; e3ePr &Po, Bn&6: &T&SCWO 02/ 0795a2 PCT/ 1B01/ 112901 ' ( Title: |1 MPROVED '
ADHESI ON OF POLYMERI C MATERI ALS TO METAL SURFACES Field of the Inventi
In one eN@OIWAM2, this invention relates to a process foPCIriBé#ia2dig
adhesion of polynmeric materials to nmetal substrates including the steps of
I ntergranul ar etching a surface of the nmetal substrate and applying to the

intergranul ar etched metal surface an imygrsion plated net mM”" Wmmmlmm h
t

anot her enbodi nent, the invention relates to a foil having
i nproved 10 adhesion to polyneric materials. The int ergraergrapyl al
crevices. The imrersion plated netal is applied froman i mrersi on pI ating

sol ution whi I n e pl.at s selected fromt

.silver, bi smﬁgﬂe g%‘svgﬁ ﬁé“%ﬁﬂdbﬁz Pﬁ'ﬁ&ﬁ‘%nﬁ"ﬁ%ﬁﬂ'%ﬁumo d\"@ﬂ'ﬁlum
gol d, cadnium rut$lRFABEScobalt, gallium 15 and ger mani um and mi xt ures or
al l oys thereof. The surface obtained by this process provi des enhanced
.adhesi on between the netal substrﬂmmnmm materials applied to the
surface of the nmetal substrate. ghly varied processes of chemcally
or pﬁysr cal ly tredPiong ?’H€°9t§“§’0ﬁv ftB@é"MPnﬁ°'Pré?'QF°%ER)§tR’Q?%SS &rdmnxgvmoper

to inprove tRgyhapgy QﬂpB{Yrﬁé}gpugfatt&llaIEQO BBJI%%E{ %&%@at ﬁ#l&rg'r{g ﬁ?)e;h e oxy

or polyimde, are used rres suc as prin

fabrication. hsgragangr etdhing @gurface BﬂthMFEUBQtere dhe!appiyihg t'oaﬂ'fér S
such as a fiberglass/epoxy sheets which are clad wwth a netal conductive

| ayer such agn%@r@epl%@taw%%y@ﬁa&prmlwem olated meteliangddpanother

tal | f N I
of copper - wnitEAEeTE: 7 LNFuRLRI%, W lfhadnes aivefed Rt BBt eL”
| i nkiohg bot h setekRpe® ﬁlyﬁ‘féﬁcbﬁaﬁaﬁalsﬂﬂhé‘ﬂ\tw smar BebhifEbRIUREs ROwighRNS of
t he copper Iayer are renoved to forma raise opper circuit image pattern,

i.e., circui tlrrf99U|mB!"ifﬂ©@/§r0fﬂ’€B1<§U¢09aﬁe@ptmﬁrgmn rmwcemcﬂ'bd imynersion
i nter-|eavi n%i é rcur t-b conducti ve

| afr WO, U2/ (%VEIQCS‘-I 2 qqz
PCT/ | BUL/ 029 | i 2pPledrRmn immasria platingysolution, ingludes ansr
sandwi ch whi g méréﬂﬁﬂné’%@lﬁﬁs éé?&%m.ronbxmaeﬂ\rar' BEsrAR gaggerph?éréwrsad The

diel ectric adhesive layer ' Is often a partially cured’ e resin
referred to aing |pdmm,qmlla9mduplatmnmfgoid)ezadmrypesruﬂ'ferﬂ@B eobsltdgﬂttrnmbed

|n "Printed CGrcuits Handbo " Fourt itign, Edited by C.F. Coonbs,
ErM:Gr aw rfr\'\dl ger MB“ma?ﬂPO MiXtUESS Of 5!? traf. BHhe sunkace eEta'n%be'S

Ed' ti on, rb gfé BJ: l)ﬁi‘d% Mhided aﬁgﬁeﬁeﬁgﬁﬁe A NRel ARGDI 268 rg{ea%nﬁ‘g to

PCB manuf act are I ncorporat rein Tef erence. “oi nee
conducti ve | podymerichmateriahd appliedite thd sadace of thetmémhduhairéteto t he
prepreg, various surface treatnents have been 10 devel oped to increase the
bond strength between the layers of the nultilayer PCB sandwi ch. Originally

such treatnents consi sted of OWMM ace

Many highly varied processes of chemically or physically treating the

20 surface of a metal substrate, such as copper, to improve the bonding of the
metal to a polymeric material, such as epoxy or polyimide, are used in

industries such as printed circuit board (PCB) fabrication. PCBs generally

comprise non-conducting or dielectric layers such as a fiberglass/epoxy

sheets which are clad with a metal conductive layer such as copper or a

25 copper alloy on one or both surfaces. The metal layer of the PCB, before
processing, typically is a continuous layer of copper which may be

interrupted by a pattern of plated through-holes linking both surfaces of the

board. During processing, selected portions of the copper layer are removed

to form a raised copper circuit image pattern, i.e., circuitry. Multilayer PCB's

30 are typically constructed by inter-leaving such circuit-bearing conductive
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.possi bl e re-oxi

with treatnments such as al kaline chlorite solutions (e.g., U S. Patent Nos.
2,364,993, 2460,896) and 2,460,898). Over tine the treatnent evol ved 15
(e.g., Swomzekss2and Landau, "Adhesion Pronoting Copper ORCHEBG1ARIRAI asti c
on Printed G rcuit Boards" Plating, June 1982 pp. 96-991 and the oxide
becanme a 'reduced oxide' (e.g., U S. Patent No. 4,642,1611. By utilization
of a reduced oxi de, mul til ayer printed wi-2-ng boards were |less prone to a
probl em known as 'pink ring' where oxide is dissolved adjacent to drilled

20 hol es duriRgesURRAMISIBErIdUdHES 1By ErsNheY & ﬁmmra%eséﬁ&w.cTh%ﬁ:m@tthaﬁs
suffer from several drawbacks. The resulting oxide and reduced oxide

treat ment surlbondss tagetherdy applyinguseatandqressurg. vide dipjsictrit Bghesive ldayer

di di t nt Th hod of f t
Conbucive s o aialEen Bitiarilh et s SHaRy nin. RIS IS e BraRERe PrbRbeTiaBLS
25 _Processi ndofitfdieypHe ol U s ABSRIERS in? it FBlLs HaHBbBEK, " FUifthO

y atnospheri c oxygen, uced oxi de treatment
requib es t hatEdisipe; EdiedobpdedF. (@oorhbspUherMcGeaWFléﬂit €36, ahdrindPrimted
pr ot ect fromét nospheri c _oxy en%@v\nthl n.a relati veIZ short tinme (typically

| ess than ' "ﬁBGr@?ar%aEW cand kditpy. iy, Michaslafigtta cMillarrfgepimad. and

costs. 30 Hor r | L, ng
(Ameri cus C. U2 She SARNGR iBnb P ER haiEtactR &1 bl M fpdibd "l
112/ U795- 42 Bet@ﬁ' byBeté@Até 1 1Sikee dhdxiopdustive |I£@r3\9£ihﬁémUﬁ’treNB§i bﬂi@face
(April 1989), and allow ng extended storage tinme for the layers (

Pat ent No. 5,dq8s n9t)bang, welctm thr:PERIBEd Vatipush sné&aﬁsdse@wrwsd@\ge ggerd

For | Shea by tevs aRh T FETe W o P o8 bR E¥ort oo Jruiyer

aqueous sol ut poB-saH#vicAD6 patent teaches that the immersion tin coatings
al one are insufficient to forma direct bond between the electrically
conductive |ayer (@riginallyopycly treatmieats cansistecioflcddizing thet evdtal suifhce

hi's” o obi om W ¥RBTPOEs such o flkeirzsgbate oldtinel Bl & Fpeptt Nosea 1 o
as mi croet chi nBe4 B9Y)i 460,896 o 68 80Bs. rmt/al tiln® thel §batmértealdided O

forma cl ean, uni form ‘m croetched surface. In the present specification,
the t8rm"m cfeogi, (fﬂemiﬂnsm@hddwdaueéAdhgsuancHroqum Eonpenxids fardastic

whi ch an anmount 0f tal equivalent to |ess che usual,|

| ess than 20 98 ’?H’Hgg ﬁﬁﬁﬁ'gué‘?%rdﬁ l%"\’/t(-:(bgfi B% a%é%ég 'ng the '@ﬁy
nmet al substr t m " ur ite
regul ar, bei ﬁ% gtalaﬁ?m(ﬁ]mf'ra%e&g "g'gesp PI%E%Q@ grbang?g?'h?r@\'/i %@gﬁ%ﬁ"&t"

st eep- si ded roﬁgeaadmddvmhﬂeymulﬂllaqenphhmﬂ fndring oardatwere lelse monarto af

nmetal renoved in an etching rocess i s based, on the weight |oss of a
coupon of met arohwrhk@w@na%re@ 9 cWhSFo exiissisadisgolved rdiasentto deilled)

h h. T, f
Feoutdei n o Rlfbs By slibspliche tHrolaRTRA phAhd pritbsssli "THA ARAABUET
appl i cati on obutfet ifforaxse\adraly dr@wbeekd.ayThe hgsultimgr okicle phdtriedgcednskidbi ch

is relatively snmooth. 25 Such netal surfaces are free of deep
i nt er gr anul ar t@aEWeRE SUrtaceRodighfragile r Ehus. peacessing a\t@dtvmglw songi bed

copper grai ndeng ‘?m?lémsa?ga% J‘\po smu?iro?\?f C'H’?g rﬁg{ﬁoaocgf manufacture is not

conducive to high volume manufacturing which generally prefers continuous
25 ~ processing such as horizontal conveyorized treatment. Further, due to
possible | re-oxidation by atmospheric oxygen, reduced oxide treatment
requires that layers be bonded (or be otherwise treated or stored to protect
from atmospheric oxygen) within a relatively short time (typically less than
48 hours), which also adversely impacts manufacturing time and costs.
30 Horizontal conveyorized treatment methods eliminating pink ring

(Americus C. Vitale, ‘DuraBOND Process Eliminates Pink Ring and Wedge
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Recently a 'new generation' of continuous (e.g., horizontal conveyorized)
processi ng net hods which use neither imrersion tin nor silane 30 treatnents
t o pronoWO eivesizon of a nmetal surface to a pol yneric nat ectaBolnasiibeen
taught (e.g., WD 96117975, U.S. Patent No. 5,869,130, WO WD (12/(1795-42
PCT/1BO 1 /U2901 -499/40764). These nethods rely on the resulting roughness
and high irregularity of the surface for pgchanical enhancenent of adhesion
bet ween the netal substrate and a polyneric material, such as a prepreg.
These net hods i enp ng t } i di 24 g t 1ntenaranul ar
etching 5 sol \dﬁﬂgnﬁé’f*gbg as)F?su fu%?@gzlg?}’d%{%l’og&eﬂr’\mpé%de&i&olqﬂ%@ﬁ‘g
nodi fied by téeteadddstorageftiraa fonthelayers @ugh LhS. PaterttNG 28 U 73,486) Hhvat ed
conpounds) and ot her additives, such as quaternary ammoni um chloride
surfactants, Bean develaped. Ruchgnethodsraraywidely psed (emploving, deg., Thpracess

Surface hor prebieeb eEREr A Hnoorslhy® i BB Rusiipd 36 45 BeanoThenges

and val | eys agsliglinglagentitféhBNMITEOrA] e Q. S4h GRueodd Solior.NThEde 58 hhedHt
coating of an oxide over the entire surface. In sonme cases the sol utions
i ncl ude an adtdachesshat; thieiiinnensiosutin castingsialome rase insufficiebt e éoven audifeanat e

| U. S. Patent . ,036,7 . ,Anot her 'new generation' continuous processin
i hod U e, e betwaekdRbisiet el coRiuetive BYas AS tanc oY) SUERGPANGECH,
i ncl udi ng deegiai ar i ; i 0
osul't 1 an eldRAAE HABHAIR TR SIS PEABIMG RGeS oyl 1Bt 56

et chi ng cheni patent asse dolupion tanthds gestblemaci d havi ng a pKe of at |east 5,

such_as formc acig"j W th copggr iopl? d chlorjide jion, to produce the
i nt ef §r anul ar et chThgnheracess o thee A58 Ratent isaludes aagstan refantpdsttep age. g.

hydrochl oric gidietelinkl i'Which ¥id BArkach ¥ thaRheidl A9 pAENGH el toTlAl b ©

substrates to non condlctive, polyneric surfaces 0O have ncl uded

appl i cati on oéleadduniforna| microatcHealysurdady, & eled prstep® Spetifitationy the koGg et
al, US. Patent No. 4,260,449 and Sadey et al, U S. Patent No. 6,042,711,
and by i mrer simi¢roetched pﬂ‘@#ﬂﬁﬁ,d%ﬂ.fyng ansl/pp REptreating methndspin avbickoan
4,882,202 and I ' t 9 ! ect 0sj,ti o
processes pr o@'ﬁgéh?%#\@d’s {"g\éﬁgég %ﬁagﬁ@%g@t'ﬂg Jem? P%-&sa%ﬁgﬁgss than 20

ener §§- i nt ensinlicrointh@s] IFMeMtoVI from HeOsLR fesotheetratedyinetdl @dbeaate and
strengths which are significantly better than ' the above-described

i nt er gr anul arinetwehichy pitec dee miceetching, Phveesurfase is sBiteoegdkascribeing

g R e e S P G L

polyneric | aygslieyepl i ed thereto. Anong the prior art process described is
m cr oet chi ng the cogper W th amrmoni um persul fate or hydrogen peroxide,
al t hough the ' 202 phe emethod foeealculgtingithg asroutttafymetap resneded imain etching

trepgth bt ai.ned |t The ' 202 patent describes.an | d
5§ o ot on 1 BIPSERUF REBR LS Yo [8Ge ofR SoBBOR o TRI)AICE SeBRpBtRR an

a urea CONPOURMAS pp@@ilheé%‘?\i Average o?%e'ﬁﬁalp&tcﬁrﬁ pft;\fitﬁ%strh@f dd & Mdreess

allows coating of netal substratés with substantia no pre-cleaning, and
that it is nofullyedesesadbed theloweat Sudte mieradtching zesulfs i ha amifornet lightlg) to

renove oil or netal oxjdes. wever, the '202 patent fai|s to provide any
10 evi dence tﬂ‘é?’qef%hepd oE@?ﬁgw(faF?y W'ﬁ'ﬁhovéé‘ﬁitﬁ'@spe%q’m&ﬂt'@ﬁgtﬂ% 8f PeBs

made oxide/hydroxide layer by immersion plating, and which is relatively smooth.
25 Such metal surfaces are free of deep, intergranular crevices, although some
relatively isolated, angular-sided copper grains may be exposed on the
microetched surface.
Recently a ‘new generation’ of continuous {e.g., horizontal
conveyorized) processing methods which use neither immersion tin nor silane
30 treatments to promote adhesion of a metal surface to a polymeric material
has been taught (e.g., WO 96/17975, U.S. Patent No. 5,869,130, WO



wWith its process, as conpared to the prior art. U S. Patent No. 5,928, 790
descri bes a process for making nultilayer PCBs, including a step of

I mer si oNWWOrB/enosy3l ating foll owed by a step of applying a 8CFdR&/@e01i nprove
t he bond strength between a netal substrate 15 and a | am nated

non- conductive polyneric |ayer applied thereto. The present inventors have
di scovered that subsequent inmmersion netal4-plating treatnent of
intergranul ar etched foils with an imersion plated netal provides an

unexpect edl y 99gao6aant Theee emethods rbly pACthe LreQuIEings ralighbssushd f Kiighs
and that this _invention can be utilized without significantly increasing
producti on coltegulaniy ofrthecgurfagepior caechanical eshsaegmantiot adhesion thetweeiny

.di scovered nefhods.. The esent jinvention relates to a process for _treating
2 motal | subst FIR Ene! SHERUFLS RaHeS R BRNBINgTRI Al Stk a8 7 sprag: e iose
conpri sing t hehethodé tpsicAly emiphsyds 3Bdndl actd/eRid i
-substrate; and apgl y?ﬁ%cany i mmrEi on p?lgaat ecﬁmet‘gr@t 'E‘ gﬁﬁ#}fgpgfrégr?%?\'g
et cheB surf aceolwpionpsackiang suituricuadidthy drogemperxides selatiphatriouified bpaiet i on
conpri sing ongd,or not e n als selected fromtin, silver, bisnuth,

| at i,
copper, ni ckePddien EB@Pp'f'ﬁWIEt,&i?r{fﬁ AP bhearptinzelg lon mlptaghrogwosndshapdum

bi'ated motal  Paver et SeR sERIBMN T arila i ElRGp R faccalfs, SRR °"
t he process f ohidiidde, conpriphesylasulfariuml chppridd. ng These | Aivehoder plddace an

I mrer sion plated nmetal from an aqueous solution of a silane. In one
embodi nent, t ifgefgrandlas etgh afethecmgtal sudage seuyting ingmsurtaget merphelegyi on

A e e A
processi ng nejrteffrantlar EreiYEs] dnd hisiainchdiel H fighhtBaBhg D i oRideRfbr tHef ace
entire surface. In some cases the solutions include an additional inhibitor
such as sodium meta-nitrobenzene sulfonate (U.S. Patent No. 6,036,758).
Another ‘new generation’ continuous processing method {U.S. Patent

15 No. 5,807,493) also produces an intergranular etch, including deep
intergranular crevices as described above, but does not result in an oxide
uniformly over the surface. This method employs an etching chemistry
based upon an organic acid having a pK, of at least 5, such as formic acid,
with copper ion and chloride ion, to produce the intergranular etch. The etch

20 step is followed by a desmutting step (e.g. hydrochloric acid ‘pickling’).

Methods for improving adhesion of metallic substrates to non-.

conductive, polymeric surfaces of PCBs have included application of
additional metal layers by electrodeposition, e.g., Luce et al, U.S. Patent No.
4,260,449 and Sadey et al, U.S. Patent No. 6,042,711, and by immersion

25 tin plating, e.g., Holtzman et al, U.S. Patent No. 4,882,202 and Bokisa, U.S.
Patent No. 5,928,790. The electrodeposition processes provide improved
peel strengths, but are time- and energy-intensive. The immersion tin
processes have not yielded peel strengths which are significantly better than
thé above-described int.ergranular etching processes.

30 U.S. Patent No. 4,882,202 describes many prior art processes for

improving the bonding strength between a metal substrate and a laminated



of the metal substrate with an imrersion plated netal. This treatnent
process optionally nmay be followed by treatnent with one or nore silanes 10
from aquavg2/e¥s2ti on. As a result, inproved adhesi on of POIFJBREr(2001
materials to the conductive netal foil, e.g., copper foil used in, e.g.,
PCB | am nates, may be attained) conpared to foils nmade by previous
processes. Fig. 1 is a photom crograph of_g.he drum side of a copper foil.
15 Fig. 2 is a photom crograph of a copper foil mcroetched with sulfuric

aci d/ per oxi depq & i 5};@)& ] co fail mcr ch

W th potassi urr}?'ggrgggédr'r\zen g I é@"g’ﬂ)g‘?@% @feéagho'g@%hgrtg‘arpar%%gf S'té?c(?%gper
foil intergradesaibectismidrodtchingGhacoppee ndtheamhsniGhchersdif&ener19%ydrogen
.conmprising sulfuric acid, hydrogen peroxide and mnitrobenzene sul f onate,

i n accor dancePejoxide, dthprgbdhe ‘202 patens states ghatonly slightlvimpravesgbemdingf a

copper foil i r w.th nte anyl ar ,et chi ng conposition
.conpri si ng Su%ﬁ‘ﬁ%@#% ?E{aﬁé}gf%sggﬁe 'pZBSx?@é,paﬁ%ﬁﬂ?sﬁr'&fﬁlg"é’ 'H;% o¥gdi um
chlorgde, in peeFieneR %iih?tdﬁ@céyseﬁﬂl% ihBI8BE ibdith aFﬂh@ourﬁa lcdnfbound and

phot om crograph of a copper toil intergranular etched wth an intergranul ar

et chi ng conpo8iuréa soopeundsasbatbugiditivesh| The 4202 fpatentcstatesitheat dtsoprorieiss m
chloride, in accordance wifh th resent ipvention.. WD 02/U79s~2 7
PCT/ 1 B(1 1/ 029%%‘%&%%2@@ ok QLA AR "_HEPrﬂ_?fﬁ’ét%?t'&l"l’(e"%rpés&'ﬁaﬂ'weﬁw on
brovide pri nt ke i6 Yok R85 gary( RSk Y imidkal BBFAKEdsalh B! PN RO t e

nmetal |ayer of the conductive circuit elenments and the non-con
pol yneri c portenooge ofl drirmeRlRxidgs. 5 Hopypdvernthea’ 202 patent fallsttogsrovive anyret al

subsjrate to inprove adhesion thereto of pol ric materials, conprising
the ‘Léepfs of ?Yrige'i‘?ﬁ Hﬁjr%m%ﬁswemi'gm%o nﬁ‘&c@%ﬁtﬁeﬁgt%PéPpgﬁbﬁﬁf’ﬁte,
with an intergigis %O@éﬁbldgg:ﬁ?a%et Icﬂ?etg{bs%ﬁé}dar . #B) applying an imrersion

pl ated netal to the'intergranu ce by imersing the surface

in an imrersion pldt$.nBateotdisis, 028, 790 desqibiesi praveesdor Making hdltiRger
metal s selected fromone or nore plating netals selected fromtin, silver,
bi smuth, coppBEBsninaleding aadep Afnenmerden fMetahinlating fellowvadi bum step of

cadm um rut hgni , | r L n one_enbodi nen he

i mrer si on pl a%vfr'rngt gfgﬂ?égttloﬁﬂ'{ y ylgnéﬁg%;??' g’cge%%ﬂ%%t%?ﬁ%ﬁ r{r'ﬁgaqér‘frr%&'a‘ie

i nt et§r anul aramd aheshinatetiasen-eondudtiveTpblymdrivi layandpplsd Bidteyd.ng | mer si on
plated nmetal layers to netal foils are known. The present invention

i ncor porates suitabl e intergranubdmmaryiofthednwentiomd i nrer si on pl ating
steps. These steps y ionally be foll.owed b lication of. a silane,
preferably from anTﬁgLPJ_ggéﬁtsQIJﬁpli/%rﬁ B?Veaf’_'ﬁcé’é{gfé’doﬁggtsfs'!‘émuel 'PURBEAPT t he
process of the._epélqmmdg tradENbhOSK ihesrgtdriularetahd®iclls WithlandfhMiaisidiplated
significantly inproved adhesion to non-conductive polyneric |ayers, as

di scl osed her®@iettdrovidesian wpexpectedly sigriticaddnpreaskdntheeel strangths oh may
be ered to c non; conduct | ve Lymeric, material by | am patj.on
subzgdg]uent _tos‘?‘#ér}gﬁﬁpgn%ie@@?i%‘é% "_H‘é‘?rgti' %8R PPe‘dﬁhﬁjJ t"?’l'ih?r‘é éfgrghB%'?‘il\éte.
The pol yneri CinkpdasiVg PrediEoBbels, alrhBtteSehtSapRicatidn! diSdodes and claims

pol ytetrafl uoroet hyl ene (PTFE), one or nore epoxy resins, one or nore

pol yi m des, othe newhpdiscpukrad/methedsst ers, one or nore but adi ene

terepht hal ate resi or m xtures . of these, and to ot h?r known
nonconducti ve | ani ﬂé@iﬂffsﬁﬁ‘ite'f‘l\’ﬁmé‘?n relates to a process for treating a metal

substrate to improve adhesion of polymeric naterials thereto, comprising the
25 steps of |
intergranular etching a surface of the metal substrate; and
applying an immersion plated metal to the intergranular etched surface
by immersing the surface in an immersion plating composition comprising
one or more plating metals selected from tin, silver, bismuth, copper, nickel,
30 lead, zinc, indium, palladium, platinum, gold, cadmium, ruthenium, cobalt,

gallium and germanium. In one embodiment, the immersion plated metal is



In a preferred enbodi nent, the nethod is carried out in a continuous 30
process, such as on horizontal, conveyorized, production |lines. Such
cont i nuowso pr/wveRses typically operate with a conti nuous ecmuByarwhi ch
WO 02/ U795-12 _$ PCT/IBU/U29UL carries sheets or panels of netal foi
and/or lam nate through the production process. In such continuous
processes, the netal foil may favorably rmgye ' in a generally horizontal
direction as it proceeds through the process. It is, of course, not

necessary to ghe i %%grﬁdaﬁg?ihﬁ%, {Hbepfbrc%??ﬁrtﬂg%éé"%r%lg?%C%egg&t %ﬁ]ﬁi%\s&ﬂ i s

fashion or that' the ne hove I n a horizon

general l'y pr ediphbesldr ahe Gimendrehi glgtadonetdl Frorhh BGESRUY sdlONEN oF @Nsilane.
.particularly lends itself to such horizontal, conveyorized processing.
Theref ore, itineng emebedimenss theypregasseiurthancamprses hastephef adkering the
process allows for .an t neficially is ed.in _continuous prqcesses in
i ch the 10 TRp8fsieh ML piEd SUisacR an e sTUEEE e clpe A Ser sPodictv o
linesgin a gemakaridly horizontal direction. The copper foils used with this

i nvention are made usi ng one of two techniques. Wought or rolled copper
foil is produced by thicimventan the petfounagce hé the ! nevn geserdtion’ ob bpezootal
copper alloy stri ' '

. t, by. 15 . | 1 :
E7 oot r odepodi PEReBEABEReae N i pfaidadag e She joiejareEuar ptehacbsvifane

CORRE 12, 81,0 S SO IO pIRBA A T 3

especi al | y uspfotlessidptionallg may éet fiotlowaddba teegtmasihe rwith .orfeodd modé silahas S
ot her than copper may be produced by simlar, known processes. 20 \Wen the
met al O subst r akr@8 ABiIeQEEaFOIEONS '?‘ﬁe? 'P?H\tcdmRPH%@eaﬂtﬁﬁ%IOft RPbiAerdE es

[ang! 09, 1O Gtk 3 148 koA Al 4. YT ot b SBMGKIESG, AR
typi cal |y thdahfihatespidyhibe pttaikeadl cominéd @0 foiy enadd B ipsedibut hrekeReses

ranging fromabout 1 /8 to about 14 ounces per square foot 25 (oz/ftzl.
Especi al |y useful copper foilRlek2eserREom oy tne LIaWings of 1 /2, 1 or 2

oz/ftz. Such netal foHll‘%%BKB{;O@E&[HE ﬁdofievﬁ?rr

; i : | sizes..,such as
18" x 24", 12" x _1'5:3"9'or _ ch 'pane u&i%ﬁdregﬁf§ c(?BRSFi?g'&s a
plurgity of sectipigs2 igacphelonibiogiaph bf acstpiper 3bil ynibReeEReBwWitH8liRuric
conductive | ayer 30 of a PCB. WO | 12/ U795~2 g_
acid/peroxide.

Fig. 3 is a photomicrograph of a copper foil microetched with
potassium peroxy monosulfate.
Fig. 4 is a photomicrograph of a copper foil intergranular etched with
20 an intergranular etching composition comprising sulfuric acid, hydrogen
peroxide and m-nitrobenzene sulfonate, in accordance with the present
invention.
Fig. 6 is a photomicrograph of a copper foil intergranular etched with
an intergranular etching composition comprising sulfuric acid, hydrogen
25 peroxide, benzotriazole and sodium chloride, in accordance with the present
invention.
Fig. 6 is a photomicrograph of a copper foil intergranular etched with

an intergranular etching composition comprising cupric chloride, formic acid

and ammonium chloride, in accordance with the present invention.



