly Crosslinked

Ivlicrogel 12.2%

[0072] The MAZON 1651, EPON 880, tetrabromobisphenol A and TETRONIC 150R1
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 8§28 1023
Bisphenol A-ethylene oxide adduct’ 365
Bisphenol A 297
2-Butoxyethanol 187.2
Benzyldimethylamine 1.4
Benzyldimethylamine 3.0
Diketimine” 182.3
N-methylethanolamine 85.2
Acetic Acid 105.9
Deionized water 1065.9




1196.4 145.96 145.96 10.88 8.85 1.06 1.13 10.66% 9. 07%
13196. 40 1368. 79 1341. 44 100. 00 12. 865 100. 00%
WA 0®IA0Rs WO 2009/ 117475PC T/ US2009/ 037489 - 2ZHCTF/US2009/037489

Exanple 111 Raw Material %B5glids Total Wi ght Actual
Solids Resin Solids %Resin Solids Density I bsigal
Density

Deionized water 735.9

Deionized water 1156.4

Deionized water 867.3

'A 1/6 molar adduct of bisphenol A/ethylene oxide available from BASF 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-
butoxyethanol were charged into a reaction vessel and heated under a nitrogen atmosphere to a
temperature of 125° 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 150° C. At the peak exotherm, a one hour hold was begun while allowing the
reaction to cool to 125° 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




kgll Volume (L) Total % Solids in Total % in Bath
Resin Bl end 29.5% 3669.0 1082.36 1082.36 70.56 8.85
WA 20999743 89 69. 15% 24. 72% Coal esci ng Sol vent BCT082009/037489
123.3 0.00 0.00 0.00 7.52 0167306 0.09 0.00% 0. 83%
Hi ghly Crosslinked Mcrogel in Resin 12.2% 1233.7
150. 51 150.51 9.81 8.85 1.06

ketone)
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 mixture
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 deionized 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
EPON 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.



1.31 9.62%8.31% Tin Catal yst 53.0% 59.0 31.27 0.00

0.00 9.81 1 0.06 2.00% 0.40% DI Wal er 0.00% 7290.0
W@209/107400 0.00 8.35 1.00 7.29 0.00% 49. 12% AdRIELIUS2009/037489

Hi ghly Crosslinked M crogel1742. 2% 2467.5 301. 04 301. 04

19.63 8.85 1.06 2.62 19.23% 16. 62%

Electrodeposition 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)

E6278! 13.0

'Catalyst paste, available from PPG Industries, Inc.

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



14842.5 1565.2 1533.90 100. 00 15. 25 100. 00% 100. 00%
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wo@ehi™ss Tcti ASA Fn cYfn Tad cYcSol i ds Tai al PO#/HS2009/037489

FoNaterid MO Sdids Solich @lich in IIth BEM arf a2t al

Bed 3.9Y/0 9.5 608 603 073 0.72%

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 110° 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 |



@1% Larvicn RV 11JL1Y/ 0 274 2740 2740 330 3.273/0 9;
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311Y/ 0 191.8 5754

Total Actual Resin % Resin Density Density  Volume  Total % Solics in Total % in
Raw Material %Solids  Weight(g)  Solids Solids Solids lhs/gal kgl (L) Bath Bath
Resin Blend 295% #REF! #REF! 604.00 87.79 885 10599 #REF #REF! #REF!
Coalescing Solvent 0.00% #REF! 000 0.00 0.00 752 0.7306  #REF! #REF! #REF!
nghlycmssgalsgid e RM GBS M0 B0 22 8% 16507 R R
Tin Catalyst 530% %5 1405 0.00 0.00 981 1003 #REF! #REF!
DI Water 0.00% #REF! 000 0.00 0.00 8.3 100 #REF #REF! #REF!

#REF! #REF! 688.00 10000 #REF! #REF! #REF!



