25 Cct ober 2005 PROCESS FOR CREATI NG VI AS FOR CI RCUI T ASSEMBLI ES FI ELD OF
THE | NVENTI ON The present invention relates to processes for creating vias
and for 5 fabricating nulti-layer electrical circuit asse |.es

BACKGROUND OF THE | NVENTI ON El ectrical conponents, for exagg%QF“¢8%%gpors,
transistors, and capacitors, are commonly nounted on circuit panel
structures such as printed 10 circuit boards. Circuit panels ordinarily
include a generally flat sheet of dielectric material with electrical
conductors di sposed on a nmgjor, flat surface of the sheet, or on both

maj or surfaces. TRROCESSFORCREATINGAMASTHUR/CIRCUITAESEMBIIESt al | ic nmaterial s
such as copper and serve to interconnect the electrical conponents nounted
to the board. Wiere the conductors are 15 di sposed on both major surfaces

of the panel, _the panel may HAdEED OFTHECIIVENTION s ext endi ng t hrough hol es
(or "through viasy Fr@sér‘?ﬁ}vgﬁtﬁ)h?&% fodn?&é esfér%r@a?hﬁgaégﬁoe{oponnem the

conductors on opp05| e surtaces circul panel” assenblies have
been made herfabrspinemuliilaver ¢lertinapaiicuit assemibliaspl e stacked circuit panels
with additional layers of dielectric materials separating 20 the conductors

on nutual ly facing surfaces of adjacent panels in the stack. These

nul ti-layer assenblies or%ﬂ%@@&-ﬂﬂ@rconnect i ons ext endi ng
bet ween t he conduere@unsm@ampmnwarb'rmma fefsisitdrs,m«aﬁﬂét&sj ghdt he stack as
necessary to rovode t he reca& t@ ectri.cal i?tﬁrconn ctiaon

m croel ect r orfPRIPL: Afere Janie OPfﬁ?'{'tspa AFTHANES sy Sﬁf‘@%&r ed in 25
packagi ngif e\mrbmt lfardsn crireais panglsoodihagily iGdudzr sgdnerally fia sheatlof est scal e
Do 19 i | HectiAhtie ol Bkt AN BAIEALC Il RO kel |1 B ©

mcrocircuits an her "conponen usua rrade from
ceranics, sildfésrhegter onhath M}RESUI'meSerTrheGDmL@tomkagemD@iVel s (| .e., "chip

carriers”) CQHEPrFéd%oHQm@thE haténﬁ[)(%ﬁch%&%bﬁé}taﬁé sé@é(tohﬁt\éﬁoﬂﬁéc%@ed thereto a

plurality of small-scale chip hous |an m croel ectronic circuits.

Li kewi se, t h%@trlcﬁ&@m%ﬂ?'ﬁ% @O‘ffé‘?,d('&d'ée hogr SWHET?@!%?O“QWS PE&vel s t hemsel ves
can be atiachmpots drtidiemaRealrcsd 6ftid fansRihd pandiBid)dalhoas ds,

conductors extending through holes (or "through vias™) in the dielectric layer

so0 as to interconnect the conductors on opposite surfaces. Multi-fayer circuit
panel assemblies have been made heretofore which incorporate multiple
stacked circuit panels with additional layers of dielectric materials separating
20 the conductors on mutually facing surfaces of adjacent panels in the stack.
These multi-tayer assemblies ordinarily incorporate interconnections
extending between the conductors on the various circuit panels in the stack as
necessary to provide the required electrical interconnections.,
In microelectronic circuit packages, circuits and units are prepared in
25  packaging levels of increasing scale. Generally, the smallest scale packaging
levels are typically semiconductor chips housing multiple microcircuits and/or
other components. Such chips are usually made from ceramics, silicon, and
the like. Intermediate package levels (i.e., “chip carriers”) comprising multi-
layer substrates may have attached thereto a plurality of small-scale chips
30 housing many microelectronic circuits. Likewise, these intermediate package
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and the like. The internedi ate package | evels serve several purposes in the
overall circuit assenbly including structural support, transitional
integration of the smaller scale mcrocircuits and circuits to |ar

scal e boards, and the 5 dissipation of heat fromthe ci r cui £3 Qslob 5
Substrates used in conventional internediate package |evels have incl uded
a variety of materials, for exanple, <ceramc, fiberglass reinforced

pol yepoxi des, and polyi m des. The aforenentioned substrates, while offering
sufficient rigidity to provide structural support to the circuit assenbly,

typi cally_haygot ebialed Gl bt LoAXBRNR LAR M sl der ent than

that of the mcroe ronic chips e| g attac ereto a result,
failure of thed belikithedatsunagiaje package levalgRenteaeverspumpses INitdk due to

failure of aghes c‘,ﬁ%uﬂc Qés@mywma@u&a@al KBB6S t.(aﬁsmdnaﬁn@@%ﬁaﬁ%fy Li kewi se,

dielectric materials used on the substrates nust meet several 15
requi r ement stheismalieidicalg "@@i’ﬁ?'@#"ﬁ?ﬁﬂﬁdtcycu'tﬁft%ﬁﬂef %‘"sq]%l?“&m?ea“datﬁﬁ conpati bl e

t her mal expaaﬁs@mmﬂ ropﬁ@rt trbm&he @@G’t/@d%bdnﬁl@alsuﬂétl%léﬁ%éd i comfctibrll s i ncl ude,

for exanpl e, m des e enol i.cs fluor carbons These
pol yneri ¢ di E“%@F&F@s"#?@?@%’ﬁ%ﬁg %‘i‘é‘f 'Pty(%g'?ﬁ'% gﬂrtegaglp expansi on much
hi gher than béramlcof“betr@assadhmnmolymﬂes ap pélgienideshas been an i ncreasi ng

need for circuit T;?]a 'Leéﬁ %&ragé@hﬁ@é&f@ﬁﬁ%%ﬂ@c&m@?l@qﬁs' ty, conplex

i nt erconnecti ons. can ayer circuit
panel str uct pnoelsle stnmtmlsauppmrhfe ﬂieaaupumﬁsemh*ydflplcﬁlubhvermﬁmalI ayer circuit
assenbl i g | eKiat A th d &g ty in
manuf act ure | S (f}tegganr%ﬁ’h nﬁ}#ﬁﬁﬁF%\éﬂgnd \?tl as eﬁrﬂﬁg@@cﬁ ng 25 of the

dielectric | b@@ﬁl Qﬁ%eql rede shsryresell; Eildresf thej oirel q8§§ml§¥ &fi®lppl i ed. Laser

drilling is [peaRBele RHTRAERIHRI HAtihdNeTHiNG béivaen thehayehs sfan add
significant cost to the nmanufacture of such circuit assenblies. Generally

nul ti-1ayer P&EREFEMRYY-e nmade by providing individual, dual sided circuit
panel s with appr opeivkbediciomatiohienss usedronane subskatpamestneat eevehgn 30

it o5 s R ol DS o R BVl botr o ed o
to as " pr epr thgetial @éxsame®a groperties. Conventional dielectric materials include, for

example, polyimides, polyepoxides, phenolics, and fluorocarbons. These

polymeric dielectrics typically have thermal coefficients of expansion much

higher than that of the adjacent layers.

20 There has been an increasing need for circuit panel structures, which
provide high density, complex interconnections. Such a need can be
addressed by mulii-layer circuit panel sfructures; however, the fabrication of
such multi-layer circuit assembtlies has presented serious drawbacks. A
common difficulty in manufacture is the alignment of holes and vias by drilling

25 of the dieleciric layers as increasing layers of circuitry are applied. Laser
drilling is the most common method for forming viaé, which can add significant
cost to the manufacture of such circuit assemblies,

Generally multi-layer panels are made by providing individual, dual
sided circuit panels with appropriate conductors thereon. The panels are then

30  laminated one atop the other with one or more tayers of uncured or partially

2.



bet ween each pair of adjacent panels. Such a stack ordinarily is cured
under heat and pressure to forma unitary nass. After curing, holes
typically are drilled through the stack at |ocations where_glectrigcal
connections between 5 different boards are desired. The res H%e %ﬁés or
"through vial" are then coated or filled with electrically conductive
materials usually by plating the interiors of the holes to forma plated
through via. It is difficult to drill holes wth a high ratio of depth to
diameter, thus the holes used in such assenblies nust be relatively large

and consune applications
wher ei n ci rcﬁjlr%{@gl%gﬁgmg;egigﬁb%ﬁﬁ %%f%n%g tﬁ&éﬁgﬂé%gg é;' F}dsgda pgl electric
material typhatueaneashpair af adjaceRkpapplsc GHeh %i‘ﬂc’q qigieady ispisleg ¥BESTC  di el ectric

material s thﬁéathe(d)ﬂﬁaédryto%@n ﬂﬁﬁiﬁbry Rasy, 1AGet éurmgsrmltyp dWétéaCt ure are
t her nopl astic_or

ners. Therno mterl are typically
cured firstdilgd frﬁ?%héh%%tﬁ?'b?tﬁ%at'%&hﬂ?ge’ecﬂfcﬁ getient %‘?ﬁ“or mal | y coated
E |UbSEi rates 15d1ﬂ@€¥ntﬂ:fbafd%|ali’e ﬂéﬂr@dlgghdg@blﬂmgﬁ?%w nmmg%rt vagl araaethél?)r ate subst rate,
ind vias are I ng., s as aser.
Patent No. 6% %%““ﬁﬂ %?@‘8"%@%%"%1“0 k?(ﬁ'g%i“sﬁélx bHBIaQ'Yg tﬁ?cr oel ect rom c
conmponent  byinfarionsiod thetholesdoe fotia Gt ilated thrdogh viat # isodiffitudide dtilf holgsr ovi di ng a
resist at sel el ﬁgh £os 'd&gﬁ tPHahbie:, G108 YL UL nuch B ofBlies

el ect r ophor e‘f’l ca an uncur tric materi a t he
conductive m@ﬁ@%&b@{ﬁy lam;elaoda@nsmg agiras fedl 05§Pat3ﬁ§‘th%§$5§mb|YThe ref erence

suggest s jphat  t e, n@&kh@ﬂh@éﬁt& G Iherd FOB8ORE ORI ibndian be a cati oni c

acrylic- or cationi OXYV- nposition as those known in the art and
commer ci al | ydielagtes matsirial WH’P@'Véﬁféﬂf@t%}ﬁﬁﬁl"‘é{"lze%ab’?'sdEBU@PE‘%d material then is

cured to forafblactﬂénfawm&@rtﬁmltyp%w £6 UBddoin bR assedisly nbkufdctse ste i S renoved so
that the dielectric | a en nﬁ% extendtl ngﬁto t he. .condycti ve core at
| ocati ons th@?”’i’P&éPSB‘éngherEW‘étr %{Ft rpgset ropteraiR A IRy 8484 £ or med and
ext endi ng tont;the fdmai @d\formumatin‘g ef\ltmsughcthnr eshfcamelyocmatedisliystraef erred to as
bl'i nd Vlalgt rgoyh?o ﬁthr&%\ esc%fbm]iutls"getto %\\’%}%lbgﬁﬁgq}ﬂﬁ&ﬂgse |%| ement is a

net al Cont I nuou rough vi as"
ext endi ng frtvnmihéomp@rydstum @g@ae@@a@ﬁ ober 2005 to the opposite nmmjor

surface. Wen the girgh&tNol 6260888 AlisdiciedBithdtiSH of making a
microelectronic component by providing a conductive substrate or “core”,
providing a resist at selected locations on the conductive core; and

20 electrophoretically depositing an uncured dielectric material on the conductive
core except at locations covered by the resist. The reference suggests that
the electrophoretically deposited material can be a cationic acrylic- or cationic
epoxy-based compaosition as those known in the art and commercially
available. The electrophoretically deposited material then is cured to form a

25 conformal dielectric layer, and the resist is removed so that the dielectric layer
has openings extending to the conductive core at locations that had been
covered by the resist. The holes thus formed and extending to the coated
substrate or “core” are commonly referred to as “blind vias”. In one
embodiment, the structural conductive element is a metal sheet containing

30 continuous through holes or “through vias™ extending from one major surface
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el ectrophoretically, the dielectric material is deposited at a uniform

t hi ckness onto the conductive el enent surface and the hole walls. It has
been found, however, that the el ectrophoretically deposited dielectric
materials suggested 5 by this reference can be flanmable, afdOcHbs dPhot
nmeet typical flame retardancy requirenents. In addition, the nethod cannot
be utilized vn subsequent circuitized layers. U S. Patents 5,224,265 and
5,232,548 di scl ose nethods of fabricating nulti-layer thin-filmwring
structures for use in circuit assenblies. The 10 dielectric applied to the

core subst r atenpbhdita fajor stiiade.l WhbY e idsbtHatBiiIR3pBkd t her nopl astic
pol ymer such as pol ytetrafl uoroet hyl ene ggﬂooléﬁﬁsql%f one,

i LNyl ene, or.
pol yi mi de- si PE&EGRborelical dhe dielpotiie platesial is guBiorminigkness,t ant 5, 153, 986
di scl oses a priolRdeoitiuétad eiehrhi shfadiindl the REie walls2YiEHas bba foandyul ti - | ayer
Cher! oot Bl W Shootohesh b S T oS00 o o
met al cor &s py thid @fengnce@an Belfldnimahig and tHus do nbbmeatdypicabfiame her nal | y
rocessabl e I d re . 1] Nng.. ormblind vias.
P PRAMER S QU Bl S BERBE Srd A8BEA il 6\t dr