PCT/1BI'l1/1129U1 (A) | NTERGRANULAR ETCHI NG A nunber of intergranular

et ching processes are known, and any process which results in an

i nt er gr aN( B2/08L2hed surface as defined herein is suitabl ecraBoweeowi th t he
present invention. Thus, a suitable intergranular 5 etching step results in
a netal foil having a highly irregular surface, characterized by the
presence of steep-sided ridges and/or deep.intergranul ar crevices. At |east
a portion of the intergranul ar crevices have an aspect ratio, i.e., the
ratio of crevice depth to crevice Wst about 1. The aspect
ratios of the intergranul ar crevices are discussed in nore detail 10 bel ow
At | east a portionThé néthodstef theapidsant onantioaspioaide pridegd birohit dlodrdast

.about 1 mecro The intergranular, etchin rocesses of the present
i nvention renb&ds )SW QVG?'@SHPa'BBLRe% °H1tgPdFﬁ@'1@§'9[0fébél§P"§99“Ve

m croi nches l,.from
.t he s:Jrface (#”&ht’ée%ehiba S gtthrlaz;ﬁtoen Qq}ﬁ \H,{?(?g? ‘F’%"‘éi%%éﬁﬁqH%Mgi‘iﬁ% by
amourg of netaﬁplvmgm/MdeSS porotreatiry behetel slisstrABR0 HMPACN STBIRSsion lE'I‘i‘ereto

intergranular etched surface is covered by a thin |ayer of netal oxid
Wien pr esent ,of pRlymafisrmaterials, goraRiisied itke lsammfv@nyntefgmmdammm@m 0

Lhe depth of Albfadd BP9 Fhite SOpiftateigv R e80T Ane emaedtSnm 1 n
one 20 enmbodigmNt(B) t%ﬁblﬂﬁgaén Q?ﬂrdersh'ﬁﬁ pratelli Gle8d1S fo 'tﬂetlh?errg?ﬁg.ﬁalf r g@i‘lé’&m“t

0. 008um to about 0.0 In one enbodiment, the intergranular etched foil is
subst anti al | ysurfeee dfy immsrsing tlag/eﬂurfacn Bha@neithorsiont platisige corpasitirer ei n

de/ sul f P 6, 036, 758
or est8it " pr occanPHeriiege #7780 Bipling MAtelsgreifiied Fert AAGHn Mok Alafing

carried out WhbbhlgReidlt& Ho ndsil about
5 g/l to about 50 g/e rogeg pgpggfgilé}ﬁu ut b%kgﬂ%d Si"E 'E“Hggj"gu
of an ar onmt i palkadidmoni plaimum,orgcad,sad:admhm eai.nthemoh agsobaltj ugallium and

xi de/ sul foni c intergranul ar etching

m ni t robenzene sul f.onat The pe

conposi tion |%°'H?F%H%0ﬁ'§°§%l°ﬂ&%ﬁ"’6"f“ e imearsionRlatedbmssads . i n one
nbodi t, th f

oA boCyel i & 1 nge. ¥ HOLE pibcuBss 1o bBfNG' A{ifiaafptuab cRdidd KFAGHH° 10

the B omati c matdldmlcarabfafsawplwnlgamasnmbiajad enedal tszers noanetahdoils are

enbodi nment , ar o ic sulfonic acids are fused ri conpounds such as
napht hal ene s'iﬂquﬂ'r ﬁbﬁlQ:f?semh"H’ﬁ&ﬁ'ﬁ@r'“@ﬂ!ﬁ?&?h‘én?”'tﬁﬂg intesgeanutarseiching c

acids are su r Ib td t
selected 5 fPs(";tB %:&E\rﬁgnﬁﬁyﬁr oxerat'ﬁg s‘?e s’f’%ﬁ%?%lmqu’ﬁtl?ﬂm@&@%&’iﬁq 6)
al koxy and otineapplidzsiont afemsitand, mrmmWranqmbUs sblition ozt legstusealPs

may carry one or m)re sul fonic acid groups. In another enbodi nent, the .
sul foni ¢ aci csilageprlpganerals the pegeess Pﬁ t%er%ﬁmbmmw rerklts in adnevab fail kal i

met sal ts. | .0

el b et > WREHOMAP oD A0S En AR IR Ao vers
particul arly ag\disemseartBraibelcw sqmeuﬁeﬁamrbu pl‘dtilﬂie'@leﬁy m@%mhﬁveﬁﬁtﬁw
sul fonic acids may include 1, 3-disulfonic acid and

napht hal ene- IM3yde atﬂlsqneﬁldm suchca @onrcrortdwwemﬁbwmwne metert&hbydammmy

b he f I
15 P one. enbwienaBnbe8 e siapn dbRbfeed Rein fohBRgna elflayimyrate.

conposi tion, The SpbiiAlre afioh-éendUctivent mdtefi Ene m?"qvoasé' Yalddited et
per oxi de/ sul foni ¢ gén‘godl ment at a concentrati (;n of l'ess than 5o°‘2;/| rorn

anot der enbodoodvhmtraﬂmomlwlenec(Pa'cFlEd one @r eswet epoxynrabins; dhel og/rhote®
about 50 g/l anpt her enbodi nent, the sulfonic acid is present from

about 50 20 g?‘I"V!'B' ou?N8 0PF dT'P'e IRPIYGHANRLS  BSHSE% 98 OF+ More butadienaci d
is present fr I e t fonic
acid is pr esefnatn3 rom%%ot?s' to aﬁ‘gxﬂfré% (g/ Iem %‘J‘O%gﬁg%gbﬁgnkné@ﬁ ﬁ%

per oxi de/ sul f eondudtiveclagiinatihgmatecialsag conposition, the oxidizing agent is

.hydrogen peroxide. In other 25 enbodi nents, the,oxi dIZI agent may be
ferric nitrate, feltdoref@ ‘Pgtﬂnbé@m% ﬂ'@rm thed is cairied %%'"@(FGPEPH@U%gent.
Is gggerally efo%%‘%@,F @ht 3§ SRAMMGTEdtA] &bn iz8dC 88&& [H&sas él? h
produce a conversion of the copper surface froma s sta Pl y Snoo %
surface to a comtinaois prdcesses dypicaliyloperatecivitt & eohtinaous @ohnepsrewhich
enbodi ment) the concentration of hydrogen peroxide present in the
conposition may be |l ess than about 50 g/1. In another enbodi nent, the WO
02/ 079y2 -11 PCT/IB(I11/112901 hydrogen peroxide is present in the range
fromabout 5 to about 35 g/l I n another enbodinment, the hydrogen peroxide

is present fromabout 50 g/l to about 100 g/1. In another enbodi nent, the
hydr ogen per OXI de |s present in the range fromabout 15 g/I to about 25

Y M




I n one enbodi ment of the peroxide/sulfonic intergranular etching 15
conposition, the conposition includes a corrosion inhibitor. Suitable
corrosi onwo nMsf2ors are those which are conventional | y uget/iBavodbdi s

pur pose. Exanples include triazoles, tetrazoles and im dazol es, and

m xtures thereof. In one enbodi nent, the corrosion inhibitor is
benzotriazole. In an enbodi nent in which tg8ie corrosion inhibitor is
benzotriazole, the 20 concentration thereof may be in the range from about
1 g/l to aboutartesEHeetd Br PEREIERVT REAFAPFIINERA/or 1dRina®d afrolghithehrebiuttien
corrosion inhibitor is |ess than about 10 g/l. In another "enbodi nent, the
concent r at i onpuiceshe Ipcucbs¢antinushisiprocessges, lthe snetah foibbray favogably move
,anot her enbodj nent, t concentratiqn of the corrosjon inhibitor is |ess
han about 0.t & tenelal iRl drestiRstrs shroconus hiatiah tha progess. dbeu
0.4 g/1. Cne SMr@”ﬁonnewEsé??r@(tﬁjéa'fﬁ'\l"eh'ftm that"tg ﬂir@@é’slsab 848! 94
.conposition contalins no conmponents other than water, tHhe oxidi DI ng agent,
an inbrgani c echtinudusefashioroer thnati thiei rngtad folhmiovérin atidrizontal aliftedtion, Haltt
thereof. In particular, it is_unnecessary to include a_surfactant in the
conposi ti on. 8achiiedgneiaty rrefersediforrengiDeering reasanse Thadwesendnnyentienst

40 din to ab ' - surf the . bstrat.e, ,fol | owi
"ot er gr anut ar BertfigtathendB iel” 3675060, HEERAAL, disVRliEse | Riocadeiti.
per oxi de/ sul f PRbreferd) ddisne fdatuieSof thwr rebent iventisntthat Bhée SRtes e process

intergranul ar crevices and steep-sided ridges and valleys, when exam ned by
el ectron m cr abevypdor and mustheneligiolylissed inlcantinueus mrospsses igevhicb3he

referped to 5 i @S ' ri.c_chloride odi. t," the process
nol Wes a sc I8 PhARINY Brafifte miveg cihiconpLotER isadtitiot ipReaR o

i nt er gr anul ar gghefally hotizoResli diteRtioonpri sing (a) a cupric ion source, (b)
an organic acid with an acid dissociation constant (pKa) of 5 or |ower, (c)
a halide ion sourcd&hemoppedyfoilused with this invanticmareamadealsing opecafetgo of
t hi s enbodi mept ,may use the 10 cypric ion urce _one or nore conpoynds)
sel ected fronfeeniligyee sBrpught or Bllbd sopret; i ts prodiced By, mecheniselly
brom de and cpgicind'#i¥ ehickifass 0T 66ptRRior cdpber alloy SRipCoWingst BY PpidiRss

i ntergranul ar etching conmposition, which has an acid di ssocCiation constant
(pKalbof 5 or suchvas, rollingonElestrodepesites depperclodiciseurotiuced byretectrakyititally
acetic acid, aéggggnic acid,, 15 butyric . .acid ic acid, caprojc acid,

‘g . ., val e
acrylic acid, RBCCORRE ions PN AtaiaAting £atho ?)>&[IPN: angd; then geeling the; q,
succinic acid e i b i L ARk j i i @
Benzol ¢ aci d) TSRCHER! fof Mo no i, AbctoRHiteh bl oFEpBReralfty fif
mal i ¢ aci d, cate especially usafuianith thisiidvefton andharer pefenped.niFoilacfdmetals
nicotinic acid, ascorbic acid, hydroxyl pjvali¢ acid and levulinic acid. In
one 20 enbodi REMT thapesopneg may SrRFPé”%&‘fb,V similat, knoywe REPCes®8Sdi nent t he

aci dops acetic aci Whéth&e?Ms%%’ arb' et Félls ?h%g@ﬁ%“;ﬁ'\%q«a %ﬁ@ir?gl the

f oregoi ng acids. The anount of organic acid in oné e cupric

chl oride int ethithResses edring drarangtagitt 2.6 uhs torabctabdg im éhendrangFoff
about 0.1 25 to about 30% by wei ght of the conposition (hereinafter sinply
i ndi cated as thisknessy aodeoayéﬁglarlmppe&fml thigknessomayr beaxpressed indermst he

;2?36 from ab%‘f'twgi%wt %n%b%tica%&%hel £hilk"St ﬁpeb Bpés%@tir)\vén%onaﬁgeg twglfgh% %?’mi ¢
thicknesses ranging from about 1/8 to about 14 ounces per square foot
25 (oz/ft?). Especially useful copper foils are those having weights of 1 /12, 1 or
2 oz/ft?
Such metal foils may be provided in various panel sizes, such as 18"
x 24", 12" x 18" or 20" by 26". Each panel generally comprises a plurality
of sections, each of which will eventually become a single conductive layer

30 of a PCB.



is in the range from about 5% to about 10% Halide ions used in the cupric
chloride intergranular etching 30 conposition assist the dissolving of the
copper amdD epemsizbute to production of copper surfaces w POTAB@pERP@r

adhesi veness and sol derability. In one WO 02/079y2 -13 PCT/1B(11/029U1
enbodi ment, the halide ion source is one or nore conpound(s) selected from
hydr ochl oric acid, hydrobrom c acid, sodiisgn chloride, calciumchloride,

pot assi um chl ori de, amoni um chl ori de, potassi um brom de, copper chloride,
copper bronm dgy) zi peTERGRANIBLAREICKHINGri de, and tin bromde. O these,
the 5 copper chloride and copper brom de are preferred, since these salts
provi de bot h the cApnumbernofaintetgranulariatehingnprdoéessesrarei knaanesandnamigi ch
.the concentration of cugri c ion and halide ion are diepsi red be ot her, than

the stoi chi onBfOcRES MHIFR resulisip %ﬁ‘J?ﬂtP_ngﬁ'é‘!"PH@Sc"\eP 4 %eaﬁétégﬁgfﬁrhf"?'a is.
conbi ne sour C?@ﬁé‘%?%pr\]s@ with %dekehf?h\{eﬁgibnTh?hﬁQDH@ui&%l&ﬂ{}'g@abﬂﬂar' n

.the cupric 10 e Intergranurar e conpositiron, neas ased on
the wgi ght of gidhindiadteperdsults iis a metdt fahdrvirig abighl)- Gledalbp silifade,20%
by wei ght of the conposition. In one enmbodinent, the anount of halide ion

i s in the rangrarbcterizet vt the presencehelistespssidasbridggs and/op desp inteegreéomasund

used in the cupric chl,oride, 15 inter nul.ar _etching conpos, ti on functi ons
as an oxi di zi ﬁ'_%"é?fe%t Atoieeﬂ 8 Qg'q}?é‘t gf %d’i‘_ﬁr%@_n )%g‘éf V@st have ial?_ea.s’)ﬁ% use
of the cupri Crdtf) iSRURRE raGOHRFUIVRE dehO SleXAdEIWAgEN) toff &Sleak abBut e

intergranul ar etching conposition adequately intergranular etching the
surface of thEhessplect naties of thé intecgranulad cieyices ofe discugaediin mare detail
produced. In one enbodjnent, the 20 content of the cupric ion soupce
conpdfings i n PREWneAY IRashal rertiarcel MiF LBRISERviRESrerEon eve mBRPIL AL =t
terms of the pERHEbodt fTRiieldrl.C THIRRErgrasuIADEHiniRy BrodedsdsbiOite BRiddr
wei ght of the conposition. |In another énbodi nent, The anpbunt of copper is
from about 0. ihventianoremad@és oh navenagédefroeiabduh®d@ mictaincinasube akfoutopP@r i s
fromabout 2 tqQ about 5%, 25_In addifion to ove gonponents, th
cupric chl or i BUCEURENES MR al ‘é‘f‘cﬁ&r#ﬁc’ﬂ'ﬁpﬁs{)[&%ﬁ A Ee“ F gagétf"i/iqfh
addi tives suc |-E.;i§\i. } f Lt 1 Ple@IMRilhgM to .
reduce fl uct ugﬁﬁ'ﬁ?ﬁ‘% e pr&%lcjtr)fjﬂzéat égisrﬁggﬁg@nuﬁg ﬁ??’(‘: |n% ??eat many; a
conpl§xi ng aged asiotint @f nedtal fernededisi preyidedrbelowe, Inastdrhé embaatinmentsy the
nonoet hanol am ne, 30 di et hanol am ne, tri (e%mnol

m pe, apd .
N- et hyl di et hERerasanyar etehedsusiace issove *Mz/tg'r) lgvn ot metpaxidaqWhes U1
sol ution stabjl/] 0f;. .C : j . i1 r h
composi i one. PitStntsrVBFS! bt $UE W SeiRhVRY tRERE BRBGrbARE thBTadHA"
uin to about §PRhelirfediaritier it Surfadecofmtieanetalifoll.r The, laferl bbmierdl oxide
intergranular 5 etching with the cupric chloride enbodinent, is
charact eri zedheg anthipkeessmdanging; fitasm gakol 2:00Bu( desahaut sdep Inspped

id d vall . wh i nad t .
(1 95h 200 v S B ShE o BMeRAHE 98, el R Hoour
"i nhi bi t or/ chigopogpm &NEEITE0BuN.Nth omé efrpoditent, thé aiterdradWat etgresl foilon

of the present invention conprises (a) an oxidizer; (b) an acid; (c) a
corrosi on i nhihsubstantiatly frie of aowxde Byehal i de i ons. The intergranul ar

et ching conposition of this embodinment m I i ncl & &
pol ylme? I nrrponle Ienﬁ%a‘?'?ﬁerém%?d'f'?ﬁ%{tr ﬁﬁf%ﬁ%r@cﬁ%@h cﬁ?u?ﬁ? eP\é?%’ﬁﬁ?’;‘?‘i"éﬂ% ng
15 conposi ti OympdfinfortJUZS! PaterfRENEC BEOBE,768)! ke PréstntG51a8bss iMdu@és a
hydr ogen peroxi de and persul fates. In one enbodi nent, the concentration of

the @& di zer istep rafmintisogranelar cetshing v@tichyriancarpied out avith ganl intergraswidar
enbodi nent, the concentratjon of the oxidizer is.from about_12 | ,to about
30 g/l. 20 | n SSRBING ERIPASHONSORBSINGHT oM, ROuL B (9{|it(?e§?9H%e$érgéE6Yﬁrr°gen
.etching conpogjghd jt®.hS Ll 50Ny 4 Bf lah srbAitR Sifrdie 48R bha | N
anot her enbodi%r?gr)\);aagfatn{aﬁ%@rtlgbegg?g%Iaglg,bfeit yf?’?\gfcorrposi ti ont,j the acid is a
m neral acid. dait anéfeef, esaoli nasit soididrhe mbitrabenzaher siltonate. The
~conposition, the acid is a ,sulfuri(i acid, 25 In QPe enmbodi nent of' he

i nhi bi t or / chl derexdpiauiogicintergraniianStehingSATBREFIHER Is aR AA4EPYS £Q “E'Pé‘s%fnt
in a ncentr gt.i i tEng r i t

anot he enbodiq}r}é;\frhr!) ® Be gﬁ gﬁtgs];'amogrg%% |'g‘égdnctbghp%ls&? ?i?\gﬁi’ﬁ%rﬁgbgcdifgt '}es
present in a cuMR¢ aeld onsalt themof ang eafbianyclib oings/ Olngdriother abthadimdétg/ | .
30 Al though not wishing to be bound by theory, it is believed that when an
inhibitor is used in the various intergranular etching conpositions, it



WO 02/079.12 -15 PCT/I1BI'l11/112901 effectively reacts with the netal surface
to forma protective conplex layer. It is believed that the corrosion

i nhi bi t ow@eMiwifdutes to the irregularity of the resultingcsuBflaes since
it prevents or substantially reduces etching of some areas, while deep
etching proceeds in other areas, unprotected by the 5 inhibitor. The
corrosion inhibitor may be one or nore ofi1@¢.riazol es, benzotri azol es,
tetrazol es, imdazoles, benzim dazoles and m xtures of the foregoing. The
concent rat | Oyl grbifhatie! 1SARLAR: [AUMD! 48! HeRzbhe SURAL! GBI Ol Yhothe

i ntergranul ar etching conposition may range roma g/l to abou 50 10
g/ 1. In anot hembedipuaityitivg prdrhatic salfemitraridoareofudedering coAtoundssudh &9r i S
.fromabout 6 g/I to about 12 g/|l. The source of halide ions in the

i nhi bi t or / chiARhfbalaRecsyfoa agidset thaRgthes AspRedimantnile seomatic suliomiad

whi ch woul d p ' | i | ' f .1 he adhesi.on

.conposi tion. {cﬁ&%glge %sltgﬁte #,5‘ OL n%fg%hh%é%&%%'/ Chr oM E‘P‘H{ﬁéﬁg@&hﬁ?ar
et chigig conpofbin fitro, hpere@yhaRgeh, Ve i Pafkyl SoWk (OF MBkex#anal dthsr
earth salts such as sodiumchloride or pot assi um chl ori 3 oxohal i des such
as sodi um chlsuhstituents pdnanothen enbediment, the ardmatic gemisrayicaayadnenor ds

o ovi des. ehi JTPES SulieE doid,BrElihuc b A B, PTIRPYMeRtihe (apic Pl 1o

concentrat i orprabehtds §‘&HftcQn@(nef@hbgﬁnié?ﬁstﬂd‘sélf?ar‘enﬂkbl'i hitacEHIR, | eone

I ntergranul ar etching conposition, based on the halide 1on content, may
range from aberobogdimentaitbatsalinig thel $adjurmnsalpheiln loneesmbadinédnt, ithe suéfonic

mb t, th {1 at f i d from gboyt 10 .to abgut 50
25 11 AR oA GERR Sy i R GHIAil i e of 4 Sig

CONpPOSi ti 0N COUTPr i|§ Fhér \eﬁ;b%rduﬁehfgbltﬁepahwmé atRIsCRafCinkiuye P93 myah%n%

et hyl ene oxi de, ethyl ene oxi de-propyl ene oxi de copol ymers, polyethylene

gl ycol s, pol yamdmridenaplgﬁl@lnﬂes] J8Hyigsutfphicadcid holnsthesedembatimastspfthéde 30
f oregoi ng. WD 02/ 079y2 -16 PCT/I1Bl11/02911] The ampunt of petal renoved
is in the rarfRdF oA B8 RrEseRt Huth torim, oRREW! Motal RaltsTine PaTtiquleesediubhe
nmetal substr follow ng intergranular etching with the

i nhibitor/chloride intergranul ar etching conposition, is characterized by
the 18 esence of i ntiargnerambodioienti ok shapbroxide sulfiotis intergranularagtédhing

val | eys, when exam ned by el ecirgon m_croscope. In one enbodi nent (US

5, 800, 859- W) e¥Nposidien, Ehe csuttanie pagid, b5 Pregent dn ytheisameesitions aét'd?f-t

enbodi ment, mﬁ@o&f&%&?@u@%dﬂS@n@e.&t aoéoﬁéétrﬁfaqm\ng# %sse{lg“ %g)g

carried out ergranular et ching composition conpri 1 to

20% by wei ghtar’ﬂmd&ﬂéﬁboﬂﬁﬁ@mi dRe salfohibCicid ¥ Fre8ehtirodNalts@a0\i1Cg /X €6 aa&u@n
i nhi bitor and_a surfactant. Hydrogen peroxide is present in the

i nhi bi t or / sur$@@/knin anetheseanbedimen, ﬁi%ﬁﬁ"ﬁ@j"écﬂ%!ﬁ Pf%"&ﬁfq{n about 50

con tratlon % EOXL ht
of 128 conpostfitgrmba TR Yl nAnBther kb Fashly e F BRI RS Hredth

a concentratiffonPhbedt he@sabdut020 d/n &ﬂ@h@ﬁfer%ﬁmmﬁﬁft, tﬁ&@ul‘f&ﬁl@%d i 0”
of hydrogen peroxide is no greater than 20% In another enbodinent, the

concent r at i onpigisent frobyehoptdoto akouts1 @@/l

In one embodiment of the peroxid~/sulfonic intergranular etching

composition, the oxidizing agent is hydrogen peroxide. In other

25 embodiments, the oxidizing agent may be ferric nitrate, ferric sulfate, sodium
persulfate, etc.

The oxidizing agent is generally present in the composition at such a

concentration as to produce a conversion of the copper surface from a

substantially smooth surface to a substantially intergranular etched surface.

30 In one embodiment, the concentration of hydrogen peroxide present in the

composition may be less than about 50 g/l. In another embodiment, the



20 greater than about 10% In another enbodi nent, the concentration of
hydr ogen peroxide is no greater than 5% |n another enbodi nent, the
concent r &0 6101f42hydr ogen peroxide is no greater than 4% PCHIBGHARNEr
enbodi ment, the concentration of hydrogen peroxide is in the range from
about 0.5%to about 4% 25 In one enbodi nent of the inhibitor/surfactant

I ntergranul ar etching conposition of theidresent enbodi nent, the inorganic
acid is selected fromphosphoric acid, nitric acid, sulphuric acid, or

m xtures t helgRrogd porfokiddROpiesBAt in tﬁuerarfgvﬂam 6bégt 8 tosalsoutt 3% igy. af d.
The concentratlon of acid in the inhibitor/surfactant intergranular 30

et chi ng corrp(mammermmbogmmnatheyhudrqgeast.zer@bdatls praseny fremnghowf5@ igdl to
.conposi tion. 0 i ment, t concentr n,of acid is, at |east about
W0 n2ro-9s. B 0p§§%ﬁ/3@gogtmemh°@me$ %ﬁﬁ%@ﬂ?@rﬁ"'ﬁ’ﬁ@"c'ﬁrﬁ@ﬁ??bm on
of acid is ath Fqgﬁé b%% 1% ﬁrtgldb ncentration of acid in the

.conposition w no greater t an about 50 I n anot her enbodi nent the
concéntration of daieneé embodireaiteof tthanperoxide/80¥onitnimergrarulae ndretirment
the concentration of acid is no 5 greater than about 20% The corrosion

i nhi bi tor i nQORAPYS{HPR the coMmPosichManfuthgraingiude apdneraanic Ak AN i s

usual Iy one of /iRl iherkeloly AB\! b6 Affi8d. { B oebieRfinbi kPbEd A

m xtures there e corrosion | IS a rlazole

I n anot her ergpffdirigeitid. IMhan Miicdiment ille‘bétheilﬁo@aal&séldtlﬂts@ﬂuhﬁ acid,
benzotriazol e. Suitable substituents are, for exanple, Cl-4 al

subst i t uent s thpracithis RIASSAE ik the CORPOsHIqNHAY 8FONGBNHiEtieP fr@mpamn?mg{l t he

|nh| tor/surf t | f_ at
| oad® 070001 br aPUhA Qo P At Rir Eribo TR TNE shirffle did L BRMRY ot
corrosi on i nkidpickRfration Frdthedbot 2@ gAaBCaidutat 50 @/I10f Incdndthas entbdtfiRfetet, | N
15 anot her enbodi nent, the corrosion inhibitor is present at a -

concent r at | orthefacid is| presentatia Goncentsatinmrene abouli 58 1a/| ta akoutod 08g/bnin

inhibitor is ent at a congentr.agt.i on_ of 5% [
enbod ment | (ROTS $EBPERNE T SR 1 Sens Bhie seraoneEieh el AERR 74 Sflor o
than 1 % General I, oh@eerﬁabamsér&nof rt'hbbﬂél‘vxldé/bhlfmcpfrﬂéﬁgﬂbnul&rtét@hlng
conposition in an anount no greater 20 than 20% In another enbodi nent, the

cor ridsi on i ntodmpositics, rxhssenmp@tsuwrconcl@desaau@Wroslonolrgvba@er Suitable %
I n anot her enbodi nent hﬂmgﬂ? corr,0si on,inhibitor

concent r at i orFBFOSYL s e thqse ng%?remapﬁ@ﬁ?l W}%d ﬁ%rt%bss?‘ﬂmose
i nhibitor is mrRSARS ifdiude SPAYRY, rtafrh%legfanhq&ﬁdaméls lafd@ ndRtUrBS thevdoct ant

is preferably a cationic surfactant, usually an am ne surfactant. In one
enbodi ment, tlhe oher femshadiment, atmpua:loemsarry inhibitaruis sherfzattiszule. | nlrarart her
enbodi ment, tehr%bggl?rggrgtnaiay v% ni rg Scuorr];c(;is(%c:[:r('\i mintiigitor is benzotriazole, the
20 concentration thereof may be in the range from about 1 g/l to about 20 g/I.
In another embodiment, the concentration of the corrosion inhibitor is less
than about 10 g/i. In another embodiment, the concentration of the
corrosion inhibitor is less than about 5 g/l. In another embodiment,' the
concentration of the corrosion inhibitor is less than about 0.1 g/l. In another
25 embodiment, the concentration is about 0.4 g/l. |
One embodiment of the peroxide/sulfonic intergranular etching
composition contains no components other than water, the oxidizing agent,
an inorganic acid, the corrosion inhibitor and the sulfonic acid or salt thereof.
In particular, it is unnecessary to include a surfactant in the composition.
30 The amount of metal removed is in the range from at least 40 uin to

about 120 uin. The surface of the metal substrate, following intergranutar



one or nore ethoxylated fatty am nes. In another enbodi ment, the quaternary
ammoni um surfactant is a Cl0-4o0 surfactant, that is, a surfactant 30

conpri si WP eobsast one, preferably one, Cl10 al kyl group. PGUBEIWRE1
surfactants nay have at |east one, preferably two, hydroxy-substituted

| ower WD 02/ 079S-12 -18 PCT/1BOL/ 02901 al kyl groups, that is, Cl-4
hydroxyal kyl, and one or, less preferablystwo |ower alkyl, that is, Cl-4
al kyl groups, attached to the nitrogen atom In another enbodi nent, the

guaternary a ' faact ; ' e y ' t hyl
ammoni um chl E)BI:{IB ﬁ@@rﬁ“& tﬁgo?%oa%@ﬁ%géﬁrgogﬁbwrﬁ%goi)?yE?E%E%%ﬁ/Wa;‘rﬁ%ni um
chloride. Cergresbhoe bhintetgramaanotevicest dred stduphsitiod riigebamidanélieys, when

. ntergranul ar etching conposition will be present in the conposition in an
anount of at @xamined tpoalessnon MEGrgRSORA: t he conposition. | n one enbodi nent,

the surfactant is pr t . a [ I 59 apot her
.enbodi nent, 10 thelp'sEﬁgg'be{a%?‘%f’gﬂ'ﬁﬁgggtaé'a?gaé}%oﬁ%énf’?yft-’i'g%ggf r/%f'eb%do/?g
Cenergal |y, thgerdl B83haMtuphit lchiftidy mBadithent, ehé prEisEst inelude’d A8 NO
greater than about 5% In another enbodiment, the surfactant is present at
a concentr at iintergramdagredchiog whéech 380 carried notthavithe rdso dnteegraputdreetching
surfactant is present at a concentrati on of no greﬁ)ber than,2.5% 15 The

e

conposi tion PGF‘F‘RQrC%Hﬁ?'PQE‘_& BSHNG 1O2 IR FoPraMe GG Wiehan
peroxide. |f i§¥ocididh ctiribhant (gkgggﬁ?e&lIOMrP(C?.%g{rﬁlidg]Eion?ﬁBQF&?%H?(HD0”

I n the range om about 0.001 %°¢t 1 % by wei e conposition.
The anount of waedral Thigintergtanslar atahirg peougss fof thisembedisterd nal use es 2oe

about 120 uin The surface of the netal subs ( te, fq(‘)* {!OWI ng i nterqr
presthce of iSHRIIGORRAULSS Bpéﬂ’dﬁgrea?ﬂ“gi’%’éé Siﬁa'sat gesa H"Qaﬁa&e?a/rs?“v\hen
exam ned by e T : : ' , referred
to herein as éﬁe%h%gm?ét% gpgg%‘ﬁ?r& é;cfﬁ{ebzllc\%% %%Pn%%gtﬁgégﬁ%ess
includes a step of Thot ergarfiaulagid edfchiheg cuprich dhdoride rintergpanulat t Btahing

i ntergranul ar etching conposition conprisi ,n% (a) h drto(g?(n)p?rsoxi lcle; (b% at
ion constant (pKa) of 5 or lower,

| east one aciepmpogitioni whigly hps . amoacid gissocia
one or more acid(s) selected from formic acid, acetic acid, propionic acid,
15 butyric acid, valeric acid, caproic acid, acrylic acid, crotonic acid, iso-crotonic
acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
pimelic acid, maleic acid, benzoic acid, phthalic acid, cinnamic acid, glycolic
acid, lactic acid, malic acid, citric acid, sulfamic acid, B-chloropropionic acid,
nicotinic acid, ascorbic acid, hydroxyl pivalic acid and levulinic acid. In one
20 embodiment, the acid is formic acid, and in another embodiment the acid is
acetic acid. In one embodiment, the acid is a mixture of two of the
foregoing acids.

The amount of organic acid in one embodiment of the cupric chloride
intergranular etching composition is preferably in the range of about 0.1%
25 to about 30% by weight of the composition (hereinafter simply indicated as
"%"). In one embodiment, the amount of organic acid is in the range from
about 2% to about 20%. In one embodiment, the amount of organic acid

is in the range from about 5% to about 10%.
Halide ions used in the cupric chloride intergranular etching
30 composition assist the dissolving of the copper and contribute to production

of copper surfaces with superior adhesiveness and solderability. In one



PCT/ 1B(11/ 02901 (c) at |east one nitrogen-containing, five-nenbered

het erocycl i ¢ conpound whi ch does not contain any sul phur, sel eni um or

tell uri uw@oxmse2 t he heterocycle; and (d) at |east one adbesBue2ewanpound
fromthe group consisting of sulfinic 5 acids, seleninic acids, tellurinic
acids, heterocyclic conmpounds containing at |east one sul phur, selenium
and/or telluriumatomin the heterocycl e,1@nd sul fonium sel enoni um and
telluroniumsalts having the general formula (1), RL 10 A+ X- (I) / \ ~R3

R2 in which Ae;%baaﬁﬁerimh&halﬁm oh sbiirce & dle osﬁ%owéoﬁ{aoﬁham sfaibrct@& lmdm
substituted al kyl, al kenyl, phenyl, substituted phenyl, benzyl, cycloal kyl,

substituted clygdroghloyic, aBid, FedrabdoRic taelmgsoﬂmnsaafﬂonde dichlciuranchloside, X~

.stands for an anion of an inorgani.c or organic agid or droxi de, provi ded
that the aci dPei@saiimahlogdeosamanive %Wf%«mtai%ym.%ro o, GRAPer chlorids: ¢ he

20 sulTinic, Sehdubtofiad, Jifi bHidridies iBh! cHioridd, Sl fin of AR mhge(s@ the N

.one enbodi nen er ocyc hesive 1 nt er granu

conpadsi tion, copperridrideang eoppesbromide are preferred,tsinge thasensatnpravide
het erocycl i c conmpounds selected fromtriazoles, tetrazoles, imdazoles

pyrazol es andb@thy thesupsis iop ant thatalidgern. OHOtVM%Vﬂet"émyﬁl'PcWQéﬂ{béth

I nt ergranul ar 0 N

sel ec?ed fron?cgr&g%@&oﬁgrfgﬁhféqg |a&§nﬂ§% c'tgrrr‘r() cf(i]essuﬂeg\s/ﬂn [Hﬁﬁef %?J
RAREN- C- SO2H éfoictloMBtric ré€o ¥ fHJQMBrlc mnB@T it idy1Be /rﬁ%agéar\ofﬂﬁf ebbie RS
and R6 = H, al kyl, substituted al kyl gymwaSUbStItUt ed phenyl, R--(CO) -

V\Ath R~ = H, abumb,s of wupriction @ddahalhyle lorph meubt of halidel igrhimthe cuprieei n
ferent. 5 In one

d nb
(i T8 for mans B lide Sufergranaib efahing omiasotinsh A erstres Bapgd of the wéighe g7

heterocyclic/ adhralide .d,mt.enertaaubﬁge%tfcdwow C0THE b ldbdiie ZOWPSY Wiightbf
conpri ses one or nore heterocyclic corgounds sel ected fromthi ophenes,

t hi azol es, i stheh pamc&tlom hiladone embodiment hthe smousitcef. halideaian iein the
enbodlnent co or nore 10 sulfinic acid conpounds
At eyt e 2RRuPRS

sel ected fronT uene sul finic acid, chlorobenzene

sulfinic acid, ni t‘THBe'&GBHE o féJUrEeaeb%p%ﬁLﬂdCQfs%XY@eﬂ?@r@JpﬂH fdHibhidaci d.
I'n anot her enbodi ment, conponent (d) conprises one or nore sulfoniumsalts

sel etbed fr omruengmmdﬂyt emhiuig)qomposalotnsfurtcltlppheasyan ouidizing agephito oxidize
net hi oni neal kyl sul fonjumsalts, oni ne bér‘té%/.l sul fonium sal ts.