5754 694 6873/ 0 419% Epory |l etha-e REEi n Berd
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Exanple V FbNI I /tteial A: Solids Tad MO Sd ids REEi n

&\th 1'n Solids Told A:Sdich in Etth Tati % n Etth

af factal Bed

Example II

g
RawMaterial ~ Total Weight  Actual Density Density ST:I::!; TotBa;:/;in

Raw Material Total Solids (0] Solids  ResinSolids  Resin Solids Ihs/gal (ke Voumell)  Bath
Resin Blend 205% 3577 104952 104052 84 88 106 336 76568% 2.96%
Codlescing Solvent 0.00% 1195 000 000 000 5 090 013 0.00% 091%
Highty Crosslinked Microgel in Resin 12.2% 11%4 15% 1459 1088 88 106 113 10.66% 9.07%
TinGatayst 53.0% 516 0% 000 000 98 117 004 200% 03%%
DI Water 0.00% 10748 000 000 000 §3 100 0 0.00% 5361%
Added Highly Crosdlinked Microge! 12.2% 11%4 15% 1459 1088 88 106 113 10.66% 9.07%

1319640 136879 1344 10000 1286 10000%  10000%
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Example III

Total Actual Resin %Resin Density Density ~ Volume  Total% Total %in

Raw Material %Solids  Weight  Solids Solids Solids lhs/gal kgl (L) Solidsin Bath

Resin Blend 20.5% 36630 108236 108236 70.5% §.85 10589 389 69.15% 2U72%

Goalescing Solvent 0.00% 1233 0.00 0.00 000 & 07306 009 000% 083%

Highy Crossiinked Microgel in Resin 122% 12337 15051 15051 981 §.85 106 13 962% §.31%

Tin Catalyst 55.0% 50 321 0.00 000 9.1 1 006 200% 040%

DI Water 0.00% 72900 0.00 0.00 000 §.35 100 72 000% 49.1%%

Added Highly Crosslinked hicrogel 122% Au675 0104 301.04 1963 §.85 106 262 19.23% 1662%
14825 15652 153390 100.00 1525 100.00% 100.00%
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Qfectart Berd B5%
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Example IV

Acud Resin ofRksin Tod%Sdids  Tod %in

Sdics Sdlics Sdlics inBath Bih
6@ 6B 073 072% 021%
2740 2740 330 32F% 0%
0 00 00 0% 0%
8P 00 00 1.0%% 0H%
0 00 00 0% 4768%
5 574 6A 68/ % 415%

0657 865/ 13 BI% B46%
&15 &15 990 98 1000%



46722 833.3 824. 1 CQCP/0 1 COCP/O 1 CQCP/IO WO

2009/ 117475PCT/ US2009/ 037489 - 24 - Exanple VI Raw
wormenialrs % Sol i ds Total Weight (g) Actual Sol PCBEUSRE9/087489

Solids %Resin Solids Total-2%Solids in Bath Total % in

Bath Surfactant Blend 63.50% 6.7 4.25 4.25 0.58 0.58%

0. 16% Low | on Pol yol 100.00% 19.3 19. 30 19. 30

Example V

- Totd Achd Resin ofpsin Tdd%Sdids Tad %in
RawHerid 7eSolics Widht (9 Sdics dics Sdlics inBath Bih
Sufectat Bedd 6350% 85 540 540 066 065% 018%
Lowlon Rayd 10000% 248 248 248 301 2%8% 053%
Freoyooad 0% 248 00 00 Qo0 000% 053%
TinCaayst 5300% 158 837 00 Qo0 1.00% 0HA%

O Waer 0% 1820 00 00 Qo0 000% D21%
Hextlizr 00% 1716 51.48 51.48 o2 ) 6.18% 36/%

Epoy Uerare ResinBerd D% 15060 58Brs 5834 na 4% RB%
SacrdMaogd inResin 1780% 4127 346 346 80 88% 88%%
Add S pe Maogd 1220% 6/60 47 47 1000 9% 1447/%

46722 833 84D 1000% 100% 1000%



2.63 2.61% 0. 47% Phenoxypr opanol 0.00% 19.3 0. 00 0. 00

0.00 0.00%0.47% Tin Catal yst 53.00% 14.0 7.42 0.00
W@209117400% 0. 34% DI Water 0.00% 1187.0 0. 00 Or@ODUS2000037489

0. 00% 28. 95% Fl exi bi | i zer 301 .00% 135. 3 40.59 40.59

5.54 5.49% 3. 30% Epoxy Urethane Resin Bl end 39. 00%

Example VI
o ki Total Actual Resin 9%Resin Total % Solids ~ Total %in

Raw Material o Solids Weight (g) Solids Solids Solids in Bath Bath
Surfactant Blend 63.50% 6.7 425 425 0.58 0.58% 0.16%