Eur opean PubliCa es a photocurable and 20
t her noset t i nguizsequdent giredizedleyars.on and a nmet hod for fornmation of a sol der

resist pattern usyB8ophiBifs 620P9H dridY232/838 diloSt meMbldbSatiRaRgS Lion

conprises and epoxy resin conprising tertiary amne groups solubilized with

a carboxyl i BWHidRET thinfileyiringsirusiimsderasedn deliassgmblise dhfy unsat ur at ed

groups. phejerabieabplicanio the caRRub&Ed Sreferdbly if b edly elire8 dhd afifeald and dri ed,

t hus reacti ng_@ZS thef\_ sol ubi li zi ng car boxgél {hc acid WItI h part of the epoxy

groups. The EBHDPRIESHEolvnARsych 2% Bddatrafiyooethyiane PPYEHIRES G t hr ough a

oating 15 0 ooty et sty o ot e g ot on Tne o ning pat ern

is then thermall ydlsﬂ?%%ﬁ%tﬁé'ggé gigcé?‘eieﬁg? T?‘lﬂéouo%{#?bﬁ"é&;/'\pt"he%]ﬁgmr emai ni ng epoxy

groups. Thi slayershiod mhltveyeesircuit board. nSuitabile tiipleet B8 inclady thepadlyf i ¢ gr oup of

am ne-fungti - r | i shed Pat ent
150 ARt Sk oBage sorforfal ot AgRcostids. HheineRp

Appl i cation
uses perforate metal cores providing coated through holes, however the

thermally processable polymers are cured before laser drilling to form blind
vias.
European Publication No. EP 0 573 053 describes a photocurable and
20 thermosetting coating composition and a method for formation of a solder
resist pattern using the composition. The water soluble composition
comprises and epoxy resin comprising tertiary amine groups solubilized with a
carboxylic acid, as well as photoreactive ethylenically unsaturated groups.
The composition is applied to a printed circuit board and dried, thus reacting
25 the solubilizing carboxylic acid with part of the epoxy groups. The coating is
then exposed to actinic radiation through a photomask. Exposed portions are
rendered insoluble and the remaining coating is dissolved away by dilute acid
solution. The remaining pattern is then thermally cured, thus reacting the
amine with the remaining epoxy groups. This method, however, is limited to a
30 very specific group of amine-functional epoxy polymers,
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a method for formng blind vias w thout producing "haloing"” in the
underlying conductive |ayer. The nethod conprises applying an insul ating
| ayer onto one major surface of a substrate, providing holes in the
insulating layer to the 5 substrate, and then thermally cur2a§ciehsr 2005
insulating layer. Holes are forned by either photo-etching or |aser
drilling. After the heat oxidized netal is reduced, the process is
repeated on the other najor surface. In the production of rmulti- |ayered
doubl e sided wiring boards, production efficiency is critical to be

igrrpﬁitiye :n tha.sr.ramtﬂsﬁéd mﬁg@pwaﬂmf mcﬂluszoaafomvsd 2 @f1 de@iﬁaﬁi gr sutrjf aces
effective ubl es the punber .of steps. i roduction, thereby reducing
efficiency ar%"'%ﬁ%ﬂ?.r %6”'(‘8BF'}di"i%?t"f'@ﬂm&r°4%ﬁ'f‘%ﬂ??gmgat“éh‘f)%%&yag| evels is
convent i onal lepndystive layare Thdomethpp corprizes apoying anviasulating hgadiito e- act i ng

hot or esi st ek I ivel.y. ; S "resist") to the
et al | zed s Heri dulecr §RuleREl. fElob BUET b h0ufbe HETOHs tni ng, anc
stri ppi ng % o sybwifate, anditen thednallyrcoing the raulatingriayeReldoles aredorpediby i ons
typically ar %itﬁé}mhbﬁgelt?ﬁir@m%@lrmlllgtg.rmér kR HeBEdddb2d metllidreGQ@AI NI,

el ectrodeposition, rc coat 1 ng, een printing, curtain or 'immersion
t echni ques. TiHRPTPeassdy repeaied ont the sthappripestiriass IR ereduction®imedts of 5 to 50

mcrons. 20 ldyer@dicubleRidkd wiritg bS4HS tprdfubfonrfidnes litidip@theoned,
conventional subsirates for | nternedi ate packa | evel s can further

"ncl ude sol i GoRBeare e mpdetladn Seduenf Fedment @ hegnaior UraeSpat ent No.

5, 153, 98610 Tleffeetivelp dbublessthe norhbar@efstapssih phralugtdnh f therabeebddeiig ng f abri cati on of

the circuit provi de through vias for alignnment purposes. 25 In
view of the %??%@%%th@er]%cesses, there remains a need in the art for

nul ti-layer circuitcuftization ofinfenoediate packape levgls swiothentiomgiiy densi ty and conpl ex
o o o ey PR AR ENEE hENEERTRM MBI 021 2
I n one enbodicRilestively ieterpd Esasritesishytoribe Batallisediubetete doliowed byr ocess f or
exXposi Ng 1B3r edRbRU, BORIGPHRAS eRhing shk REDPIAG B yidld& dBYiIRARRSICONPr i ses the
pattern. Resist compositions typically are applied, for example, by laminating,
spin coating, electrodeposition, roll coating, screen printing, curtain or
immersion techniques. The resist layer thus applied can have a thickness of
5 to 50 microns.
20 In addition to the substrates previously mentioned, conventional
substrates for intermediate package levels can further include solid metal
sheets such as those disclosed in U.S. Patent No. 5,153,888. These solid
structures must be perforated during fabrication of the circuit assembly to
provide through vias for alignment purposes.
25 In view of the prior art processes, there remains a need in the art for
multi-layer circuit panel structures which provide high density and complex
interconnections, the fabrication of which overcomes the drawbacks of the
prior art circuit assemblies.




steps of: (a) applying a curable coating conposition to a substrate, sone
or 5 all of which is electrically conductive, to forman uncured coating
thereon; (b) applying a resist over the uncured coating; (c% i magi ng. .t he
resist in predetermned |ocations; (d) devel oping the resis OtCB’bé&% e
predeterm ned areas of the uncured coating; (e) renoving the exposed areas
of the uncured coating; and (f) heating the coated substrate of step (e)
to a tenperature and 10 for a tine sufficient to cure the coating. In

anot her enbodi nent, the invention is directed toward a process for
fabricating a nulti-layer ehfGlaARYDF FLE RWENTASRENDIY conprising the steps
of: (a) applying a curabl ) STtion to a substrate, sonme or all
of which is el echrng gmbgdiventeihe pragent ingniionisdigstagie aperressit i ng t her eon;

(b) appl yi ng efpdéng REdetdrmined ardab @f ¥ Biaed. GRS bloBEks chmbrisd¥Bld Ng the resi st
in predeterm ned _|ocati ons;%&l{ﬁde\(el %)l ng.the resi st to expose

predet er mi ned'&RP @hs@h#PPINY @ erpting, r?ﬂ?gt“m(t@)a FUORERIPROTIE exposed ar eas
of the uncur et oE@hith BGldchically@bhdurtive, & folrh in DeAtdd@atinigtheeai;e@) subst rat e of
step (e) toate.nBerat re r,ati suffi ent.tto cure the coating;

nd fo I [of
(g) stri ppi ngPPRED AURRR RPN Wehin cOptng. 5 MU R Mayer of metal to all
surfaces; (i prajefEnyinad loaativasoql)dewdipily thoreshigo ekpose prefetemeinadl applied in

t h); (j j : i i d tt
of “bxpobed. upE fEdhied Rg i aidibh Te bBos iR of HGABAENT) No, PRLTRCT
t he remai ni ngoatingoandl (dweniing: thexenptgdyubsifate efietan (p) toadprepsrahige ant eps (a)

through (o) A& e SRfcRnt ok the@chftingd Mul tiple layers of 25 interconnecting
el ectrical circuit patterns. The present invention is further directed to a

coat ed substrat e Bt seAgdiment diainysntion i& GJhecde Byardife PrseIsdet i ve

af or enent i onggbrigstiMgesfnit-layeiCelagdricardiebicassehBl cBirfrsingthe BESCHE R} ON OF THE

| NVENTI ON Ot her, than ip the. operati.r exarrEI e§, or Wnagr(? ﬁt erw se

i ndi cat ed, alPPPVIRGA5EREICSAINILOMRGSIUANIR A;SHP &S, FOMH G B A ¥ALE 'S 1 eact i on
condi ti ons amrtkckioalfyanhductives exdformman ecusgtiswiafiigithtreon (Bregplyingians are t o be
under st ood a [ i £ i N -term "about . "

Accor di ng]gy, %%?82%@% |Cté{§tﬁg’8£tplg’ ?ﬂ?é%%%?é&%?@ﬁgéﬂﬁh%@n%gal paraneters set
forth in theldcatiorsinidiglevgiendnd the sasisbie expepe predstermined areas of the

uncured coating; (e) removing the exposed areas of the uncured coating to

form a via; (f) heating the coated substrate of step {(e) to a temperature and
for a time sufficient to cure the coating; (g) stripping the remaining resist; (h)
20  applying a layer of metal to all surfaces; (i} applying a second resist to the
layer of metal applied in step (h); (j) processing the second resist to form a
predetermined patlern of exposed underlying metal; (k) etching the exposed
metal; () stripping the remaining second resist; and (m) optionally, repeating
steps (a) through (1) one or more times to form multiple layers of
25 interconnecting electrical circuit pattemns.
The present invention is further directed to a coated substrate and

circuit assembly prepared by the respective aforementioned processes.



attached clains are approxi mations that may vary dependi ng upon the

desired properties sought to be obtained by the present invention. At the
very least, and not as an attenpt to limt the application of the doctrine
of 10 equivalents to the scope of the clains, each nunericaRSSitehese®s
should at |east be construed in |ight of the nunber of reported
significant digits and by applying ordinary roundi ng techni ques.

Not wi t hst anding that the numerical ranges and paraneters setting forth the
broad scope of the invention are approxinations, the nunerical values set
15 forth in the speci fmimmi sely as possible.
Any nunerical val ues, ain errors
necessarily resthhen(haﬁ frothe bperatitgaaxdmples,de wharkiothenkiselindicatad taliei r
respective t I d that any
nuneri cal raﬁ%‘?&ﬂ E%CI@ESQE%SME& OfA@ge%enks re%gtg)'ﬁ cgnaﬁo L‘!% ggéf‘ﬁ%sub ranges
subsumed t herused in the ppasifigatisnand glaingwae to I@ﬁund@rstqulae'bemmoﬁf%tmed to include
al | sub- raﬁg%ﬂ.&%ﬁ&@@@,{ﬂae@edﬂnﬁm' %c&rﬁﬁg!y,@féb&ﬁﬁcmemwg] val ue of | and

the recited maxi mum val ue_ of avin m ni num val ue equal to
or greater tHRAAYARANASHLR] pARAetaTs et forth '“é‘éﬁjfalk"‘Y“éﬂ ghecifigadisn gRhn 10. 25 As

previously rr%mabmaﬂhums Bre@&ﬁro&ﬂ*ﬁﬂﬂﬁémﬂtmaytdaﬁrdéb?&ﬁﬁudgﬁ}[ﬂ@tlOn_l_lh s directed
to a process eas 0 subs e process
conprises th eéﬁérg ’{'35%8539'38%%’ % g?@ﬁtﬁggrege@gypptw@ @gﬁﬁd@'ﬂ’tlon to a
substrate, sdmt aind abf ascdn aﬂemhtommlteﬂneeanpnmah oithe doutrinetaf ve, to form an

uncur ed ﬁpa ﬂ l%Htglit?fﬁe’socgp@of ljng%agh ri%&ip% etér M 8 red poating;
fie cFe A pUIgE

(c) inmagi ng resist1n pre R R el opi ng the
resi st to expessébe zorafuatcin diphdrof thedEmpercd e¢ported mgdﬁtamaragts@dbhe uncur ed
coating; (e) [FRaTe gl M as of the uncured coating; and (f)
heating the Ca{gg{ymé éqf?gﬁéﬁ%%% @ng( e) to a tenperature and for a tine
sufficient to cur@oﬁﬂﬁ%ﬁwﬂth@} thwm%'ﬁéllfﬂfjgesPFFéPafB‘WB*@ESS@ﬁFGFQWH*er conpri ses

step (9g) stritRPbragd géweroﬁﬁalmbﬁmmraeéwmxuﬁaﬂsta@ tﬁélmﬁér@&ﬁ:amés g&re can
conpri se %v rlet¥qof srbstrat es | east part of the

(0]
et ot eft § bt gt St e BN d pret e as oskbE

numerical values, however, inherently contain certain errors necessarily

resulting from the standard deviation found in their respective testing
measurements.
Also, it should be understood that any numerical range recited herein is

20  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
eqgual to or less than 10.