I n one enmbodi ?SOF“F'Hea*hé’PQPBEﬂ,’IF liﬁﬁe e g e? JFURNG i SRYIrCe
composi tion, EGRRAMAY dstné SofdlANS P muw R ifRraRukR CBldhg
composition adequately intergranular etching the surface of the metal in
terms of speed and depth of irregularities produced. In one embodiment, the
20 content of the cupric ion source compounds in the intergranular etching
composition of this embodiment, in terms of the amount of metallic copper,
is about 0.01% to about 20% by weight of the composition. ‘In another
embodiment, the amount of copper is from about 0.1 to about 10%. In

another embodiment, the amount of copper is from about 2 to about 5%.
25 In addition to the above components, the cupric chloride intergranular
etching composition may be formulated with additives such as an organic
acid salt of sodium, potassium, or ammonium to reduce fluctuation in the pH
during the intergranular etching treatment; a complexing agent such as
ethylenediamine, pyridine, aniline', ammonia, monoethanolamine,

30 diethanolamine, tristhanolamine, and N-methyldiethanolamine to improve the



Rio Ra S Rl11 wherein R8, R 9 R and R may be hydrogen, al kyl, substituted

al kyl, 20 phenyl, substituted phenyl, hal ogen, am no, al kyl am no,

di al kyl anvom/01§tr oxy, al koxy, carboxy, carboxyal kyl, al kegyanelszeoal )

am nocar bonyl, R12-CONH- wherein R12 may be hydrogen, al kyl, substituted

al kyl, phenyl, substituted phenyl, whereby R8, RO, R1 and R ~ may be the
sane or WO 02/11795.12 -21 PCT/1B111/ (1£9111 different, or wherein two or
nore of Re, R', Rl and R 1 may be conbined to form hono- or heterocyclic

rings C0”de”S%uﬁ'ghhstfaﬂggiy'ﬁpe%ﬂé‘rarédwvahBuQ"&hEF%%;wrW@dd{'tJb"s foy gg@ﬁ”e

I s an am not hi ophenecar I c acld, ester or amde. fn another enbodi nent,
t he t hi ophenecompbsitionsi not hi ophene- 2-car boxyl ate nmethyl ester. In one
.enbodi ment of the heterocyclic/adhesive intergranular etching conposition,
conponent (dl is albeiamaing off metal remavedds in dheienge from [t lgasy 2D wirtei n

R 3, R14 and R 6 No) d L kyl bstit | kyl .. ph I
-substi tut egnp‘ﬁ%‘?ﬂ}l !Eﬁéf'ﬂge e rﬁ'ﬁﬁ‘g‘? °§|t§§|"3‘?ﬁ%ﬁats‘5%ﬁ’§fﬁf393ﬂ’fv¥r& "ﬁ??eﬂr}é%’l,arlo
| k : b i ied A i
2 ConFiner ei mo g O A B SAaEIeizSd BYethe ey

be the sane opredehéeoéimtergranular atevides awd steamsidedfridees, arkdl ¢alleys, Ribenay
be conbined to form hono- or heterocgcl I c rings condensed with the thiazole

ring. 15 In ofABIR YT@"ﬁcF"’c%@'?'ﬁP‘_é Bfe is an aminothiazole or a
substituted am not i afotiet Embddffieht (O, PafefONR U8 Hs%k 309 PO ¢8)

may be thiadi azol es substitute the sane R groups as ove. In one
enbodi nent, thereiiagithe ofishibitos/ichimidedt émbddiment the antengranutart etthing
am not hi adi azol e. 20, I n one enbodi pent of the het er%gg/cl iig,adhﬁai ve |
i nt etQr anul ar CHNEREHIPNCBhHISPIGSEAT INVSMBIORSERMPEFeS 3)An pxidizare (Riran geid:

Rl 7Y prd S SRS Y 07 e ARG S0

and R18 may be hydrogen, sti phenyl ,

phenyl, am nOethﬁﬁm%%Wd’sﬂion afdhishemblodirfent- nedydalSo iacluy Hevitee sshutie or
different, or in ich R ~and R a may be conbined to form hono- or
het erocycl i c PPly§ereondensed with the triazole ring.

In one embodiment of the inhibitor/chloride intergranular etching

15 composition, the oxidizer is selected from the group consisting of hydrogen
peroxide and persulfates. In one embodiment, the concentration of the
oxidizer is from about 6 to about 60 grams per liter (g/ll. In one
embodiment, the concentration of the oxidizer is from about 12 g/l to about
30 g/l. |

20 In one embodiment of the inhibitor/chloride intergranular etching
composition, the acid is any acid which is stable in the matrix. In another
embodiment of the intergranular etching composition, the acid is a mineral
acid. In another embodiment of the intergranular etching composition, the
acid is a sulfuric acid.

25 In one embodiment of the inhibitor/chioride intergranular etching
composition, the acid is present in a conceﬂntration in the range from about
5 g/l to about 360 g/l. In another embodiment of the intergranular etching
composition, the acid is present in a concentration in the range from about
70 g/l to about 110 g/l.

30 Although not wishing to be bound by theory, it is believed that when

an inhibitor is used in the various intergranular etching compositions, it



5 In one enbodi nent of the heterocyclic/adhesive intergranul ar etching
conposition, conponent (c) is a tetrazole of the chemcal fornmula: /, NN/
\ R~e wheM 02/R958 may be hydrogen, al kyl, substituted al kpCT/1RM1a29M11,
substituted phenyl, hal oal kyl) am no, benzyl, carboxy, carboxyal kyl,

al koxycar bonyl, am nocarbonyl, R12-CONH wherein R12 may be as defined
above. 10 In one enbodinment, the tetrazolegis 5-am notetrazole. In another
enbodi ment, the tetrazole is 5-phenyltetrazole. In one enbodi nent,
conponent (C)a4 I | QQQQ | e

I m dazole is %ﬁ§g¢n1 230 g. 'EgﬁgPﬁggp%ﬁﬁ%gfﬁ%h?gggg£§§%%bnen?ﬁ§§?H%¥%ﬁ

5-phenyl t et r dz ¢ belidvedothat ahe icor@sibn iMAILINOr RONTHUtea26/the aftdgularity of the
.ethyl benzotriazole. In one enbodinent, the intergranul ar etching

conposi ti on oesuliinghsuréacss \singecit paenents or sybstantialy redutesietching @ftsiomaei on
of a nitrogencaontainin eter clic ound,,, such as benzotrjazol e WO
112/ 0795- 42 -?gaﬁwb%$W9Pf%%tW§§§%§d?r?tgff)lag?a%'t HQPB%tﬁEtﬁ‘f% 288,

5- anigot et r azghmbifyr. SPIABY bbAbERAC!ifhibRSr GAEPOBENbNECHr Midrd HEHIaRENE, i C
conmpounds such as am not hi ophencarboxylic acids, their esters or am des,

am not hi azol drexzatridzalabs tétrarales,amidardies.zbénzienidazades anganixturegsddf the The
conponents of, the heterocyclic/inhibitor enbodi nent of the intergranular
et chi ng conpd®9YRI: when present, are preferably present in the fol | owing

concentration ran : ] ' ? Satad :
Hydr ogen per oxi de??\ﬁs% cvj\O/tQ]‘%%gglgﬁk) h}?\f ﬂ‘léfg'q%%ﬂgﬁ ﬁﬂg{dr?réﬁgtgre ég\hmto%?tq\@/l&e
ni t r ogen- contiatengngnulat etchipg ldompasition miay Garige frobd abolt Adys 10 \abourr@dunds
cont aj ni ng sué]i ic, selenic or telluric acids:, 0.05 to 10 g/l Adhesive
het et@cyclic (')'n'BBLﬂ'ftﬂ’éhe'O.e °6’B“20t'g‘y‘ﬁ ognceptiation dothenerfrasirsindItoigni um

salts 0.01 tofﬁénkgé;é’m;ﬁgg/[ ?](thbggpqzti_ erature is in the range from about

20C to about reat me time is in the range from about 10

to about 600 seconise sbarcenef kalitedioneivi thé irhibiterachieride irtergrandlar etdHing n
t he range from about 35C to about 45C. In another enbodi nent, the treatnent
time is in tHOMRAGEION MAYhmany zomreusbwhidnwald previdedplidglions in thae

hi gher the te .at yr A | LS. fior_ the |
et ghi ng pr oce'gg.%r'%?g t&ﬁo%%%ﬁﬁ%%&@?é%v |'é8rig’n l?k?en & §’H3§E‘ﬁ'gﬁf§f H:'I%east
40 ~gn to 25nRAlatdr/chishidd ivterfigndlar é@BmgEoPesitibhathe sbsrceafehalitelibr¥i Ng

intergranul ar etching with the heterocyclic/adhesive enbodinment, is
char act er i zedsbgne 9 PEES @lkalingf earth sals ssuehaas Goditn cehlaride r cegtassideal

e 20, g, SRS TR A Mg SR b EBSSERR chir S oFRREL ™
bearing mineral acids such as hydrochloric acid. In another embodiment, the
source of halide ions provides chloride ions to the adhesion-promoting

20 composition.

The concentration of the source of halide ions in the inhibitor/chloride
intergranular etching composition, based on the halide ion content, may
range from about 5 to about 500 milligrams per liter (mg/l). In one
embodiment, the concentration of halide ions is from about 10 to about 50

25 mg/l.

In one embodiment, the inhibitoi/chloride intergranular etching
composition comprises a water soluble polymer selected from polymers of
ethylene oxide, ethylene oxide-propylene oxide copolymers, polyethylene
glycols, polypropylene glycols, polyvinyl alcohols, and mixtures of the

30 foregoing.



t he netal /redox/ oxygen" enbodi nent, the intergranul ar etching conposition
conpri ses WO 02/0795-42 -24 (a) an acid, (b) a copper conpl exing agent,
PCT/ | BOLW®@23@9542c) a netal capable of having a nultiplicPCyiBdl/a@xiidat i on
states which is present in one of its higher positive oxidation states and
5 which netal fornms a conposition soluble salt, and (d) oxygen. In one
enbodi nent of the netal/redox/oxygen i nt_gre;ranul ar etching conposition, the
concentration of the higher positive oxidation state nmetal in the

conposition is gr eﬂ"iﬁeamtoﬁﬁ'ﬂ o?l?ﬁé’tta! fler%g@ tiﬁg{mdé#]agfrgeg%gﬁféq)fé%{ hggffin% In

anot her enbodi ment, e concentration Ve OXi I on

state nmetal igbdut TIC uiranJhef surfactbetithedmictalodubstraie gfdliowing intargradiilan i s
.included in the netal /redox/oxygen intergranular etching conposition nmay be

any acid or rfitghinge vith aihied iphibiterichlgride rigtergsanilan atehing: epmpesition. & ch
t he copper or_,copper._alloy.in th r n f..the 15 other. ingredients in
The conposi ¢ iFreckRLz P St PrestBof o EREIaRAt Poulh i steaR et F885 1 o
aboutg 400 gr a4 PalleVE) Ivhell Bkamitdd/by eBtaPHiicR@cbpe about 150 grans of
acid per liter of conmposition. Sufficient acid should be present in the

conposition to prdniae embediptert{d® 9,809,889 MV 09661907 e refierred, torhergimbout
0 to about 3. 20 The.acid utilized in.t composi tions of th

met al / r edox/ (ﬁ&/&é‘ﬁ Fﬂﬁ%’?ﬂl’%’ﬁﬁ??ﬂmgt 8mbr?|éﬁ98 o@\e_t PB%cer?ﬁy'nﬁb’%sngrs&Ppa%{ ds,
organi ¢ aci djn%rg?&ﬁﬁlé’rr REchiRg’ &Mich X aaplied At Wineapl ir6igianiiaf! étéRing

sul furic acid, pérchloric acid, hydrochloric acid, fluoroboric acid,
phosphori c actampesition ®wnfprisingacid is a particularly preferred m neral

aci d._Exanpl es of organi i ds which may 25 be utilized include carboxylic
aci dQsuch as acet@d @c\lzél’/g &Vkﬂﬁ@@&mﬂg‘?ﬁ Béf%éle

““ral kanol sul fonic acids,

or m xtures there . W-g sul fonic acids may be represented by the
foll ow ng formnul aogrh"@(g@ﬂ% ér’ei n Ris an al kyl group containing from

about 1 to about Idh ofgjarfi¢ ebrraive inhibitoram@ut 12 carbon atons. Exanpl es of
al kane 30 sul fonic acids include nethane sul fonic acid, ethane sulfonic
acid, propane W@ eurfagtant.

Hydrogen peroxide is present in the inhibitor/surfactant intergranular

15 etching composition at a concentration of at least about 0.01% active
hydrogen peroxide by weight of the composition. In one embodiment, the
hydrogen peroxide is present at a concentration of at least 1.0%. In another
embodiment, the concentration of hydrogen peroxide is no greater than
20%. In another embodiment, the concentration of hydrogen peroxide is no

20 greater than about 10%. In another embodiment, the concentration of
hydrogen peroxide is no greater than 5%. In another embodiment, the
concentration of hydrogen peroxide is no greater than 4%. In another
embodiment, the concentration of hydrogen peroxide is in the range from
about 0.5% to about 4%.

25 In one embodiment of the inhibitor/surfactant intergranular etching
composition of the present embodiment, the inorganic acid is selected from
phosphoric acid, nitric acid, sulphuric acid, or mixtures thereof. In one
embodiment, the inorganic acid is sulfuric acid.

The concentration of acid in the inhibitor/surfactant intergranular

30 etching composition is generally at least about 1% by weight of the

composition. In one embodiment the concentration of acid is at least about



-25 PCT/ I BOLl U29U1 sul fonic acid, butane sulfonic acid, pentane sulfonic
aci d, hexane sulfonic acid, decane sulfonic acid and dodecane sulfonic

aci d. Thav@abxemdi2 sul foni c aci ds may be represented by th&CTIBeIERAGg
formula: (C'H2n+, >- CHI OH1- (CH2) m SO3H wherein n is fromO to about 10, 5 m
is from1l to about 1 1 and the sumof m+ nis from1l up to about 12. The
hydroxy group of the al kanol sulfonic acigs may be a termnal or internal
hydr oxy group. Exanples of useful al kanol sul fonic acids include

hydr oxyet hyl | foni ' BHdi ' Hd, 0

sul foni c aci dé v%yﬁ?%ﬁ%%%h? {/‘? sul ? é%?f:é)g%'ﬁ%&“{%;%oﬁfyﬁ%gs? agﬁ%sgﬁgﬁgg {3 and
10 hydr oxydod@eiéraliy ke obncerttrationfofsacio il tiso opopesitionl wilhise norgiestet ithas of
.the netal /redox/oxygen enbodi ment is at |east one conpl exi ng agent sel ected
from urea andaRetdQ%a boapRIietembeginentthe aprRcantrationpt acid e 9rePsEi fi ¢

exanpl es of u OLRAds 1,nC r LLr oxal at.e
-1-acetyl ur ea,{h%?\ ggg@eﬁgﬁurlga%%ﬁgﬂfﬁral?r&e@?ﬁ&?.btécﬁ%ﬁﬁ?ﬂ&?@g,&(qa?lh s no

1- di phenyl ur egreatertdhcaboute20%st c. Exanpl es of useful urea conpounds are
found in Holtzman et al, U S. Patent 4,657,632, which is incorporated
herei n by ref er enckhé eprrosiontiphibition ifs thecindiibitay/ausfagtant intengeantdar. etrthing
conpl exi ng agents may be an f those conpl exing ‘agents 20 descrihed b
in the secti ofPBROPHREr Hﬁ‘%’/ t 8NPl §§??}Pﬁoﬁ'§.’" fﬂgzaﬁbgﬁv%&etm&
conpl exi ng aGpRbiafBlY, Ad Kakiutes Mébof M HRe eRBIRIINIAR B3 édr%aiah%ibﬁogo
about 200 g/I of conposition. Mire often the conposition wll contain trom
about 5 to 128 gtriazated pnahetlzdr embodimenibothe darrosionlimhibitdbisgd substiteted abl y

t he conpl exi ng agent is thiourea or_ 1-methyl-3-propyl 25 im dazol e-2-thione
(PTIIO Anot heberaditiarnlen Suitablecstisstpite Pb%sf%?g?'ﬁ@y%ﬁm ﬂﬂ‘xbﬂfbs(sstwm-
embodi ment 1 s one ﬁ]&ﬁé CofbbalmefEP R Scoirodil! ishiBitgH! is! ﬁerQér{ty.in the
oxi dation states, ich metal Is prfesent In one of Its higher positive

oxi dati on st ainhibitoa/sdrfseitait inwrgranutar etchking ecopsisiticminsan aivoans of at least
Exanpl es of such 30 netals include tin, lead, platinum and palladi um which

have positiveQdQ@hY by eight off they camposition sii@anolher aMYAdMentntloe
n e : . i o g
1757 Bnd cer  errdNgRanREIRE, s itebirt abt uoltcthalioh 81 s fesd o todBosr 3"

and +54. Partasother ebhtidihent, atieontisiorsinbibittr 4é presbot datd eonsdratatiorebal s
useful in the present enbodi nent include tin ( + 4), bismuth ( + 51, |ead (
+ 4) and ceriahleast-04)%. Iy angthes embogimentthecarersian inhibitgr jssprasent at

el err e, TG BARAHATAE Rl B st AR SReBRRRE TR

| ow

one or nore o SCcri bed nEefa osi'tive oxidation

state can be phsiesreR, pfedentX@n®|conchitratiss Wfvidtge ahant #be OxGdserally swhé at e
wherein the netal in the netal oxide or sulfate is in its higher positive

10 oxi dati on sewmegioninhikitorwilhbaipresent incthe esmppsitiondn @mpHoHDt BA greater

g?g;g@g : 2% 3; naﬁipil‘%'slncgﬁ]ot“gr 851%%%|%gn{),yth%i éér%é’iioﬂ%%b?t%lrlig ipqgésent at a
concentration of no greater than 10%. In another embodiment, the corrosion
inhibitor is present at a concentration of less than 5%. In another
embodiment, the corrosion inhibitor is present at a concentration of less than
1%.

25 The surfactant is preferably a cationic surfactant, usually an amine
surfactant. In one embodiment, the surfactant is a quaternary ammonium
surfactant. In another embodiment, the quaternary ammonium surfactant is
one or more ethoxylated fatty amines. In another embodiment, the
quaternary ammonium surfactant is a C,q.40 surfactant, that is, a surfactant

30 comprising at least ane, preferably one, C,4.50 alkyl group. Suitable

surfactants may have at least one, preferably two, hydroxy-substituted lower



oxide in sulfuric acid and water. Alternatively, tin (IV) sulfate can be
used. The conpositions of the netal /redox/ oxygen enbodi nent preferably
contain N @/M&2 4 grans per liter of the netal in the heghasoigeddati on
state. 15 As the intergranul ar etching process proceeds, stannic ion is
reduced to stannous ion) and the copper that is renoved fromthe copper
substrate is incorporated into the conposjgion as a copper conplex fornmed
by reaction of the dissolved cupric ions and the copper conpl exi ng agent

present in th idi IThes st i LSAl e j.C.ion
By ot dat  on B5VSTRRS Bt if' S5 APBRUT AT, bl B FlesB brefeabiichii ons
of the netal / fadew bty gthmateigh @i frafity! igrodpss attaele@ tyofie Altraten atomwi dal |y,
.the anpbunt of oxygen present in a conposition will range fromabout 1 to

about 15 ng p@nothererembodiinenti t then, antesnamt e @mmppiurabosurfactaotabare 9
lit f 2 i i Oy Th t of, di ssol ved, in th
conposi tion sageaY BRIyl AnveeRRYn: mienil; apshiimL Sopde: 8rd: he
met al pr esent iéomriaén?lswm@w HWdrdkyetRyl MeByI RSN BHIGRdé. 0N state to a

hi gher positive oxidation state; for exanple, to oxidize stannous ion to

stanni ¢ i on. | n onEeperliytheduefabtaitinetite iohibitoe/suefiaatant dutexdranvipe Btching

enbodi nent, 30 0)&/) en or i s used atz_‘ t he exc| usiye oxidizing agent, and
c

air g ,
the conpositi SAMPOSHAY, Vﬂﬂ b pEeseniincHle sRMPRSILAD iy @R 3MeyRH ofsat least
per oxi des, pe t i 2 P S,
per manganat es?' o 1%m€?:%%?§%gﬁ4d& é@ﬁlogalot 'eﬁéﬁ%%%@@jegg’g{gﬁ(iyﬁﬁ%m
identified abisvpresent ah@a eorinashtration, ot Aeleast 00005% .0\y gaotherasabodinventhe
conpgai tionis suffjcient to maintain the concentration of stannous ions in

the E0conposi thesWiactanks is pagsenionat axceresntratian |9t @0 b¥e. c faerarelly othey
e f . MRS . ,
concent v at | on®a Gt RHE b Brebtht kB Eohfibaiddh A SMIInE TR GHREF 3nbR°

grans of coppaboer59%i.t eln oansibep osmbiotdimert) e tite pfffadtant cigt ppddept @ayabe
reduced by precipitating the copper con})I ex fromthe spent conposition. 10
The conposi t i 6ANeNtiation ek ne greatesthand@n Branstherembadiseentathe serfaetantne

or nore surfa&tmtsgnpgﬁ[ﬁgédﬁleﬁﬁ%%n cﬁal%]gpéat P&a Faé%sal ts, the acids and

t he conpl exi ng ‘agent. conmposition nmay optlon y contain at |east one

surfaBtant in a comhentsmposition emayalbathe0 cOmprisead astabiliRihgoagent Ber thet er
of bath and nore preferably from about 0.05 to about 20 grans per 15 liter
of bath. The bydragenameroxitene Wt prasgst, she stabilizingrgenfcisudresent at a

thereof . The anfaifanciihdd Sna oLbaRlro DRl o8 ol 1%k AV PERERY dhe rmy
be optional | ychbifpostish.i n this enbodi ment are those di sclosed below in the

section on surfactants which may optionally be included in the inmrersion 20
met al pl ating sol ufheramauit efomessli nemnaveshisiinghe Irange frone atheagsr&Daimto on

of t conposi tia f the.petal/red oxygen enbodj nent. Exanple 1
_corrpgéi tion c8h?_%{ﬁi2§g‘_”fo P%ﬁt‘r{(ﬁ'f;eﬁqgﬁﬂi g‘%ﬁ”g% a*qrrﬁg{]omngzg'ﬁgmega{ i on
i's produced bgtshingakithntheSihhdsitarfsutficthht 8mbRidirRen st éRarabibrized! BAE the
col | oi dal dispersion (purchased from Al fa Aesar, product code 40026), 60
grams of t hi opresenpeoflinteggraptilar wrgnises aond sta€ipsigledmidgses and valléys, awhenper

liter of conposition,, and water., Oxygen is dissolved in the conposition by
bubbl i ng oxyg&XeMiRes,BK aleriren RiiGESeOpeyy O 112/ U 795. 42

In one embodiment (WO 99/40764), referred to hersin as the
25 “heterocyclic/adhesive” embodiment, the process includes a step of
intergranular etching which is carried out with an intergranular etching
composition comprising
(a) hydrogen peroxide;

{b) at least one acid;



-28 PCT/1B(11/02901 Exanple 2 The procedure of Exanple 1 is repeated except
that an equival ent anount of 1-nethyl-3-propyl-imdazole-2-thione (PTl) is
subst i t umadoXwps4ehe t hi ourea. 5 Exanpl e 3 The procedure ofPCEXBMpR®1l is
repeated except that the sulfuric acid is replaced by an equi val ent anount
of nmethane sulfonic acid. Exanple 4 The procedure of Exanple 1 is repeated
except that the sulfuric acid 10 is replaged by an equival ent anount of
acetic acid. Exanple 5 The procedure of Exanple 1 is repeated except that
the sulfuric bl 1dast 'oa! iAfH4 nereEat Jb\(r@' Q:f&ln% cid.
Exanple 6 15 ('?' gg:)dra%(t:gzﬁr'g&g eiéibﬁip?@mf"?‘?ﬁ{ﬁeat egaehxegéﬁot t!:gt thed"tgliu?ll
(1V) is repl awbithodoes matucoatamtarersulphuof sklesimmhoy Wiluritve atwunin the
.met al rem)veﬂ_.is in i?ge range fromat |east 40 ~cin to about 120 din,

cal cul ated as"HBLRWYCMPAYhove. In one enbodi ment, the anount of netal

removed is ahayty§8as dePlese?L G pBand PG P‘ﬁeﬂpﬁ%fbb’mﬁgﬂgttgﬂgaeoﬁyﬁlffﬁﬁ@ of

.the netal subsrrate, tfcgﬁ?ovm ng |nter8r anul ar e

net alg r edox/ catidss rsetariinidiatidy, tellwirib ackis| teteredydlic thdpouAESs tAtaihing at
intergranul ar crevices and steep-sided ri d?es and val | eés, when exam ned by
el ectron ni crlieastopae sHighys; seleniumgand/aditelwiemogtorhin the iheteranyotedi anot s

opt | 1t orgarE 2eieBRBIME el B REsalR hAViosBe, s tatmig o

particul ar netal substrage, i.e., copper, a copper alloy, alumnum zinc,
etc. Generally, however, lthe i ntergranul ar etching steps should be carried
out a process terrperaékuwe ir}({ he range from a@]out 25C to about 75C, for
a period of 30 from abo 1 mnute to about 100 'M nutes, at atnospheric

pressure. WO 02/ 079y Pég&l Bl)I/1129111 29 5 10 The ampount of netal
renoved i s cal cul at ed fsasedRon the wei ght of metal renoved froma test
panel . This calculated value is expressed as an average thickness of netal
renoved, basdd whichhe the retical approximtion that, on average for a

| arge area, the ne ah)ié gvenl removed fromthe surface of the netal
substrat e. h""t@é‘%ﬁ i BBt Yhcroetched and intergranular etched foils is
cal ated axf @l ; Hl arl \ ctly
51 e85 51 P BHE Ry Sl for By f SORBHiLI alkyi, BenlL dhe g fostitubed
subj ect ed t o pHenyleberenilj vecloaikyhesubistinateédntgelgatkylii Ry, R ahdRpobedry thdie
foil is rinsed and drjed, and then is reweighed. The etch depth is

cal cul ated f rme 198 difderesti Addf or mul a: etch depth (~cin) - 3240 x wei ght

| oss (al areay© i ; ; f :

f ormul a, thea’ét %%ag'glggtb h%@%’%ég%ﬁi ayéﬁhdstzrd&?\%g%e?‘ﬂg%grnvia?%’tlggﬁ'yg@d%dr ea

of the foil. thatthevduilseldutedttohcotestitntey icohgsorentdbk is @otfidéicaingoutthe Of
metal renoved fromthe foil, it does not reflect the topography of the
resd@i ng surgultiaic, saleninic o5 tellurinie Acigmegelpstaskas compongpl (Bly el ectron

m croscope, whi Chh@gﬁeﬁﬁuggggﬂérﬂ §F1He RiiblSdyRNERANBEY STRELGHH IS SLRthg"d

intergranul ar etc
composition, component {(c) comprises one or more nitrogen containing

heterocyclic compounds selected from triazoles, tetrazoles, imidazoles,
pyrazoles and purines.