Low lon Polyol 100.00% 193 19.30 19.30 263 2.61% 0.47%
Phenoxypropanol 0.00% 193 0.00 0.00 0.00 0.00% 047%

Tin Catalyst 53.00% 140 742 0.00 0.00 1.00% 0.34%
DI Water 0.00% 1187.0 0.00 0.00 0.00 0.00% 28.95%
Flexibilizer 30.00% 1353 40.59 40.59 554 549% 3.30%
Epoxy Urethane Resin Blend 39.00% 1187.2 463.01 463.01 63.21 62.58% 28.95%
Standard Microgel in Resin 17.80% 329.00 58.56 58.56 8.00 791% 8.02%
Added Super Microgel 12.20% 1203.0 146.77 146.77 20.04 19.84% 29.34%

41008 7399 73248 100.0% 100.0% 100.0%



1187.2 463.01 463.01 63.21 62.58% 28. 95% St andar d
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20.04 19.84% 29.34% 4100.8 739.9 732.48 100. 0%
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[0086] I n Exanples IV-VI, the Surfactant Blend is
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[0087] A sutmmary of the properties of Exanples I-VI is

[008PPWNAIsEmhaRY 6f the pf@Rit@slof Examples I-VI is shown in Table 1.

Table 1.



WO 2009/ 117475PCT/ US2009/ 037489 - 26 - Sanple Resin
Type (Hi gh or Low Bake) Formnmula Total M crogel Level

W@ Resi1174801 i ds) Standard . M crogel Level (as P6D1S2009/037489
Resin Solids) Hi ghly Crosslighked M crogel Level (as %
of Resin solids) Application Voltage Cure Paraneters
Surface Coating Thi ckness Edge Coverage Via Coverage

Highly
, . , Standard )
Resin Type (High] Total Microgel| Crosslinked . Surface )
Microgel Level | Application]  Cure , Edge Via
Sample or Low Bake) Level .| Microgel Level Coating
.| (as % of Resin , Voltage | Parameters| _ . Coverage | Coverage
Formula | (Resin solids) i (as % of Resin Thickness
Solids) )
solids)
High Bake Resi
Example | BREAETEIN 120 0.0% 12.2% 200 | 200c/50 [ 18 da 36
Formula
High Bake Resi
Bamplell | oot gy g 0.0% 21.8% 00 | 200050 | 2 1 %
Formula
High Bake Resi
Bamplell | oot g ay 0.0% 29.4% 200 |200/50 | 1820 | 10 37
Formula
Low Bake Resi
BamplelV | 0| g gy 9.9% 0.0% 00 | 530 | 193 | 02 | 2%
Formula
Low Bake Resi
BampleV | O e 1p gy 8.9% 10.0% 00 | 530 | w 3 2
Formula
Low Bake Resi
BampleVl | " e eI g0 oo 8.0% 20.0% 100 | wsepe | 2 g n
Formula




Exanple | H gh Bake Resin Forrmula 12.2% 0.0% 12. 2% 200
200C/ 150 18 <1 36 Exanple |l H gh Bake Resin Formul a

WQ@1008%1870% 21. 8% 200 200C/ 150" 27 11 45 ExanpP@I/U$2009/037489
H gh Bake Resin Formula 29.249% 0. 0% 29. 4% 200 200C/ 150
18-20 10 37

[0088] In Table 1, the High Bake Resin Blend is a cationic epoxy high molecular weight
resin with polyester, as in Examples I-III, 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 I. 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] FIG. 3 shows a substrate 34 including a semiconductive layer 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 I. 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 semiconductive 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
example is silicon. The semiconductive layer defines a notch 62 having edges 64 and 66. A
dielectric coating 68 has been deposited on the semiconductive layer using the composition of
Example I. The thickness of the coating near the edges is about 3 micron.

[0095] FIG. 6 shows a substrate 70 including 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 I. The thickness of the coating near the edges is about 8 micron.