25 As previously mentioned, in one embodiment, the present invention is
directed to a process for exposing predetermined areas of a substrate. The
process comprises the steps of: (a) applying a curable coating composition to
a substrate, some or all of which is electrically conductive, to form an uncured
coating thereon; (b) applying a resist over the uncured coating; (c) imaging

30  the resist in predetermined locations; (d) developing the resist to expose
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embodi ment, the substrate can be an electrically conductive substrate,
particularly a nmetal substrate, for exanple, untreated or galvani zed steel,
al um num copper, gold, nickel, magnesium and alloys thereof, and 10
conductive carbon coated materials. In another embodi nent, ZhECLMEELICY e
can conprise parts which are electrically conductive and parts which are
not electrically conductive, for exanple, a printed circuit board. The at
| east partially electrically conductive substrate has two najor surfaces
and edges, and can have a thickness ranging from25 to 100 m crons,
typically fr 20 mcrons. . In.the case of ~.a nufti-|layered printed
circuit boar %ﬁ%ﬁ’?’ﬁ%%ﬁ?&g@‘ gﬁrr‘yr%demﬁﬂ%?%rawgymg B&ﬁf"%‘ﬁeﬂ?%ea‘gci rcuit board
known i n t he dithe uwvourkd chaing;sand (@ béating the dobted pulstretetof stepdaittoan. |t shoul d be
under st ood t ASEin : r ; ent invention the
formati on of q%g\ésrgtlhrseoﬁﬁenqledé)%ugﬁ%ﬁégr?g%ggég%g%obﬁgﬁnﬁ&f ﬁ%n of "through
vias" (i.e., Rreress brthendopwrisss stam (akstinpingrier iegiainingegist. t he substrate from
one maj or §UrfaC@Tﬁe%Lle%t&Blr&rrécén%oﬁfpﬁiééjﬁ‘arkﬂrd?gmtrﬁfégrﬁ iddns, as well as
e e

the formation of "blind via Btl’ﬂ{l ., the formation of holes extending
through the aPgateasteaser g surratedidelegiigalineAndieivey renet he under | yi ng
subst (r]I atel, Gmbabinht) 8id subbtatechnaeeii cldttrRMilyashboctiddpibskatenet al [ ayer) to
provi ae e ect

ri.cal .25 connecfio to or_.ex l e royn r power. Al so,
Por " bur poses MBTEHRY = pERLBREH AR wRbRle. IHERIRr I RRoE o "oxt cnd: ng
"t hrough t he auntisam,abpper] gold, inivkal rdaghetiomeanriaiipysstberebieamdr mat i on of t hr ough
vias only,, Li ' ' Vi ' " e substrate" is
i nt ended %00 e{:ﬁﬁ%ﬂﬁ%\ges%atr@eco];@érﬁﬁag%r@%h?rg?nogﬁ ?ﬁ@%ﬁ'ﬁ%’%ﬁ?ﬁ'&&ﬁé@% COct ober 2005
| n a parti culcan centriseipagswhich areriecticalyenenductivesartd pents whivh agamdtrate is a
metal substr : r | |5 LLon-nickel allo

%ﬁ&tr&&@é@%ﬂ&{, %Pe?ﬁﬁ&lﬁb%ﬁéﬁte%?&gt]{bot%ﬁié The@tlehstO! y

or conbinations t n one e I men present invention, the

substrat e corpgrtiabedleciiicaly eppductive apbsipledins BrmaipsusRess andsdgethl e as | NVAR 5
(tradenmark ofanliBlave.a thickneb® Binng oM 2Bityy P00 micRRk) tfpicdlly #BME teONPr i si ng

approxi mat ely 64 wei ght percent iron and 36 wei ght percent nickel. This
2l oy habs a Z0UPERBIR thel Gt ot MK PEREA AT Rorl BETIRNeS o that of the
silicon can be much higher, Any printed circuit board known in the art would be

suitable for the present invention.
it should be understood that for purposes of the processes of the
present invention the formation of vias is intended to encompass the
20 formation of “through vias” (i.e., the formation of holes extending through the
substrate from one major surface to the other) to provide through connections,
as well as the formation of “blind vias” (i.e., the formation of holes extending
through the applied coating only to, but not through, the underlying substrate,
or alteratively adjacent previously applied metal layer) to provide electrical
25  connections to, for example, ground or power. Also, for purposes of the
present invention, the formation of vias extending “through the substrate” is
intended to encompass the formation of through vias only. Likewise, the
formation of vias extending “to the substrate” is intended to encompass the
formation of blind vias only.



materials typically used to prepare chips. This property is desirable in
order to prevent failure of adhesive joints between successively |larger or
smal | er scale 10 layers of a chip scale package due to thernal cycll{%
during nornmal use. Wen an iron-nickel alloy is used as the5fstaer 20
substrate, a layer of nmetal, usually copper, typically is applied to al
surfaces of the iron-nickel alloy substrate to ensure opti mal
conductivity. This layer of netal can be applied by conventional neans,
for exanple, by electroplating, netal vapor deposition 15 or electroless

platlng, and typigal Lckness of f.rom r.ons.

"perforate netal @%rde%'cn%?négﬁmg'hr’?g@ﬁpgel‘cf‘é'gtmvﬁﬁm" g’eéu?ﬁ”ﬁ dF Pty of hol es
or vias spacétptalisubsiigis saleciautfenvpdriorateldoppeli failven dron-afckél Bibylol es usual Iy i's
about 200 m %Bﬁlﬂﬁuatlcplgtthé@éf E)ec%rleaerngﬁﬁlmgﬁ%p?welAr%en?ﬁverﬁ‘gne §Rary. provided that

the dianmeter is |arge enoug acconto ayers applied in the
20 process ofSU'P%@tepﬂ?C@%'ﬁ@S @mlmwk@hallw ehanercialicavaiabisasd¥YsRi ng obst ruct ed.

The' cent ef - (Gadfiaheds IFPRES 0, s RIBERAIRSPAPHERLD Korgiout 500 m cr ons,

but, 1ikew se arger or smaller as necess density can
range from @Bﬁm{"ﬁ‘y ately %‘Ge'ﬁiﬁlpé?ebfé’r"“%‘ﬂlﬁ@ é’e'ﬂh'd??“(eﬂ‘?"’tﬂ@' THesallay| es” per
square centi mag endmcdel’ﬁcwnoéfh@émﬁrﬂ%%sim%mﬁérabla%@a@?&%&tsﬂlcﬁﬂem ion, the
substrate is a, 2 t? %agllted rcuit t?' g E’é inted circuit board can be
any printed QLGSR éFaeC’f}P&WPa@oF |PE- B'FrBqu§ is desirabledn oidRetoe| ectrical Iy
conducti ve r egvent.faillinesof qdhemeadmtsmetmeh snmmasmhewargémmawe? sehiectrically

duct f Th ted t
oar - opt {onSPy ok P 2@ BhekagRlib EMdhafttbing iine degfiallber Cher 2005 To

t he substr at &Vhes aaprsmlwe@"@smsalbmwbatnewgsub@mea byaonfseleh as any of the
cur abl o coal agpe %ﬂu&ﬂ?ns% RUPSFPELANS 1HonGRAbIAG, COMPOST Lion i s
coa

applied such tha orrre over e su strate on all surfaces,
i ncl udi ng thé“%ﬁ?&ﬁé@s‘v\?? imal gefductivifs This layri pbmetaheasibgiapplias 5 substrat e.

Cbstruction ef cdimlenﬁdnaﬁné%ﬁshfo? Qﬁnﬁjw Bﬁél@ct?o@&ttlh@%éfﬂm hépdRioan occur,
t hough no 5 nepg ér ie)é P Lhe Er esée!& L nvea@ e 1n d one 0erIbodl ment ,
pr edet er ni"ned" Are% Bf’afrllﬁa B¢ etcRlyhes 8 dhicpe ?T?LJZI?EH o JOMIEPRht t he coating
from bei ng appl i &y “perfdrite natesi ked” iareast a fbgsshear eRibg @lurdlity &fs smal | as, but
hotes or vias spaced at regular intervals. The diameter of the holes usually is
about 200 microns, but may be larger or smaller as necessary, provided that
ihe diameter is large enough to accommodate all the layers applied in the
20  process of the present invention without the holes becoming obstructed. The
center-to-center spacing of the holes typically is about 500 microns, but,
likewise, may be larger or smaller as necessary. Via density can range from
500 to 10,000 holes per square inch (77 to 1550 holes per square centimeter).
in another embodiment of the present invention, the substrate is a
25  printed circuit board. The printed circuit board can be any printed circuit
board provided it comprises at least one electrically conductive region. The
printed circuit board can comprise electrically conductive regions on one or
both major surfaces. The printed circuit board optionally comprises through
holes or vias.




typically are larger than vias (i.e., greater than 400 m crons) and can be
as 10 large as necessary to provide uncoated areas of sufficient size to
allow the desired connections in the finished article. By "curabhle" is

neant the conposition is uncured and capabl e of thernnsett?ﬁékmﬂﬁh?QP%i
given tenperature range and time specific to the coating conposition being
used. As used herein, a material that is "thernoset" refers to a materi al
that 15 solidifies or "sets" irreversibly when heated. A thernoset nateri al
has formed a crosslinked network. As used herein, a polyneric material is

" i nked" if k. On

Lo opsLinked! 11 Tolhentnkish ikl it ik BoRSLKRLL B oe of
crossl i nki ng 9 &egeghl %Roaél%mgﬁfm‘)@edﬁsﬁ@edb@leWmThedoatblyga vari ety of

Tet N0dS, S UCbofpodorniiafpiiZh Slishha codfing 18 nfed o@é?a%eys%bﬁrié?ﬁﬁf using a TA

| nstrument s 2980 anal yzer @ conducted under nitrogen nmet hod
det er ni nes t ¥ sBeluding tyespgares withip apy vias i %ﬁ@rﬁ‘fwblthenk density of free

filnms of Ci)atsuhgmt@romduymrcﬁthe'ﬂih@wth tmém@éodﬂﬁg)élﬁﬁﬁds%n £4n a cured
material are e str crossl i nked net wor k.

Typically thé c'ﬂ’r agﬁ@ r&%gﬁqqﬁar%g%%greﬁ?rgﬁge%og & g enhogimest her npset ti ng
at t enper at upesdletesmihefiareas of tvasulistratdl dan he afaskdibto prdvient the cdﬂﬁh@l ly anbient

t enper at ur e, t [ t el eva ed te tures further
descri bed belﬁlambel(‘@ggit')gpﬁ)hgdﬂ e'ﬂ%rggggga% ?ﬁlesé &3 h?/g?ﬁ'f'% 5. &/'t "uncur ed"
i s nmeant t he haunally ag l%fcﬁfdb@‘! 'll¢90(ne nmaileaihﬂM@D Ma:grrsbamifcas(bbmbl lity in a

liquid, fQr e ani ¢ sol vent.
By -10 25 Octo er g%cggﬁlrgg)gﬁréﬁsﬁn% %Qﬁﬁé&fﬁma{é ht 2 [lo‘%{rqgmhose pH i's

great er t han dgsiregyconpegtigng:in thedinjshedarticlen Bygeusable! l%mr—-amtuﬂ@m whose pH is |ess

than 7. The @um@béuﬁrﬁgaﬁdum@a%ﬁm%f%rﬁaﬁbt@@ VPRl 4 §ebrPy any of a variety
of nmethods know in the co tJ n | es of such nmet hods include, but

are 5 not | i HRYLFUES2RS gﬁS@f‘Vf’(B’?‘Fng NERATROSTERH bsip uelr t ai n coati ng,
rol | coati ngAsiusethai:iona mwl'la[ﬁlgatﬁsé‘dmwaefe&pbaynmm fheg, and spin

coating. e Sigidled: ep.s mIe &SI@&RNhV\Qﬁa%?é e%&iégﬁ%s% ﬁlhﬁﬂglﬁpaf ! e eposition as

an application metho sul ich are
el ectrical ya@mﬁau&pﬁvem@wrﬁ\s userbhaereint 4 polyryericimeateniel isrerosslintfeait .

it at least partially forms a polymeric network. One skilled in the art will
understand that the presence and degree of crosslinking (crosslink density)
can be determined by a variety of methods, such as dynamic mechanical

20  thermal analysis (DMTA) using 2 TA Instruments DMA 2980 analyzer
conducted under nitrogen. This method determines the glass transition
temperature and crosslink density of free films of coatings or polymers. These
physical properties of a cured material are related to the structure of the
crosslinked network. Typically the curable coating compositions are stable to

25 thermosetting at temperatures used for normal handling of the article, usually
ambient temperature, but capable of thermosetting at elevated temperatures
further described below. For the purposes of the present invention, by
“‘uncured” is meant the coating composition maintains a degree of solubility in
a liquid, for example, acidic solution, basic solution, or organic solvent. By
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10 The coating conposition applied to the substrate can conprise any of a
variety of curable coating conpositions known to those skilled in the

coatings art, provided that the conposition is thernoset c 5@&@ go
particul ar enbodi nent, the curabl e coating conposition com!; ¥ § one

or nore active hydrogen-containing resins, and (b) one or nore curing
reagents 15 reactive with the active hydrogens of (a). A variety of active
hydrogen- containing resin materials are suitable for use in the present
invention, provided that the resin has a degree of solubility in acidic

sol ution, b asﬁ&fc %mﬂ%" i€ fheaﬁ)tra &PWEOS%SJI-VE BFeateNﬁ'Plg ?p;qyt‘écgcﬂ exanpl es of

such resins inc yepoxi de poly ymers, pol yester
pol ymers, ur &pltiene lrlzmeydlawémgn W%qsplptidﬁleb%iﬂ‘léﬂ%ol yners, polyether polyners,

pol yur ea pol yITe sne iribfd oithy BRirsBPLIPY 81 ayaﬁgroﬁavmwm de pol yners,

m Xt ur es thereof an yners ereo use rein "silicon-based
pol yners" i s Mathads OWﬂbtP%ﬁ%?“"ﬁ%%rE’@mﬁ’{fsé’ﬁﬂmﬁﬂnm 'ﬂoﬁd@b%ﬁﬁ s in the

backbone. sSugbt Iﬁhafe'd@@@lecthﬁ@ﬁdstﬁ%ﬂ'ébfﬁéh%nﬁ% cmtr\t&atm@(mlcdatn@l ynmers, such as
t hose conpri si 25 or