25 in one embodiment of the heterocyclic/adhesive intergranular etching
composition, component (d) is a sulfinic acid selected from aromati.c sulfinic

acids and compounds having the formula:

R4R5N" C" 802H
30 NRg



The foregoing 'new generation' etching nmethods herein are referred to as
"intergranul ar etching" processes. Such intergranul ar etching processes
result i Ww@ozewpl2zy creviced, etched surface in which over PEFIBRVICR200INChes,
up to about 120 m croinches, or nore, of netal is renoved fromthe surface
of the nmetal article. A surface which has undergone intergranul ar etching
as defined herein is characterized by thegresence of intergranul ar
crevices having an aspect ratio of at |east about 1, preferably at | east
about 2. Asp i | rned gs I it AN C h jyce
width. The Cf@bffcegﬁdﬂébtﬂf? it Rged. ﬁ'edé"g’f/" eﬁuis‘?rr'é?{er?gagerw' it na&t (HRdY
di stance fromthe highest point opheryilnRs-(@0)acwith R,0=t He atkydysualestitotedne
.or both sides, to the deepest point at the bottom of the crevice. The
crevice width is obtained by  VialkybRhepyh-substigutedrphenyly whereig Ra.1Rs

estimating or neasuring the dist aﬁggﬁb%%% ﬁ‘r& mgr&ﬁggaﬁ‘ge hi ghest

.points on either side of the crevice fear’'or adjacent pest point at
the bpttom of |ntbife efrdIGdIRent]EorpeRentnidig farmibmidins euifirie apidaduced by the
foregoi ng nmet hods may be fromabout 0.5 to about 5 microns in width, and 5
may be from about b enge embadimentetihsheterocyslictadhesivenatergmntlaeatchinge

i ntergranul ar_crevi.ces have a d @bh of at Ieasé bouhg_ mcron. ln ong
enbodi ment ,  t HAMPAFERG: SeMPaRent (8 tomprikan: e o pre hetarpeydiiceonBgtinds
mcrons. 1n ogge&BRACCHBRNT thibPRehes T tHigFIbAr RBOEHEESASs aVRadiasbRsh Shdat

| east about 1 mcron. In one enbodinent, the intergranul ar crevices have a
10 wi dt h of athidteiazoleabdnandther@nobadiment: tempatent (dk cosprisesane or more

i ntergranul ar et.chi ng,process describ her.ei nabove,. t he .i.n{ ergranul.ar,
et crLd Sur 1 ace BB AT BoMARLBEG SaIRAEH aTE Hepaans BUTRls Sridntsjughe PULC of
at | east aboubeid, IcRIABBeRIEA SEftinic | Ntid,"! RRAJIHNILAD SHHIGE SHEHACEnd
conprises intergranular crevices having an 15 aspect ratio of at |east
about 2. The earpesybemtene suifiie acidhi dh amothiwouembodinemts r baympohiegheid)

However, high aspect ratios, in order to be nost effective t nhance
oheston ot U1 HEPERPsaNer IR Sulfcive Bote SRt ) WA PubSUBASET be

coupled with | NGL: 1 N0 ol a I ReHidnindal 1 I ihSm i abnd

applied to th%nltgﬁt gf'gﬁgﬂh IaSlere)'ﬁ{: edeﬁgté'almgﬁ?ﬁgéah Lnaﬁlﬁtld 2‘0 ggstr?ﬁ%f "

ef fethi vel y perthioatre benaylsulfavigmasaltsar crevi ces having high aspect ratios

unl ess the width of the crevice is about 0.5 nmicron or greater, when.the
asthesiis

depth of the crevi theoneembogimaatatthe hetegogyclig teroranilan gighing: 1
ter T . ot . . :
v e2of no. tur PiTwoBRRly foRibobt BFid b laiee cdrBofd Faviny P Eemicd ©

the 25 intergfsrmuiar etched crevices is preferably in the range from about
0.5 mcron to about 5 mcrons, coupled wth an aspect ratio in the range
fromabout 1 to about 5, in order to provide optimum contact with and
adhesi on to nonconductive pol ymR4c naterial Rtol n one enbodi ment, the

i ntergranul ar etched surface conpr\ses 30 ihtergranul ar crevices having a
depth of at |east about 1 mcron. nbodi nent, the intergranular
etched surface conprises intergran 02/ 1179s2 -31 PCT/1 BO1 /0291
1 crevices having a depth of at le 2 mcrons. In one enbodinent,
the intergranul ar etched surface it ergranul ar crevices having a
depth of about 2 mcrons. In nt, TRintergranul ar etched
surface conprises intergranular crevic®2s having a depth of at |east about 5
5 mcrons. In one enbodinent, the intergranul ar etched surface conprises

i ntergranul ar crevices having a depth of at |east about 1 m cron coupl ed

with an aspect ratjo _@f atglea I nipne e di nent . the inf.erqgranul ar

et ched surfac¥hesRist Fse i'rfjlxergggﬁ%l af“g\f&ﬁ gggfqu kY. (fé'b?h&)‘gda‘?'ﬂp'gast
.aboubhn2 10 m c it as hatdlingl  alkyldtaimb, adiaily1€mind) one
enbo iorrent, t%@gﬁm'ergg[r%éﬁﬂﬂtgwr’ E?mﬂ Qﬂrﬁ gc'e crg'rrpri seg I ntergr ag(ttyl ar'

crevi ces havi ingdeoxigpaltkosty, alapboxy, radoxyallobualieckyeattoryh, aspnccarbanyh of
.at | east about ,1. In one enbodiyent, the intergranular etched surface
conprises int &%TGQL'N"&T vhesgindd s ’H&Vi%h\‘;\d'd’gﬁf’ha@*b’ﬂast“qsé'éﬁedaﬁglﬂ% pgmemy&,r ons
15 coupled wt e ti tpBe 190 ”E’ﬁ"i‘é‘«{ e ) i of
aspect ratios sgpgﬂﬁ@pﬁ%er{bﬁarvgg%ﬁgdﬂs’ur écpgs gé‘(’:})‘? di ng 5,@ t ?1'26 prgra g@%nc?”
invention is difficult, and estimated aspect ratios nust often be used.
This is due to several reasons. First, the usual nethods




of nmeasuring surface variations, such as atom c force m croscope (AFM-, do
20 not have sufficient z-axis (vertical to the plane of the etched netal

sur face) wanyeryse2 neasure the full surface profile, or ro8gHABEH29Wf t he

i ntergranul ar etched surfaces resulting fromthe process of the present
invention. Stylus profilonetry typically does not enploy a stylus
sufficiently narrow to penetrate the ful l2tepth of the intergranul ar
crevices. These nethods may 25 be used to obtain an estinate of the m ni num
etch depth angifRee9E ornhbmin o cdore @8RS R*MH'E dnlert mayab& tehtbinéde

met hod for determ ning aspect ratios on an approximate or enpirical basis
is to scatt ertdobogs homderaniretdianyelie ringsrearsienisediwitk the ahiviphenetritgd

.surface, and to conpare th jze and | ocation of these beads with, the 30
features of the in PBPa?msaa"%?@héges qrfiene ipnaR aminothipphenecarbexylic . o

calibrated be hayipg gt er (qf o d n rf;ace
V0 021 070e2 - A98pcEridt B AaER: éﬁan‘i‘?*r??é"'g’ﬁ“‘éf’gﬁ?@ﬁwhiu?h"’@’@gﬁg p
avai | &bl e condeamindthjoghens-2-eatboxyldeanedndegtasci ences, Ft. Washi ngt on,
PA. Anot her nethod of determ ning the aspect ratio of an intergranul ar

etched surface is Wyone gmhodiment et thabetpeocycliciadhesive; ipkergranyanetghing
f i . i . SEM.. ! f th i
of  photont or oS mBksrticl sopfiondinJa is“EHhBRGRIP Bl tiGILE) dAfilal)  NC Al

paral | ax which can be enployed to determ ne quantitatively the surface
profile by anagl yphic techni ques of stereo I'Brmgi ng. Stereo anagl yph images
may be obtai ned by an instrunment such as hilips XL 30 ESEM and thence
10 anal yzed using Noran Vantage Digi croanal ysis System (DVS) to
calculate the surface profile of tfye in\ergranul ar etched surface. Figs.

[ taken with a Hitachi S 4500 field
EM. The small round objects in
Figs. 1-6 are 0.5 ~cm spherRd \or 4% placed on 15 the sanples
to show rel ative di nensions. Each pth om crograph includes a scale in the
| ower right corner, in which the full scale spans 2.0 or 3.0 ~cm as

i ndi cat ed bel ow each scal e. Each scal e i ncludes 10 subdi vi si ons, each
subdi vi si on correspongi 88 to 0.1§ or 0.3 ,umFig. 1 is a photom crograph, at
a magnifi cat i wheosin® 080X andeRT chaypedydrogeniralkyl, substituted atkyle pbényin

| trod ited foil. T le.i Fj 1, 3,0 ~ h
*nCE o TPOr naSsRREE pehvile Welltas, camitdy, AUIERE SRIKVIANe G
graipg of copa%xgg&&'boay,ecwb%ix%myl,Enmyc%r@d}wlﬁaﬂr%m%.qg} R18gcaiNig- of

foils which have en subjected to m croetching progesses. R 21is a

phot oni cr ogr aptherein Eh'zrr_agvlitfei asadefired2abarie, YEhd@ODX R 0f Ra™ s fer miay bethech

has been subjected to, m croetching by a sulfuric Ly hydr o fger oxi de
sol ution, conp?fMeifYy dHE]?ﬁ?f‘t'lﬁ/d'\‘//"\%h'E%n‘é".’o or' more of R 'rﬁ( and R™may b

combined to form homo- or heterocyclic rings condensed with the thiazole

ring.

15 In one embodiment, the thiazole is an aminothiazole or a substituted
aminothiazole. In addition, the compounds of component (d) may be
thiadiazoles substituted with the same R groups as above. In one
embodiment, the thiadiazole is an aminothiadiazole or a substituted
aminothiadiazole.

20 In one embodiment of the heterocyclic/adhesive intergranular etching

composition, component (c) is a triazole of the chemical formula:



H2S04, 3-5%v/v of a 35%solution of H202, and 112 m /I CuS04 solution 1270
gll CuS0~~5H201. The full scale in Fig. 2 spans 2.0 ,um As shown in Fig.
2, this ma@onewshi ng process results in a surface with a pPewiBarged peaks
30 and intervening valleys, but no intergranular crevices. As is apparent
froma conparison of the 0.5 ~cm beads with the features of the etched
surface WO 02/0795. 12 -33 PCT/1BOL/ 029144 shown in Fig. 2, the etched
surface shows sone roughness and snall crevices having aspect ratios of
much | ess than one. \Wen anal yzed by DMS, the aspect ratio of the surface
shown in Fig. 2 is found to be about 0.25. hus, the surface is
substantially free of intergranulag,crevi€es having 5 an aspect ratio of
.about 1 or greater. Fig. 3 is ap om ghograph, at a magnification of

15, 000X, of a copper foil which h beeS\ ubjected to mcroetching by the
Oxone~ process, in which the f0|I s mchQetched by a solution of 120 g/l
-Du Pont Ckonen1(43@6potassiun1per non 1823% pot assi um bi sul f at e,
29% 10 pot assium sul fate, 3% pot assi peroxydi sul fate, 2% nagnesi um
carbonate) and about 5% H2S04. The fu scale in Fig. 3 spans 2.0 ~cm As
shown in Fig. 3, this mcroetching process results in a surface with a few
rai sed peaks and intervening valleys, but no intergranular crevices. As is
apparent froma conparison of the 0.5 ~cm beads with the features of the

et ched surfac hawn il ‘?&ﬁp ess
and small cr eg‘ﬁh%gsﬁhgw r?lg%agpgch\Fatl Og@? wcﬁ“?ggﬂ%sﬁgﬁ@ném EHHHDD
anal yzed by Db@bstitheeciphenyl, rantino, oérbidxyatiyl f avc vetereby iR1 7 Fingl Ré" nmyf band

to be about 0.3. Thus, the surface is sutﬁi@ant ﬁléby free of nt nuI ar
crevi ces havi HP sRMEsPedifferapt.conin ek ‘g atapy bsoegpgined grm
phot om crogra o2 f ol I V\:hl ch has
been subj ect eﬁgto }oﬁﬁwergraﬁfc'lg?ﬁ‘ t&}oﬁﬁg%gggg/g@ %ﬁér‘@?gﬁgﬁaﬂ et chi ng

conposki tion conpri ki 6ge ahmddui\angbf tiod hat&robvﬁlic(bddtm‘snﬂﬂﬁth}gﬂamgﬁenep&mngi de,
about 75 g/l conc. H2S04, about benzotri azol e and about g/l of

sodi um m ni t r 6PBRLEHIONS HoTRRRAGNt “Fﬂ@ pdptrazelg of the ‘F*?Qj“"’@' E‘H"E‘Hﬁns 2.0 ~cm

As shown in Fig. 4, the intergranular etched surface is characterized by

the presence of deep crevices between the copper grains, ' i.e.
i ntergranul ar crevices, in whi cN+ke-NMurface includes grains of copper
nmet al separated by dark ar eas ich e the intergranular crevices. The

inin a foil which has been 30
80 ~cin cal cul ated as di scussed
& 0.5 ~cmbeads with the WO

depth of the crevices may exce 120
intergranul ar etched so as to N ane
above. As is apparent froma co

112/ 079y?2

wherein R'® may be hydrogen, alkyl, substituted alkyl, phenyl, substituted
phenyl, haloalkyl, amino, benzyl, carboxy, carboxyalkyl, alkoxycarbonyl,
aminocarbonyl, R'2-CONH- wherein R'2 may be as defined above.
10 In one embodiment, the tetrazole is 5-aminotetrazole. In another
embodiment, the tetrazole is 5-phenyltetrazole.
In one embodiment, component (c) includes an imidazole compound.
In another embodiment, the imidazole is benzimidazole.
Preferred embodiments of component (c) are 5-phenyltetrazole,
156 benzotriazole, methylbenzotriazole and ethylbenzotriazole. in one
embodiment, the intergranular etching composition of the
heterocyclic/adhesive embodiment includes a combination of a nitrogen-

containing heterocyclic compound, such as benzotriazole,



PCT/ 1 BOL/ U29(11 -34 features of the etched surface shown in Fig. 4, the

et ched surface includes both |arge and snmall|l copper grains, a high degree
of irregWa@ni/amsend i ntergranul ar crevices havi ng aspect pariB&/@fotabout 1
or greater. The 0.5 um beads nmay be contained within the intergranul ar
crevices, thus revealing an 5 aspect ratio of at |east about 1. In sone
enbodi nents of the intergranul ar crevices23qore than one 0.5 ,um bead may
be contained within the crevice, one bead above the other, thereby

reveal i ng an geRRgibehdbdirfazofe, at éthgien2bfidzoles, | t BigmitRtéWaidiat . slue s the
depth and narrowness of the intergranular crevices, and the dianeter of the
beads, the bephienyltetsarade capcvmponentcleh wWithmbeterocytlic hempounds safcht he
.intergranul ar_cravices In such.an enbodi.nent, the aspect rati.o exceed
2. or the aspUBINGtaiGPReRdshaxyIE Aeds, iRinesieis oo Brides, GRinotfigzolenes and

i ntergranul argef GRE P YRTiRGHI SIS, sfddmpénért (fdyund to include
.intergranul ar crevices having an aspect ra?lo of about 25. Fig. 5is a
phot ofi cr ogr aph, at The negnpdnentsi oh thé HedeyXslicHMhibitdb epapddimenei of whech
has been subjected to intergranular etching by an intergranul ar etching
conposi tion clOY@HAranyigr skehing sampesitionc whem prigspat.aaredprefgrably poesent inf a
35% sol ution r roxi .5 g/l benzotriazole and 80 ny/|
NaCl . The ful es{:%ﬁagﬂﬁﬁ%&eﬂyagggn@@g ~cm As shown in Fig. 5, the
intergranul ar etched surface is characterized by the 20 presence of deep
crevices between the nmetal grains, i.e., intergranular crevices, in which
t he surface incl udeylfyrigiagid,goneentiatedpar at ed by dar kOdoed8BO Wi ch are the

i ntergranul ar crevjces. The depth tRe crevices may,exc 0 ~cinin a
foi | which has beehyﬁm%ef‘g%rr?u %qc%tejé sOUQNtT ) ord e ﬁ@@dﬂ'zso ui n

cal cypat ed as di scgshembaprey fitrdiger-sontiangnt froma 25 conparison of the
0.5 ~cmbeads with the features of the etched surface showmn in Fig. 5, the

et ched surface incl udes hedetpeyctipgomppunidas, a high dodp e b6 gilrregularity
and intergranul ar ect .ratios greater than 1. The 0.5 ~cm

revices having, as
beads may be cont a?‘ﬁgﬂs%et"rﬂrﬂp? dg ﬁg'é?aﬂ?'ﬁﬂul ar crevices, thus revealing an

aspect ratio of atglifaRd, SHMHE ot teliri®BEId3Y embodi menp @ 16 gyt er granul ar
crevice) nore than one 0.5 ~m bead may be contained within the“crevice, one

bead above the ot hAdhesiverhstgroayetialcompoundd: 02/ 079s- 00%GT/2B@1/ U291) 1 - 35
an agspect ratio of ,aQout 5 qr, greater. i s.noted. that ue to, the depth
o R8r owness of  SHOMEs SPisRanm o JAluEdniR S c0 A LiRAg 8t " e
beads, in Fig. 5 the beads in some enbodi nents can not touch the bottom of
the intergranul ar crevices. In such an enbodi nent, the aspect ratio rnay

exceed 5 10, and i Mherteeatnieoditamperdtoee ssipettie mage dromyaboaut220 W torabeut When
anal yzed by t he intergranul ar. etched surface sho 5 is found

el
to include i nPr Gr ANG the Hratmerktime isg the 'é‘§§§(ff°ma‘l’vg]%‘ltg}oég(ﬁhoui5ﬁo@ii g.

6 is a photonj ApR, -l i Lol i i

whi oh has. beese e BE AR op eeBEMure, 87 kBSuRint ertiidurels A BRRR0e 1im,

et chi ng conpogbbuPB5CCMY alsoung4SeQ! ilp arvither embadinidineithe Iteatment ftirheiis
acid_20 gh and amoni um chloride 80 g/l. The full scale in Fig. 6 spans 2.0
Vi m 28s shownin theFapgedromnabauit 20 §e aboub O0cseqnngss ugeaerally sthenhigher dhe zed

Chtergr anul ar pBertE, ik e e R r 4GP ed 0V MR I BN oy HBVEG procis,
netal separated byThaearholst 8f Aietaldientdvaid 8GR -thd range Midin @t 1641 40 it €6S

may exceed 120 uin. in a foil which has been intergranular etched so as to
renove about 8boutilR0csineulhe surface ¢iftbagpetal sybswaterfollewingintergranutan a

chown 11 Fi g. etshegaith The BeleipPiaEadliRsnacembBRipRenst. J€ BafRion il bR dhe,
highag presence of intergranular crevices and steep-sided ridges and valleys, when
examined by electron microscope.
In one embodiment described in U.S. 6,086,779, referred to herein as
the “metal/redox/oxygen” embodiment, the intergranular etching composition

comprises



20 degree of irregularity and intergranul ar crevices having aspect ratios
of at | east about 1. The 0.5 ~cm beads may be contained within the

i nt er granud azovfLvi ces, thus revealing an aspect ratio of pam/IB&E#Rpolabout 1.
In sonme enbodi nents of the intergranular crevices, nore than one 0.5 ~cm
bead may be contained within the crevices, one bead above the other,
thereby 25 revealing an aspect ratio of aRgut 2 or greater. It is noted
that, due to the depth and narrowness of the intergranular crevices, and
the diameter of the beagg, tlaa dgdds in sone enbodi nents can not touch the
bottom of the intergranular crevices. In such an enbodi nent, the aspect
rati o may exceed 2. \Whetblanabycappengonnaexingeadenter gr anul ar et ched surface

.shown in Fig. 30 6 is foynd to include ,intergranular crevices havi.,ng.an
aspect ratio of about 2 ‘é aywpeta) Fﬁ@@'ﬁf{ %@VP"@TFI BYItiRfEA o n°’SBgE’P"t 0

titativel i ' i Qi
of "the. nunber SisteE WRIch I GrdBehElh e oS! IBAGK kit BhitioR a1 T AR ©

det er Bi ni ng t ghickmheral fernh® adiorhplesitibe sohulde gaktpahdr et ched surface into a
grid of square areas having 10 ~m on each side, and thence 5 to count the
nunber of intergranul ar (@ evoX¥88Rn each square, or to count the nunber of

squares in which aﬁ]l?,l | egfénagggirﬁé“teépf%w]eﬁé%&;d?&i(éégy leh fn%‘ﬁ?nMF Btchin

particularly, the guar e one ergranula

crevi ce havi ngompoitisit, athedsdi@htiationofiie Mighdepositiveaskiddtion state waeal
enbodi nent, when the intergranular etched surface is 10 divided into a grid

of squares 10imthe sempasitorlis greater than aheut 0gtaons pRE literel eemparsitiaie at

| east, s,one intergranular crevice [ C t Jeast. 1. |n
one dfbodi rmon Saprer-ambogihR. dAY SrsARuBTRR i hignBL sBpithEESkiadtioh

i ntergranul ar s¢dt@\iheal 1§ e PhGSRBAT abdit 9 tefabdut/@gat 1. In one

enbodi nent, at |east 90% of the squares include at |east one intergranul ar

15 crevi ce havi ng dieasgidcwhicht ivinsfudad jredhe metal/redoxioxygeniintergransiar

| east 50% of the .squares i.nclude at |least.one intergranul ar ctrevice, having
an aspect rat PB‘ﬁHPaa(E‘"T‘B%‘F'OQ.mﬁx%nan%rﬁ%gloﬁéﬂ?‘,&mﬁgofgﬁ %’@d}?ﬁbfs gHEng
squares inclu ' ' ¥ tof'thk! O
o at I east 5O P e B e e B es elee

| eastlbone 20 iothariggredigres ir tieescamphsitiong The cappaesitions genefallpiwill castaip. | n

one enbodi nent, at |east 90% of the_squares,inc|ude_ at, |east one
i ntergranul ar fmﬁwthégitﬁgoawtaéﬁgc&am Ph agt ,aqrep‘%rggly om abgyt 50 to

ey ORGSR of Ot SSCRRh, | STFfiapeal bty o
95% of the sqpresentlin thictomhpositidners pravide ianld rofr faom @rtocaleotitc®, bawmorg an
2'[82%:1 ;3”202’1}”&'{’ flrc?r%SaEbozdt JQgsaboLPS?ne enbodi ment, when the intergranul ar

20 The acid utilized in the compositions of the metal/redox/oxygen

intergranular etching composition may be mineral acids, organic acids or

mixtures thereof. Examples of mineral acids include sulfuric acid, perchloric

acid, hydrochloric acid, fluoroboric acid, phosphoric acid, etc. Sulfuric acid

is a particularly preferred mineral acid. Examples of organic acids which may

25 be utilized include carboxylic acids such as acetic acid, alkane sulfonic acids,

alkanol sulfonic acids, or mixtures thereof.

The alkane sulfonic acids may be represented by the foliowing

formula, R—SO,;H, wherein R is an alkyl group containing from about 1 to

about 18, or from about 1 to about 12 carbon atoms. Examples of alkane

30 sulfonic acids include methane sulfonic acid, ethane sulfonic acid, propane



divided into a grid of squares 10 m crons on each side, at |east 50% of the
squares include at | east one intergranul ar crevice having an aspect ratio
of at | esrozo7emapled with a depth of at | east about 1 m ecomBoitnomne 30
enbodi nent, at |east 75% of the squares include at |east one intergranul ar
crevice having an aspect ratio of at least 1 coupled with a depth of at

| east WO U2/11795-12 -37 PCT/1B(11 /11288) 1 about 1 mcron. In one

enbodi ment, at |east 90% of the squares include at |east one intergranul ar

crevi ce havi ng)|fghi@eRRE tbitdhk SuMonid abi@l@%etn%?ﬁé)'dﬂlfggic%?iaf PelaRE Bupforid

| east about 1 mcron. In one enbodi nent, ‘at | east % o he squares
i nclude at | eadd, decanenswfaniaracidiand dedecenésulfogicaacidspect 5 ratio of at

least 2 coupled with a depth of at |east about 1 micron. |In one enbodinent,
at least 50% of thEh&qlkgnal swionigeagitds| may: bentenrasantgdabul the dellowing

havi ng an as tirogof atmyl L (BCou hih . of at | east ~about
1l m cron. | np@?\ uga%gg?%ﬁf,cgﬁtégﬁ 2’3’5%%?'% eze'g'q'ﬁgs?far T hcﬁou%ogttﬁpeast
one i@t er gr anwljarfrémeyitecativiti NU sl thenath dfahi 8 Afis dtorheRsp 1o s ¢d, 10

with a depth of at |east about 1 micron. In one enbodi nent, at |east 90% of

t he squares iHg budroxy aredpofdhe alkanel sulfienic Acidsrmay ke & ieimigaber interaa

erbodi ment . Avarexd, B8 Prbelhea . sy akdii) sBBBRls, adf P o
crevice havi ngydroxgeitt sutténie atidqt hj@asdyplop@uBLIBENY tHeid HeardxButt

| east 15 about 1 micron. In one enbodi nent, at |east 95% of the squares

i ncl ude at | esudfonigacichtterdjoxyipentyl suléoniccadidhydyoxiyhexylesulfanic iagichfarsd

| easi. 2 coupl.,ed, wit dept h of at. |least about 1 micron. (B) | MVERSI ON
PLAT{Q\IG The 5'9‘6’605?'9?&.‘?%&&1"Bﬁﬂlca?°'8tchi ng the surface of the netal
substrate, 20 as dgseEbREEo tiot thelcoPyskiting o {59 nitafRitlod

i mersion plated netal to the i ntergranul ar etchedosurfaceaﬁﬁ mm% t he
surface i n arembudinerdris pt asthgne coppiaxing agentrsatected foardiurea and fthiokieea

i mrer si on plating nor e ed fromtjn,

tep, onpe or . pl.ating, net al el ect
silver.  bi SmAEHTPEHREE: amidiere) anduigydazelacthionas; , Spestic,sxamplagnp! Urea

platinum 90'&emﬁggﬂg”ihcfdb‘ehQﬂbé‘,murSngitFategadrbhuBk%‘i!e,gef-ﬁwh%aa”‘i‘-

al I oys of thes may be deposited onto the intergran I et ched
surfHE8e by i nberzjilurga; Nebustytdreae 1| hdiethplynex us, 1i-dipheayluneayet dlydpdajures,
conposition which conprises (A) at |east one solfuti on-saol ubl e net al
conpound or niCal Exanples afdiseddl wreg fasproRds,arecfosmdiindpligmantetial, YeBect ed

fromtin, sil i ' k. i I L i i ndi Lum
pl ati num gol l’-“dﬁregég &%%@r%mgﬁ&sn%n@g%g%ﬁd rE]}e?{g'lni m&gﬁr@nﬂg\’\#@'f ?%‘J(% 12
-38 PCT/ | B( 1lreldtd®) {ol upsi s8mipedndgsd m xtures of two or nore thereof. The

i mrersion plating conposition may al so conprise at |east (B) one acid
sel ected from ni neFl® emplexing BgeRta eavded en¥naf KDase cxamplexing agents ed

sul fghic acid ] ' : ' 5 e
ot o7y beSgicEbe btk fE iy SbBon oiifeersich BRCRRL B E88880R. T8
sal ts i ncl udi agouRe obthdedmplekingt &gentiaby desvarisbbaérca wideuahgeairh as
fluosilicates, al kane sul fonates, substituted al kK/I'qjsul fonates, aryl

sul fonat es antioByBBeyt % teabauy 200 @4 ghspawositionsnMaseaftan the enmnasition |

t he ani on of t LON Of 1 id, u L n
the 10 plati nyToaPialtkirBRybufl BO0RES W fhd BRRrBFLA ot BBUR T q RBOULT
the salts may7Beg/|f oprefrabR the EbAipiekifgfaderas ahfourbaast 1Inmép9l-8tsropy!

bi smuth fluoborate, indiumfluoborate, galliumfluoborate or gernmani um

f1 uodorate. Aiunidazolet2rthioprdRplle, when the acid used in the bath is an

al kane or an al kanqgl sul fonic acid,, the soluble netal salt be, for
exanpl e, tin net hag‘@°§|3°rs%‘?'f‘aﬂa?%t, °t)i%'§?rﬁ9ﬁ’9?éftl'%{'f§e°€ﬁ'i‘? 6'&%&3&?3/491@%}&9?"
.methane sul f ogalddifkht id ne 87 Uior@ 'mbtdls cépabil of Dh&THY Na rﬁQRFb‘?i’i:itg”kael !
| ead, zinc, indium palladium platinum gold, cadm um Ttuthenium cobalt,
gal I i um and gexidationstates, whidlumesald$ psaseht pl ate afjitehighes posite@cotidation he
.plating sol uti ons of dt‘tlv%icq_‘referred enbodi nent, ma i ed ov?r a w de

var i
range such States, an metal forms a composition s%lu%?e satt. xamples of suc
30 metals include tin, lead, platinum, and palladium which have positive

oxidation states of +2 and +4; bismuth and antimony which have positive



20 as fromabout 1 to about 150 granms of netal per liter of solution (g/1).

In one enbodi nent, the range is fromabout 5 g/1 to about 50 g/I. In
anot her &®oudMet, from about 6 g/1 to about 25 g/l. In BOEGHBEI02901
enbodi ment, from about 10 g/l to about 75 g/l. In another enbodi ment, from

about 10 g/l to about 40 g/1. Hi gher levels of netal may be included in the
pl ati ng solutions, 25 but econom cs suggezg- that the netal |evels should be
mai ntai ned at relatively lower |evels. A second conponent of the i mrersion

pl ating COWDO&ia'gfgéﬁ sﬂ;tg% B S § 3R B2 Bhd IcBril®) arid titifdh WRARKATVE S&Lif6s gd

fromm neral aci carboxylic acids and hydrocarbyl sulfonic acids, an
m xt ur es t herexitiatidhestatesuof 403 add aci.d Paditudanhe gpreferteldeexamplesi ¢f bighemay
.vary from about, 20 g/l to about 500 g/l. In another enbodinment, the
conposi ti ons Xidptieq ftate)metalsauseiut ipthe pigsent epkodient sinclyde tin (+4),

the composi t1DRES s Syl {£af Bsehtth Ga) 1k ool ALatohb BOEER), ' 3)

nore ften a ghnbeppretbael. O to about 2. Generally, it is desirable to use
an acid that has an anion comon to the acid salts of the nmetals, in_
enbodi nent s whi ch The caowdasitionseefthesmietal/redexisygepfernbedimenitansaining ude

| furi i d hi or | id. hydrochl ori id, fl. hOLii: d, ..
Shosphor i o acPB SEMURREURaPovs UERORA blstaffih the HRRE BBTHiGe Bidation
aryl sul furic, st fcaii e pPESdtel s porf éxaraple)ibly’ dissoNil 8Rbed i dkidéd v 'seiraedi C,

sul fonat ed di hydroxydi phenyl sul fone, 10 nethyl enedi phosphoni ¢ acid, boric,
t hi ocyani c, pwheptiontifeormdtal ipitbepmetalaexide cor sulfateniscin dtsr bighes rositive

sul foni c acids., The carpoxylic acids. include, e.qg,, formc,. acetic,. .

pr opt ¥ni c, ac?’;?'ﬂ?&?"r?é?%a@? {nq gompastione H%fn%f“ﬂ‘&rel & c%ﬂ"ﬁé‘)‘?"a‘f%ﬁhi%ﬁl ude
di car boxylic ' ' ii i | i i Al

term "hydrocar nlgi'-%sﬁif)%ﬁ ﬁ? géﬁéﬂ??%d;?gedéﬁcg%hbgibﬁg%lggﬁg'r@gibﬁm?rg o(leé:‘é'i ﬁgg to
i ncl ude al kanexigielif solfariaccith and weatert Alearnatikely, sinl fidhsalfatei cen baruged.

sul fonic acids and_substituted aryl sulfopic acids. The substitutions may
i ncl ude one or rmrEhgt‘}lﬁ’ﬂ??%@%%°¥éh%8%%"f%¥f%‘tﬂ%k?{"t\9mmﬁ'?t H%ﬂfﬁﬁ’iily
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useful in the preterred enb nment” as on o ts or as

the #6i d conpgsettie imtgrdranukapretehingeprdzess rotetdgvétagnicoionisardduced & SO3H
(111 wherein R is an al kyl %tr‘oup containing from 1 to about 12 carbon atons
and 25 nore pFtEwoas|ign, apdihe coppapdhat is remaysd Hewnthe eqppal sbstrate igh

o7, SULt erleshblted U o ApoBIoEPlEs ERbBRRBrRI Milefe6) fpathoine

sul foni ¢ aci dof thédissbRedudupriti ion8and, the &oppeccomplexing agentiprdsenaie the

sul fonic acid, decane sulfonic acid and dodecane sulfoni¢ acid. Metal

salts, such asomwositiay. tTihe stannous ion is reconverted to stannic ion by oxidation
20 with oxygen from air.