Exanpl e 1V Low Bake Resin Formula 9.9% 9. 9% 0. 0% 100

175C/ 30" 19-23 0-2 22-26 Exanple V Low Bake Resin
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VI Low Bake Resin Formula 28 0% 8. 0% 20. 0% 100
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- [0088]In Table 1, the H gh Bake Resin Blend is a

[009(‘2‘]t op & i mhéoggngtﬂliglgrlljelssa "is \Qﬁégﬁ‘éd at, for example 5 microns, it is
apparent that Examples I, IV and V do not meet the minimum specified thickness. However,
Examples II, III 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 used in the specification and
claims are to be understood as being modified in all instances by the term "about." Accordingly,
unless indicated to the 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 "1 to 10" is intended to
include all sub-ranges between and including the recited minimum value of 1 and the recited
maximum value of 10, that is, having a minimum value 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 illustration, 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.



resin with polyester, as in Exanples I-I111, and the
Low Bake Resin Blend is an epoxy urethane resin, as in
waExwopi®ss | V-VI. The edge coverage represents REEUS2009/037489
t hi ckness of the coating near. the edges in FIGs. 1-6.
The via coverage represents the thickness of the
coating at the bottomof a via in the substrate.
0089] FIGs. 1-6 are schematic representations of the
bstrates coated with the conpositions of Exanples
|- VI, 1r espaGhétved Yomp@p@O] FI G 1 shows a substrate 10
i ncluding a sem conductive layer 12, which in this
exanpl e i simmelsgien. aThienyeqridgetmcucpubstrateayidr def jelgsgogdeposition

We clai

otch.or.vi 14 Qavin edges, 16. and 18. A dielectric . .
compof ygleat et sBKI AR BERRRC 8RR M Bin B BB flich o miehty

cross-lihl@yehicttfleNgprifimenobapdsi ti on of Exanple |. The

t hi ckness of the coatinq)near the edges is |less than

or equal t@PRAIYiEcH Bpltage betwepmohy sphstratepanchigecognposition to form a
: : i di ng a sem conductive | ayer 24,
mﬁkcuaﬁgéﬁ&?gﬁgﬁ%gbgggﬁpIe is silicon. The sem conductive

| ayer2.def i Mhs nethvat efhcleim ¢i sh2eihastiwegn @dgesced8 banekight of resin

.. 30._Adielectric coating 32 has_ been deposited on the )

solids aglgrﬁocaﬁa%thvagaye TERET sigfidsnia t@%r?ﬁH@Pflﬁ% i fheghighly) @oss-linked
microgdl cothBEndnfl ckness of the coating near the edges is

about 11 mcron. [0092]FIG 3 shows a substrate 34

i ncl udli ng #hs erilechadudinve, Wagein B&weani2d hpergent by sveight of resin

.. e le is . silicon. .The sem conductive .|.ayer .def.inpes a ..
solids e PhpSat i H2Bhg6 LTSSl BN RomPENUE f glecishSrgBss-tinked
microgd4oh@énddeen deposited on the sem conductive |ayer

usi ng the conposition of Exanple |I. The thickness of '
t he ctat i nghheeathadhef edpges i whasouthel gompesitden further comprises a
. 09 I sh t.rate 46 i [
comink Q03 EL Gy SRS RLIRLLE AR IRRLY B8R o oo vecen 2
percent Sy weG@l .of Tdyeh Seidh eanspércsie blyayesht @€ fdsieslids Rothe BomPosition.
having edges 52 and 54. A dielectric coating 56 has .
been deposilbeleBivdihsladmd BHpEItE sampasiden iisludgs & stionic epoxy
. | 1 ' ss of the coating
high mAGTRANHA Tt < A bEnbd T LORGARESE 00a] i 6
shows a suhsitingt the S8atimpcloud iemgpegatsienifcd o less fayaeperiod of at
goh which in this exanple is silicon. The
least 15 W&hducti ve | ayer defines a notch 62 having edges
64 ang 66. Th: dh&h&F I0Fi aifPal IARrOR aScRGRRIBAPRRIUIET an epoxy
on the sem conductive |ayer using the composition of
urethangxreasmphed the Mdthod hirbknesspreses:t he coati ng near the edges
is about 3, m.cron. [0095] FI 6 sho substrate 70 .
pot uat ng ACuEer B shilie bet FRpsrtys 8 fseh Ph i foy Cperiod of a
least 30ax@mORke is silicon. The sem conductive | ayer defines a
notch 74 having edges 76 and 78. A dielectric coating