S O- t
O r e pae b @R sat kil PRy ﬁ%ﬁ?lneofwﬂrspg'&omw&qonéﬁgﬁwou:os ponits
i mpart sol ubitthd arywbuﬂd aognize that eldwedecposmws mppf:mtnommfhp& voluldni c groups or

gr oups Capablbg sui abfleocl;r[p Pgsub%%t%swgl % eéec gﬁ{;fn{?@o e)éanpl es of such

functional group e~ am nes, carpboxylic acids. An
exanpl e of panbstmuilaévmy eslifessatfice. 30 el ect rodep05| tabl e conpositions are

doscribadtt n pena ot AHocAtH fpkdd ndshperubEpbaforicatny 85 10 1% be
under st ood t Natiety ﬁ%CUFQ!%ﬁ epating pampepitionsdinows & fhﬁseci’rké'eéwm ﬁgﬁt'"@ﬁorrpo& tions

used in the @&%@ﬁa&ﬁm@{thé Banwsﬁzaﬁ@tthérﬁﬂéeatcu@alet Y4 patidwlarar € not
phot ocur abl e. used hereln he ten gq ﬁmer Is nmeant to refer to 5

ol i gomer s an&“l?S’f"H‘eﬁbFﬁ?;ﬁS' t"?i’rfﬂ’"l?&ﬁ isesy(ghongqrimpse
hydr ogen- Conhativﬁlh?ﬂrogéﬁbtﬁhtélﬁl)lgEe,éths%bﬂ(m dné ootk duiing apemsti on with one or

o Tl R Subh st RO S ) SR By o ororrn s 1)
Such curing sgdainpgiresil mdterialbate saitablenfot use inthegulegent iblentitoed
provided that the resin has a degree of solubility in acidic solution, basic
solution, or organic solvent. Non-limiting examples of such resins include:
polyepoxide polymers, acrylic polymers, polyester polymers, urethane
20 polymers, silicon based polymers, polyether polymers, polyurea polymers,
vinyl polymers, polyamide polymers, polyimide polymers, mixtures thereof and
copolymers thereof. As used herein, by “silicon-based polymers” is meant a
polymer comprising one or more -SiO- units in the backbone. Such silicon-
based polymers can include hybrid polymers, such as those comprising
25  organic polymeric blocks with one or more -SiO- units in the backbone. The
resin may further comprise functional groups to impart solubility in acidic or
basic solution, for example jonic groups or groups capable of forming ionic
groups. Non-limiting examples of such functional groups include amines,
amine salts and carboxylic acids. An example of particularly suitable
30 electrodepositable compositions are halogenated ionic salt group-containing
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10 pol yi socyanat es, carbodiim des, aziridines, epoxies, am noplasts, active
esters, and m xtures thereof. As used herein, by "active esters" is neant a
non- aci di ¢ pol yester of a polycarboxylic acid having nore than one
(3-hydroxyl ester group per nol ecule, such as those di scl ogedstoper240s
Patent Nos. 4,352,842 and 4,332,711. 15 M xtures of crosslinking agents
(b) may al so be used. In one enbodinent, two crosslinking agents can be
used which cure at different tenperatures. One crosslinking agent nmay

i npart partial cure at anbient tenperature prior to the steps leading to

formati on of e Vi Dproviding a .degree of int Lty,to'the film but

| eavi ng t he c%g'ﬁlséégg‘%sgﬁg%@hp??fﬂ%sﬁpﬁ‘ﬁﬁ&T’ 'ag'ﬁmé?@fgﬁ@égé—i—'chor organi c

sol uti on. Theshoulddedindestost thakihe gesitgenitablafipr usedmheebsatiighe cure in a
separate step d I | [ h rendering the
coating corrpo%ﬂ%oglﬁa?stn%r@g(':rftlh%?g'geéﬁ%%g%frégé@ng%@l‘nﬁ%@?? tylpﬁgghlcaur? ﬁﬂtg agent (b)
conpri ses an RiiptasEisbles tAs used herein She tean ['rolawerhio pleastits referdo known t o t hose of

ordi nary ski | dlighfeisifid Bbih hodpdVidle Bhdsdedyfafs. be_obtai ned from the
condensation reactjon of an aFdeh de w tr{ an am ne or amde. Nonlimting

exanpl es of ani nedN@RCyFhYIeganrrENiFing regin (ahiviisallyls used in poneneiolyuanani ne.
VWi | e formal deitvyshe dr ors edingagénts ®f.t SiitabBchfifg RfABAMIRDIHER as
acet al dehyde, crat.onal deh%‘g{e and. be éﬁ%d%hé/ge can be used. The am nopl ast
contai ns i m NS &ha watHbY %‘Bfeg?'f’%‘{?ﬁ@{']’ aqtive pydraaeny of 8 ances at | east a
portion of thempeténti@l Syclocpiag agents hBudb bicire hatlimRODk ddred i fied with an
al cohol t h u Nonlimting exanpl e of am nopl asts
i ncl ude mia)q g‘r)h% Hfé%é?{'él}%teeg’- J,Ea%%&;dﬁ%@%g%ghl}%’ﬁ%meﬁoeﬁso?'ﬁg?%%%ﬁgavecondensat es, in
certain inst asess and mideies theraoll Ag uded histeinpby factiel eptees” ilemeditad with one or
nor e al cohol | 4y ; S ;N?Eqii mting
exanpl es of ?ﬁ%&?@eﬁa&%&ﬁ%ﬁ?&%@gﬁégﬁ gg\@{o&nﬁﬂ?ﬁag’ﬁ)?ﬁ val lable, for
exanpl e, fr orfSISjOERP PRETSEFYI® Such gcthosprtirsiosedhia U § taeriNes. CYMEL(r) and from
Sol utia, |nc.438%EL dnfa I3pgdemark RESIMENE(r). In a particul ar enbodi nent,
t he curing agent P conprise ocked polyisocyanate. By "bl ocked

i

.a bl
pol yi socyahat e" et C{Cr%al{niFﬂ@Q?fgﬁ)@gﬁg?@O)ée used. Inone

embodiment, two crosslinking agents can be used which cure at different
temperatures. One crosslinking agent may impart partial cure at ambient
temperature prior to the steps leading to formation of the vias, providing a
degree of integrity to the film, but leaving the coating composition soluble in
20 acidic, basic or organic solution. The second crosslinking agent may
complete the cure in a separate step at substantially higher temperatures,
thus rendering the coating composition intractible.
In one embodiment, the curing agent (b) comprises an aminoplast
resin. Suitable aminoplasts are known to those of ordinary skill in the art.
25  Aminoplasts can be obtained from the condensation reaction of an aldehyde
with an amine or amide. Nonlimiting examples of amines or amides include
melamine, urea, or benzoguanamine. While formaldehyde is used most
often, other aldehydes such as acetaldehyde, crotonaldehyde, and
benzaldehyde can be used. The aminoplast contains imino and methylol
30 groups and in certain instances at least a portion of the methylol groups are
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10 groups have been reacted with a conpound such that the resultant bl ocked
| socyanate group is stable to active hydrogens at anbi ent tenperature but
reactive with active hydrogens in the resin.at el evated tenperatures
usual |y between 90C and 200C. The pol yi socyanates can be Pgﬁl tohep @Y as
described in U S. Patent No. 3,984,299 colum 1 lines 1 to 68, colunn 2 and
15 colum 3 lines 1 to 15, or partially bl ocked and reacted with the

pol ymer backbone as described in U S. Patent No. 3,947,338 columm 2 |ines
65 to 68, colum 3 and colum 4 |ines 1 to 30, which are incorporated by

et erence NSk b S eeFARAG e TR orBRh R RRP O  on TRy

further 20 conp eﬁr eventing the
coating f romOf ammwlags inglude mabnmtwmtqrrbgnzdgeanmw-fOMdamgde he subsequent

curing stop. cHRRAEMBES, Bibfithodils Rbnand@dnal ol sk diRanagy TodLliers

wel | -known in t coatings art can I'S purpose. Exanpl es
of suitable MB@F@)Q&/’"OW@%F@WWBQ {r@m 0§©Fq uragghogatims. fil lers in finely

di vi ded far rrmumnﬁ@eﬁah%@@&@s&%m.r%ﬁshes.h&§ec6’ﬁxﬁn%maub\b- 4,601, 906, and

m crogel s, for exan})I e cationic mcro such as those described in U S.

Patent No. 52wdiigel BSBrWP@f@“?W“%@%Bi '"‘Aﬁﬂiﬂ“@ﬁﬁdf"@a@‘l on of the curable

coati ng conpesiMEL@and i S&éﬁaeﬁic @wesmé%@erﬁmkmsmhéﬂfemn be heated to a
tenperature and for a time sufficient to nove any resi dual water

and/ or sol vent r éﬁﬁlpﬁﬁﬁ@ar‘?ﬁm{"ﬁ@"%é‘ﬁ cHging 39%? b)ﬁﬂff'p"sf?,a?!?c@dt ober 2005

i n; uf ficient pﬂ@.smﬁaté hey u;azﬁkemm;n?éla&@artmm@ém trat the |s|obyarﬁlbtet Ihe C_ogt esl

supstr at |1 S eat lclent, to e ve V 11 e I qui ds rom
The” ! Contions s Filelatdh idholed wila'coftipflta 8 BEFRH sslBariboael ' Mo o5

bet ween 100CisogyatateINaip i btabld tr adtive hydodgenh at dvalziént eempesature baan depend on t he

application p %ﬁmgﬁ, Ak ﬁ@?og@@é Hif @L.ntabaeva?@g gramsas@a@ﬁ and

typically ranges between m nut es onal ing step may
al so be acchaires AYE anddep Gantiiedelyisceraiinter sasbe fuly hiedkediabe recogni zed by

those skill eéischﬂed .8/ Raterk h@sﬁgmged&tunﬁﬂnl%& h Q9168 WBILIA 27Rgui re | onger
peri ods Olf tinme (i)meef%‘tec tively drive off volatile solvents fromthe
coating | éye !umn 3lines 11015, or partlally blocked and reacted with the polymer
backbone as described in U.S. Patent No. 3,947,338 column 2 lines 65 to 68,
column 3 and column 4 lines 1 to 30, which are incorporated by reference
herein.
In one embodiment, the curable coating composition may further
20 comprise a rheology modifier which can assist in preventing the coating from
flowing into and obstructing the vias, during the subsequent curing step
described below. Any of a variety of the rheology modifiers well-known in the
coatings art can be employed for this purpose. Examples of suitable rheology
modifiers include solid inorganic fillers in finely divided form such as those
25  described in U.S. Patent No. 4,601,906, and microgels, for example cationic
microgel such as those described in U.S. Patent No. 5,096,556 and EP 0 272
500 B1.
Atter application of the curable coating composition, the coated
substrate opticnally can be heated to a temperature and for a time sufficient to

30 remove any residual water and/or solvent remaining in the coating layer, but

-13 .



10 A resinous photosensitive |layer (i.e. "photoresist” or "resist") is
applied over the uncured coating. The resinous photosensitive |ayer can be
a positive or negative photoresist. The photoresist can be ap I|ed to part
of the uncured coating, but would typically be applied to Qﬁéy ¥ 2a05
surface. The photoresist |ayer can have a thickness ranging fron1| to 50
mcrons, typically from5 to 25 15 mcrons, and can be applied by any

met hod known to those skilled in the photolithographic processing art.

Sui tabl e positive-acting photosensitive resins include any of those known

to practition 1 QC | ni't ro- benzyl

functi onal poiﬁéﬁfe(?égitgdu%pe&gcgﬂﬁg g?tseaﬁose gﬁ)wwgqﬁatgdent No. 5, 600, 035,

col urms  3- 15. SubstMe fshnaled (whicleis sufiicight telergiave valstile douidedtassibasi tivity. In one

enbodi ment , t&ﬁtnﬁgf%f‘nﬁé&ﬁﬁd&ﬁ%%?é}ﬁékééﬁﬁ )'tﬁsf fl +a?. ?s g@}Pﬁiot on conpri sing
| e

a dinit robenz L,ﬁ tional % typ| cal coat i ng.
Negat i ve- act %{5‘ of REgustion @Pl‘fﬂ%‘ qu%ﬁHf%caﬂrdeEWiﬂqﬂ ﬁ‘ﬁﬁ?%"ﬁ@'oncorrpom tions.
Li qui d conmposinkihodanding nbﬁre’otﬁm{d\&ﬂhtlfé%ubﬁbﬁdeﬁ'%nd%ﬂ&llf% éd1g, 25 screen
printing, immersion, or, curt echni l'es of dry-film

phot or esi st s THNFHHEAT S'B'"@F% °rC'LHSU'“SSte@ WAL 160, 982, 4, 378, 264,
and 4, 343, 885accBmplished omdeh embiestioaditorar Aswopidbelrégoghiaed methesk ont o t he

surface SUCh k?lh%,d Wthggﬁlthgs%t h%%n%on%ﬁlgag \8&5]5“ { §%reqrgﬁgedﬁe{l%dsnﬁy be used

provi ded t he erature an sufficient to
cure the fil nﬂmtocﬁtﬁmglytdhwﬁMatllewlvazts(ﬁbmrthemmxfayer t he photosensitive

layer is applied, Aa?amwn&aééﬁﬁﬂa@%%(@e ‘SHERIGRE PALEF %5@@&)6 pl aced over

t he photosen5|t|ve ayer red strate ex os 0 a sufficient
level of a sﬁ“ﬁé@?é’“?lﬁﬁ‘? edting Bwupeiecusiphplosansitiye layer capbimiresitierdi at i on

sour ce _(hereacfrtneFatrvefpﬁétba@dustt Orh@$hotorEBit & bb. ap@&edl{ésgt of thelflufbg the term
"sufficient |ev vel of radiation which