Another component of the compositions of the metal/redox/oxygen
embodiment is dissolved oxygen or air. Typically, the amount of oxygen
present in a composition will range from about 1 to about 15 mg per liter
of composition, more often, from about 5 to about 9 mg per liter of

25 composition. The amount of dissolved oxygen in the composition should be
an amount sufficient to oxidize at least part of the metal present in the
composition in its lower positive oxidation state to a higher positive oxidation
state; for example, to oxidize stannous ion to stannic ion.

in one preferred embodiment of the metal/redox/oxygen embodiment,

30 oxygen or air is used as the exclusive oxidizing agent, and the composition

is free of other typical oxidizing agents such as peroxides, persulfates,



WO 02/07!')~.~2 -40 PCT/1B(11/029U1 bi snuth, indium gallium germani um and
m xtures of two or nore thereof, of the individual al kane sulfonic acids or
m xt ur eswad oauvyssaf t he above al kane sul fonic acids can bePdTiiBiizeehl | n one
enbodi ment) the substituted al kane sulfonic acid is an al kanol 5 sulfonic
acid. The al kanol sulfonic acids nmay be represented by the foll ow ng
formula (111): (C-HZ"+~)-CHI OH)-1CH2) m SG3H (111) wherein nis fromO to
about 10, mis from1l to about 11 and the sumof m+ nis from1l up to

about 12. Th 0 k Syl ' [

term nal or ﬁﬁ{}éggg"l)'wﬁ%‘r gg&"qé?%ét]%.te%x%mé%gﬁd%%e ﬂq%tglﬁk%ﬁgﬁgﬁ'ﬁ)? Bﬁ?%
aci ds i ncl udespgcltichigxdentiiéd kbovef oni ¢ acid, 1-hydroxypropyl -2-sulfonic
.acid, 2-hydroxypropyl-1-sulfonic acid, 3-hydroxypropyl-1-sulfonic acid,

2- hydr oxybut yl - 1- dolgnenerobadinaentq thg amexib of pxygen prresamtdn e gomposition

2- hydr oxypent.yl - 1:sul foni c acid.. 4-hydrox ntyl-1-sulfonic acid, .2-hydroxy
.15 hexyl - 1- sd%f SHffim_aB? 0 ivﬂvg?'gx)}gécﬁ&{g@ﬁ%q%i %fgai:tpapoﬁg th"rsow ?l){e
dodeay! - 1sul fshBogifibA to 164 EHaRSdddutt2grarhk pBEliter lof QdnSpaHiicls byedkidaGonde

al kyl groups substituted with conbinations of halo, alkyl, hydroxy,

car boxy, al kody,thancstammausiido doospanni0iorhe dnkanetier fambediawents Hnel

substituted al kyl sulfoni¢ acids such as al ol sulfonic acids ,are
avai |l abl e corﬁﬂé&‘ﬁ"&ﬁtkpnaﬂﬁ d&%‘?&ﬁ‘i@BBerp?'é?fﬁagbe H‘ya'at%?‘iféﬁ%f abpyt g R
known in the I ' i hasinan i ; i
acids may i nc%g‘es é}; %éf?a&spuﬁw llct)é]r?é‘f g%'?‘gbg? Ig hi@gﬁ*?ﬁﬁ%ﬁ?ﬁt'ﬁﬁmg
sul foni ¢ aci dredauved iy @Rcipitdting theacopher dackeplek fesrnathe spdrit aumpasitidn.

dodecyl di phenyl oxide disul fgonic acid, nafhthalene sul foni ¢ aci d,
benzt dehyde sul f obite camReEsitian Bf the metal/edoxioxasm efrg’adu?e"t also may

tri met hyl bengz | £ onj | ] ul ' '

hal obenzenesﬁ'ﬁ? @@:écgrfabcé&n%g ggg}%ﬁ%ﬁ?’%ﬁé@?@? 8% ‘(’:vgtg'gé a&,ha@eﬁ'ze oraﬁttaﬁosr?tlatsé ltJlP? oni c
aci d, benzophggi@sandithelcomiplexingiadent. Whel dobhpdsition 4Ray 4ptibRdllylcoiithin 402901
hal onapht hal ene sul foni c acid, al kyl naphthal ene sul fonic acid

al koxynapht hdeasfeore sedactant i a copaprtiatier fash absut Pl &o abpyt 100 grams

hyclr oxynapt nabariBeLPt BRI RS RPHEHAFREII IRt B8 ©:05 o ot 20, arams per

al kyjhenzene |iiep Ubfl BAtLIE. aThd, sulfastaho fiiberbecae 18ast onecs@wdactant including
acet am dobenzene sul fonic acid, acetam nonaphthal ene sul fonic acid,

napht hal ene derphpteric naflienicacrtipnitaOhERIANG SUHASTATISLPE Mixtyres thereof.

di al kyl benze di sul.foni c acid, . biphenyl- t-di i ci.th:.penzene and
napht hal ene rsuﬁ"'? JHeq ﬁ‘ﬁ??ﬁﬁmgoﬂ%ga? ke(’:rg?fﬁi ngb‘?t)gﬁfsrpdo&gﬂgﬁ g\ﬂ‘ "é‘ﬁlé}%y e
hydroxy, car bggtiendify mdiGded idis2eaibbbiment aee ihoseé NisEIosed o WelH théhe
conpl exi ng agent is thiourea, structure (1V): ~NHZ S-Q (tV) NH2 In other
enbodi ment's, séstiavopl sufantaatsewhichmaeontionalyubedneludpdindthetimmearsian
corrp0$ nds incﬁlntgggl thﬁse d'*scl osed in U S. Patent No. 4,715,894, 15 which is
i nc gor at ed i P09 SR Ubce. suitabl e thiourea conpounds conprise
thiourea and the Vapbqufoiirg &inpled Mustrite YRS prépiifalion of the cdmpedtions
thereof. I n one enbodi nent, the conplexing agent (C) is an

i mi dazol e- 2-t bf tme metaliedoc/axygedncembodiment(V) 20 S II C/ \

Example 1

A composition containing 10 grams of stannic ion per liter of

25 composition is produced by dissolving 83 grams per liter of a 15% tin (IV)
oxide colloidal dispersion (purchased from Alfa Aesar, product code 40026},

60 grams of thiourea per liter of composition, 100 grams of sulfuric acid per

liter of composition, and water. Oxygen is dissolved in the composition by

bubbling oxygen through the mixture.



A-NNB (V) 25. CH=CH WO (12/079y2 PCT/1BO 1 /02901 -42 wherein A and
B are the sane or different -RY groups, wherein Ris a linear, branched or
cyclic hywdr@sapizgi ene group containing up to about 12 carbonigtor®l and Y
i s a hydrogen, hal ogen, cyano, vinyl, phenyl, or ether noiety; and (D)
water. Further details relating to this conpl exing agent are provided 5
bel ow. I n one enbodi nent, the conplexing sgent is a 1,3-dial kylimdazol e-2
t hi one conmpound (where A and B are each i'ndividually al kyl or cycl oal kyl
groups), and éh hione conmpound may be unsymetrical (A and B are
different) or S tfical (A and B are the sanel. Preferably, the

conpl exi ng 10 agentife PrcediikBEEKaFDle Su%hréh%awreﬁcégt $haEERY8quivalBhey!
.and B is an al kyl or cycloal kyl group containing from3 to 6 car%on at ons.
Preferably; vareaum o 1rmebyyl;3-propyldmittazode-2-thjone (PTY i$ sabstytutgd dapthend
when Ais ethyl, Bis a C4-Ce al kyl or cycloal kyl group. An exanple of an
.unsymetri cal Bund is 1-nethyl -3-propylinidazol e-2-thi one. 15

Al tergativel y%xﬂ'g[ge:g rical 1,3-dialkylimdazol e-2-thione conpounds nay be
utilized in the I'mersion plating conpositions and the dial kyl groups are
t he sane al kyl or Thyepoadedute of Expmpient isi repaatedr exoebtithab tieashifariotaeid. An
exanple of this class of conplexing agents is

1, 3- di net hyl iigireRlpepd ox #n sARIvalent amauRtef Batbaneskifeniccasidounds t hat may

be enpl oyed a%g‘atrn@ecgrrpl exing agents (C) conprise 2,4-dithiobiuret;
2,4,6-trithiofriuret; alkoxy ethers of isothiourea; thiocyanuric acid;

t hi oammel i de (tri mie pfodddupelbeExaniph daiskiebeateddéaddptithah tigs safurivhRi@ t he
al kyl group conprises a |ower al kyl group, having up to about four carbon

at omd such adsdeplered bynhan eauly alantoBnaunbef agetie BLisur ea; saturated or
unsat ur at ed g%}?l i Sle drocar bons nono- or di-substituted thioureas such as
napht hyl thi gmp phenyl thiourea, cyclohexyl thiourea and the I|ike,

where the cyclic hpKe prciddore BRExHmMIIS 12130beh®d &R that B sufflific acid
di sulfide of thiourea; thio-imdol (the reaction product of thiourea and

sodi um hydr oxsdeptacedibycan pauivalenti amevntef hydraeh®wic aeidt i on products of
t hi ourea and ﬁn al Ico%ol conprising a saturated or unsaturated aliphatic or
cyclic group R& p to about ten carbon atons): WO 112/079s.12 -43

15 The procedure of Example 1 is repeated except that the tin (IV) is
replaced by an equivalent amount of bismuth (V).

The amount of metal removed is in the range from at least 40 uin to
about 120 uin, calculated as described above. In one embodiment, the
amount of metal removed is about 80 wuin, calculated as described above.

20 The surface of the metal substrate, following intergranular etching with the
metal/redox/oxygen embodiment, is characterized by the presence of
intergranular crevices and steep-sided ridges and valleys, when examined by
electron microscope.

The processing conditions of the various embodiments of the

25 intergranular etching step may be suitably selected to yield the optimum
intergranular etched surface of the metal substrate, based on the particular
metal substrate, i.e., copper, a copper alloy, aluminum, zinc, etc. Generally,
however, the intergranular etching steps should be carried out at a process
temperature in the range from about 25°C to about 75°C, for a period of

30 from about 1 minute to about 100 minutes, at atmospheric pressure.



PCT/ 1 BOL/ (12901 the oligonmers of thiourea and fornmal dehyde, e.g.,

nononet hyl ol , dinmethylol, and trinethylol thioureas; S-alkyl pseudo

t hi our eadvQ vVd58ct ured by the reaction of thiourea wth BATABUARPCAwer

al kane such as i odonet hane where the | ower al kyl group contains up to about
five carbon atons; thiocarbonic 5 acid esters of thiourea and an al cohol
conprising (a) a saturated or unsaturateed iphatic group having up to
about 6 carbon atons; (b) aryl, aralkyl, or alkaryl group having up to
about 12 carbon atPheanmsurftcdf amethbririyved ¢y chlealatyd dasgd orothe weight of

al kyl cycl oal kyl having up to about 12 carbon atons, and especially where
the al cohol i®@etal remaved ftom ateshpanely oThigicalruai®dovalue i§ SKREPSSAB @S an

of a sat ur at bt Bk essatimednaitied, PSsd Bratg e R CAERARRIRECHS o
about 12 car bgyatpiopMBvéragecares ildrgeyarede theWwabtallis pvanE rémdvedr f6mY the
.acid reaction products wth thiourea, e.g., acylthioureas, and the m neral

aci d Bal t s ofsurfacauptthe mejal subgtoateea nono- or 15 di-sul fate. The anount
of conpl exi ng agents,included in.the inrersion plating conpositions, of the
present invention R F&Hﬁé P ‘r‘ﬁhaﬁ'a'ﬁfo%cb?‘f] ?R?Dt"atefﬂ'%“é’gqruﬁmh%??'i'%'f of
t he conpl exi j olaut b A& | da¥h o ssal Ut i ain
t he conpl exi %li‘ggﬁd ?ﬂ@%ﬁbﬁk’hﬁgo% a ou‘? ﬂ% l'a Imé%gt 0 é@gﬁwdﬂ?@gﬁ In
one enbodi menin, xthén.cThisl folliingveigeed, the entire dail (bothasidesius Bubfected edabé 50

g/l to about 140 g/I. I n another enbodi nent, the conpl exing agent is
present in arfegRBEYYe fPiGRRGtShuer ergranular AighiPresesyy the fojl dsginsed and

enbogh nent, t 0 exing : : hi e ' i [ n unt
o afdut oo fpd PRUCHAGID £ Woidted. | PHECEeREE iE PHESERY | Mo (RE
t hi ourea, whifolowingrfesaata:i n an anount of about 125 g/I. In another

enbodi nent, the conpl exi ng agent is 1-nethyl-3-propylimdazol e-2-thione,
which is present in an anount of about 80 g/l. When the solubility of the
conpl exi ng agent is | owgtch deptbllwinlt ney beld24Qodweight lossal | i ze t he

conpl exi ng agent and thereby enhance its acti \vareg ofpaniek(iB¥ resul ting
solution. Suitable cosolvents include water-mscible solvents such as

al cohols (e.g., ethanol), glycols (e.g., ethylene glycol), , alkoxy

al kanol s .. Asmambepysened-trom the foumael the gtgh dgpth s petuslly avetiaged )

o ol Soi Doy PecaHiirg s0Pfalblafed B 68 ¥Ry, Trils, WHIEERY sieR i eids =
conposi tions gleabif OF BetitholMVENnkefd) rébvad FRork Bhé #bil) iP8SePholRIfRCt the

chel ating agents useful in keeping the imersion 5 platable nmetal and/or
di spl aced nettdpdagrapby uef dhe fEssltiig:|sartacg. agbie ssurfdceh topegrapbi/uls best hese

conposi tions nerally c rise the various.classes, of.chel ati agents and
specific conpg_ﬁmeﬂ! g\(,l %ggﬁopn"\ﬁrpﬁﬁfﬂﬁewﬁ"éﬂc?cy Fslﬁealgﬂﬁ‘farﬁhgﬁf%gpces
Technol ogy, Théfwe&H nicrbtciiéd _an§1in1fé??ra3@9ar3éi§hea_ BLpfadbscl osure is hereby

i ncorporated by reference for its 10 teachings relating to chelating
agen2@. Chel ati ng Ibherfosegding ‘aew geparetian! gtahing matbdds dvepeinsarepefgraed nes,

am nocar boxyl i c_acids and, hydroxy, car boxyl i ci.ds. Some aji nocarboxylic
el e thar vl B iDtera AR tEBnG: RHGEREs SRR I earaouRr Btaning procaskos

hydr oxyet hyl enedi au i ' ' ik CHG [ | i G
N- di hydr oxyet ﬁéy%%ﬁl @2? ﬂ%@ﬂg%&g!{:ﬂ&%ﬁgﬁ‘g}:ﬂgcgéﬁ Wé%%kgﬁgfsg'fﬁ%g?es'@%r oxy
car boxyl i ¢ actelabbbal 20aniceeinohes] aranpre, of metd & retnacedifrom thie sudiacel of
gluconic acid and 5-sulfosalicylic acid. Oher useful chelating agents

i ncl ude pol yathhaetalerticle. A girfage wihighihas URdergpRg iglejaraniiar etching as

di et bgl enet ri a@t; . Lh g t p i nt
' tAE range PoLned Eh6n  EnGREtdHeBIRARE) BrétBtcd L iRaRkRanuly Ho Aty
.reduci ng agenhavingy ancasputh udeid oh at Heastmabout dn pretdrably avipesti abeuns 20f
the present invention. The secondary reduci ng agents may conprise organic
al dehydes whe/AsPect satig ig defined asdhe yatieaf cravicadanth tgrereyice; widthavThg up

.to about 10 c . r phy : ; ous
aci d. Lower abigie ARl s aRieithy BERRRRGRYY raaGhAg 1R CietiROPRRTY URE
enpl oyed i n t highdst poRitiorpuiftsosdjhsntedodtheycrevices enadrteby Beoth sides, to the
propi onal dehyde, butyral dehyde, and the |ike. Especially preferred

al deBPdes congeppestRainbatthe botemiof thedsayiges Thecevigegvidila ispbtainaskby
erythrose, threose, arabinose and the various position isoners thereof, and
gl ucose and the various position isoners thereof. 30 G ucose hes been found
to prevent oxidation of the netal salts to a higher



oxi dation state, e.g., tin (Il) ionto tin (IV1 ion, but also as a

chel ati ng agent WO (12/1179y2 -45 PCT/1BI'11/02901 and is especially
usef ul fa¥0 02i&9242r easons. Ot her useful secondary reduci ngPef@BaIg2Pticl ude
sodi um hypophosphite, hypophosphorous acid, dinmethylam no borane, and ot her
boranes. The secondary reduci ng agents may be present in an anmount from
about 5 g/l to about 1 10 g/I. In one enhyli nent, the 5 reducing agent is
present in an amount from about 20 g/l to about 60 g/l. In one enbodi nent,
t he reducing ] r oy : t. 4 . i rskon
pl ati ng corrpoésa;slqﬁ‘lq%tﬁhgp?i @%%Efjvhﬁatygi Qi'c ude gé\tevggwr%rge%hlggﬁﬁt g@ﬁeﬁ
conpati bl e wigdintshén eithii sid8 cfahedrevigetindar 6p aHjACBAS tY de@pdst. poift hghaci ds
.and the conplexing agents. As noted above, the surfactant may be at | east
one surfact arhottoml atiithg ciapicet el he, deepnindargranylar iasevices mroduceshity the

factants; 1, xt t,h . Vb f th tant i s . I t
one. cat ont ¢ TOregRIAR SRF oY AL ba fiomaeti §15 thHhol B BierSthdn Tt
surfagtants %SY MeSfr &' &sbut 1Pt abeid ?G)Yni%f'%ﬂ&'ﬂ' cﬁd&itﬁ. 3H_rofn%CérﬁBB§in¥I4Ht,C?héan

be utilized in the present invention are the condensation products 0

et hyl ene oxi datergddrosiap copsicesbavri alalepith hofc atrpeastdabautnlamicron. a lhyomexy,

mercapto or pripary or secondary am no or amdo grou or, other nitrogen
conmpound cont%ﬂhpﬁﬁnmt'ltg‘&sptgﬁgawmﬂ QF%%‘?snh?‘o’lﬁﬁ 9§BU? ofdtcleagt @bout™2

t ai ni h i d b I ; ted,: :
Farty al conol DeTgky. Ih SRty T itélBERR creyigb¥ EE0E £RIMIFEP LT
mat eri al s corieastnalngutairnmioragy. olmpsné emibodémant thainteegranathrprbyiaes heve datty
acid am des, etc. Exanples of ngnionic surfactants include ether-containing
surfHet ants heidthgt #elepst abeut JMIcsONR- 0- (1 CHz) "G xH i VI) wherein Ris an

I | kyl L0l [
aryl or alkyl oroug fantaldldithehfo By A8 Uhedol RO Ulerila GAbROL Bb8MAnad | ©

two or three, and X I's" an‘integer between abou nts
are produced |gsraRiablove, bihe rintdrgfdhulat tatcRéd Ob@ifac® ! cahisiibe® ! indbigpdiyular
substituted phenols or naphthols with excess ethylene oxide WD 02/079y2

-46 PCT/ | B() 1¢reviges having apyispect @tiod. atlipastaabayt talmene @mbodimeptctie ai n

fromabout 14 to 24 carbqQn ons d der | J chain_ fatty
al cohol such lgierg(%rw aralegfo\lﬂ%ﬁ b fa&%gg&fﬁrg‘ﬁéo'ﬁ%%"’&%b‘;{%g:ﬁ'@"gg?%@& ?h?/rl‘ ene
conppginds of id{ewtlrdtie o¥'4t l@ascCabdRd2 | THe dbpact Fatiethay bades Al asSEBbut

pol yoxyet hyl ene conpounds are avail abl e comercially under the general
trade desi gnadi onpesbEpyNtgheyy Maowevardiigh aspacthativsainsordeicto be maghe,
Pa., under the,designati,on MACOL, . PL I.C or TETRONI C b ASF Wandott e
Corp, "ot warBiEeTRve  enftanc RARGRIA oL 19 |GEUPAIING MEerGRERRe CURPRERR Do
Cor por ati on Ofpdiist SMouldObd C¥aTpled*RitA @R mcrémﬁgfihﬁel\;g%m&’%i&%.eﬂ% _
condensati on products useful in the invention include COL LA-23 which is
the product olaminating byatedalcappligd tbabe intergnanular eftched phatabsusface usiuatly 1
nol e, of | auryl al cohgl .. Another exanple is "SURFYNOL.465' which js a
rodB8t ot = SNl STESHIY PensyRRe THorBrEIgraier RAVISR BRYHE Wb ipspest) o
of 15 tet ramiﬁiwsdﬁ?w%fwdﬁsyﬁmé\la%ﬁ@éfs hlSolthe. PRI o0GetEre Ay RN
reacting 30 noles of ethylene oxide wth tetranethyl decynediol. "PLURONIC L
35" is a prodthe defthaofe dreviceds in ag a@dpecviatio of depthytenwddixotiaboit A:1

pol ypr opyl ene %Igycol ot‘_&.ai ned b% the_conden?athon. of 16 nol es of gr,opyl ene
oxi de. SURFONPCIR@etsh il ousnPashd eertain ot JiiRenicreangs AnasperL fate A58 ne,

| ong chain fa ai chai : i I =T i fhang ,
am des, al kan%f *gm%d@@e%hgngfdf%llygi(')@'%p@sﬁ?@cgﬁﬁgr@hg&ﬁsﬁvhﬁb ﬂ‘g? gﬁ? are

al so28sef ul . [Aergramslanétchet treviced sqirafdrablgundhe earigecirbary dboutEbuhicrent he
gr oup obt ai ned bg the addition of a m xture of propylene oxide and ethyl ene
0

oxi de to di antheboutbrmeicsprsiqauplad ithoan asppelufatie Ndihecaney from shent i on
“oxi et e usel pOh S, SR R BloGRd GefiRurt Kaiapt b if, Aot bo g ¢

general tradecggr8iiGidg bgw,ﬂ'&]’&ﬂﬂt&ia@ar bowax-type surfactants which are
. pol yet hyl ene gl ycols having di fferent nol ecul ar weights al so are useful.

For exanpl e CARBOWRX @te 1@obodiasent, niblec infergranuiaghetahedgsutiace r compises 950
Lgslgé" and “h te?g'rré?\u arrocrpe\zlgetsc}\azvlllnge tahSéQIth“E‘I ta% 1888t %A&C'I“ne\icrgﬁ. n:“o“‘n:e4000
embodiment, the intergranular etched surface comprises intergranular



WO 02/0796.12 -47 PCT/1B01/ 02901 nol ecul ar wei ght range of from about 3000
to 3700 and contains from68 to 85 ethoxy units per nolecule. O her known
noni oni ¢ WO yu@9sLeri vati ves such as pol yal kyl ene gl ycol ePhi&iBoiaR&1ITet hoxy
pol yet hyl ene gl ycol s which are available commercially can be utilized as
surfactants in the conpositions 5 of the invention. Ethylene oxide
condensation products with fatty acids al_§p_ are useful nonionic
surfactants. Many of these are available comrercially such as under the

& cago, 111 creyastaha s d68M.&F HEbekt 2800 2 MichoRs T i ong FARGHImAIR, .

etc. Ethyl enetrfaxmenfm@nwm glirfbaé toonaywiiigbsaifit6lgPanfal crevid @ Riading @l SO
.are available from Armak. (n sonme of the solutions, inproved results are

obt ai ned whendepthy ok ahioky | 2 teigrensy c dh LNepRETRSIdIMANnt)/ the idptgraoular atehed

I ncl uded. For exanpl e ethyl ene oxide and propyl ene oxide condensates with
alfphatic 16 STESHBPEmALPE R aratanelr Sy ERS MaYig o Yopti ot P APy i e
phenogs and W%BQBRQ!S are useful additives. About 6 to about 40 noles of

t he oxi de may be condensed with the above identified conpound. Many of

t hese condensat es b @nav a@mbddimertprtbecirtetgranulder etched suefdee neomprizes

TWEEN from I Cl Anmerica, TRITON from Rohm & Haas Co., TERG TOL from Uni on 20
Car bi de, and intEpranylaereriseshavings depth ahat leastpkonty! migrorseeuried with

utilized al so i f t e '
surfactants i%@%ag‘?ﬁag@rﬁﬁ?éﬁaﬁ% ?’gl%)gtg a%gg‘},j'iﬁ‘aeﬂg’ fgﬁ Ergt? é%p%ggt? g?\%t ed
adducts of t hgureasuleoaWIrised iftePgtipiusardredicey Vg ¥idéptiRid/ R Nesstoabd AN
oxide with an al kyl am ne or diam ne. 25 Typical betaines include

| aur Y0 di net hymieremsi Garplachiwithana asreatyratp nek 1t laasbnakonth-ai he. one

Sul Tat o0 adautosPIRRAE, T e BfoEl PorbRed Syiting 2po MR AR Butey 2,
a sul fonat ed ¢ravides HiRing atdepth dfl RN Rifcronsseuliphd sdth anfaspestitatisiafed

oleic acid, etc. Cationic 30 surfactants also are useful and such
surfactants nay leastsabewt dd finoone reenbodiment/ dhre iptergrmularTetobgdl sufage 1

group consisting aof higher alkyl am ne salts t er na nj ymsal ts,
Sl kyl pyridi nPRPEEPS imararatuiel crovicerbafing H demtiLof etlersfAbodt rinicians ¢
obtajged by copgsaakitRhrPhspevtiratie cmUBASt Sbodt iyl ene oxide or propyl ene
oxide with primary fatty amnes are useful and 5 nmay be represented by the

fol |l owi ng fornmul a Ekxact de@apindtion sZ@pedt RatioRRof Mtefyrabllan gtel3ed gurfacesei n
Ris a fatty acid out 8 tpo a%gut 22 10 .carbon

R LY LS RLIYh oR R SEhSod L H BH gertPodad fese Hones 20
and R3 are eagfysh RARMBEIAsEd.Y TR i8ldus! 8 vRFal PoSIRASS Mrst) tHiusiial hfetBoBE 1.
and x, y and z are each independently integers from1l to about 30, and the
sum of x, y, ehtheasugngsurfacegariatibn$.rsunhad® atorict foreehoicroscopavbAEM), do
]E) g; Liaﬁggau ?/| néﬂﬁa?&gaméigrt\tegag{g (r\]f%?ticuatl it<|> it 8 %Iaal{eeof ﬁ?ar g&%rétde%eltog/l sluSrfécr}a
range to measure the full surface profile, or roughness, of the intergranular
etched surfaces resulting from the process of the present invention. Stylus
profilometry typically does not employ a stylus sufficiently narrow to
penetrate the full depth of the intergranular crevices. These methods may
25 be used to obtain an estimate of the minimum etch depth and aspect ratio,
but may underestimate these parameters.

One method for determining aspect ratios on an approximate or
empirical basis is to scatter beads of known diameter across the intergranular
etched surface, and to compare the size and location of these beads with the

30 features of the intergranular etched surface. Thus, for example, spherical

calibrated beads having a diameter of 0.5 um may be used, and the surface



(CH2CH201xH R4-N ~(CH2CH20) YH (VII1) (CH2CH20)=H ~(CH2CH20) xH 20 R4

~- CHZCH2CH2N (I X) \ (CH2CH20) yH wherein R4 is a fatty acid al kyl group

cont ai ni mp d7osd2 to 18 carbon atons, and x, y and z ar epa¥is@fozsmad in
formula VII. The above described cationic surfactants are known in the art
and are 25 available froma variety of cormercial sources. Specific

exanpl es of fatty acid am nes containing.43om8 to 22 carbon atons include
saturated as wel |l WO 112/ U7952 -49 PCT/1BULl/ 02101 as unsat ur at ed

al i phatic am Js?a?nﬁn‘é%hb?'sﬁ‘?g{,yésm“ ”égcﬂ'%lesag?'d"%vah%iggé?,@%é}ﬁiau?t Q%X'

am ne, ol eyl dmne, ny am e, palmtyl am ne, am ne,

oct adecyl am RigctréRaVirsseotyaseibnessNEs Whashingtdry,PRAL epr esent ed by fornul a
VIl are 5 available fromthe Arnak Chem cal Division of Akzona, |nc.,

Chi cago, |L, underAnatheyemethod of aesemmisinghthe espeTtHeNikERS appintendranular

| f dyct's i nglude ET EN C/ 15 .whi ch i t hyl i d
B e S S R BT
oxi deg ETHOVEENtSdeaOnitifbd By’ a piliv o) gﬁt{ﬁ@w 9h8§$ﬁlc@8€1aﬁﬁb¢@&ﬂ%éi?n 10

products from coconut fatty amne c ai ni ng about 10 and 15 no
et hyl ene oxi def phetopeictagraplys iscatiaiviedatsi differadt 8ngle, wiiich caeatestparbtiae

I d d ti duct i t t . ' taini t 5 d 10
ol 25 of et hyWBHE GRNGRS EIPIAURC 1o datfirHiEe GUATSBEtKaY S SaE PERRENPY/ 15
d T/ 25 whi | ' ' '
Cont i ni ng abBUDEPAREERERE SR FaRhbs T Bies dhepift infeddiinky 687 °

respectively. obiimed Gyalahyingvi@inhértl suek aspaeBhilipst Xe 30 kESEMatat arenes of
t he %pe represented by formul as\g)() i ncl ude ETHODUOVEEN T/ 13 and T/ 20
whi chOar e et hgnalneedxusiag catamdantege pPigitat t Miespanalysis) SystemniRMa)ete

i amne r espcerudts B surieds ot SFUTSinPhoFRNbERRHYE SRR, i o °
(CHpCrB0) H 25 Wier @ R 15 am Al Kyl oroup contarni no T1om about & Lo, about
12 carbon ' a#bAP, figldi emissien raganping: elegtiosx Micipssape (TE=PkMh. aTbesmaller s,
e Sum of e 8ol VR 2o e B fine S Bdfendd B Blsboa on
15 the samples to show relative dimensions. Each photomicrograph includes a
scale in the lower right corner, in which the full scale spans 2.0 or 3.0 um
as indicated below each scale. Each scale includes 10 subdivisions, each
subdivision corresponding to 0.2 or 0.3 um
Fig. 1 is a photomicrograph, at a magnification of 10,000X, depicting
20 the drum, or shiny, side of an electrodeposited copper foil. The scale in Fig.
1 spans 3.0 um. As shown in Fig. 1, the surface of the foil is relatively
smooth, and individual grains of copper metal are visible.
Figs. 2 and 3 are photomicrographs of foils which have been subjected
to microetching processes. Fig. 2 is a photomicrograph, at a magnification
25 of 15,000X, of a copper foil which has been subjected to microetching by
a sulfuric acid/hydrogen peroxide solution, comprising about 10% v/v conc.
H,S0,, 3-6% v/v of a 35% solution of H,0,, and 112 ml/l CuSO, solution
(270 g/l CuS0,5H,0). The full scale in Fig. 2 spans 2.0 um. As shown in
Fig. 2, this microetching process results in a surface with a few raised peaks
30 and intervening valleys, but no intergranular crevices. As is apparent from

a comparison of the 0.5 um beads with the features of the etched surface



X exhibit the characteristics of both cationic and nonionic surfactants
with 30 the nonionic properties increasing at the higher |evels of

et hoxyi aw@m/o79heat WO 02/0795.12 -50 PCT/I B111 /(12901pcs/iB@awm2die sum of
x and y increases, the ethoxyl ated am ne behaves nore |ike a nonionic
surfactant. The cationic surfactant also may be: (a) a quaternary anmoni um
salt of the formula XI: 5 R R -NR'" Xe £XI) R' 10 wherein X represents a
hal ogen, a hydroxyl group, or the residue"of a C,.s al kanesul fonic acid; R

| kyl . ; d, R, C, 4 al kyl : d, R
ebresents a Thowd WWE- g dhe Behsd i5ee Shenk Seje Fovidhneheuahd sal
represent ed bﬁréJib%&ﬁBWn@' aéﬁdi‘lﬂaﬁoé('df: mLéhFiﬁsé\l‘théﬁ &.X?vgﬁ%gwmebv X

.represents a hal ogen, a hydroxyl group, or the residue o -~
al kanesul f oni DMS8, the &specigatiscoft theasWChac&Oshdwyl ingFigu2; isafodinBetor be raboesntt s

h 4 al kyl : im I i ni I h
gonerat tor miP@5K TRuSthe Ruriage i sugstangaly e INGrraRyar ErovicosBaiNer of n
X repéesents gnraégbg&e%ﬂoaopggawyIor?r%gﬂgbor the residue of a C,_,o0

al kanésul foni C represents al kyl group; Rb represents a

hydr oxy- cont ai ni ngrig:.® iglKphotsrighograph, Bt' a maagsisieation 20fCt5;000KKYdf gr oup
or a benzyl group; and WO 1) 2/079n2 -51 PCTI I BO /02901 (d) higher alkyl-
anm ne salts repprefefeibovbich hasgbern Hubjentad| to Xnigrogrhingdlyl the Oxone®

CFi 3-(CH2)"CoQ1' ' (X iR R. . al k ' d [

f rlom (() to) aboBEocfngQﬁ?‘m\?ggrtﬁl? q?%és hﬁg'\[?g&%gésdz P?bagoéugﬁ oﬂ?/hzgjtz&]l k‘f ?r‘]?f‘én : ?\
the form of 50%8ht®(43%Epdragsiuhd péroRyMONVSUMATE 239 Idotassium bisulfate, 29%
cetyltrinmethylamoniumsalt, stearyltrinmethylamoniumsalt,

| aur ¥Odi net hypetassivanauifiaten39a potassisina peropvdisulfatg. 2%yagnesinincarbahate)
di met hyl benzyl | aur,yl ammni sal.t, tyl dimet.hylLbenzyl amroni um salt, .

oct adecyl! di rref"?u@l ?%’r\'g;ef.g%nﬂgﬁbﬁm Iﬁ'ﬁ %P%% beﬁ%f&aﬁoﬁ%n&aﬁlqwn in
triethyl benzyglammpRis\thitréétching 15r6888€ VSRS iin a surface with a few raised peaks

and intervening valleys, but no intergranular crevices. As is apparent from

a comparison of the 0.5 um beads with the features of the etched surface

15 shown in Fig. 3, the etched surface shows some roughness and small
crevices having aspect ratios of much less than dne. When analyzed by
DMS, the aspect ratio of the surface shown in Fig. 3 is found to be about
0.3. Thus, the surface is substantially free of intergranular crevices having
an aspect ratio of about 1 or greater.