80 had beehheiaprdad ef clamt hewbaspinchadybstiaje incdydes a via having a
. ' [[tion of Exanple I. The thickness of
dmnw&%%EE%%ggﬁ%geﬁgéﬁhthe edges is about 8 mcron. WO

2009/ 4.1747PRChettsSd @0 91203 74 88ereind@e suljs0@Rajohfpraeydildamum

coating thickness is specified at, for exanple 5

nmi crofs, i The Beddef elfml hyheleinthp cRBPPsitionLopRfisgs:do

not neet t }, N i ' : : :

Beamplos 117 11 TRAG SRVE L oE e toPERERE  selfE K erein the active
hydrogarassaihing kesinnecaanpipes doeslentlytboaded dalsper? @¥ogyéatethéhan 20 weight

%esin solids, meet Ihe.iﬁfcified coating.thi ckness at
percent bgsed opdatal weighhe! fysig solidsprasepbin tBﬁﬁ%tHP%gtan“s, t he

m ni mum coati ng thickness can be 7 m crons.

[0097] O her than in the operating exanples, or where

ot herwi se indicated, all nunbers expressing quantities

of ingredients, reaction conditions and so forth used

in the specification and clains are to be understood

as being nodified in all instances by the term

"about." Accordingly, unless indicated to the

contrary, the nunerical paranmeters set forth in the
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5. The nethod of claim1l, wherein the conposition
i ncl udes a cationic epoxy high nol ecul ar wei ght resin,
waeotiid7iret hod further conprises: heating thePCDHS$SI00g037489

to a tenperature of 200 C.oyjpdess for a period of at

| east 150 m nutes. 6. The nethod of claim

1, wherein the conposi tion includes an epoxy urethane

resin and t.had furth r conmprises: .heating the

Coat 1 Myt oThe FeffBuiag it o iors B G opRuu T Gt Rg s oc

of at | easbneg& bR WPoBster curing agents. /- The method of

claim1, wherein the 'substrate includes a via having a

di amgﬂbr of’h¢ apthadneihclamp Snindersin the active hydrogeg-comgming resin is
derived B¢ qm atdleast oﬁflz gfa pellyep\l\oll?(gee entlgre UbStI%r ? ofym f-,r I \?\/ﬁ:r ein

t he CMDOSThd: MRthodiPicia$@), wherein the resin has a covam@tl9bonded halogen
nore active hydrogen- contalnln? resins, wherein the
g0

contentélélflmﬂefrméﬂ@@@ﬁn%%%lm ad@insenaed ag pNaPHIEY
bondeg; hal PHE Ente odVr&#iro ta{}%(‘-}:slg Qhev\%!vgf%htlg %{)lﬁcgeﬁthaﬁ)ag%ﬁ %resent in

on tot aI Wwel resin s resent
the resmqmaemve@fmm mmgmgveammwa@rphdsaoog/ 037489 - 30 -

10. Th d
comr 15es: ThRdnghodrsf ¢TB S bBRk i G AgEHTES Pobhydric pherol
comprls%g- at IER& oA bNGHoHat&d BbfReRol XMARH Bt dhihAEd BEPhMB] A.

hydrogen-containing resin is derived fromat |east one
of a pdlyejpbxinsehgbloy rdrimand, ameeeer yhé dhajogkyatet polyhydric phenol
f,claim9, wherein the resin has a

.12, . T t hod
Com@n%%V%VEﬁ¥$§n%%ﬁ%gdxhaIogen content derived froma

hal og@@ at eghd AhtRRP¥F eRiANI/ Wherdinhali® gemat Bedrdgéntdikaining resin
pol yne 13. The nethod of claim9;