. ﬁwgclatl? refers to th
pol yneri zes t°r?€ o) e paRied 19 157 sBYp Sutagear BaBNMetHe case  of
negative act ilm@rbmhalesa,thnkneWraﬂbmd&omdl twemo?t@&. tRalGto®fo 25 renders the
R SR
r adi at i on- shinsiotdihographic processing art. Suitable posmve-actlng photosensitive
resins include any of those known to practitioners skilled in the art. Examples
include dinitro-benzyl functional polymers such as those disclosed in U.S.
Patent No. 5,600,035, columns 3-15. Such resins have a high degree of
20  photosensitivity. in one embodiment, the resinous photosensitive layer is a
composition comprising a dinitrobenzyt functional polymer, typically applied by
roil coating.
Negative-acting photoresists include liquid or dry-film type
compositions, Liquid compositions may be applied by rofling, spin coating,
25  screen printing, immersion or curtain techniques. Examples of dry-film
phatoresists include those disclosed in U.S. Patents 3,469,982, 4,378,264,
and 4,343,885. Dry-film photoresists are typically laminated onto the surface
such as by application of hot rollers. Dry films may be used provided the
temperature and time used for lamination is insufficient to cure the film
30 composition.
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10 areas. The photo-nmask may be renoved after exposure to the radiation
source and the |l ayered substrate devel oped using conventional devel opi ng
solutions to renmove nore sol uble portions of the resist, and expose

sel ected areas of the underlying uncured coating. Typical feQetobpelds
conprise either 15 acidic solutions or basic solutions. After processing
the resist as descri bed above, the exposed portion(s) of the uncured
coating are then renoved. The portion(s) thus renoved can be as snmall as a
via, but can be as large as is necessary to provide an exposed area of

sufficient size a hape to all ow the desired connectjons'in 20 the
fini shed articl e.weﬁﬁ?riﬁgﬁ‘?ﬁ%?’ﬁ% erd? apnied, gAboterpask AWAg Aon. t he exposed

portions of tbsiredpatieradaydaiplatgd aves tegphotoeehsitive tayemanditaslayered he uncur ed
coating. The _vi t hus_pr.oduced n nge. from,2b to 400 m crons, usually
50 t0 950 m Eat e S R e e R Eel 4 MGl B a Ry PRIl " The

sol ut | on used abhmc naéiathm&to.uu:b (héteaﬁmmﬁereed.t@aa‘ﬁrhagjng’jhmmwn acidic

sol ution, sa 'ﬂ@%‘irﬁ th’eﬁﬁrﬁP'sHﬁﬁ{:iQm.zéUel &?adgét@ﬁ’%férsstgltﬁ/ﬁ?% ol of RiiiGARL €d substrate
can be imersed I'n the solution used for renoval, or sprayed with the
sol ution. | nwhise pelygierizgsdpemppamers fidhe tadigtionsexpased greas imhaesedl in t he

sol ution useds h&yafiRBeiRg Fe!aﬁ.tsyamﬁaﬁde-mér@@qthabaug@g.%}ir&o@wi fhation may be
used to ensure adequate m xing of the  ’'solution, at i ng _conpositions that
can be renovEalYRef Rogsolibledn kg cars fpositve aching reaists, dBig redfis et s conpri si ng
basi ¢ gr oups solabifity dierential BetveeAtH2asdistionkRpated Ghd pRIcROEId&E] ut i on can
renmove coatings conprising acidic groups, such as carboxylic acids. In one

enbodi man]t, @ phot osensi tive |ayer is devel oped by applying an acidic
sol ution, and therephomataskmeybeoembled aftacexpesire trethe regliatioe renoved 5 by

the action o ' [ : i phot osensitive
| ayer is devtg?'grgge)%,?db@e 338%%9 isﬁ%&trg{e[)héag?lgﬁ%ﬁ{swg {Héﬁ\gng%@ ?%‘%nggos ed areas of
the uncur edselgtansrgremoge Mompsaublepgoridne obibe resist @nd grpaseisdieeted ol uti on. I n
yet another a?é@%ﬁih@%ﬂ&eﬂgﬁ\g?n&ﬁ@@éﬁqn@rﬁéﬁaMevélbﬁeré’9&11';5&@ cRgt i ng are

capabl e of being renoved by the action of the developer used for the
devel Opmelﬁt geidic solutions or basi¢ solutions.

After processing the resist as described above, the exposed portion(s)
of the uncured coating are then removed. The portion(s) thus removed can
be as small as a via, but can be as large as is necessary to provide an
exposed area of sufficient size and shape to allow the desired connections in

20 the finished article. In an embodiment of the present invention, the exposed
portions of the uncured coating are removed to form vias in the uncured
coating. The vias thus produced can range from 25 to 400 microns, usually
50 to 250 microns, and typically 50 fo 200 microns in diameter. The solution
used for removal of the uncured coating can be an acidic solution, a basic

25 solution or an organic solvent. The coated substrate can be immersed in the
solution used for removal, or sprayed with the solution. In the case where the
coated substrate is immersed in the solution used to remove the uncured
coating, ultrasonic agitation may be used to ensure adequate mixing of the
solution. Coating compositions that can be removed with an acid solution

30 include those polymers comprising basic groups, such as amines. A basic
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10 the photosensitive layer. In this case, the steps of devel oping the
resist and renoving the exposed areas of the uncured coating occur

si mul taneously. In another enbodi nent, the exposed areas of_the un%(ﬁ{;ed
coating are capable of being renoved by the action of an o?@ ﬁfoé’e"s_ ent.
Non-limting exanples of suitable solvents include aliphatic, araliphatic
and aromati c hydrocarbons 15 and hal ocarbon, ethers, alcohols, ketones,
and esters. In one enbodi nent, the renoval of the exposed areas of the
uncured coating results in one or nore openings extending through the
coating to thsolutisndan leyiove ceatiigé Eahisind B6idiB GRADLS )subiPaDMRsbxpRY be | ocat ed
upon one or bot mej or surfaces of the coated substrate, and/or may
enconpass t he®% ge of 20 the coated substrate. In another enbodi nment, the
renoval of the exposedmiadeant die ﬁmsmmé@@eﬁgaé\imeﬂﬁﬁubﬁlﬁn%n ? pattern
of vias throu : I g V] as extend to. the substrate,
resulting in %ﬁ&;}d&@ﬁ%@h %%é’lm? %@ﬁa‘?‘% %?as nu)ﬁfwgg 8%%'89553 EIEYE%f t he
uncured coat i bigthe sctishiofa bdsiekalition. oanetheherobmglimertttee phitesensitive, a t hr ough
via i s obtai - iUl | coating
conposi tion. n,lg ”Sg%c\)%]?gecﬁ%%ﬁﬁé@st oo[&%ﬁg%ré?ﬁf@%%g%%ggg%%goﬁtﬁgs i nvention,
by "cured" isUfeEAcoatingare maVAYbY the pelionof ariadidipseiutioni M1¥ey i nsol uble in the
af or ement i oneghofet BiBodimORSthE eRosBd BRAL & tROUNtuIRANDattY e L4MaHRDSEL T NG
reaction. The te eratureb nd time required to cure"the coating -
conposition i¥ B'Iégé‘?mfa’ﬁfi Bﬂ’etar?gorb%frt?‘? daypigper used fopfelevalypragndiotur i ng agent
(b) conbi mmtitbaphk&ﬁ&hkibﬁia%@.omris@ie@theb&pg5\(‘)&3&‘4&??1&@ tr@@él sgtagﬂpergt UF?S gan
range from 60 C. typical 100C t . . _shou under st oo
tha%J when therg@é‘a?f{‘gﬁg e?(go%ﬁraéeﬁ,s Oi{ﬁ'g ”B%ﬁr?‘g‘?oﬁg'i'ﬂ o‘i‘/’}‘%ﬁm?'g‘"ﬁ?us'yt ﬁ'? ough the
substrat e r eriother embaedimentTthe exposedlareaadfitieguriceredfcostingsiracdpablle| é 5un| form

t hi ckness ex . ' LAS: resent .. The cure coating
is often no Crflg?%m? %gﬁl%g%%ﬁ%%g}r@%%g\é@ ﬁ'ﬁ/:%élgerﬁbrﬁéﬁp EHQHJE?WHLH%SronS, and
typi cal Iy no diSviablersalyents inelude glighatin ataliphatic Bhd kestic hydrocebenpar t i cul ar
enbodi ments  tha nakkEfBork k) AR kbR, Andlisidigctric material . By

“dielectric material” is meant a substance that is a poor conductor of
electricity, but BPnesmepdiment the ppeval &fthegxpasastarpasalthe unceed| ds, i.e. an
i nsul at or. coating results in one or more openings extending through the coating to the

underlying substrate. The area(s) removed may be located upon one or both
major surfaces of the coated substrate, and/or may encompass the edge of

20 the coated substrate. In another embodiment, the removal of the exposed
areas of the uncured coating results in a pattern of vias through the coating.
The vias may extend to the substrate, resulting in blind vias. Additionally,
when the exposed area of the uncured coating is aligned with a hole through
the substrate, a through via is obtained.

25 The coated substrate is heated to cure the coating composition. it
should be understood that for purposes of this invention, by “cured” is meant
the coating is rendered substantially insoluble in the aforementioned acidic,
basic or organic solutions by a thermosetting reaction. The temperature and
time required to cure the coating composition is dependant on the particular

30 resin (a) and curing agent (b) combination described above. Cure
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10 The resist protects the underlying uncured coating during the renoval

of the exposed areas of the uncured coating. The remaining resist, which is
i npervious to the solutions used for the renoval of the exposed ar eas of
the uncured coating described above, may then be renoved by5 Qctiben?
stripping process. In a particular enbodi nent, the renaining resist |s 15
renoved before the curing of the underlying coating. In an alternate

enbodi ment, the remaining resist is renoved after the underlying coating
has been cured. Those skilled in the art would recognize that if the if

the exposed irpefat@bs bliPakickik 8028000, BpRaRARAY fo AheP8E N T emoved by

the action of Rgbsarre devel oper used opine of the resist,
the step of ctUiPeigdersiood dant wh WW@GE@&Sl'Wf%ﬂ‘{Gme@@fﬂmm before the

step of stri phroughtiftesubkieat@ighan ifte&i The cirBd éthuHﬁFshﬁ&ut%fEhﬁé‘k”e”t of the
pr esent |nvent¢r‘% $ g(n roc S Ican be . continued after curing the curable
coating and st BB M etre ﬁ‘i’%’@“ﬁ‘@%‘?rﬂ"as adipierki g cuked subsequent

steps of : Eh) caatipg isiaftgn ao hmpwthamﬁO it oRls, l]isualtino rR&eanﬁQﬁ&onél ) applying a
second resi st r‘&yéz@ﬁ%m@%ﬁﬁe o gﬁ‘n%ror%%hmetgap eﬁ’f’ @')Pﬁ'%?é@c‘”?!)n processing the

second resist to redet &r mne derlying netal;
(k) etching té¢Bbasiperd e Wﬁdlboatlamdor(mrbsesaldleppinn@natehal Bye'tieleniring second

S0 st Lo Tor Mkl & AosEinbetihtis B3b ARy MELPLLIARYBPa) o per T or med by

applying a layer of metal ?heforrratlon
of metalli zed®f5e SFEPOQEW@PCFW%GQHC‘% e ylibsdaton e, - 17 25 Cct ober 2005

Sui t abl e et al S i Mhé bRt HORBE thedinddMing Bicafed Rbatih!dd n% ficient
The t al igw ypi cgl 'y 2 b ?{%Q(Ij\h% ectropl ating or

conducti ve ;ﬁgﬁgrt i es

any ot her su‘? PRosrst ateRp ¢ cﬁ‘rﬁdP‘i’%m&r fhe @"}ﬁwﬂﬂl reastawrmm Bor m net al

| ayer. The timpervives o thé sbibtions weddrbr theyefovePdl tHeBxPBsdd Pds b e S0 M crons,

typically fr To _enhance t he, adhesi on of the netal

| ayer to thquznﬁﬁrgg c%%éﬁ%e%r%ﬁ?%}rve TR PRLOGEMoVEd 63&? Famiedlep al | surfaces
can be treat edrinpingtprocsss.bsaarteliecemisnimét.ahg repainiiparesistschar ge or pl asma

bombar drent o bR yaRBhAC A Bl oA LA LuBhgget or 1 aver to al

surfaces, The adhesi on pronoter
embodiment, the remaining reSIst ts removed after the underlying coating has

been cured. Those skilled in the art would recognize that if the if the exposed
areas of the uncured coating are capable of being removed by the action of
the same developer used for the development of the resist, the step of curing
20 the underlying coating must be performed before the step of stripping the
remaining resist.
in a further embodiment of the present invention, the process can be
continued after curing the curable coating and stripping the remaining resist,
comprising the subsequent steps of: (h) applying a layer of metal to all
25 surfaces; (i) applying a second resist to the layer of metal applied in step (h);
(i) processing the second resist to form a predetermined pattern of exposed
underlying metal; (k) etching the exposed metat; and () stripping the
remaining second resist to form an electrical circuit pattern.
Metallization is performed by applying a layer of metal to aii surfaces,
30  allowing for the formation of metallized vias to and/or through the substrate.
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10 range from50 to 5000 Angstronms thick and typically is a netal or netal
oxide selected fromchromum titanium nickel, cobalt, cesium iron,

al umi num copper, gold, and zinc, and oxi des-thereof. After netalllzatlon
a second resinous photosensitive layer (i.e. "second phot of2§ictaber 05
"second resist" which can be the sane or different fromthe 15 first resist
can be applied to the netal layer. Optionally, prior to application of the
photoresist, the nmetallized substrate can be cl eaned and/ or pretreated,
e.g., treated with an acid etchant to renove oxidized netal. The resinous

phot osensi t i \&®ithify RletfLiclfe @OPE&%{I #I ﬁeﬁfer@?%%tﬁ’:ﬁ;ﬁ%m Ynasknt as descri bed

above, and may be the sane as er ent resi st uséd above. Any

20 of the redTediegctermetals typisaly applieddwiciestspriatingior aryother t he second
resist. In %dﬁhb‘ié:ﬂétﬁbd ﬁﬁ&ﬁﬂhﬂ@ﬁrﬁoﬁmge%%if% & (Bfer.eTket rodeposi t abl e.