20 Fig. 4 is a photomicrograph, at a magnification of 15,000X, of a
copper foil which has been subjected to intergranular etching by an
intergranular etching composition comprising about 28 g/l of a solution of
35% hydrogen peroxide, about 75 g/l conc. H,SO,, about 3 g/l benzotriazole
and about 7 g/l of sodium m-nitrobenzene sulfonate. The full scale in Fig. 4

25 spans 2.0 um. As shown in Fig. 4, the intergranular etched surface is
characterized by the presence of deep crevices between the copper grains,
i.e., intergranular crevices, in which the surface includes grains of copper
metal separated by dark areas which are the intergranular crevices. The
depth of the crevices may exceed 120 uin in a foil which has been

30 intergranular etched so as to remove about 80 wuin calculated as discussed

‘above. As is apparent from a comparison of the 0.5 um beads with the



10 diniumsalt, laurylpyridiniumsalt, dodecyl picoliniumsalt,

1- hydroxyet hyl -1 benzyl -2-1aurylim dazoliniumsalt,

1- hydr oxyad y793482benzyl - 2- ol eyl i mi dazolin ium salt, stearpCitiBnangoet at e,
| auryl am ne acetate, and octadecyl am ne acetate. The surfactants al so may
be anionic surfactants. Exanples of useful 15 anionic surfactants include
sul fated al kyl alcohols, sulfated |ower eghoxylated al kyl al cohols, and
their salts such as alkali metal salts. Exanples of such surfactants

i ncl ude sodiu Y, | f ' L.xed
| ong chain al f:goér%g*gss%fl ﬁaét é‘?@%%ﬁf@%"? %ﬂ%ﬂgpcﬁiﬁ %%gﬁ%ﬁér@égﬁgﬁ% %n
Duponol VN, spgth!Magfel ¥nds ghizit @oppat Igrhing, fa gkl degrae, ok tifregafaritpdendt he
.designation Sipex OS, Sodiumtridecyl ether sulfate (Sipex E TA, sodi um

lauryl ether wdergrarulastiaviceEd)avingaspast uatiosat gboutu) pageeata.pdhe OV 1rohe
(S pon LDy - sBRdm ke SPbtaneh ol o itatrafuBk AR ey hup svagiing'n' ' ©
Surfaﬁt ants) goye GaBb 514N 1obSt AodPUTh Jond eAIdimbntof %e'zﬁngl@g}uﬁu 0

e surfactant

g/l. T'n one enbodi nent, t IS present 1n an anmpunt from about 2
g/l to about gfevigds, niorecthanemisodiSent bead enapubé aoindsined svithiast et crienican

anmount from about 5 gh to about 15 g/l. I n gnhother enbodinent, the
surfactant i SOBP@§éﬁtabi°NeéH°&?Bﬁ'ntthg'fek’é{tfﬁﬁ?aqﬁ‘gg?ﬂ a?F?PcéﬁB'f'ﬂé’? at fepstiahont

the surfactang i ftniggtﬁo it tHthEgg%Dfﬁ@td thag%’?\aﬁ%vﬂﬂs.s of #i3 ‘Wl?tje’pgirgﬁala'r52

PCT/ 1 BOL/ 112901 er e I ment, e surfactant 1s present 1Tn an

amount of abogtevices, @htl.the diametenof tikerbeddsiehé beads tusdraetemtiodimentsiednt o
the i mersion plating conposition. . The imersion plati ng conposi tions of
the pPesent i APERRYANthe Bettagyobtheintergraniiarcigvicgsyla sughanembedimento| og
or anal og the f. A I ' | r i X
pat ont. 4 657, L5 aspRYERRIE Td) eSod o, drhecinalf rbEindy xc8Ud L, Iher

exanmpl es i ncl gdglydsd dyrDMS)ithe intebgraniiiak @tchedlsartate bhowa, inlFigeazyfound,
1-butylurea, 1,1-diethylurea, 1 ( 1di phenylurea, 1-hydroxyurea, etc. The

ur ea conpoundteriyclyde ptesgnanularn aievices haning an pspectyatiecot abryet 25o0m about

Fvent Lon al so_ray Fignb det g tpiieBelin o A RERhirsaa o1 S5080%° ks on
pl at hgg bat hs cbpgbpeﬁongvﬁmﬁii R&S Beth Tabjsrded T @ intarbianailats ef€hihyCBybahhs

have been described in U S. Patent 6,063,172, the disclosure of which is
i ncor por at ed iftengraaularstchirigecempesitiopy comprisingcaboutsb¥% vivuchncmsueifurion

| ati bat h i th The .am di d b
Char acter | 2od2g8heabity? By VPn 11 300 SONHGRE] S RD RO o dbBHE a8l
sal ts thereof poubsifalOleRahd ebymcg?aqeacu. aTRY FuP¥Lhiedh g 5Hpakl 20 ARt AS,

alicyclic, aromatic or heterocyclic group, an am no group, an am di no
group, and amishomauaiiry IFigw buphe dnteagtanxaiaxl étghed rsurfaceois clmarackdripedubpy wher ei n

R is_an aliphatic, alicyclic, am nqgal kyl, am doal kyl .or carboxyal kyl
gr ou;0 The aciPde3H1qes of rf{?%é"%‘ﬁf’%%ﬁ%e&st_ e_né“?"ﬁrrgé?'é‘@, _'ﬁc'ef%%é%fa%”'a%
hydr ochl of | degye GiRLEORRWHIch thé -supfacs iRBIAIE Y off ibtal bafibidy BYUAHKY!
groups contain Y Smone T 0 about 10 or Rore. carpon at ons, ereas the
areas which are the intergranular crevices. The depth of the crevices may
exceed 120 uin in a foil which has been intergranular etched so as to remove
about 80 uin calculated as discussed above. As is apparent from a
25 comparison of the 0.5 um beads with the features of the etched surface
shown in Fig. 5, the etched surface includes large copper grains, a high
degree of irregularity and intergranular crevices having aspect ratios greater
than 1. The 0.5 um beads may be contained within the intergranular
crevices, thus revealing an aspect ratio of at least about 1. In one
30 embodiment of the intergranular crevice, more than one 0.5 um bead may

be contained within the crevice, one bead above the other, thereby revealing



alicyclic and aromatic (or aryl) groups contain fromabout 6 to about 20 or
nore carbon atons, and the heterocyclic groups contain fromabout 4 to
about 20wameops4at ons. WO 02/ (179y2 PCT/1B01/ 02901 - 53Erampag2aii such
am dines are as follows. The list is exenplary only and is not to be

considered as a limtation on the above fornmula. 5 H Hydrogen H CI = NHI NHz
Hydr oxyl HO C( = NH)NHZ Ali phatic CH3C( =g\H) NHZ CH2CH3 CH3CHzCH- CHzCHzCl =
NH)NH2 10 15 Alicyclic C =NH)NHZ H1 ~ C(=NH)NH2 Heterocyclic HZN(HN=)C y

[ - =N N2 gDedhiibti6 of about € oriheblér. 1t s ROTRH I dudito 4 desthchrie

| sour ea et hanam di ne 4-et hyl hexanani di ne Cycl ohexanecar boxam di ne
Pyrr ol e- 2- carraprcawnessiof the irtiesgranalai ichaviees; - ahd/ thec didoatemiod ¢he beads, in
-2-napht ham diFrES. 5, the beads in some embodiments can not touch the bottom of the
intergranular crevices. In such an embodiment, the aspect ratio may exceed
5 10, and in one embodiment the aspect ratio may be 20 or more. When
analyzed by DMS, the intergranular etched surface shown in Fig. 5 is found

to include intergranular crevices having an aspect ratio of about 25.
Fig. 6 is a photomicrograph, at a magnification of 15,000X, of a
copper foil which has been subjected to intergranular etching by an
10 intergranular etching composition comprising cupric chloride dihydrate 50 g/,
formic acid 20 g/l and ammonium chloride 80 g/l. The full scale in Fig. 6
spans 2.0 um. As shown in Fig. 6, the intergranular etched surface is
characterized by the presence of deep crevices between very large metal
grains, i.e., intergranular crevices, in which the surface includes large grains
15 of metal separated by the intergranular crevices. The depth of the crevices
may exceed 120 win in a foil which has been intergranular etched so as to
remove about 80 uin calculated as discussed above. As is apparent from a
comparisdn of the 0.5 um beads with the features of the etched surface
shown in Fig. 6, the etched surface includes very large copper grains, a high
20 degree of irregularity and intergranular crevices having aspect ratios of at
least about 1. The 0.5 um beads may be contained within the intergranular
crevices, thus revealing an aspect ratio of at least about 1. In some
embodiments of the intergranular crevices, more than one 0.5 um bead may
be contained within the crevices, one bead above the other, thereby
25 revealing an aspect ratio of about 2 or greater. It is noted that, dlﬁe to the
depth and narrowness of the intergranular crevices, and the diameter of the
beads, the beads in some embodiments can not touch the bottom of the
intergranular crevices. In such an embodiment, the aspect ratio may exceed
2. When analyzed by DMS, the intergranular etched surface shown in Fig.
30 6 is found to include intergranular crevices having an aspect ratio of about

2-3.



Benzam dine WO (12/(1795.12 PCT/I1BI11/1129U1 -54 5 Ami no HZN C(- NH) NHz
guani di ne Am noal kyl HZNCH2CH2C ( = NH) NHZ 1- am nopr opanam di ne

Am di noaM@/02/HPNRHN=) C( CHi ) 3C(=NH) NHz pent anedi am di ne AnPaT/HBN 1H291HN

=) G- C( =NH) NH2 et hanedi am di ne Am di noaryl HzN HN=) C- CsH4 C(=NH) NH2

1, 4- benzenedl car boxam di ne Cer boxyal kyl HzN(HN=) Cl CH2) 3COCH

4- carbam ni doyl butanoic acid R _ Aliphagigc CH3NH Cl =NH) NHz net hyl

guani dine Alicyclic Cycl ohexyl guanidine 10 15 20 -- NHC(=NH) NHZ
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pr opi onani delreethodc ot | deterrgimimg dhe obemnberisde otlivideNthedptaxsramdian etehic:
amount of am dipe c.org)ound iﬂcl uded_in the.i rsion pl ahi n conc;no Sitions
.may vary overSUsfagedate afd of,sauare aregfnaying 7 onfap és"g?'a?r? % up
to alout 100 +ghouhp tRE RuRIBP &f TeFgrahliRr 2FEHEEs M edtH SHikte 2or €PEBANEthd N
the imrersion plating conpositionis in the range fromabout 1 g/l to about
10 g/l. In amunitesr cfrdmpaireseint whicheatdeastnoneintengraiuler creviosus doundt Hdore

I mersion plating conposition is in the ra fromabout 5 g/l to about 50
g/1. In one @wdRHIAY thernimBerRfRaUFres iR \HF‘E’E‘ IRpRALARP 1'\%9'19%%"#'%@{%’!%

pl ati ng conmpqgi t.] | Bl 0. g/ to about 25 g/l. WO
U2/ (1795-42 %‘@/%%ﬁ%?gﬁféfﬁq@né{agg%%glg*rr%ﬂilﬂe?he I mrer si on plating
conposi tions of thiug, NHesHd embadiment)sivhenithkl intdrgemudar stohedraafacylis

thi ourea derivatives. The inmmersion plating conpositions of the present
i nvd@® i on naydivideddnto 2 gridiaf savares 10 miprens oReeach idgy ahlgast 8Q %neljthe

f f th | | ' A f d
cascade appl iuPTh LR It B R aPih i EleA G o i gl 1etBlof]  °

the method ofattigagt 1.NVeBhb@misedimdatpaciasedshy ofidié Bquares inoludendtleast O
wat er. The conponents can be added in any order. The conpositions my be

stirred mechameanteygranulart ereying baving 8p asregteratia of hat dpasy| hce@mne

ion. 10 Th | f le. i 1 cuitr.
Cont acted i (ImEaTISte Rt (et d0%iafonecs e InEes ot fdst bl terBPam T g
the jentergr awb@fceeﬁ&hﬁg s hEFER fatioCof BE 1d4¥Eer.SilQ ol einbdairieRT) Oft fehsh's

mai ntai ned at a tenperature of fromabout OC to about 70C in a continuous
process. | n d@%ewifotiensguares Hecludepat least enef inthtgreowiapgirevioa having am t he

oo st onasraat ket bt lakst 2 cln, a8 e Bmenf it st 0% of the ssweres o
I n anot her e?‘ﬂggldwueawsném rAhUl? PévicBha Al Osi bssett ratiobft delehdnge

of from abou C to about 45C. Tn another enbodinment, the tenperature of
t he conpositi®n insone enhizodiavend, of l¢assnd B¥%oaf tBe squargsoinclxie 26 least ome

anot her enbodi nent, the tenperature of the c sition,is in the range of
from@bout 15Nt YRR grexice Bavifig ﬂ?aﬁ%ﬁ?ﬁ%&_?ﬁﬁviﬁ Y 'ac[,rbr ce
with the desiged biph&itnas foddh doW SERRSEdPatel TMEALAL AR 10 MBbYras@al i Ng

or layer. In one enbodinent, the intergranular etched surface is | mersed
in the i mrer s¢evictbhpliagi ary aspegtositid of at deast Derlhazhd antbodimanteatf least
about 1 second up to 15 mnutes. |In another enbodi nent, the jnter\g/:lranul ar

et ched surfac@5f of thaeadaesi il’i'cl‘ﬁ’g? 2 Keliid mtg{grﬁgu%rﬁf%ﬁcﬁi Ravipgran
period in thealangSafic afat gt 1 H BHb SriSodiffith, & [Badt'oBR6 dina RIS

enbodi nent) t tergranular ace Is maintained in th nrer si on
pl atp§g 30 copRAmid atBaétosnaimuigrdndlar eltevide having ahaspettrativobhat least 2.

enbodi nent, the .
Thus, in one embodiment, when the intergranular etched surface is
divided into a grid of squares 10 microns on each side, at least 50% of the
squares include at least one intergranular crevice having an aspect ratio of
at least 1 coupled with a depth of at least about 1 micron. In one
30 embodiment, at least 75% of the squares include at least one intergranular

crevice having an aspect ratio of at least 1 coupled with a depth of at least '



I ntergranul ar etched surface may be maintained in the i nmersion plating

WO 02/079a-12 -56 PCT/1BO | /02901 conposition for about 5 to about 60

m nut es, wth@/t7p3¥ may be sel ected so as to provide the deBCT/ashimetdl
coating quality and thickness. The inmmersion plated nmetal nay be applied in
a layer ranging fromabout 0.01 to about 2 ~cm (0.4-80 mcroinches (din); 1
din g 0.0254 ~cm. 5 In one enbodi nent, i3p innmersion plated netal

t hi ckness ranges from about 0.7 ~cmto about 3 ~cm In another enbodi nent,

the i mersi ol gtemhiehd! infeife mbBUMKEIRS at 1dhst @@%%’f%efédi@ré@ﬁ\:éi%& at~cm

to about 1 ,um In another embodi ment, the i mersion plated netal has a
t hi ckness i n ledst onejetergramutdrarevite, having anlaspece ratyonof lat leastt heoupled
.enbodi ment, the imersion plated 10 netal has a thickness of about ~Ccm

In anot her erWdiadenrth efat lessbalowh 1 nicre: RoRe emko oMt i@ deast; 5110?/41e
range from ah qgtgwegg&é?rlé%] gé&@%"é{t l&a%s"f_’ ong qhtdbrghﬁpu‘férgc?@gf‘nq@ﬁlﬁ\'g@nén atsggct

i mer si on plzﬁ a thickness of a ari ou

conpagent s ofratibeof A1RIASt ANcobFbd Mith adghtdfoasledsehbbutl micrbhe IREsh®d of
the present invention may be present at the concentrations descri bed above.

| n one enbodiemebedimens, atiaast iS5G miatherspussed nplude At lappt onetistergramdar 1
gll to about 150 g/l of each inmmersion-plat e tal - .about 20 .9/l tao
about 500 g/ 1STEYIcEHiviRg i siptlgede, 3hat SRR Colbipd et BHdnth aifet oeSt
conpl exi ng ag@yut ORGSR InTorfe 6@BBARNENO At M 78 cTORbaddquaréPMelude 8f 1 tO
about 100 g/l of a surfactant; about 1@3{ to about 125 gh of a urea or

|
am di ne conpdeast, onddntergragularcravicethaing Bnorspgct natiaof iy lagstn2 .compleds
b 5 g/l to,aboyt 110 d duci t.. Th o
concther ot i ortdithesy e Bt loaSt oBpyt daBnern gt sihe HELRERTR R Toaat. 9%
appl i cati on '&tmuﬂgauaﬂagqnepd@me%t bﬂ%_iﬁf&%%ﬁuléﬁ&@@id@ﬂav !_n’i’)é'sﬁgc{ he

above-descri bed 1 mersion plating conpositioiNs may be utilized int
pl ati ng of i matiogofaatileast 2cevplbddvithtaadesthbaf atileast aboht dsmizypperin apper

alloys, and Oe:[mhg{)dirlgweén@cl, %t Pgast 95% of the squares include at least one intergranular
crevice having an aspect ratio of at- least 1 coupled with a depth of at least
15 about 1 micron. In one embodiment, at least 95% of the squares include at
least one intergranular crevice having an aspect ratio of at least 2 coupled
with a depth of at least about 1 micron.
(B) IMMERSION PLATING
The step of intergranular etching the surface of the metal substrate,
20 as described above, is followed by a step of applying an immersion plated
metal to the intergranular etched surface by immersing the surface in an
immersion plating composition.
" In one embodiment of the immersion plating step, one or more plating
metals selected from tin, silver, bismuth, copper, nickel, lead, zinc, indium,
25 palladium, platinum, gold, cadmium, ruthenium, cobalt, gallium and
germanium, and alloys of these metals, may be deposited onto the
intergranular etched surface by immersing the surface in an aqueous
immersion metal plating composition which comprises (A} at- least one
solution-soluble metal compound or metal salt selected from one or more
30 plating metals selected from tin, silver, bismuth, copper, nickel, lead, zinc,

indium, palladium, platinum, gold, cadmium, ruthenium, cobalt, gallium and



i mersion plating, also referred to as el ectroless plating or chem cal WO
02/ Ur95. 12 -57 PCT/1BUL/ (12' | U displacenent. The application steps nay

i ncl ude woreregwsg or di pping the substrate in the plati ngP€oIBGIRIMT Or may

i ncl ude spraying, flooding or cascading the solution onto the substrate, or
may i nclude conbi nati ons of these nethods. As descri bed above, the

I mersion plating portion of the 5 inventage process, |like the overal
process, is preferably operated on a continuous basis, such as in a

hori zontal , CoUIRHAGAT 8d TARALAIEUSY tICoMRiGHs BYESe MHACHRErdin Wistin

met hods of the 1 nvention are dense a dhere tightly to the underlyin

i nt er gr anul arcahpbsidonanaly asdsongirise §tdpast (BYNEnd Avidsel&ctBdefront alinéwil | s
.whi ch have been treated as set forth in the foregoi ng disclosure, i

, l.e.,
subj ect ed t o @Figsocateoxyic geidst aRg Bydrocarbdpubstituted sHifPRice agisisesand of

pol yneric materj.als ret.o 1.S] : s of intergranul ar etching
-the surface om')itﬁéesng{%gfagéu%%{@?écw}rﬁe%ﬁsi%{teg'?’granul ar etching
conpasition, and apRé Yineeals omhhebé nbreseneiinll the platifed bath faACqvater-88luble

i nmersion plated netal by imrersion plating in an imrersion plating
conposi ti on ceotpppundg onesaits rimeledisigatthagoxistes) snidestes.t dalileemacetates,
silver, bisnmugh, copper, nickel, lead, zinc, indiur | ], adi | ati num
gol d, cadni unflUGRATAYS: dlvpstigates: ?J‘ﬂe&ﬁs!“ﬁﬁ{‘a??&' 581’%%#%“‘8&@%?? %Yyl" be
further treat&gsdhatéPBhd s08sHUted SANWGITbARRS! 3 Ve grofdrtid SRboliFMIRY She
adhesion 20 of the netal surface to a substrate such as a polyneric

materi al for ani@aBRf the omatabsbldioresspondsetothym@opion afigheracid nused irs théat

disc]posed in U S. Patent. No. 5,073, 456, the .di sc|osure, of which i,s hereb
neot@or at ed BptnaainEer eapTIR, WOSR fuRgonF i RutTetE tLafhe e SHRS "
or ganosi | ane gyt Wee S Giahifle! NstaRRoud SRuBEA, T8id DRuAPRatEd bismath 2
coating either to the intergranul ar etched, imrersion plated netal [ayer or

to the pol yneflicborater indium| fiuaboeaterigailiurarflyotidratepot gernaniumafleobalates a

partially cured therposetting polynmer conpositjon, also known in the art as
a prepreg or Ap-a dughar example, wf@mmaeiés%?°4 HE the oath (ig, a8y alkape (qfean

DEehesd e SHRAOLEINC RO, Y SLMHoR s barvo Gaimig, ARy
constuct i on gsféderepbismeth meklgrer solfondte, andimyeatiiane shiéomateperg | ayer.

The amount of tin, silver, bismuth, copper, nickel, lead, zinc, indium,
palladium, platinum, gold, cadmium, ruthenium, cobalt, gallium and
germanium, or mixtures of such plating metals, present in the plating
solutions of the preferred embodiment may be varied over a wide range such

20 as from about 1 to about 150 grams of metal per liter of solution (g/l}). In
one embodiment, the range is from about 5 g/l to about 50 g/l. In another
embodiment, from about 6 g/l to about 25 g/l. In another embodiment, from
about 10 g/l to about 75 g/l. In another embodiment, from about 10 g/l to
about 40 g/l. Higher levels of metal may be included in the plating solutions,

25 buf economics suggest that the metal levels should be main:cained at
relatively lower levels.

A second component of the immersion plating compositions of this
embodiment is (B) at least one acid selected from mineral acids, carboxylic
acids and hydrocarbyl sulfonic acids, and mixtures thereof. The amount of

30 acid contained in the compositions may vary from about 20 g/l to about 500

g/l. In another embodiment, the compositions will contain the acid from



WO (12/()79S-L2 _5%_ PCT/1BOL/ 1129(11 It is noted that one side of the

I ntergranul ar etched, imersion plated netal substrate may be attached to a
pol ymeri &WOrB/&¥sRl prior to any of the foregoing treat nenP€T/IBHEBRHIgh it
may be preferred to subject both sides of the netal substrate to the
foregoing treatnents. Thus the silane may be 5 applied to only one side of
the treated netal substrate. The noisture,kesi stant, adherent. organosil ane
| ayers of this enbodi nent are prepared fr'g 1a silane bonding nixture which

conprises (A) at |east one ure] i 1 ang. having,the forpnula (XVl) 0. .10 ~j
(RB- C N s abov B0,8y1 toxarguioh 60 o Sufficlontidtgy isnarasg0r Huthe sompogisionsn
atons, Bis I i t | Spqan
nteger of 1 WOBRIY e sBRuB ALK 413! Fimyatioft b F2BDBD: 3 WreTBHted o GH
i denti cal ; anflofbab&it @ tdiabduy|2. cGenerallpkit igdasgjeatile hawvse i fietd fthatbas an
(XVI1): Rlo ~ /Rdo R20 Si R Si R50 gvll) R30 ~ ~ RsO wherein R . R2, R3,
‘R4, R5 and Reanirp&ssnaon 1o thsracidhgalss abihe metals qinembagimentsiwhighdaelyde

at ons.and Whe%?n%a‘i‘%ggt es an al kyl ene group having 1 to 8 carbon atons. In
one eﬁbodi ment, R~ , R3, R4, Rs and Ra are identical. In one enbodi nent,

each of R, R2, R3, ERamptes adtd uBsfiar aci@é hinkludeO slilfudBeaéiah oskraRivric iadid,
formula (XVI) of the ureido silane each B group is identical if nore than
one B group i bygrashéoric aeidi hBuerabasieh Awidre mthdsphpie macid. ( Xalkylpbespharic,

ureido silane_the al kylena_ group, .A, _i i val ent et hyl en {0 ene
and the. al koxgrapagrpracte. ARy B Rur oniedadiet S itHaf, MefisdratiboMitn:
the ureido si h?&l%dlﬁor?é gamyarebrehdlepr opifdnated hoxdikyiR§dipheMyidulRdriel 79y 2
-59 PCT/1BOL1/ 112901 I n one enbodi ment, the disilyl crosslinking agent of

f or miDa ( XVI | methytenadipHosghonjss Reid, RQhork3, wRiocyMiend Rehesphanihrmity|
and the al kyl epne grou i s a divalent .ethyl ene or propylene group. In
one enbodi nenPF°§'ﬂ'é°%‘?19ﬁ$§?!' certbaggp, RIGRYa58 ts“l?@rwéfgliﬁhoxydi si | yl et hane.
5 I'n one embodi neml'heté'ﬁ‘fggﬁlié kids' iRgRIdeD 4. fa&ﬁtat,léa}‘etitz%mlhan?é\,/ldcrw be

repl aced by or have adde ereto an alternate disilyl crosslinking agent

i n which one methacwyliof bemmic,Givdycitigy sndanap atso inehidecticanhokylicatidessuchl ky|
group, particularly a nmethyl or ,et% group. It has been found that such an
alternative sPf&@ligainaleicaphitpric, BralQRiCyhi lity. Thus, for exanple, if

10 ogg or two of t%e'%“%c?@ I'sGBL GREd ?é\lf%nk@%[gsaléyhsé’d PidPeint ide

di si I'yl crosslinking agent I n wat er ubl'e. Such an enbodi nent

provi des a cr defihéd ko dficladajatitankl sulfohiccacit, sulistitGteal alkylesufoydmiacidsatanyle)

and may be applied from an aqueous solutjion, | ) e
sulfonic acids and substituted aryl sulfonic acids. The substitutions may
include one or more substituents selected from hydroxy, nitro, halide, amino,
amido or alkoxy groups.