Compﬂﬁméﬁemﬁ>$NE¥@@valently bonded hal ogen present in the
Lﬁzlngﬂ& h) TRe %%{ho\é ? f&llt%[ll]oéwﬂglje gincgéoeld?s%%lc%%glsés a polyester of a
polycarbégfli€iabidtHaeingahag enat @@ epel yhygrecmpleniel] conprises at
| east one of chlorinated bisphenol A and brom nated
bi Sphé%ol ‘Ahe method of claim 4, whﬁglqréqlﬁdqﬂ)lxgsteé|1§i§1|1hsg_a31t1ally free of
wher ei n t he hal ogenat ed pol yhydri c phenol conprises
t et r abr onobi sphenol A 16. The net hod of
clai mQ, wihibke eeathaoclah ilVe whychio gad-pdystr rionprisessatnleast one

conprises catio al t groups A7, The
ester grf RelFoly W?“f% yanad AtogLadiagsst (Pelke sfte%%?ﬁpw@%vlélas a free
hydroxA@kdgst er of a polycarboxyllc aci d having nore than
one ester group per nol ecul e. 18. The
met hod0.of Thaimethod ohtedaiei th7.saihdrepoltyesomposigon further includes a
substantially free.of net hod
“anses%rf‘g%ﬁt“ﬁfl ﬁ?tflﬁsy%ﬂw&ﬂ% as%‘ue%‘?BW%ﬁ?t%Irsagé)Frﬁ‘?e%éégmBl *| east
one egter YrOURIHRANEMiRCH), &HeeiHeChlethNExi6ARAA @AltQMY/or metal
adj acent to the esterified hydroxyl has a free
complex gigrdgxiyed gpmppmetal selected from tpQbismith andtleasd of cl ai m
17, rei r C
tr anstet or (et o it St diaRo et o,
met al sal taedsimdead; conplex 21. The
met hod of claim 20, wherein the netal oxide, netal
salt and/ of CPHUEEINEONSNEx are derived froma netal
sel ected fy ?hb' , bisnmuth and | ead. 22. A
conposi tion use in el ectrodeposition conprising: a
resi n bl endatea andal esci ng sol vent; a catal yst; water;
and WD 2009/ 117475PCT/ US2009/ 037489 - 31 -
a highly cross-linked mgrogel, wherein at |east 20
percent by weight of resin solids in the conposition
is the highly cross-1linked m crogel. 23.
The conposition of claim?22, between 20 percent by
wei ght of resin solids and 50 percent by weight of
resin solids in the conposition includes the highly
cross-1linked m crogel comnponent. 24. The
conposition of claim 22, wherein between 27 percent by
wei ght of re3|n SO|IdS and 33 percent by m5|ght of

o " N "

acid.



25. The conposition of claim 22, wherein the catalyst
conprises: tin. 26. A conposition for use
WO pooehi ety odeposi ti on conpri sing: a surfact ant PGI/E82909/637489

| ow i on polyol; phenoxypropgnol; a catalyst; water; a

flexibilizer; and a highly

cross-linked mgrogel, wherein at |east 20 percent by

mgr; 2{ o4 Jighly E&gls—ﬂ,ﬁléelrcf;@'gr}_gge OTRARi a%ags 20" p*,‘gﬁ%em by weight of
resin soH@ORQHE Ed@PofiorCis @ﬁé"ﬁigﬁy cRREWRRAd RikrpgiIcent by wei ght

of resin solids and 5 f_percent by meh&ht of resin

sol i d83.i n Thecwopgsaiintdfeininiis) befesen Re phicghf by weight of resin solids
cross-|inked mcrogel .component . = .. . 28.. Ihe .
and 50 FSRERE b PO S s AR, Srpsisioneinnigss R ghp g tnkes
microgoMeb@pbnedk. resin solids and 33 percent by weight of

resin_solids in the conposition includes the_ highl )
cr oss24i nkébe APEPRTEN ggﬁlﬁgﬁ&%t whotgin W@w%%d@rcﬁnﬁhy weight of

resin soflis &Acﬁéﬂ&(@em WQ%%}R of R&ircatial ¥Sthe QgﬁB&lﬁcﬁlsmcﬂl'dQs the highly cross-

linked microgel component.

25. The composition of claim 22, wherein the catalyst comprises:
tin.
26. A composition for use in electrodeposition comprising:

a surfactant blend;

a low ion polyol;

phenoxypropanol;

a catalyst;

water;

a flexibilizer; and

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

27. The composition of claim 26, between 20 percent by weight of resin solids
and 50 percent by weight of resin solids in the composition includes the highly cross-linked
microgel component.

28. The composition of claim 26, wherein between 27 percent by weight of
resin solids and 33 percent by weight of resin solids in the composition includes the highly cross-
linked microgel component.

29. The composition of claim 26, wherein the catalyst comprises:

tin.