The phot or esi st 3/2 can ave kness ranging Tfrom1l1l to 50 m crons,
typical l'y frdHPkgess,oriis metallayrcan range fom g “RspiFred bpalfieiet hod known to
t hose skil{ edoﬂmmld‘mxs photoI it hographl c proceSS| ng art Dry filmresists
may be used W|th %\% tI‘ICthI’l at| g ture and tine.
Additive or subtrac?r] ace %’?88'«’5&0" 3% 'E%pE? eate the

desi red ci r cio the pattaiigmation step all mnhc@rﬂandbemm with fpadicbimyélectohi ng resi st
conprises an C | nj trobenzyl
functional 5’% @u%&%gcﬁ%ﬁgﬁg%Elagﬁmaatrrﬁhrﬁgeht%ﬂp&& g‘}gs}% t’g hat descri bed
in 30 Exanplaegdiespndiromptsr lapertedt sudacess Toe@digshn prddot@dayes taber 2005 | n
anot her emf’o%rfﬁﬁmkm@&'%U@ﬂnéﬁ%ﬁﬁ&kﬁ(&ﬁﬁ@p’lﬁﬂf %I:ﬁétaﬂo?n%&m.@@ by

el ectrodeposi tion, pref erabl e’ cationic electrodeposit
El ect r odeposPE8EP: frorg (e tag R Hanium, Rk quehﬁsceewwfq'be!uewunbm c, polymeric

mat eri al  whi ebppeB\golde and gihd, AR ﬁxidé’stm}eﬁnl c, and nmay be sel ect ed from

pol yesters, pol y tha acr CS. an I oxi des, Exanpl es of
phot or esi st s app E}l“(ﬁgﬁ?o&n?ém}é’m’ ?5’["?5%@8’8%%9?“&? layeL (i enserPen U S. Pat ent
3,738, 835. Phbcbtmeelst“st'sseeq:rplres}si")mhyxhcm bothe Gamk et tiffedafos theon ar e

descri bed,si n t S rocessed as
descri bed | nﬁgl '%S'Sﬁ%tn% agﬁ?&gtg’tr%]rﬁetalué«%d Bﬁg)ﬂgré’véﬁ%g %p?ca?Sn 8\eve a pattern
of uncover edthgrdetorssistghereetallizedryybstrate can be cleaned and/or pretreated;

e.g., treated with an acid etchant to remove oxidized metal. The resinous

photosensitive layer can be a positive or negative photoresist as described
above, and may be the same as or different from the resist used above. Any

20  of the resists described above are suitable for use as the second resist. In
additional embodiments, the resist can be electrodepositable. The photoresist
layer can have a thickness ranging from 1 to 50 microns, typically from 5 to 25
microns, and can be applied by any method known to those skilled in the
photolithographic processing art. Dry film resists may be used without

25 restriction of laminating temperature and time. Additive or subtractive
processing methods may be used to create the desired circuit pattems.

In one embodiment, a positive-acting resist comprises an
electrodepositable composition comprising a dinitrobenzyl functional
polyurethane and an epoxy-amine polymer such as that described in

30 Examples 3-6 of U.S. Patent No. 5,600,035.
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10 netal uncovered may then be etched using netal etchants which convert
the netal to water-soluble netal conpl exes. The sol ubl e conpl exes may be

renoved by water spraying. The second resist protects the u%l\f}‘a‘il%l ng%dget al
| ayer during the etching step. The remaini ng second resi st

I mpervious to the 15 etchants, may then be renoved by a chem cal stripping
process to provide a circuit pattern connected to the substrate by the
netallized vias. After preparation of the circuit pattern on the |ayered
substrate, the process can be repeated fromthe beginning to forma

mul ti -l ayered ci  aibhotnd ShRint @&:&Hdah@aéuﬂﬂ?%f‘stér}, bebd recogni ze

t hat el ect rodep05| tion as an ca? I catl on net unsui tabl e for
e

use in subseqﬁ'@ odepgsifion, Efﬁ@"’tblf’ ic plpgtendppasition. Fleslindgpesifablar eas bet ween

t he conduct i vphdterasistsconipbsitishdcaipise it BGIyﬁ\@FT@ﬁ%ﬁﬂeﬁélW?cha g the sanme as
or different ers as escrlbed above. The

a i,ed in re a
resi sts used E%[%Wﬁgps'i?mg@dﬁaéﬁg se@ﬁ%ﬁgﬁ@g{y %/tﬁ"é RohYEsaeemy al so be the
sane as or 5di édrgiceatnd ﬁolmpowhea;dixaBMs oﬂﬁwdtdlemtgupmuuéb%mmg | n anot her

enbodi nent Y | roc for fabricating
a mlti-I ayergsftmdsél cal agel g@%;ﬂpgggg @C}%%plpgﬁtg?g's @l‘?ﬁ'r‘ ses the steps
of (a) appl yihycatiogiaelesiredepositionrage dererilpsiiin Uch Pagnchsesstehe curabl e coating

conposi tions prevrrgy%%ng@%%ﬂstbg%ﬁls%% £S eg? 2 et edbg\%b(%rat es 30

descri bed above, sone or rica conductive, to form
an -19 25 OctBEeed me@eveheaq')etegb'eamaﬁgmtqﬁ@mc@wed@nqer!wpgmetahgﬂae resist, for

exanpl e any GhefaNncoddred P fieh 08 @fe i mEAIIET s i cofVei ind N uncur ed
coating; (c) I n predeterm ne | ocat 1 ons usi ng

th t
condi ti ons de@ggﬁ'ﬂé(’g’teéﬁg%ges%ﬁs' comRigEso I §oluipia conaripxes mayibeg net hods

previ ously desowovigbisy wateesppasng. 5 predet er m ned ar eas of the uncured
enovi ng the

gggf)isgg; aE :?asugi‘ n'?ﬂegg%cﬁg]:ﬁéée%?%r%t gﬁ%s?rgeﬁﬁ'ﬁwe abg:’/'lerig)tg?leat i ng the coated
substrate of &ehing gtep). The rembieing eeatndresistvehidhas inpentidusio gief fi cient to cure
the coating, e"‘té%%'ﬂtsaﬁ‘la&'% rbetrélﬁ%ﬁgggg cﬂSﬂ:Eér%ﬂ%ﬂr %Po%gss tb%inosvide(ag) stripping

the remaining resi st as descri reviously
circuit pattern connected to the substrate by the metalhzed vias.

After preparation of the circuit pattern on the layered substrate, the
process can be repeated from the beginning to form a multi-layered circuit
assembly. One skilled in the art would recognize that electrodeposition as an

20  application method would be unsuitable for use in subsequent layers due to
the presence of insulating areas between the conductive traces. The curable
coating composition may be the same as or different from that applied in
previous layers as described above. The resists used in the various steps
throughout the process may also be the same as or different from those used

25  in previous steps.

In another embodiment, the present invention is directed to a process
for fabricating a mulii-layer electrical circuit assembiy. The process comprises
the steps of (a) applying a curable coating composition, such as the curable
coating compositions previously described, to any one of the substrates

30 described above, some or all of which is electrically conductive, to form an
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10 applying a layer of netal to all surfaces by any of the previously
described nethods for netallizing;, (i) applying any of the aforenentioned
resist conpositions as a second resist to the |layer of netal plied in
step (h); (j) processing the second resist by art-recognlz%ﬁcﬁg$ﬁb@@)as
descri bed above to forma predeterm ned pattern of exposed underlying
netal; (k) etching the 15 exposed netal under conditions described.
previously; (1) stripping the renaining second resist by art-recognized
nmet hods as nentioned above; and (m optionally repeating steps (a) through
orm, .mul ti |nteﬁﬁonnect|ng

(I') one or o,
electrical ci rrf:‘cﬁ'? d%%"igce}% ™ ﬁh%g'{'P‘gf‘,’ x?'ﬂ@'@ﬁ{“{ %re the foll owing
exanpl es whi cﬁomnmedtrﬁlﬂeommmtmsvdémwwsadlcoannm (epintabiagitvent i on to

their detail Sremmh% e%ﬁéd‘fo?ﬁioné Ggﬁgﬁ&tngﬂ?]nsac{es?rﬁ%ﬁ gﬁo@n@ percentages in

the foll owi ng exa speci catlon are by
wei ght . Emmeegoeygﬂr@pﬂan@ndRE@wmwmm emprE A The fol | owi ng

Exanpl e de§¢%r5&§eﬁ1ﬁ|%ﬁr€&ﬁff%'tﬂeur% c@anﬁﬁéﬂg@aﬁwﬂﬁémeﬁ»@dwmomt'On used
in the electr P03|table pai nt of he  resi nous bi nders were

prepared as PhasePorR repving dha ?’W@S?dcﬁrﬁ‘?‘vﬂfﬁ'@ Yneyed aeating to forwo 25 Oct ober

2005 | ngr edi wmsﬁgrﬁean@/thwmsubgrm)ste na%ltemdf@atm%%d%r@ hyl ene gl ycol
nonobut yl et her Et% rr@ EFi?C]\l 2'E d30 Tetrabro phenol 6694. 90
TETRON & 16T B 15 it B SRR Hon 45 arider the abovd Ten ore

conditions; (g) stripping the remaining resist as described previously; (h)

10 applying a layer of metal to all surfaces by any of the previously described
methods for metallizing; (i} applying any of the aforementioned resist
compositions as a second resist to the layer of metal applied in step (h); ()
processing the second resist by art-recognized methods as described above
to form a predetermined pattern of exposed underlying metal; (k) etching the

15 exposed metal under conditions described previously; (1) stripping the
remaining second resist by art-recognized methods as mentioned above; and
(m) optionally repeating steps (a) through (I) one or more times to form
multiple layers of interconnecting electrical circuit patterns.

Hustrating the invention are the following examples which are not to be

20 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
25
PREPARATION OF RESINOUS BINDER:

EXAMPLE A
The following Example describes the preparation of a resinous binder
30 composition used in the electrodepositable paint of Example B. The resinous

binders were prepared as described below from the following ingredients.
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Am nopropyl diethanol am nell3.2 Distillate renoved(67.66) Sulfamc

aci d45. 17 Dei oni zed water2714 Lactic acidl. 70 Resin intermnedi at e244.7 @Qum
rosi n27. 49 Dei oni zed water 2875 Pol yi socyanate curing agent edf rom
the followi ng ingredients: 98B. IngredientsParts by Wi ght 1)'2005

Et hanol 92. 0 Propyl ene gl ycol 456. 0 Pol yol (r)739.5 Met hyl i sobut yI ket one476. 5
Di et hyl ene gl ycol nonobutyl ether 92.8 fornmal DESMODUR LS20961320.0

Met hyl i sobutyl ketoone 76.50 Bi sphenol A/ ethyl ene oxi de adduct avail abl e

from BASF Cor poration as M ACOL Ava| | abl e from BASF Cor poration as MAZON
r—Corporation.— - 21 25 Cct ober 2005

é6'?'ﬁe f :Sr St ! @g;@ nﬁ;s?eg:/gln![ gull\;r IeI ;H;?Jﬁﬁ%wé‘é‘m equi pped
Crosslinker' 1882
Diethylene glycol monobutyl ether 108.78
formal
EPON® 8287 755.30
Tetrabromobisphenol A 694.90
TETRONIC 150R1® 0.33
Diethanolamine 51.55
Aminopropyl diethanolamine 113.2
Distillate removed (67.66)
Sulfamic acid 45.17
Deionized water 2714
Lactic acid” 1.70
Resin intermediate® 2447
Gum rosin® 27.49
Deionized water 2875
' Polyisocyanate curing agent prepared from the following ingredients:
Ingredients Parts by Weight
rams
Ethanol 92.0
Propylene glycol ~ 458.0
Poiyol® 7395
Methylisobutyl ketone 476.5
Diethylene glycol monobutyl ether 92.8
formal®
DESMODUR .52096° 1320.0
Methylisobutyl ketone 76.50
Bisphenol Afethylene oxide adduct available from BASE Comoration as MACQL
988.
® Available from BASF Corporation as MAZON 1651,
5 ¢ Isocyanate available from Bayer Corporation.
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reacti on vessel under agitation. As the tenperature reached about 25C, the
addi ti on of DESMODUR LS2096 was begun. Tenperature was increased to 105C
at which time the last addition of nethylisobutyl ketone was de.
Tenperature was held at 100C as the reaction was nonitored %8?3{‘1%8”005

di sappearance of NCO by infrared spectroscopy at which tine, the
tenperature was reduced to 80C. Z Diglycidyl ether of bisphenol A available
fromShell GO and Chem cal Conpany. 10 3 Surfactant avail abl e from BASF
Corporation. 88% aqueous solution. Cationic resin prepared fromthe
follow ng ingredients: 15 21 fitshiyé egledent ¥EatHagedry a Ming RYuipgr ans) MAZEEN 355

70603. 34 Acetic aci d5. 92d IRk ).a [ yanat e87. 17
Sul fam ¢ aci d38. 79 Deia(ar}%jgéﬁ)g& Mggﬂrae%fgé%%g&g%ﬁﬁgﬁl%%ﬁQ%\L}tglb ICZ@‘T?e from BASF
Corporation. The first two | ﬁgﬁ YR WEE BILh P PEFVE SFH L YD v equi pped
reaction vessel and aPtatvdish fires thellgpt adianobetiylisobuty] ketanetwaprpade.

di butyl tin@il aur at e werempidi@ewas hi@att QFCIQIR: reatlioh RRGHAIRAL &r WeS added sl ow y
as the reaction was pefficki-sd ] tare of 100C and

hel d at that tenperat ff:sgapu ti?&?ﬁg%ﬁf%%%%%@ﬁ%yé@?@grﬁ%t CO as nonitored
by infrared spectroscopyeoriiear BLics ¢ prepared was solubilized with the
addition of sulfam c add and dei oni zed water under agitation. The final

di spersion had a’misdytetier of eishenosodviiclsle ILOTEhelti anf cChabicgdesnpamt by wei ght The
resinous honder of sheaEmRbrifeWessireRdHERnJdenerally as follows. The
crosslinker was ad@gg.Juo.8sRHiL @bl y equi pped reaction vessel. The next

® Cationic resin prepared from the following ingredients;

[ngredients Parts by Weight
ams
MAZEEN 355 70° 603.34
Acetic acid 6.99
Dibutyltinditaurate 0.66
Toluene diisocyanate 87.17
Sulfamic acid 38.79
Deionized water 1288.89

* Aminediol available from BASF Corporation.

15 The first two ingredients were charged to a suitably equipped reaction vessel
and agitated for 10 minutes at which time dibutytindilaurate was added. The toluene
diisocyanate was added slowly as the reaction was permitted to exotherm to a
temperature of 100°C and held at that temperature until the disappearanca of all NGO
as monitored by infrared spectroscopy. The resin thus prepared was solubitized with

20 the addition of sulfamic acid and deionized water under agitation, The final dispersion
had a measured resin solids content of 26 percent by weight.

The resinous binder of Example A was prepared generally as follows.
The crosslinker was added to a suitably equipped reaction vessel. The next
25  four ingredients were added to the reaction vessel under mild agitation and
the reaction mixture was heated to a temperature of 75°C at which time the
diethanolamine was added and the reaction mixture was held at that

22 .