20 The alkane sulfonic acids which are useful in the preferred

embodiment as the anion of the metal salts or as the acid component may

be represented by the following formula (ll):
R-SO,;H {1

wherein R is an alkyl group containing from 1 to about 12 carbon atoms and
25 more preferably, from 1 to about 6 carbon atoms. Examples of such alkane
sulfonic acids include, for example, methane sulfonic acid, ethane sulfonic
acid, propane sulfonic acid, 2-propane sulfonic acid, butane sulfonic acid,
2-butane sulfonic acid, pentane sulfonic acid, hexane sulfonic acid, decane

sulfonic acid and dodecane sulfonic acid. Metal salts, such as salts of tin,




For exanple, in a mxture as in the present enbodi nent of, e.g., 15

ganmma- ur ei dopr opyl tri nmet hoxysi | ane and hexanet hoxybi ssilyl et hane (formul a
XVI1 in woetioBS+2 ethane and R -Rs = nethyl), in an exenpPargB¢aRi@ i n t he
range fromO0.5:1 to 4:1, a simlar mxture can be prepared in which, e.g.,
net hyl pent anet hoxybi ssilyl ethane is used in place of, or together with, the
hexamet hoxybi ssi | yl et hane. The water sol uf HI ity of the hexanmethoxy 20
conpound i s retained by the net hyI pent anet hoxybi ssi | yI et hane. The conponent

nacds of a paPlrOyIndhIR; oRinfA g HitilslotWEiok hlr rabf

silane of forgukige (n@WiHublalkaRre dumﬂuwactdsoétSMX’t&rmoﬁQbe@Fﬁe bbove! latkahV! | )
.may be between 99:1 and 1:99. In one enbodinent, the 25 weight ratio of

(XVI): (XVI1) Belfosicnecids genige utiizedd: 90. I n one enbodi nent, the wei ght

rati o of (XVIl(XVII) en9 10 and 70; cally .a.singleg_ ureido
.silane is used witH'&n" Eﬁﬁé‘? gienty gﬁequ%lgan%é@h{)mch%ﬂé\}%rangﬁ ?angl
possible to Ug |fbﬁ.ctmd 5'rhé@ikéh%'l‘§u|$&|m%1®rﬁaKBWeﬁfes@ﬁf&Wﬁh&'fblﬁiv{nﬁ
as defined an or two or nmore disilyl crosslinking agents as 30 define

The sil ane boficlinnglanflikt ure, i n one enbodi nent, is DuraBOND 776PT, which is

commercially avail abl e from McGean- Rohco, Inc., WO U2/ 07952

PCT/ 1 BU1/ 029Ul -60 C evel and, Ohio. The product Dur aBONDmM 776PT conpri ses
approxi mat el y equi nol ar anount Plf qu o_pg@,-l.] ri et hoxysil anggs
the ureido silane (XVlI), and b;&§(lz?l et &ysﬁ(ymyé'f hane as the disil qu "

crosslinking agent (XV111. 5 In one enbodi nent, the intergranul ar etched

nmetal substrate to which an i mrersion plated metal has been a plled&r}a
treated with OYRRABSHisHEN Sisoabeutold mns dFPrechis Peem( A} apd s J%'I i ng

Tt or il a1 RO SERATY YR SRR 2" R Ao SF U RSBl iy RYHR
(XI Xnowher ei n g@ffsh n’féy bel adepaitss gr mtéfhaalﬂwkoxyaldfouyal Bydmphssy bf umefliky!

or cycl oal kyl grou | ess than 20 carbon atons; Rl is a dival ent
hydr ocar bon ora?kmogevlfmlcgpmpn@iﬂde 2shydraxyethyl-d sulfonicacids 1 -AEXYPreRYl

functi onal e X
is selected fr gc.gmﬁgy aqu%F g@g‘ngwgﬁ{? é(ﬁ 'I%hﬁlﬁrg‘;%p&p%qcég gﬁ%
acyl, vinyl, %lckdfl 2s¢wrukyb@wmysulfmymo Agiyeo bty l-arglifeiy | @eyd,
groups. . 20 The sil ane conpositions of the present enbodi nent contain at

| east one sil ﬁabvdmwpeng/lagwfor(lmpcndsﬂrmozsm@twhEy sadfenicsacidcR-hyelroxy- are
vl B B AT RS NN M B Beo1-
characteri zed daohfteabial Mul a
The substituted alkane sulfonic acids may include alkyl groups
substituted with combinations of halo, alkyl, hydroxy, carboxy, alkoxy, and
acetamido groups.
20 The alkane sulfonic acids and substituted alkyl sulfonic acids such as
alkanol sulfonic acids are available commercially and can also be prepared by
a variety of methods known in the art. | _
The ary!l sulfonic acids and substituted aryl sulfonic acids may include
xylene sulfonic acid, toluene sulfonic acid, benzene sulfonic acid, cumene
25 sulfonic acid, dodecylbenzene sulfonic acid, dodecyl diphenyloxide disulfonic
acid, naphthalene sulfonic acid, benzaldehyde sulfonic acid,
methylnaphthalene  sulfonic  acid, trimethylbenzenesulfonic  acid,
aminobenzene sulfonic acid, halobenzenesulfonic acid, alkoxybenzenesulfonic

acid, benzophenone sulfonic acid, benzophenone disulfonic acid,



25 Al4-x| Si (B)x (XX) WD 02/ 079s2 -61 PCT/1BOL/ U2901 wherein Ais a
hydr ol yzable group, x is 1, 2 or 3, and B is a nonoval ent organi c group.
The A gr sups2@msi2gr oups whi ch hydrol yze in the presence oPCwas@arozgmnd nay

i ncl ude acet oxy groups, al koxy groups containing up to 20 carbon atons and
chloro groups. In one enbodinment, x = 1 and each Ais 5 an RO group such as
represented by the formula (RO?3Si B (XXa)lgyherein each R is independently
an al kyl, aryl, aral kyl or cycloal kyl group containing | ess than 20 carbon
atons, nore o ou rb to ofg |y e
groups A pr esé%’?naﬁntie&?ﬁ a%gﬁggﬁp ?érlbg;al ”glgg-rﬁb‘bg]{i‘ﬁ%gﬁﬁu | a Q ?Lé)rra?;atae 1 (
2 or 3 and i salkosiynaplthaléhe i . sulfonic= acid, Sperbdwaeezem»l esulfoniRO gaaidps

-include net hox et hoxy, propoxy, thyI eth | met hox phenoxy
etc. Ethoxy i é/p*‘r wifebedzoithe Gradug?B |n r wbenz 3?315%?%1'%'% kyIaQ}rd'aryI

A s rom o t BVSSRAbHIEHERHETSPE catbdymaleriiehs, Selfdnls abfe ! "

hal o, gier capt gikyfin2eny etﬁmbuomcnylac.w,l | ydicar$oxyblenzeneXy sulfonfy anakid,
gl yci doxy and acryl oxg groups. The al kyl and aryl groups may contain up to
e

about 10 car benetamidobenzend spitane a@m apeftaginppaphthaleng csulfarie agsish 20
T0° T n one. enbaRRthelane giSiESn: 4o, aigd FRPBIHAIST isisaficReiy iR HSherizBRo &

Is an am no %&Jgﬁ’fonﬁé‘%cﬁ&" tgéﬁvlmmffabéuﬁeﬁka'a'&nd)nﬁeﬁfeﬁ@r&d"r{d&ﬂﬁﬂeﬁbom
and, thus, nonoam no groups, diamno groups, triam no groups, etc.

CGener al exarrpbelsfonifc dcidsithat sohtain comipihatigng Bf dvadot alkyhnhydroxgpcedmxyed by
the formula A3Si RAN( R6) R~ NLR612 ( XXb) WO 112/11795-12 -62 PCT/1BO 1
10291101 wher ealkoxy; andACREAMINAIIIMASor nul a XX, each R4 is independently a

di val ent hydrocarbvenﬁf.» cgﬁﬂlte%'tn’(%gcz;rﬁg%hd Bo8ROI! thib (REDSHuB BRIV AN

each R5 is indepen rogen or an an ary group contai ning
up to about 10 carbon atons The di val ent hydrocarbyl groups R4 include
nmet hyl ene,

/NH2

S=C V)
“NNH,

In other embodiments, the complexing agent may be a thiourea compound.
Thiourea compounds include those disclosed in U.S. Patent No. 4,715,894,
15 which is incorporated herein by reference. Suitable thiourea compounds
comprise thiourea and the various art known derivatives, homologs, or
analogs thereof.
In one embodiment, the complexing agent (C) is an imidazole-2-thione

compound of the formula (V)
20 S
A-N N-B (V)

25 |
CH = CH



5 et hyl ene, propylene, etc. In one enbodinent, R4 is ethylene. In one
enbodi nent, R5 is hydrogen or a nethyl or ethyl group. In one enbodi nent,
R5 is etwoovabsnr the group B is an am do group, the am deCpigupmgooray be
represented by one of the fornmulae i 0 -RAC(p)N(R~)2 or -R4-N(R5)C(O) N(R5)2
wherein each R4 is independently a dival ent hydrocarbyl group containing
from1l to 20 carbon atons, nore often frgm1l to about 5 carbon atons, 15
and each R6 is independently hydrogen or an al kyl or aryl group contai ning

up to about 10, car.bgn . us 1 Ldg. gr.oup or
an ureido gr oWB.erq"ﬁ%bﬂﬁa %@dﬁeﬁﬂmé gggﬁ%gﬂf ﬂif%@ow ﬁ&ﬁ%@n} @Ts %ﬁg% do
groups is hydsaaeRed'or &ychit Wdr&é&ﬂ?leﬁ@"dréhﬂ'dw\téihﬂm dptte FHRHI DcaAIdIPN
.atons. 20 In one enbodi nent, the silane coupling agent is a ureido silane
represent ed batonise dral Ynis a KyRIDpGSh, Rl geérC(cy)anp2 vinkcphéenyther etheranotetR i s
an al kyl group containing 1 to about carbon .atons, particularly nmethyl or
.ethyl groups,anthtPlrwater. ‘H’F'\‘FJI&?'V%V%%?% is SPARlexing AgRNLALR K’Q"f‘i‘ﬂvn 1
to abé)ut 5 0815985\/ atons. Exanpl es of such dival ent hydrocarbyl groups

i ncl ude net hylr'éene,” et hyl ene, propyl ene, butylene, etc. Specific exanples of
urei do silanes i ncinugite embodineet tthy Icomptexihgagest isad;, 3-dialkdimidaddies2-
PCT/1B(I11/(12901 -63 (3-ureidoethyl-triethoxy silane;

y- ur ei doet hyl thionecaoxgousid fmberey Auprd dopreopgeh individyally Alkr, cycloalkyi

-glycid |t i | .
O fepony by dithimishy At S 1PHE o, may peunsummstiee! (A8, are
si | ane, y-chl git@pspot sy iRéthREY (4 hhdBeare \th8 Wahid) e tFieferalsly) BHeecorplexing

tris-trinmethoxysilyl propylam ne. O her exanples of silane coupli ng agents
usef U0 in theagerdseare unsyenmietrtcal meichoas where A is methyl or ethyl and B is an
N-(2-am noeth - 3-an nopr | triethoxysil ane "
3- net hacryl oxé‘k"bﬁ&FY?'P@&Y@%‘%‘m Sﬂ@,a"ﬁ‘\égﬁé?:my:? S FbFapan Ftoms e PREIRRY ane,
3-met hacryl ox PRl sttt EPieY §LOQEY )alkyiadiecydiBalky!l group, and when A is
3-(N-styryl rre%‘ﬁ‘)r? -é‘-'grri no'g?hyl am no3 p¥opy‘{ tri rrYst hgx?/lsPI anpe, 3[ éN
(vinyl benzyl aethyb) & hisl s @pLspaliy)| or icychaatiyyi igsoep.  An example of an
391yl doxypr opL Ll SHISKYShbBS) id HLASRN U hhaRSis JafiheS ~ ( 2 -
é' E:ng'; gg?g;i : %llr - g%ﬁ%ﬂ%ﬁ{%ﬂ;%ﬂhkaph@ﬂla‘ﬁiﬁ%@az&@-zthione compounds

- yltri XySl .
N- (ani noet hylhml”dyrlmmti!iMG) 'qml‘lhe?/ihtm@ansidmwyﬁhlgﬁmmpositiqps and the dialkyl groups
gl: g% ﬁg]pp SS;I %;q) @%%g gﬁ&ﬁg}/ cyélglalig' éreotup\s/ co%)t(éllé%{)gs rom T to 6 carbon atoms.
Lriethoxysi |yl gRhBRE Hifichies IR ¥G¥HsaRex BLdindthyihidagblyezysi | a
ne, 3-nercapt oh%ropy ﬂél %{L@gfgﬁsfn‘g%-ﬁm?@;pgopﬁopyl met'hyl dlvet hoxysi | ane,
20 bi s(2- hydr etigashyl ) - 3- am nopropyl tri et hoxysil ane, 1

(3-divinyltetramethyl disiiazane, vinyltriet hoxy?'i | ane,
2- (d@Bhenyl phosphi Hbashey eMmbedimenisi pam@ounds that may be employed as the

2- met hacryl ox j trij.efk i J Jr1n i

3-i socyanat op¥§wédﬁ}r}€%h§¥{es§ @x‘{/dsrﬁ *g%éi%¥é%gg?§*o§%q hﬂﬁ?ﬁ@y’%ﬁ'oﬂ@?’)‘y 25
3- ani nopr opy! ethérsheixigathistrea; thivyahoiis @cid) whjo aramelide Jirirmeeof thiourea);
met hyl tri et hoxysil ane, et hKI triethoxysil ane, é';lzhenyl triethoxysil ane,

phenyl t ri acet sxgnadlirior diglkviythiqureahwhges thenalkyharawp eamertisaskg owanalkyl - (

3 -t [ t h . ' I I . .
N[ 3-([r: e{n hg@quspéﬂﬁggw ]tla Aéﬁog:_tgpk)r/ %rag\lntynq 85%%‘?3”%’058 %léth@l thiourea or
/ 3- t pigTet hoxy phéndethiinicurdy satupted rileairatéd opclipy drocaridnexmshbaoe,

3-cycl opent adi enyl propyl tri et hoxysil ane, 7-oct-1-enyltrinethoxysil ane. W
O | 12/ 0795. 12 diFsabgtitfted r thiovwrdasnsuchuas | maphthyhitbiaurea iirherwhi Hriowiea,

.commercially avajl abl nd whi c re.recogni zed by thpse skilled in the art
as being ef f e©YF %ﬁﬁﬁPHE%QBHt@qu%L}'ﬁﬁ%’P ﬁ}e 8%8%5@??@?(%%?‘8&%%%5
are avai | abl g HEHSn atéRS WM Aisufdd b ehioGRAS ItAld-imigBE heakaction
.Di vi si on, Dant?l?rogll? tE%nnecti gut‘? Sonme exanpl es are shown in qulhe | . TABLE |
-64 5 ZY.1 EstprodudOofthionrds® and sodium hydroxide,; thiocarbamic acid esters (the

30 reaction products of thiourea and an alcohol comprising a saturated or

unsaturated aliphatic or cyclic group having up to about ten carbon atoms);



20 25 30 A-137 A-162 A-1 100 A-1110 A-1 120 A-1130 Ureido A-1160""

| socyanato A-1310 Vinyl A-151 A-171 A-172 Methacryloxy A-174 PCT/IB(I1
/112901 ™A ®EHZ8H' (Et 013Si CH3 (Et0)3Si (CH213NH2 ( Me0) 3BCT/OBR)J0IMH

(Me0) 3Si (CHZ) 3NH( CH2) 2NH2 ( Me0) 3Si (CH2) 3NH( CHZ~ NH(CH ~ NI -~

(Et0)3Si (CHZ) 3NHC(0) NHZ (Et0)3Si (CH2)3N = C =O (Et0)3Si CH = CHZ (Me0) 3Si CH
=CHZ (CH30C2H40) 3SI CH =CH2 (Me0) 3Si (CHZ) 3B3(0) C(CH3) = CHZ O/ \ Epoxy
A-187 (Me0) 3Si (CH2) 30CH2CH CH2 Mercapto A-189 (Me0)3Si (CH2) 3SH ~" 50% W w

i n et hanol Athdi aligomaérs sifthiveseavand fiormaaid ety des eedg i, monaraethylol, dimethylol,
t et ramet hoxysi | ane, tetraethox

) | si |l ane and .
3-gl yci doxypr@?ﬂlltf'mq’@‘ﬂﬁb)@@iur%ﬁé.g‘dWersékﬁﬂrﬂh&"Pﬁ%I([Iti’éwfac"‘-'md by the

‘tetraprvpoxys,.i v fl - - ViS k€ .
v- gl yei doxyp r@ﬁ%ﬁﬁﬁtﬂy&y“ﬁggr@ﬁ@%ﬁ @ﬁémer alkane such as iodomethane where

y- gl yci doxy prgigylomveraiy|agretipdotitsink Upfte abyut fige lcavbdn atés; thiscarborficP Y
‘Il mat hyl di at hoxysil ana, WO (12/079y2 -65
PCT/ 1BO1/ 02904ciy- gbters dok ythicayea dandbtaty |abeahnly soimgnising (a) a saturated or

-glycid | ) - bi ' hyl si hyl si | , d the |i T
o 6goi ng. ancURSERIRHGA R ARy PBUAEIEY 1 PSRy el pometams: () aMinor e,
The second co Ntorl BIaRA S habHIP P 1t Cao il 112V aPE &S itbnis; 28R Qg ment

is (B) atris(silylorgano)amne characterized by the formula f(RC))SSi R~] 3N
(XX1) or a trewglealkyl, aysdoslkwblkyheorcallylayclonlkyvt thabing tp tboabeuital 2 cCRDISI R~
]3CR2 (XXI1) wherein in fornul ae | and XX|1, each R js independently an
al kyl, 10 al kﬁm?'k)ﬁn,dqa‘ﬁﬂe,c'aé al¥ ?'%r‘%y@hﬁﬁiyls g?o(?p‘!"?ﬁ aﬁ@‘é’s a??m%’?ﬁ/"zo
carb at ons; | | t 2k PRarRidi ke r Of SRt han
20 cgd?bon at O@u?ﬁ&ﬂ)@&%’?%%@ Eﬁéﬁ{rg%ar gr o@%‘@%&'ﬁé‘gnt&gg ggmoﬂff?ﬁ §°'

wherein n i s 1766+73-20); 2Re aeactidon progectof adatuatedior nnsaturathd aliphtoccer 15
al koxy, hal o, nercapto, carboxy, acyl, vinyl, allyl, styr

|
i socyanat o, gFWi“(ﬂB‘S&Em%ﬁﬁida'@%PSW T 8boNt 1 Brcarken atorms Eg‘?‘%ﬁg‘hf $Bups

i ncl ude net hy falo\Vd \/ ; LMal d ar bon
or dival ent pgﬁ"i’/@{ E"ﬁrhagt%up a@&r@g ﬁ& g%é/ctbcﬁ F h%d%\ig'lhgﬁttﬁ%uc{rggbg'r on or’
pol yet her gr oapdthieacaspand 2Re atineml atidhsaltssgfethiodrea Re.g. ntHioureal moXst or

Preferred exanpl es include nethyl ene, ethylene, propylene, butylene, etc.
FunclPonal grdupdlfatepresented by R2 may be any of the functional groups

cach R group. i n for Neiaagsh of Savlali aBbE Aot in hRImERARH et
al kyl, aryl, aomipesitions ofibegirelent igventioromayaange from about 5 g/l up to the
solubility limit of the complexing agent in the solution. Generally, the
solution will contain the complexing agent in an amount from about 25 g/
20 to about 150 g/l. In one embodiment, the complexing agent is present in an
amount from about 50 g/l to about 140 g/l. In another embodiment, the
complexing agent is present in an amount from about 80 g/l to about 120
g/l. In another embodiment, the complexing agent is thiourea, which is
present in an amount of about 100 g/l. In another embodiment, the
25 complexing agent is thiourea, which is present in an amount of about 125
g/l. In another embodiment, the complexing agent is 1-methyl-3-propyi-
imidazole-2-thione, which is present in an amount of about 80 g/l. When the
solubility of the complexing agent is low, a cosolvent may be added to
solubilize the complexing agent and thereby enhance its activity in the
30 resulting solution. Suitable cosolvents include water-miscible solvents such

as alcohols {e.g., ethanol), glycols (e.g., ethylene glycol), alkoxy alkanols .




WO 112/0795-12 -66 PCT/I B(11 /112901 than 10 carbon atons and is nore
often an al kyl group containing from1l to 5 carbon atons or an al koxy al kyl
group com@irem@g2from 2 to 10 carbon atons. . R in fornubPa@&iBdo2emd XX |
is a dival ent hydrocarbon or divalent 5 polyether group containing |ess
than 20 carbon atons. R can be, for exanple, alkylene groups such as
met hyl ene, ethyl ene, propylene, ethylidemgg.and isopropylidene;

cycl oal kyl enes such as cycl oheptyl ene and cycl ohexyl ene; dival ent aronmatic

roups such h n e, ]af=T I yal ent
grougs of ar Z@R@'ﬁgﬂg@&e&ﬁ l(?)ar{ér)r'?j'l ge&ﬁs&ﬁ?ﬁgﬂgp g?’ﬁgwicsggwegfgﬁé%é
group such asdirithylfermamedd)ydiaieehelsulfoRiclel, @asetoriRrile) é@.;atcbe, for

.exanpl e, a divalent polyether of the formula -Rs(OR61~ wherein Rs is an
al kyl ene group andTie iremersipnpéating eemppsitions b the present inention miayalent

ROt lnct onal GG e AT HagTe SRELHING @ReBls BFotanin eshing the daiemion
fromg to 20 @%@aefeuﬁe&ﬁlﬁfd/sﬂ Jiéﬂgb@ﬂma,aua.méamtim.dr?w,crﬁehéﬁmgy, ggaw,

mer capt o, carboxy, acyl, vinyl, allyl, styryl, epoxy, isocyanato,

gl yci doxy andwhicty lave yusafolijirs.theke dampositions gerarpllRxampfise rtheavadibus may
be the sane as, the fyncti.onal %grougn%Bé I n f.ft?rrmla XXI | %es ri bed aRo e.
Accordingly, ¢RESER SLLCSRPIBHNGAINESNBIY SSRACIHG LARRYNH AisgP P BIMMKA
formula XXI'I ¢ | ¢ tdye od d e TE o | »and
such di scussig?lh'glﬁg Eeﬁ%?%és&grég ﬁé?ﬂﬁ@d'ﬂ‘%&"ggﬁﬁeﬁ%&@ﬁ (Ia erﬁrg{r{glé.)@('zga’rhe
tris(silyl orgaddi3ed .neThiedisdostired idyhdrebyninaovddratedibiyc heferences €bulits n

the silane conposjitions of the present invention are known -67 conpounds,
and PP ocedur etechings relatingrie chrlating ageats.yLHelpiing aganie dhatoee perecially

described in Je?érﬁgéa% ris S;)é%l?(aas %?4,0%in9§é&o%niy§gofa[%ﬁd§ and hydroxy

USs- A- 2, $32, 7,5ﬁ; t he 'di'sc t hese pate W regard
tris(silyl or geadoayiio egideNdSeRid afinddarbox@ivaacids that mabeesed comMensdy 5

Speci fic exanples of tris(silylorgano)am nes of fornula XVII|l which WO

02/ 0795- 12 i nelbwirnesiasningietragcstic maid. ndrpxgitybetiylenadiarinetriacetic agid.

1 ane Commosybiadyd "osdlies SR OhOURIHRYRBRIAE M, styanebisivy

tris{sri met hodusiybikaylgiycimgll Ndydroxy carboxylic acids that may be used comprise
tartaric acid, citric acid, gluconic acid and 5-sulfosalicylic acid. Other useful
chelating agents include polyamines such as ethylene diamine, dimethylgly-
oxime, diethylenetriamine, etc. The chelating agents may be present in én
amount in the range from about 5 g/l to about 50 g/I.

20 Various secondary reducing agents may be included in the immersion
plating compositions of the present invention. The secondary reducing
agents may comprise organic aldehydes whether saturated or unsaturated,
aliphatic or cyclic, having up to about 10 carbon atoms, borates,
hypophosphite salts and hypophosphorous acid. Lower alkyl aldehydes

25 having up to about 6 carbon atoms may be employed in this respect such as
formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde, and the like.
Especially preferred aldehydes comprise hydroxy aliphatic aldehydes such as
glyceraldehyde, erythrose, threose, arabinose and the various position
isomers thereof, and glucose and the various position isomers thereof.

30 . Glucose has been found to prevent oxidation of the metal salts to a higher

oxidation state, e.g., tin (ll) ion to tin (IV) ion, but also as a chelating agent



tris(triethoxysilylnmethyl)am ne; tris(trinmethoxysilylethyl)am ne;
tris(triethoxysilylpropyl)amne; tris(dinmethoxyethoxysilylpropyl)am ne;
tris(tripropuxysi2l yl propyll am ne; etc. The silane bondi ngPgirABues0inay be
applied as a liquid solution to the 15 intergranufar etched, inmersion

pl ated netal surface or insulating |ayer surface. In general, the silane
bondi ng m xture contains a nmutual solventggor the ureido silane and the
disilyl crosslinking agent. The solution is applied by any conventi onal
nmeans, e.g., : | R

bondi ng m xt u%qs%rrgflb 63}28" rﬁ%%ﬁépgéré‘af%rsiegfé sucﬁ%asgﬂ‘zloﬁfgnggrgro@vdecﬁﬁg,
fillers, etc.aguiteimisdesodiuct ihgpapmsphite diypophoisphomiusadidaisietiayiamino
.Typi cally, such solvents include | ower al cohols such as nethanol, ethanol |,

propanol , i soB‘P'@ﬁ&néT‘E’ atherbrapes.: HAeACoRIPLY redaicing agents; Ray mespissentt er
d al cohol I L1
and el cohol s ot SORPYURE SR 8 SR i Mo 1, Y R oS,

al cohl s. Smedddupinid iagBAt i prEsbAt inMay dMoasdfrdnt abble 20 §ARE dbRIR GV ig/IoNs,
if needed, in order to hydrolyze the silanes. Alternatively, dispersions or

enul si ons of thengembedinenhdbe reducing agept isppresantin am apmpundsifabong 40 c
sol vent or m xjures of water and organic solvent. Typical solvents include,
in addition t%'the al cohol s described above, ethers, ketones, ali phatic and

aromatic hydrocar byRg imaigrsien pratity @&nbbehidhrmdahhn@m%mhéwde%fe or PO US
rea |

emul si ons of the silane-coupling agents can be prepa n the conventi onal
manner usi ng sWiactantoeempatiblecwishrthe sehdtiousobleametal compoonds 0o saltz, - 68

PCT/ ] BOL/ 0290} i ncl,udi i oni C. f : di h
i ahls | ncl e SRS AIADBEITRERIG 2o fisCohs optSt BRPUP T WA TReY
sol i ds cont enpg @t 1ddaE ohblstFRCERTRNAULING mPRYteYiR] HohioRIB, taBYhRY o\gﬁrﬁ?ﬁéc in

pure mxtures to as little as 0.1 % by weight or less In very 5
sol uti ons or sunfactaots .orvbbduesttberedfheMeoe ofitenc dhe sotfactarstols atileast oné | be

between 0. 5 and 5 % by wej %ht. A_wi de range of fillers can ie i ncluded in
the silane boR@iRicHokt PPBISNiEHEHfAGtapLs qaMiNEUTSs, thergrkt ¢ SRer NRPINRNIC

filers, and t?@ﬁﬁcia’ﬁ?% Hp@pﬁéfbirﬁﬂpus materi als such as gl ass, quartz,
ceram c, asbestos, silicone resin, glass 10 fibers, nmetals such as

alumMBum steel, cépypwietywfdopignicrayrfastamts aviuch icharbeuntilizest il thexpessnsuch

as magnesi um poxi de, iron oxide, and al ugi numt?xi d@é and. rreoqté_g fi bers‘ and
met al - coat ed tVEALIop;ase the copdensation: Praducts.ok eihvigng axidgANA/PHPIARYIEN? ane
conposi tions r - 10% gh t -' r ok S
present, it igﬁprér‘gr gﬁo t%&ﬂrﬂﬁ?@g&é&éﬁbﬁﬂ@%gﬁﬂé{ ?‘Ig?s’ig' ??%rﬁagg%ugt}egmﬁétrg gtout
3% or 4% by weegdridar\idmihd AYEmMidadroldg B dtheo mitregdrodompoundtdontaining at
intergranul ar etched, imrersion _plated netals, wth or without the silane
bondi ng ni xt ule@st aneeNH@roup; HExpaples 8§ matarials gpptainiag Rydwxyl gEPuBs ng

pri n&@d ci rcuir;[cl@(f’@rﬂfyl( Bﬁ@ﬁ)ﬁs, T%%&?alted phenols, fatty alcohols, fatty acids,

polyalkylene glycols, etc. Examples of materials containing amino groups
include alkylamines and polyamines, fatty acid amides, etc.
Examples of nonionic surfactants include ether-containing surfactants

having the formula VI:
25 | R-0-[{CH,),01,H (V1)

wherein R is an aryl or alkyl group containing from about 6 to about 20
carbon atoms, n is two or three, and x is an integer between 1 and about
100. Such surfactants are produced generally by treating fatty alcohols or

alkyl or alkoxy substituted phenols or naphthols with excess ethylene oxide



20 mul ti-layer lam nates will conprise (A) at |east one non-conductive
polynmeric material |ayer, (B) at |east one conductive netal substrate or
foil whi %0 hu&7988en subjected to intergranul ar etching, aR@T{B)i/EA01

i mersion plated netal |ayer, which has been applied to the 25 surface of
the netal substrate or foil, in between the intergranular etched surface
and a surface of the polymeric material. _ggher multilayer |am nates may
conprise (A at |east one non-conductive polyneric material |ayer, (B) at

| mtor gr anul ar SBtaR T OAe, SR AR alor Shain il ot S alBut YR RCRET
plated netal tapRin aths aindamabasndempdd e @ loRg ¢HYig fattyalttioledisdieds
.metal substrate or foil, and (D) a silane |layer, which has been applied to

t he i mrer si onoteyl alcohiohpegtearykbalcphobet ween the insul ating |ayer and the
conductive i nmersi 5 plated netal |ayer. The,i sion plated netal .l ayer
applied to the i nt SPgiiepavertaiByepdSimeanies Hani RYed aft Sataoas in
this gnventiogy, gephpgifies 445 0aYNd SUchPBslyoklybii#éMs REMERINds Gre By Allable
substrate | ayer of conductive material (e.g., copper) and the |l ayer of

pol yneri ¢ nmat eoimmhercidiyUsatlat thengemsratttrade gekigratioos n8URRYNGLY ray LAlie

dielectric substrates aqr_layers which y be prepared by ] npr.e i woven
gl ass rei nf or Beadupts aad Ghegnigalg; ing. B&W?ﬂ\éﬂq'} ac'di"%'rtgg F’ﬁ§',9rrr‘ggﬁgmé XY
resins (e.g., pfj 80 ' I Y L O

epoxi es) . Exaﬁgpmwu@ri%ﬁgggﬁggﬁ\%ﬁg\éy%r@ﬁ% ?g@érar{e\é,ily%gag{rtgblﬂlgéﬁ”f rom
the reacti on ghdiupdepthicdesignativth SORFOBHC® by Huitsmlaneluyrgerativh ofeHaaston,

pol yesters, phenolics, silicones, polyam des, polyimdes, diallyl
pht h&Pat es, phlexgs. Expmples ohspeaiie poloxyethdene appdrnsation rreducts useful

pol Yt et af | WOl Bhh An AR BASEES T 25 B RC U Bl SRR 7!
layer can be pgyitintedbant 28apolds BE athplRAk eskity Wit regnslbi otdlanpyedicohals
reinforcenent nmaterials with
Another example is "SURFYNOL®.465" which is a product obtained by
reacting about 10 moles of ethylene oxide with 1 mole of

16 tetramethyldecynediol. "SURFYNOL® 485" is the product obtained by
reacting 30 moles of ethylene oxide with tetramethyldecynediol.
"PLURONIC® L 35" is a product obtained by reacting 22 mole_s of ethylene
oxide with polypropylene glycol obtained by the condensation of 16 moles
of propylene oxide. SURFONIC® N-150 is an ethoxylated alkylphenol.

20 : Alkoxylated amine, long chain fatty amine, long chain fatty acid,
alkanol amines, diamines, amides, alkanol amides and polyglycol type
surfactants known in the art are also useful. One type of amine surfactant
found particularly useful is the group obtained by the addition of a mixture
of propylene oxide and ethylene oxide to diamines. More specifically,

25 compounds formed by the addition of propylene oxide to ethylene diamine
followed by the addition of ethylene oxide are useful and are available
commercially from BASF undér the general trade designation TETRONIC®.