25 four ingredients were added to the reaction vessel under mld agitation
and the reaction mxture was heated to a tenperature of 75C at which tine
t he diethanol am ne was added and the reaction m xture was held at that -22
25 COctober 2005 tenperature for a period of 30 ninutes. TheZaMctbst A

di et hanol am ne was then added and the reaction mxture was permtted to
exothermto 132C and held at that tenperature for a period of 2 hours.
Distillate was renoved. For solubilization, the reaction product was added
under mld agitation to an 5 adm xture of the sulfam c acid, deionized

wat er, |actic tafpeiataelioid gahoa8ezo :%b!eQ”Tﬁ‘e érﬁﬁbﬁ}oéfhg{hgﬁﬂéﬁhsga;f he gum rosin

solutlon was t hen added to the solubilized resi dei oni zed
water in two SREGFEAR &d themactionaixtureyasesmiied torexathdme tel 13870 aWere removed

by stripping thard%tthuﬂ@waﬂaﬁkeﬁratp@maﬁ{féﬁwuii@ @i&m@%v@a‘é%mm% fFppal reaction
product had a 10 solids content of approxinately 40 percent

%ﬁﬁ’i ed . resi
by wei ght . PREP IO S o R eI BIOH e AT PHRSUNPEIdAaI RO AVPLE. B 15 The
fol I owi ng éxampinatunesithé Hefamiduid) BePRcAtwatt, BEtiRIRINBISRARSI t abl e  coating

conpositions i n ectrodep ition bath. The conposition was
prepared as dé:%f:oﬁ]lr&%%dﬁﬁleﬁm\?\?'% oﬂ’? i f%l"lﬁ?ﬁ#’%w??\ eafdadiathe Al | val ues
| i sted repr eséptbilzad resir jollomedybyt deionizgd avater inro Cadpdinyidtadgiigise, avail abl e
ag Lat 1o, The e etet B sl heid bRy s e L P st |t ut e with

agitation. The onposi tion was ul
dei oni zed wat @rmpe@&lrenﬁﬁQ?fﬁSéGlt StRafirabrebgtionpicgtt had mamedsuigd sésirous  bi nder  of

Exanpl e ATQ4. Qoo Bt ARRAINASH 48 pER4HB) ool ONi zed vater 053. 4 - 23 25

PREPARATION OF CURABLE COATING COMPOSITION:

EXAMPLE B
15 The following example describes the preparation of electrodepositable

coating compositions in the form of an electrodeposition bath. The
composition was prepared as described below from the following ingredients.
All values listed represent parts by weight in grams.

Ingredients Parts by weight (grams)
Resinous binder of Example A 704.9
Hexyl cellosolve 28.5
£6278 13.2
l Deionized water 3063.4
20 ' Catalyst paste, available from PPG Industries, Inc.

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

25
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PREPARATI ON OF PATTERNED SUBSTRATE CONTAI NI NG DI ELECTRI C COATI NG W TH
BLIND VIAS EXAMPLE 1 5 Preparation of the Dielectric Coated Substrate A
single layer of 50 mcron thick Invar netal perforate containing 200-

m cron di anmeter hol es positioned 500-microns apart (center 2oQstbee§0in a
square grid array, supplied by Buckbee-Mears (a division of BMC I ndustries,
Inc.), was electro-plated with 9 mcrons of copper. The copper plated |nvar
10 perforate was pre-cleaned and micro-etched to renove undesirable dirt,
oil's and oxides. The netal substrate was then el ectrophoretically coated

ith th oPEH! h 90
Y/Molttstfgr Con%xﬁu?rg&%e coatﬁ%ﬂ%ﬁgﬁv@g Ig‘ﬁﬂlrﬁhﬁcggﬁ %?ﬁngfal oﬁltzed

water and air ITEPLNRVIAS | the holes of the perforate were void of
wat er. The coated 15 substrate was then heated to a tenperature of at 250F

(120C) for 6 mm dry and renove all solvents fromthe coating.
Bl i nd-Via For e uncured coated substrate was lamnated with

RI STON(r) Spefreparatiat ofKe iricadhadfguestrdie 1. Du Pont de Nenours and
Conpany) dry film The cpated subst e t hen exposed with
ul traviolet (W) |A8ﬁ@£p“5’§'§53’8ﬁ“a 878 gore EPé'rQEﬂEF’ %éfl'%én%ﬂﬁp Yevel oped with
a pot assi um caﬁ%@h@lﬂ@eteph@ﬁ)m@ﬁwe@d m\mbm mrﬂ(odanjéntonenté’rbm gubstrate was
further devel gpage ¥id & ,J\éoﬁgﬁgr I {iavail able from
PPG | ndustri es In%\{|I rag%gi@rq SI st (‘i:)ev%%gl ng so E{R‘? ﬁ%fl(;"? enove t he
exposed ar eas M5p: Wﬁ‘?ee'%ﬁﬁ@tﬁlﬁﬁﬂ withhdmicraystohesppeio rifieregpiisriplatbdvings i n t he

coating | ayer perfdiste Wa¥ pfd- é@%ﬁ%@ﬁ&?&é&h &R ot assium
hydr oxi de stri i nd t he subes@tl@z?rg “sglﬁblkﬁlrgﬂ&oven at 350F

t
(177C) for 302 'ﬁf‘?ﬁ&?s ‘g'qle By StfatFé"aéF%ﬁ%mh?geﬂea"vmﬁ*édwWwer coati ng,

yi el ding a drgorfipdsitioh bf Eanesss @bm20106tFo@ ATy cwthg b&fﬂ%&/g?vrf}’!ls%&t” di arr]et teL
al|ization o e

bl i nd- f
Sulbgt r\elllt ZSTthncmgat\e\ﬁﬂper#g&%'fge%'fg'fe”f:’ﬁeg "ngei‘?@'é? watehand@ibyen at 50C for

30 dried such that all the holes of the perforate were void of water. The coated
15 substrate was then heated to a temperature of at 250°F (120°C) for 6 minutes
to dry and remove all solvents from the coating.

Blind-Via Formation
The uncured coated substrate was laminated with RISTON® Special
20 FX (available from E.I. Du Pont de Nemours and Company) dry film
photoresist. The coated substrate was then exposed with ultraviolet (UV) light
through a phototool on each side and developed with a potassium carbonate
photoresist developing solution. Thé substrate was further developed with
ELECTROIMAGE® Developer EID-523 (available from PPG Industries, inc.)
25  photoresist developing solution to remove the exposed areas of the uncured
coating thus forming blind-vias in the coating layer. The dry film photoresist
was removed with a potassium hydroxide stripping solution and the substrate
heated in an oven at 350°F (177°C) for 30 minutes to facilitate crosslinking of
the polymer coating, yielding a dry film thickness of 20 microns with 100
3¢ micron diameter blind-vias formed where needed.
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m nutes to renove trace anmounts of noisture that may have been absorbed 5
during handling. The substrate was then inmmediately introduced into a
vacuum chanber where it was plasna treated with argon ions to activate the
coating surface. After plasnma treatnent, 200 angstroms of n?%REtobgaZ005
sputter coated onto the surface follomed by 3000 angstronms of sputter
coated copper. The netal |ayer was increased by electro-plating 9

addi tional mcrons of 10 copper. Patterning of the Substrate The netallized
substrate was pre-cleaned and m cro-etched to renove undesirable dirt,
oi |l s and oxi des. The netal substrate was then 15 el ectrophoretically coated
w th ELECTRO &' PI oforesist (available from PPG Industries,

Inc.) froman ' ¥¥Eebath at 80 volts for 90 seconds. The

coated article wasTheImeatedpemdemetahcdemelhéﬁddW@énejveﬁaﬂsd"@%r@é in an oven
at 250F (120C to dr nd. re sol vents from the
phot or esi st c@é'{u?éﬁgtg{%%bg%a'a?v fa"?ﬁ' t%@%g@g hgye beeRiadpPRd The coat ed
20 board was g#iing herglinge dhevsylistratt waa thenlimmedibly intraglotedibtoaugh a phot ot ool
on each sideygahd hﬁﬁgl D- 523

phot or esi st d\évelrg%ﬁﬁ@bso uti O?\{Qsﬁ %)aose %Q%%DS {"é’%ﬁ %E*'g etched with
a cupric chl of9aieg arfage e Alierairsmarigatmest, 28Prangstmgs pfitket was stuttst ri pped Wi t h

ELECTRO MAGE | abl
25 {1 om PPG f6‘%?6?“”*‘2‘?%?‘5%@*&@8’?@Pﬁ%"m’g@*ﬁnﬁﬂff‘ PRI St P 3555 7 °

Oct ober 2005 trotistingA pelditiengimicransef DI ELECTRI C

COATI NG WITH &ipb&iD VI AS, COVPRI SI NG CURI NG COATI NG BEFORE STRI PPI NG RESI ST
5 EXAMPLE 2 The substrate was prepared and coated as in Exanple 1 above.
After renoving the exposed areas of uncured coating, the coated substrate

was heat ed iatemingeftheaSuldfote (177C) for 30 nminutes to facilitate
Femoved w th a 10 RErEENEELERR BB e il Hnd R BERRTo Sdteng @ 20
m cron thi ck didesieslerdig oils and oxldes The metal substrate was then
15 electrophoretically coated with ELECTROIMAGE® Plus photoresist (available
from PPG Industries, Inc.) from an 84°F (28°C) coating bath at 80 volts for 90
seconds. The coated article was then rinsed with deionized water and heated
in an oven at 250°F (120°C) for 6 minutes to dry and remove ail solvents from
the photoresist coating to give a dry film thickness of 5 microns. The coated
20 board was then exposed with ultraviolet (UV) light through a phototool on
each side and developed with ELECTROIMAGE® Developer £ID-523
photoresist developing solution. The exposed copper areas were etched with
a cupric chloride acid etchant and the remaining photoresist stripped with
ELECTROIMAGE® Stripper EID-568 photoresist stripping solution (available

25 from PPG Industries, Inc.), giving the circuitized article.
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| ayer with 100 m cron di aneter blind-vias where needed. The cured coated
substrate was netallized and patterned as descri bed above in Exanple 1 to
give a circuitized article. 15 It will be appreciated by thgs Skl%%@g in
the art that changes could be nade to the enbodi nents desc?? tpbs

wi t hout departing fromthe broad inventive concept thereof. It is
understood, therefore, that this inventionis not |imted to the
particul ar enbodi nents disclosed, but it is intended to cover

modi fications which are within the spirit and scope of the invention, as
defined 20 bPRERARABIIMOEPATTERNED SUBSPRATERTONOIGING HEMECTAIC A Ccircuit

board conpris insul ating top
| ayer and an bpﬁ\su atlﬁlq%h\{q/\g% rgéwﬁ?ﬁﬁg@@%ﬂ%@%ﬁﬁg%ﬁrs and the
conducti ve shﬁﬁﬁﬂﬁﬁmﬁﬁﬂﬂﬁsén edge that includes an edge of the conductive
sheet; and an insulating edge | ayer covering the edge of the conductive

sheet, V\/nerel n; the insulating edge | ayer includes at |east one opening
wher e part oqE—X-{&MELEQQe of the conductive sheet is exposed; the part of the

edge fs within a absOBhele s drdirdl diftbhiol Q8ltxarbll® ARIL. Rhert hE edge s
on a tab attached, t&the circuit board exten |nto a recess

in the circui EMES4P e%poﬁe}ﬁi@rﬁsrqmpqurqs{)%amgagmggteg é‘#hsltraHGrWE@I aim1l, wherein
the conduct i vieeatdtbintan ovarchtsdes @r7° b@beBO ﬁﬂﬁ:téé't@fécmﬁfeeér&s%% of3: The

t b 1h | at |
For med 11 om ANEBSMEr SRR IR RlrRoplomRhigtBet Bnashd Wil conduct | ve sheet
4. The ci 1€ui rotarsivndhsoxiietstripping lsolution; bigingra20 nvibes thick didetridi el ectric
material is |5,9é?mh%b'nffcr&%§rﬁs’t mﬁﬁhng*\}%s%“{l%éeg@é’(g ‘@he]urepﬁg'attaghe cireult

board as set forth in c n-at p and bottom
| ayers has a LHpiEale wapmetadized #rst pasiemeti @s deseriba! abbheindxamplet1 tooar d as set
forth in claigiela cifiz&d Artiie part of the edge is exposed in response to
separating the circuit board |ayer froma panel.

15 It will be appreciated by those skifled in the art that changes could be
made to the embodiments described above without departing from the broad
inventive concept thereof. It is understood, therefore, that this invention is not
limited to the particular embodiments disclosed, but it is intended to cover

meodifications which are within the spirit and scope of the invention, as defined
20 by the appended claims.
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7. The circuit board as set forth in claim1l1l, wherein the tab term nates
within the recess. 8. A circuit board conprising: a conductive sheet

sandwi ched between an insulating top layer and an insulating bottomlayer,
the top and bottom | ayers and the %gﬂdui&hge sheet defi ni ng2afPctadgyeiinat

I ncl udes an edge of the conductive b Jrand an insul ati ng edge | ayer

covering { he edge of cmﬁitggﬁg%&'gﬁgnéheet, wherei n: the conductive sheet

i ncludes a tab that extends out rom -27 between the top layer and the
bottom | ayer; and ad chiastivesshpetrsindwiched blgeerndn inhdatingltop dayex pabad. 25

Cct ober 2005 9. The circuit board as sgy forth in claim 8, whgr‘ei n the at
| east parbsuiatinghettogygeer; the sop andfeotiom fyeisand thegrondpgtiveishedtidefinipaps.  10.

The ci rcueidge Ef%ﬁf%lﬁ%s ?’?%%%e%fttﬂe H}[d%fl"@ééﬁh%%té rein: the tab has a top

surface an m-su ;o and a rt of at |east one of the top

surface and the botinoftidatingadge \Il\b,gel‘ ¢dverih@thel cige ¥PheGndukctive IhRt,Ci rcui t
board as set forth in claim8§, erein a plurality of circuit boards is

| ami nat edvhesgjet her to forma nulti-layer circuit board. 12. The circuit
board as set forth in claim . Wherein th ab of one circui bogrd of
Che muiti ) ayer cirouit Dot Sfkedurer el Al SR pbeieh Wheredhroui
board | aygkhe digelofhe@bntiictivd¥Béet ¢ &xpbdd; board. 13. The circuit board as set

forth in claim12, further including an el ectronic conponent connected
bet ween the tab of the chepai pfthetedgosrwithimg gerimetdr ofithetcirbuibboarde ot her

circuit board |ayer. 14. The ciLrcuit board as set forth.in claima11,

wherei n: the conductive BHBUT opthesAge &5 98A S aﬁeﬁwé tg Q’fé'r’fcl’}@i’l"ﬁ@’sa‘&ilpovver

pl ane; and the conduct itH@taE%dQInt@Q?@é&?{m?ﬁéﬁﬁmtbg d layer defines a
' ' orthinc

ground plane. 15. The circuit board as set ai m 8, wherein:
2. The circuit board as set forth in claim 1, wherein the conductive sheet

includes at least one via therethrough.
3. The circuit board as set forth in claim 1, wherein the insulating layers are
formed from a common dielectric material deposited on the conductive sheet.
4. The circuit board as set forth in claim 3, wherein the dielectric material is
conformally coated on the conductive sheet.
5. The circuit board as set forth in claim 1, wherein at least one of the top
and bottom layers has a circuit pattern formed thereon.
6. The circuit board as set forth in claim 1, wherein the part of the edge is
exposed in response to separating the circuit board layer from a panel.
7. The circuit board as set forth in claim 1, wherein the tab terminates
within the recess.
8. A circuit board comprising:

a conductive sheet sandwiched between an insulating top layer and an
insulating bottom layer, the top and bottom layers and the conductive sheet defining an

~edge that includes an edge of the conductive sheet; and

an insulating edge layer covering the edge of the conductive sheet,

wherein:

the conductive sheet includes a tab that extends outward from
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t he conductive sheet also conprises a panel; the tab joins the circuit
board layer to the panel; and the tab is responsive to a breaking force for
br eaki ng whereupon the <circuit board |ayer and at |east part of the tab

fﬁgag?teggg{g?c%%%ewgﬁ%%. I%g,wab%fn{(‘g%{ag)&. gfgformng a circuit Bo&IPRep A si ng

cbnductive sheet; (b) selectively

renoving one or nore pordtileasisa pdrt bhsgn édgesdf thonabuceiposed.sheet to form a
first panel having a first circuit board that is coupled to a disposable

part of %the first Therdicuispoard as seisforthie cloim 3¢ whereamdhe aulsast perhof i dge of

the first .circuit,board to edge, of the di sposable part of the first
panel ; (59g%§ﬂu9sﬂq?gaﬁ??qlﬂ%?§ﬁ?ﬁ]§ t0qar ig to the first circuit board so

that at (heast eachrpdgRuboirdes kétBithGh Elgkth B, WR@eR: i s covered thereby; and
-28 25 Qctober 2005 (d) separating the first circuit board fromthe

di sposabl e part i n the tabrhaen tophsrfaopend bottdroautfagsapnd of the tab remains
attached to the first circui oard a | ncl udes an,exposed e of the
conducti ve sheet ofd i"-’ﬁ'@ H‘ai"tr%f'iat ateqneto 5]6%?0@.5“’1{‘7{96 E\"HgthﬁéBHBIﬂi‘ Sﬁgfda‘gee?tof orth in
claim 16 : £l p (c) further includes applying the insulating
coating %@Eéﬁ’@?s‘%&ci rcuit board so that at |east each edge of the at

| east oneltab is cdabercaduit beardhy setliBrth Thelames hwhkram agdoratiyrafleiricwitcl ai m 16,

wherein the at |east part of the tab_  term nates ope of inside and outside
a peri mebewrdpis lpmimatedrtagetherte form p gyt YE@?“"PI@Mhod as set forth in

Chaert 01" et et | Rt Bodr s 438N B ol L RUIMNLA B 0P BEOBFONduct T ve

sheet ; (i}'selective y T enovi one or nore p I ons of the secon

conduct i ygarghgfihe nfulfi Giyer aircuitoart Pafibt fhaitigtab of assther dicoit bbrddaperd t hat
Is coupled to a disposable part of the second panel by at |east one tab
that ext efiths multirtaxen cisenjebestdt he second circuit board to an edge of the

G SPoSablE DAt of SR BERS o B RRELY ATl 1 LBRLBEC 19, [
goar dis c&ﬂ?&l&@' chiRERBbetwdeh theabdEtiewheldieudt bbad layed aié tteniab 6f fheui t
oards together, and (i) separating the second circuit board fromthe
di sposabbthepaireuitloard tyer.
14. The circuit board as set forth in claim 11, wherein:
the conductive sheet of one circuit board layer defines a power plane; and
the conductive sheet of another circuit board layer defines a ground
plane.
15. The circuit board as set forth in claim 8, wherein:
the conductive sheet also comprises a panel,
the tab joins the circuit board layer to the panel; and
the tab is responsive to a breaking force for breaking whereupon the
circuit board layer and at least part of the tab separate from the panel.
16. A method of forming a circuit board comprising the steps of:
(a)  providing a first conductive sheet;
(b)  selectively removing one or more portions of the first conductive
sheet to form a first panel having a first circuit board that is coupled to a disposable part
of the first panel by at least one tab that extends from an edge of the first circuit board to
an edge of the disposable part of the first panel;
(c)  applying an insulating coating to the first circuit board so that at

least each edge of the first circuit board is covered thereby; and
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second panel in a manner whereupon at |east part of the tab remains
attached to the second circuit board and includes an exposed edge of the
conductive sheet of the second circuit board. 20. The nethqd as seé%&grth

in claim19, wherein,.the at |ea art. of. each.tab, term tzéé)‘it‘i’kef
:oeri rrelter of the clo?‘pespéﬂ?i’ir"ﬁﬂ’ i ‘Fg{fitf:’r%tal?‘?ir g?mﬂi*ﬁglsﬁﬁﬁaﬁ PUACMIt forth

in claim gng?némﬂf | 2ot 1@5}'{1? ' t.shde a
perimeter of the egé(;lﬁgf){ellsag%ﬁ%iﬂng ciﬂ?%:)ﬁ#):re oar g&&bgé@%&%ﬁiﬂc 0 fi5?1)85')(|§!eﬂt§lhfort h
i n cl ai m Adludeshar eiposdédeigetof tleasindocitvetshbet off thenf@rst dircaittboard; cuit board is

offset fromthe at | east one tab_of .the second circuit board, 23. The
met hod as!%et f ort hThe methog;agsotforthin claimn 16, ¥harein sigpr(pbiusthepnghudes

|l ectri . ' tf] I t
Cab ot nepifg e TR xR ik G cROUPORERL, HEE AR bih e TBR 1
circuit bdégt ordtabAs EdBlefedtherdeby.orming a circuit board conprising: (a)
providing a first conductive sheet; sel ectively renoving one or nore

t: (b), .
portions B%: the firEhe sgtwdes isetefortilzgcea@ & tvolsaein tig0B leashpat of thertalpy

def i ni fi i reuit board ..a first di bl t and at |east
tab that Cavpafotebf s 3800808 « pefilte” o Rt el BO830, o ana an eage of

the firstygli sposabl ehPmethod @§ betMBfh iMSaRR 4] GRS itfudifiethelsiaps ol rcui t board

where one of the tabs does not extend therefromwth an insulating
material; and (d) spar apionglingvesdcond tomductvd thetpard from the first

di sposabl e part via,_ each_tab that extends therebetwe?n such that said
separation exposes Ghe ofclectyety reraoiiRe ong on erenastionsPIths secard porti on of

the edge Qhahlifelshictto flrhfaldeoli®phtll Rlind £6cHd Blcif¥oard 0 [ WbuBTea ke
insulating material. 25. The method as set forth 1n clalm24, erein step
(c) furt hedisposable ges of dersecsmippaneliat it depsorisopb shat Ererdsafficmanltedpé ofmheur f ace
of the first circuit board. 26. _ The nethod as set forth in claim?24,
finther iSREQuefiReyHt bogrdhto g sdeeiphie dispasablsparioeidhe ssoond pared - (1)

oLy S e ) oA A SR RO 5

at least each edge of the second circuit board is covered thereby,

(h)  laminating the first and second circuit boards together; and

() separating the second circuit board from the disposable part of the
second panel in a manner whereupon at least part of the tab remains attached to the
second circuit board and includes an exposed edge of the conductive sheet of the second
circuit board.
20. The method as set forth in claim 19, wherein the at least part of each tab
terminates inside a perimeter of the corresponding circuit board.
21 The method as set forth in claim 19, wherein the at least part of each tab
terminates outside a perimeter of the correspending circuit board.
22. The method as set forth in claim 21, wherem the at least one tab of the
first circuit board is offset from the at least one tab of the second circuit board.

23 The method as set forth in claim 21, further including the step of
electrically connecting an electrical component between the at least one tab of the first
circuit board and the at least one tab of the second circuit board.

24, A method of forming a circuit board comprising;
(a)  providing a first conductive sheet;

(b)  selectively removing one or more portions of the first conductive
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| east one tab that extends between an edge of the second circuit board and
an edge of the second disposable part; (g) coating each edge of the second
circuit board where one of the tabs does not extend therefrgmw th the

i nsul ating material; (h) laninating the first and second ci féohssaPYfs
t oget her; gbfﬁﬂthﬂe)b}@é%m&ﬁ ifi6gs cirgeit beardneifivst digprsebls partantas teastranedaky thati

ephr a1 o B en¥ed B ¥Re bl he iR s S0l 56 EREL AR S5 bRl T on ot

the edge pirt;t he second circuit board not including the coating of the
insulating material, 27. The method as set forth in claim26, wherein step
(g) ftirther includéd ceeatsgreach edgetafbe frst circugthopedwhensdneg o thtettabs sur f ace

o G Rl LT 5 2 27
i ot conductive shidt andiadie S B8 (NG SO ERo (R SR RaLEAR ) e
coat i ng atach éatsthaexténde Xipmetetvesigmcb that baid f¢pasition@rgosesiove of (l9eh edgé t h an
st di osba pengo) e sotis bt AR riEr s A ag newaos e end
bet ween té&tﬁgggglgﬁﬁt%ggﬁér@%_t hat sai d separation exposes at |east one of

(1) an edge o the portion(s) of the edge of the first

conduct i v&5.sheet noThd methodiasgettttreh &oelai @, ofhetdiestep $¢) faitherdneladagr i al . 29.
The nmethod as set forth in claim28, further including: (d) grovi ding a
second coirafrrmaleoating atop Sifice aud a battemsurface ofithpirssapirenibboardby at | east

cdge of tRe second ianeiEEi® (FH0R Qyim AL AR INGEET ach exposed edge.
of the second condyej i vershideis a etbdd dddduéthehadti ng material; (0 joining
the first and second conductive sheets together in spaced relation via the
i nsul ati ng mat eri al{f) andelectively removing one or more portions of the second
conductive sheet thereby defining a second circuit board, a second disposable part and at
least one tab that extends between an edge of the second circuit board and an edge of the
second disposable part;
(g)  coating each edge of the second circuit board where one of the
tabs does not extend therefrom with the insulating material;
(h)  laminating the first and second circuit boards together; and
(i) separating the second circuit board from the second disposable
part via each tab that extends therebetween such that said separation exposes one of (1)
an edge of the tab and (2) the portion of the edge of the second circuit board not
including the coating of the insulating material.
27. The method as set forth m claim 26, wherein step (g) further includes
conformal coating a top surface and a bottom surface of the first circuit board.
28. A method of forming a circuit board comprising:
(a)  providing a first conductive sheet coupled to a first disposable
part by at least one tab that extends between an edge of the first conductive sheet and an
edge of the first disposable part;
(b)  coating at least each exposed edge of the first conductive sheet
with an insulating material; and

(c)  separating the first conductive sheet from the first disposable part
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(g) separating the second conductive sheet fromthe second disposable part
via the tab(s) that extend between the edges thereof such that said

separation exposes at Ieast one of (1) an edge of each tab 33%}%@%38‘?%
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first insulating edge | ayer having at | east one opening therein Wnere a
portion dﬁﬂ‘ﬂllfé“’é@b@t end @Ihédﬁﬁd?fdb%iqCO@d dispesable pagxposed. 32 The circuit
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| ayer; a third insubati rginingytbe ficit spdseednd comlustuve sheets odgetlve mspaced
conductiv -31 25 QOct.ober 200 et opposite the second insulating | ayer;
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The method as set forth in claim 29, wherein at least one of step (b) and

step (e) further includes conformal coating exposed surfaces of the first and second
circuit boards, respectively.
31 A circuit board comprising:

a freestanding conductive sheet having a pair of opposed surfaces and a
surrounding edge defined by the termination of the opposed surfaces;

a first insulating layer disposed on one surface of the conductive sheet;

a second insulating layer disposed an the other surface of the conductive
sheet; and

a first insulating edge layer covering substantially all of the edge of the
conductive sheet, said first insulating edge layer having at least one opening therein
where a portion of the edge of the conductive sheet is exposed.
32. The circuit board of claim 31, further including:

another conductive sheet having a pair of opposed surfaces and a
surrounding edge defined by the termination of the opposed surfaces, the other
conductive sheet joined in spaced relation with the freestanding conductive sheet via the
second insulating layer,

a third insulating layer disposed on a surface of the other conductive
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sheet opposite the second insulating layer; and

a second insulating edge layer covering substantially all of the edge of the
other conductive sheet, said second insulating edge layer having at least one opening
therein where a portion of the edge of the other conductive sheet is exposed.
33. The circuit board of claim 32, wherein an msulating material forms each
msulating layer and each insulating edge layer.
34, The circuit board of claim 32, wherein each conductive sheet is

conformally coated with the insulating material to form the insulating layers and the

insulating edge layer.
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