Carbowax-type surfactants which are polyethylene glycols having
different molecular weights also are useful. For example CARBOWAX®

30 1000 has a molecular weight range of from about 950 to 1050 and contains
from 20 to 24 ethoxy units per molecule. CARBOWAX@ 4000 has a



partially cured resins as described above. Thus, the insulating |ayer or

| ayers al so rnay be prepregs. The netal circuitry on the dielectric |ayer
my be pMWQBYEES2rom a netal foil layer by conventional te@ECEABEUE0Isuch as
by a photoi mage 25 techni que of a photosensitive resist filmfollowed by
etching of the unprotected areas of netal on the dielectric layer to form
electrically conductive paths or electricgyly conductive patterns.
Circuit-formng etching processes are well known, and exanples are

described in, g@%crw@yt rglage%f 'f’:%txﬁ%bobl?-sobo“g? 3990 @Wg’gr&}nﬁgnwcﬁﬂts@b-

5,017, 271 whi a I ncor porated by retferenc el r teaching

of circuit-f ororBBgetkiondyi unjitppecardesule. O¥ReUkhoveh-ndnioHic Gytol Betiveiioés 1
-The netal |ayer or netal circuitré on the dielectric |ayer may be
e

i nt er gr anul arskgh:ae@obialigdene glvcabetheryafd raethoxysaelyediviene gxsolrewdiehed

20T er of nonettSVApig orfhent . Baf B IRAY b o ikTan BRI Fipngdibnd™o

substgat e, angf i/ mvieheidnced the highly irregular, deeply etched surface
characteristic of the intergranuiar etching steps of the present invention.
The intergranul ar Ethyleng exideaoadensation pesidaicts with fattye aciklssaldy erg esefud a

step of applying an i rsiqn t ed tal by i rsion plating in
composi ¢ on SORTPAE AEMEREETGF. PMREY phRIRs Ala AVETAt dorBmersiaty ueh as
silver, 10 D Graidithe utRAbt trids KBine EFABFE AT fron) AdiAR CREIEH Dilsion of

pl ati num gold, cadmum ruthenium cobalt, galliumand germani um st | ane

adhesi ve- pr onAkzoga, Iner Qhicagdielil. b&Exapplesdncdude ddralenisated otatleid acid,

i ntergranul ar_, etched patter sing the technpi ques descri bed above, and a
seco{]a pr epr iPgie Beida @ter &f%f/lfr&h%x'pﬁt"é? ates °€?§%¥CP°¢%%F’H§' 8Pt f

the sanmpl e isg8nfi§et 4188t gé@aﬂgblﬁqr&hgﬂﬂﬂﬁﬂ ane prior to |amnation, an

i ntergranul ar etched metal substrate whi has been coated with an

i mer si on pl ated nit aorsel of ithe selutives) dohprotvéd t fesultel ate abtaipeidaivihéery t he
silane coupling agents and cross-linking agents by dipping the foil into
the sol ut i onsPolvRavalsvlated ghealsai Phenalsqander arRhtholy asReinehidedst FODC

As an 20 al teppahbke etidy1SRE Biid® AL BldfleiBYoxife LoRlenbitetMnith BliShatic

sol utions
15 alcohols, sorbitan alkyl esters, alkyl, alkoxy and styrenated phenols and.

naphthols are useful additives. About 6 to about 40 moles of the oxide may

be condensed with the above identified compound. Many of these

condensates are available commercially under such trade names as TWEEN®

from ICI America, TRITON® from Rohm & Haas Co., TERGITOL® from Union
20 Carbide, and IGEPAL® from General Aniline and Film Corp.

The surfactants utilized also may be amphoteric surfactants. The
preferred amphoteric surfactants include betaines and sulfobetaines, and
sulfated or sulfonated adducts of the condensation products of ethylene
oxide and/or propylene oxide with an alkyl amine or diamine.

25 Typical betaines include lauryldimethylammonium betaine and stearyl
dimethylammonium betaine, Sulfated and suifonated adducts include
TRITON® QS-15 (Rohm & Haas Co.), a sulfated adduct of an ethoxylated
alkylamine, MIRANOL® HS, a sodium sait of a sulfonated lauric derivative,
MIRANOL® OS, a sodium salt of a sulfonated oleic acid, etc. Cationic

30 surfactants also are useful and such surfactants may be selected from the



containing the silane coupling agents and cross-1inking agents are spray
applied, wiped by rollers and then air-dried. The techniques for |am nating
mul ti| ayd0 83/479842t boards are well known in the art. The rartaBelaymEr

| am nat es prepared as descri bed above may be 25 subjected to conventi onal

| am nating tenperatures and pressures between plates of |am nating presses.
In this manner, the |am nating operati on_%neral ly will involve pressures
in the range of from about 17.6 to about .8 bar, tenperatures in the

range of fro ut 175C to gbout 350C and | api nati ng cycl es of, from about
30 ninutes tgé%g'g’u?o@s'gtgw Qf%ﬂéerSB&?/FﬁFEﬂ%@aWQnﬂHﬁ%Eaé’aﬁ’Wﬂﬁwuﬂé Saitst i zed
in a variety gkypplidiffinh Qaks el ARy NeniBG] jgcui t boards. VN O
.112/079e2 -71 PCIT/ I'B(ll 1/ 0290% For t}goseI ét‘?‘fﬁgg,tﬁ the art of multilayer
bondi ng for, e.g.,CaBBI¢c sunfactants dbitained liyscandensationatarioak! ambufitscopxy,
pol yi m de and GeTek indicates it would also work well in nmultilayer bonding

‘processes whi BRYIERS 199 OF prerdens exids With erinwry fatiyamises yase asefsand
(CAS RN 25722~ 66~ I f i gphenol A cyanate (BT resin
CAS RN 68508- 5% "’5’%‘%%&?9%“@%& J?&%@ W tri azi ne (bi sphenol A
cyanate), other epoxy materials such as FR-4 (CAS RN 33294-14-3) and G 10
(CAS RN 1675-5431, pol %rs whi ch use pol ytetrafl uoroet hyl ene ( PTFE)

Tefl on) (CAS RN 9Q02- P):Hhal yehl orotr’w Odtthyl ene, or ot her

t her nopl asti cs incﬁu inﬁllig- %(_)nﬁ;r‘ha'g 'S, any prepreg, tmomset) or

t her nopl astic useful \for  creating arel s{i{c i nsul ati on be en circuitry
layers in a nultilaye™ PCB may’ begused as™{g@ohayri nating material in the

present invention. The advantages of the procesSs of the present invention
i ncl ude enhanced adhesi on, enhanced oxi dation resistance and enhanced

i st 15 i st . T i dhesi bt ai dwith th f th
rocess of t RAPBTABARE rivEt AR AEVARR< ARG 1o Abouy & Ho abByt 9 ng.
testgy and exag@rben)atbhts, TR §OWhNaIkPreR¥i ﬂamx&méaa@gpg,g' 1 bBBSt WESibon

denonstrate the nethod of the present invention an vi de conparisons
with the pri atoms, RfravckBY e eath irstepentently sa éthglenat @dpropylene §r@luppwi ng

exanpl es and .2Q el sewhere in the specification and clains, all parts_ and
per cent ages d?g) Wy?v@'i“gﬁt Y andiz,are Qﬁi\e'é‘dai’%"é)er?tﬁe’m%s &rom il gloaghout3Q@ssur e
is at or near r e I i.Q |likE4 s my be
Corbi ned. AT 17 S wam o0 KPE AR e SN SR IR A B o B

ot herwi se speci fi edor@paftieulény,| thei algoxpibtd aiines etilisarenrephesertadmyes

desc1ré bed belt?\\{e\[fogm%?anee{/:lll %;ﬁ%(y/v Besbon 99-L: Besbon 99-L is an al kali ne

(CH,CH,0) H
i | (vin
\(CHZCHzo),H
(CH,CH,0),H (CH,CH,0) H
20 R“—LI-CH2CHZCH2N/ (IX)
CH,CH,0) H

wherein R* is a fatty acid alkyl group containing from 12 to 18 carbon
atoms, and x, y and z are as defined in formula VI,
The above described cationic surfactants are known in the art and are
25 available from a variety of commercial sources. Specific examples of fatty

acid amines containing from 8 to 22 carbon atoms include saturated as well



cl eaner avail able from McGean- Rohco, C eveland, Chio. Mcroetch 1: 5-10/a
v/iv HZS04 and 3-5%v/v H2O2 VI~ O (12/(179s.12 -72 PCTI I B01/ 029111

M croet cW@02/0798%2 H2S04 and 0.5-2 I b/gallon of a m xture ®€T/IB01/02901

per oxynonosul furic acid, nonopotassium salt, dipotassiumsulfate and

pot assi um hydrogen sulfate. Mcroetch 3: ~5% H2S04 and 0.5-2 |b/gallon
potassium persul fate 5 followed by a ringgw th 5% H2S04 |ntergranul ar etch
1: (a) The foil is pretreated by condi ti oni ng in 2-5 v/v 2-am noet hanol ;

Composi ti on: 4 Yparu L sEPuHG aringsfich 4%, REavit o, e [ﬁfﬁ%‘%aé?wvh 5%
W v Benzotri agmife Osta%wa\‘mﬁedbw B’hﬂhé rm?ﬂ@?ﬁ%n%' bamaftg dmiité, od

.bal ance 15 Intergranul ar etch 2: oil is treated with the foIIOW| ng
i nt er gr anul ar aming amhpo’eadacvhamtnm“c formats 5 %wv Fornmic acid (pKa =

3.55) 2 %w v Amopj um chl e 8 %wy 20 water bal ance t hen e foil
s desrrut(;ed with g“%cﬁ Tk@x ?.teg‘fa@mﬂd he mé?ﬁfﬁs?”wdlb‘gg@ Xh

625 Broror nohamathe Yord 3B AMGER e el DIApG B0 Rk 8“5?@3‘3%4@5%58&”
Ropl at e~ ET- SOnQM:tﬁeaﬁnlamam)de desighation-ETHOMEENFC) Spdtific leraatplesiof ssctbased

upon imersion tjnme; 20 mn, éﬁlﬁ gﬁ rox mat_ely 50 m'croi_nches. Silane 1:
1.5-3% v/ v DuPHstaREs inpduderET &é‘.\é @hasmethvwrre exideAndansate

1100). A 1:1 gpl 24 0f o

bis(triet hoxygf)la;all )g{)ﬁ%ﬁéaﬁ?t ﬂ%t'rhac;%pﬂ?ggﬁ)s{ ghfl gﬁéﬁh gp 28e? )f'geam d.
Si | ane 2: 5- 1YHOMEBN®2C/20 apnd aDi25 Whtﬂh@lsdsEl'elbtmeﬁ@rw@dmbaﬁdéﬂséiﬂ%
trimet hoxysilyl propyl nodified polyethyl enei mene. Epoxy arepre

Tet r %@unct i onBroduzsd feerm| cogansiy; fatty gmineicontaypgnaoust 1 ﬂﬁdahg moles of 2~

%32-8I 519724)(at P’gF@w r@/rlcf %ggprtéégg@e&@ %hGBM%E@Il mglgleE Ej'é@%@@? ﬁh%%sfﬁg'ée%%al e
flow 15 (Arl ofxidd-ddhdanbglionprodifcté with Bteail ahm&eo@tanhﬁgwum&@aﬁd aol
dial Iyl bisphenol A, CAS RN 62386-33-8 PPO epoxy: GeTek 1080 scal e flow

(General El ectales pf sthylers oxideopen ywols Obanpm.ylfﬂsonwwa. ord ETHOWMEENYy .
20, Polyim e SoTEiandOPRE wibh 3t e Frad BBBREREAdY pEbfRee Pl ' °
cur eglspr epr egaifiié BontairihG RBOAH5RINGSTS itléd et 6fHYIeHe 6Xide pERESIbYf-amine,
respectively. Commercially available examples of the alkoxylated amines of
the type represented by formula ({X) include ETHODUOMEEN® T/13 and
T/20 which are ethylene oxide condensation products of N-tallow
trimethylene diaminé containing about 3 and 10 moles of ethylene oxide per
20 mole of diamine respectively. Another typ2a of useful cationic surfactant is

represented by the Formula X:

(CH,CH,0)H
ROCH,CH(CH3)OCH,CH(YIN (X)
(CH,CH,0) H
25 where R is an alkyl group containing from about 8 to about 12 carbon

atoms, Y is a methyl or a hydroxyl group, m and n are integers, the sum of
which is from about 2 to about 20.

The amine ethoxylate surfactants of the type represented by formula
X exhibit the characteristics of both cationic and nonionic surfactants with

30 the nonionic properties increasing at the higher levels of ethoxylation. That



WO 02/ 1179e2 -74 SAMPLE PREPARATI ON FOR PEEL TESTS: PCT/IB(I11/f12901 Three
4.5 inch square pieces of 1080 prepreg or one piece of 1080 prepreg and two
pi eces oWOB2EIp2epreg are stacked on Cstage material corpaaBdlewi th the
curing tenperatures used for curing the 5 prepreg. Then, copper foil which
has been prepared by one of the various processes descri bed above is placed
adj acent to the top-nost piece of prepreggwich is always 1080. The stack
is then placed between several sheets of paper, this stack is placed

orossure. | ThatasehguiHx BdyFRorohb 1l eifio et dfine sibel B e,

curing presswy gohiondbSuifattanthe cure tine is 60 mnutes and the curing
.tenperature is 350F (177C). After curing the press is air cooled then
pressure rel eased. Thoeatmucyufactant asexpaytiee curing pressure is 250 psi,
the 15 cure time i,s, 120, nj, put the curjng,tenpperature is 380 F ( 193
*C) . After curing ‘fsihe pq,gggqurﬁg% ?a'“g'b"&"z'a‘ ?ﬂtﬂpm%g@m‘gaﬁélzeased. For
polyimde, the initial curing pressure is 100 psi, the tenperature is
increased at a constant rate to 250F ( 121 C). and then is held for about
10 m%utes. Then the pressurl is increased to 250 psi and 20 the
tenperature increased to 425|F (218C) and held for 150 m nutes. After curing
the press is water cool edR,qt 4ty airxcool ed, then pressure rglkgased. PEEL
TESTS: Peel strength tests gave the results shown in the foll ow ng tables.
WO U2/ 117952 -75 PCT/1BII 1/ q%glll Tabl e 1Peel strengths obtained using
epoxy prepreg. Treatnment Peel Strength Ib/inPRIOCR ART:5 Cl eaner, Mcroetch 1<
0. 4QIceaner, Mhéedh Mirdprebomtr & halbden) alhydrok@ngrols, o &heGesiderof a C,

Condi tioner, Intergranular etch 11.9-3. 5PRESENT | NVENTI ON: Cl eaner,

Condi ti oner, alkanasygifanis agideRcrepresentsasralkygroaps RO a0d R hrepresentea C, .,

Condi ti ] ot | ian7.2-8.0Tin 1. Sil 10 ,
Condi t 1 oner ! AN HLBENE R S rerebentd BT g iV cBolly Of A herey g s1o
Tabl e 2 Peel strenpjhs ghidmioadsiits Pegtebynteddsy Bi&gEREral formula XII:

15 G,-N@—R) Xe (XI1)

wherein X represents a halogen, a hydroxyl group, or the residue of a C, 4

alkanesulfonic acid; R, represents a Cg,, alkyl group; and R, represents
hydrogen or a C,_, alkyl group;

(c) imidazolinium salts represented by the general formula Xl

f—

20 N——-CH] ®
V4
R,-C | Xe (X
e
R, H R'"

— —/

25 wherein X represents a halogen, a hydroxyl group, or the residue of a C, ,,

alkanesulfonic acid; R, represents a Cgy,, alkyl group; R, represents a
hydroxy-containing C,.; alkyl group; and R''’ represents a C,_,, alkyl group
or a benzyl group; and



20 Treatnment ~ Peel Strength Ib/in PRIOR ART: Cl eaner, Mcroetch 2 ~ < 0.4
Cl eaner, intergranular etch 1 ~ 0.3-0.9 PRESENT | NVENTI ON: C eaner,

i nt er gr amo ex/070s02h 1, Imersion tin 1 1.7 d eaner, |ntergPamiBare2etich 1,
Imrersion tin 1, Silane 1 1.4-2.0 C eaner, Intergranular etch 1, |nmersion
tin 1l Silane 2 3.5-4.0 WD 02/U796.12 PCT/1BU1/112901 -76 Table 3 Peel
strengths obtained with PPO nodified epogy-prepreg. Treatnent ~ Peel
Strength Iblin PRROR ART: 5 Mcroetch 2, Inmersion Tin 14.9M croetch 2,

Imersion Tin 1, Sq)aney;dReliklfifine/salts réprebsmted T{Hﬁ\éene%i R XU Nt er
ranul ar etch 14-5Inter ranul ar etch 26-8 10 PRESE I NTI ON: 75

Intergranular etch 1, Imersion Tin 15.8-6.7Interranular etch 1, |nmersion

.Tin 1 ( Silane 16. 5Interranul teh L) [ in 1, Silan :
dinterranul ar etch 2, |nmersi oﬁﬁil‘ 3HOCB‘IB§E$’[:?@§§dr etch 2, I‘sﬂézsi on Tin
1, Silane 18.4Intergranular etch 2, Imersion Tin 1, Silane 26.2 The
-precedi ng peel strength test results denonstrate that application of

| mrersi on tinvh@reéif R, Mepraienits!bal, Statgdgreappand suisf faem OBrabma peel
strength conpared to prior art processes in which the surface of the 20
substrate is m cr dexamelgs ofithp abeveidesetibed gatienisestrfagianis dnitbe fermeaf

Fur 1R or o it pig (TalPA bR AR GRfin, Ralsr cF R ARV sl e,
appl i ed over @RalyHrith8ihifathaorlimhedall, MesshyfimsehAbtiafiafdso Ui aCSaletz gn

| nproves peel strength conpared to surfaces not treated with a silane.
Wi | e t he i nvectadecyltinsetbylethyapiradomivo salt,rdimethyhenzyliausylpmenenived salt,

Pecone appar vl Ssaa et AR, o BenEArs Sy s Rpbl S8k on
Therefore, i ttrin%e{hghégﬁzg@gﬁamﬂ?saufe,a&aehg\gwﬁzvsfﬁma s&nemapsetsﬁgoru s

i ntended to cover Ications as e scope o
appemgled 30 cdiialum salt, \&0rPIpyOidRdEN_salt, dokietylpicdlinhinmeshlt, st-hiy@rioxyethgl-102901

ol yrer ¢ matBTRA-2 HEA BN Qa2 BIER 8nd YAoKV RBYE DSy EAgR MM Ea8lini ng
a surface of {{ e IR aliaSHRSHIRY Gce@iE laurylamine acetate, and octadecylamine
acetate.
The surfactants also may be anionic surfactants. Examples of useful
16 anionic surfactants include sulfated alkyl alcohols, sulfated lower ethoxylated
alkyl alcohols, and their salts such as alkali metal salts. Examples of such
surfactants include sodium lauryl sulfate {Duponol C or QC from Du Pont),
sodium mixed long chain alcohol sulfates available from Du Pont under the
designation Duponol WN, sodium octyl sulfate available from Alcolac, Ltd.
20 under the designation Sipex OLS, Sodium tridecyl ether sulfate (Sipex EST),
sodium lauryl ether sulfate (Sipon ES), magnesium lauryl sulfate (Sipon LM),
the ammonium salt of lauryl sulfate (Sipon L-22), diethanolamino lauryl
sulfate (Sipon LD), sodium dodecylbenzene sulfonate (SIPONATE® DS), etc.
The surfactant(s) may be present in an amount from about 1 g/l to
25 about 100 g/l. in one embodiment, the surfactant is present in an amount
from about 2 g/l to about 20 g/l. In one embodiment, the surfactant is
" present in an amount from about 5 g/l to about 15 g/l. In another
embodirﬁent, the surfactant is present in an amount of about 5 g/l. In

another embodiment, the surfactant is present in an amount of about 10 g/I.



applying an imersion plated nmetal to the intergranul ar etched surface by

I mrersing the surface in an i mersion plating conposition conprising one or
nore pl a5l s sel ected fromtin, silver, bisnmuth, cegpaBil/mvakel ,

| ead, 10 zinc, indium palladium platinum gold, cadm um ruthenium
cobalt, galliumand germanium 2. The process of claiml ( wherein the

i ntergranul ar etched surface conprises imiargranular crevices having an
aspect ratio of at |east about 1. 15 3. The process of claim1 ( wherein

t he intergrangl | i I evi idg an
aspect rati oqgfﬁg)ttﬁ rgga@t@og o%’?tc'gbsﬁm%hgﬁ%r'%@é{s?%?pghgmm&ﬂ& %@%‘?}ﬁyt%e

i nt er gr anul arg/ét trhacother featdifieat My sedactant & gddetit@the irvietsion by a
-depth of at |least gbout 1 micron. 5. The process of claim1l, wherein) when
the intergrarfRBPO¥@Aed surface is divided into a grid of squares 10

m crons on each si . 0% ; l.pcl at .|l east one
intergranul ar cr evﬂgeeuﬁgw\?}sﬁgﬁ?@Qgpg%bp%;@g&gﬁ ?i? b%eﬁgﬁg\{eq{on@sqﬂ@y
process of cl@dritaim uacschures defidative,SAombldgIer aANBESher Y. UBRaMAbIdLaf!
one intergranular crevice having an aspect ratio of at |east 1. WO

U2/ 079. 12 - 78isedol ures iderfvetiyes are TowngrioctsS. dtatentaid657,682r evhicht is east

90% of the squares inhc)ude.at | egst one pntecgranul ar crevice having an
aspect rati Oqgfzo%&or?t&dsﬁerfm g{y ’ﬁigfeﬁ%eeg‘eeﬁ '%c?’%ﬂ’ﬂ&&s RAkidE; W@aﬁ"@'gaéﬁ'

| east one i Nl@edlckalal 194 ifed 1B3nAuAR Wbutyllired, A 1 &ietiARea21 9: The

process of claim5, wherein said at least one intergranular crevicé has an
aspect rati o diphenylueastl-bydro8ydea, e The vess compoluatmay bbyres@it in an
conpsising a stsgwgi adhering the inmersion netal plated surface to a

surfate of a Py PR LI treeahave ! P, about 2R gdk ocess of claim 1,
wherein the steps g jfierd6A PiHtRg c%rﬁpbﬁﬂoﬁ@gf 1re @?ﬁe}l‘ngﬂ%l?ﬁn'%};% bay

pl ated netal are carried out in a~contlnuous proce € pr ss ‘of
claim 1, whereonaihtune ormarcse amidiret asmpetnds. | Aqubdus kBmerSion PIaGes batHs

claim1 ( further conprising a step of applying a silane 20 over the
i mer si on pl dPelWdiRg amidings ard dﬂﬂ&%’fr 5] BPF{F'BE w¥ing siiqha haths) baveheen

process of cl gl . el e | Wt ] f L, ane. conprises a
sol ution of a@oﬁ'ggq gl{wvﬂ\f 5@ F (Q)t% S'Bu? Bé 1\7\?& 0 %Eéllgglé%eoé\év?"e‘lt gcfnf’?r rated
di ett®xynet hyhereinybprefarbhce,etdrdy tddohitegs 6f sack imhwirbionyplating B4Ry and

amne) 25 a trinethoxy silyl propyl nodified polyethylene am ne, and a
m xture of y assgeigterhmespods.rThe apidire campodnds Pray be chargsisrizedygenesalhane.

by the formula XV:
RC(=NH)NH, (XV)

and the acid salts thereof, wherein R is hydrogen, a hydroxyl group, an

20 aliphatic, alicyclic, aromatic or heterocyclic group, an amino group, an

amidino group, and amidinoaryl group, a carboxyalkyl group, or an -

NHR’group wherein R’ is an aliphatic, alicyclic, aminoalkyl, amidoalkyl or
carboxyalkyl group.

The acid salts include salts such as the formates, acetates,

25 hydrochlorides, carbonates, etc. of such amidines. The aliphatic and alky!l

groups contain from one to about 10 or more carbon atoms, whereas the

alicyclic and aromatic (or aryl) groups contain from about 6 to about 20 or

more carbon atoms, and the heterocyclic groups contain from about 4 to

about 20 carbon atoms.



15. The process of claim13, wherein the aqueous solution of a silane has a
pH in the range fromabout 2 to about 8. 30 WO 112/ U79a~2 -79

PCT/ | BULMRO¥47P5426. The process of claim 1l ( wherein the pomB®iiipl ati ng
conposition further conprises a thiourea conpound. 17. The process of claim
16, wherein the imersion plating conposition 5 further conprises a urea
conpound. 18. The process of claim1, whgfgin the imersion plating
conposition conprises the at | east one plating netal in the formof a salt

of the nmetal. 10 : ' r el ne. ' step of applying
an i mersion plat (13%( arrﬁ?@?%%’%?g?arrﬁ@' 33‘%’@6’3? {?&%ﬁngj’ﬁﬁ@%ﬁ%eﬁ%é\f Pg‘i)\é
through the ianeisshentpbetdongidersdasid limitatiBnart &HE hBe9s! ForPagiaS - 20. The
-process of claim19, wherein the nmetal substrate is in contact with 15 the

i rmersion plating conposition for a tinme fromabout 1 second to about 900
seconds. 21. Jhe process of claim1l, wherein the imersion plated netal has
a thickness i'h the range fr ut 4 nicroinches to B8Rt 300 microinches.
20 22. The prihslesgenof cl ai mH-C(snNEMNH,n t he | mer si on fpinednhidige CONPOSI ti on
conprg ses (a) t of the pdajl tal, Ib) an aci.d selected from

m nersal aci dsr,iﬁ(r:og‘? oxylic acl-lﬂ%zlgF aﬂg»{%dr ocar byl - substT¥%d - sul fonic
acids, (c) aABhfficexi ng agerfiHs&heiNIMNHwat er. 25 23. Ftesnpmitress of cl aim
22, wherein (a) is a stannougy t. 24. The pro im.22, wherein
(a) is a stannous salt of a hyg?'écar byI-substitthgtgylgi “%’ﬁ‘udcr:n"aci d) and (b)
i s the hydrocar byl - substi,cHieMICBH;0I £ mmiNg, aci d. WO U2/117' 152 -80

PCT/ 1 BU1/ 029U1 25. The process of claim 10 wherein the polyneric
nonconductive material is one or nore of PTFE, an epoxy resin, a polyinde,
a polycyanate ester, a butadiene terephthalate resin, or mxtures thereof.
5 26. The process of claim 13 wherein the silane conprises: (i) a ureido
sily havi ngyi structure g(4n) Si-(A-N(H-C(O-N wherein (A) is
an aﬁyl ene gg]!sﬁ%ﬁ'gh'ccont aining from1l to about 8 car bg'?vgl[oé%%pet‘(e@oxia@@e
hydr oxy or al koxy group containing from1l to 8 carbon atons, and n is an

integer froml to 3 p ided that if nis 1 or 2, each (B) may be the sane
or different; and C>__

Cl=NHINH,
H
{

I

~ C{=NH)NH,

Pyrrole-2-carboxamidine

15 Heterocyclic 2,6-diazanaphthalene-3,7-

Dicarboxamide
H,N(HN=)C

Z YN

J=C{=NHINH,

—-C( =NH)NH, 2-naphthamidine
@— C(=NH)NH, Benzamidine

20 Aromatic



(i1) a disylyl crosslinking agent having the structure 15 (R603

Si -Rs-Si -(0R6)3 wherein each R6 is independently an al kyl group containing
from1l tevabuews8 carbon atons, and Re is an al kyl ene gro®@T4B#I@PHi ng 1 to
about 8 carbon 20 atons. 27. The process of claim 13 wherein the sil ane
conprises a trinmethoxysilylpropyl nodified pol yethyl ene am ne. 25 28. The
process of claim1l ( wherein the step of _ggtergranular etching is carried
out with an intergranul ar etching conposition conprising (a) a cupric ion

source, (b) agmpegani c acid M@&B(-ﬁﬁm@@i d dissoci ati onggRsieant (pKa) of 5
a halide ion source, and WO 02/ U79%- 12 -81 (d) water.

or |ower, 300&5) ! o
PCT/IBII | /03009l  The prodNILCHLIENBWNLS, wher ei framiwreagpranddingn
.so_u;lce is _oneA.ﬁlrdmas_algg cgnpoungamNs%(gqg)gﬂ;Nmmp_ cuEr%@tmgkﬂ%@nTﬁrgani o
acid, cupric oride, cupr.l r e cupric hydroxide.  30. e
process of cIé’i“l‘H“?B, wher ei nﬁ{hﬁﬁaﬁyggﬂfﬁﬁﬁ‘@‘zd with an®879aNidesci ati on
-const@nt ( pKaAmudinoarydr | ess HiN(ONe)OC HEC(e-NHINHS) sel eatbefzehédidiirboRérmititie
acid, acetic acjid r opi oni c g, AP cid, valefic, aci, capr.oi ¢
acid, 10 acry ?réo’%fg?ﬂ', crot oﬁﬁghg&)(g@h?’%‘%‘?‘%‘?otoni c ac%"&?rbmggqy&bugag?'ﬁ?c'd
mal oni ¢ acid, succinic acid, glutaric acid, adipic acid, pinelic acid,

mal ei ¢ aci d, Qegzoi c acid, phthalic acid, cinnamc acid, glycolic acid,

| actic acid, maric acid, citric acid, sulfamc acid, (3-chloropropionic
aci d, nicotinMPhads d, ascor brt:NitE Nz oxyl pi val i cmadvioausnidineevul i ni ¢
acid. 15 31. Ahgecy ocess of claim 28, wherein the hal cglgoHeR) geanaies i s one
or nore conpounds) selected from hydrochloric acid, hydrobromc acid,

sodi um chl ori de, cal ciup=chloride, potassium chloride, anmoni um chl ori de,
pot at@i um br om de, cochiﬂw)Neigpper brom de, zinc chloride, iron
chloride, and tin 20 bresde. 32. The process of claim1l, wherein the step
of intergranular etching is carried out with an intergranular etching
conposi tion cémjginosi ng an oxHMNANF)CHNE-Gi=NHNY; a cor bigganigtine nhi bi t or; and

a source of hglidskiions. 33. L NeHRNIeESNIDhHS! al m 32, s hirbbd Ay ising a
wat er sol ubl e pol yn%r. 30 R N o5 P | o Byl

Carboxylalkyl HoN({HN =)C-NH-CH,COOH 3-guanidinoacetic acid
- H,N(HN =)C-NH-(CH,),COOH 3-guanidinobutanoic acid
15 amidoalkyl H,N(HN =)C-NH-CH,CH,CONH, 3-guanidino propionamide
Heterocyclic 2-guanidinobenzimidazole
N
A/U/NHC( =NH)NH,
|
20 H

The amount of amidine compound included in the immersion plating
compositions may vary over a wide range such as from about 1 g/i of the
plating bath up to about 100 g/I. In one embodiment, the amount of amidine
compound in the immersion plating composition is in the range from about

25 1 g/l to about 10 g/l. In another embodiment, the amount of amidine
compound in the immersion plating composition is in the range from about
5 g/l to about 50 g/l. In one embodiment, the amount of amidine compound
in the immersion plating composition is in the range from about 10 g/l to
about 25 g/I.



34. The process of claim33, wherein the oxidizer is selected from hydrogen
peroxi de and persul fates. 35. The process of claim 32, wherein the
concent r 0 0241079f42t he oxi dizer is 5 from6 to 60 grans per PCITiiBo1/020¢1e
concentration of the acid is from5 to 360 grans per liter, the
concentration of the corrosion inhibitor is from1l1l to 20 granms per liter
and the concentration of halide ions is fggam 5 to 500 milligranms per liter.
10 36. The process of claim33, wherein the corrosion inhibitor is selected

fromtriazoles) b ri f a and
i vtures of the f aRoghe, afbgsimeht! S5 Ahfifershi HIMINE SR fRaskiBRE RE ik o
sol ubl e pol yrfayehtios ake etiBstahRially dracpet muﬁeaoéncetﬂwbwa@m&mset hyl ene

;1 de- propylene oxi de copol ymers, polyethylene glycois, polypropylene

gl ycol's, pol yvi nlelaﬂ &'omﬂr%on@lmm Q@mlpé§lt®ﬂ15t0fet r@gonhgwea&onmevme)cess

of claiml( hes nter ranular chin sZOc e

‘Wi th an inter lPhBBCB{T]Snglp ' "ba é%f#alg ?6 \/éiag
hydr agen per%ﬂi‘irat@“uélﬁﬁré]ﬁ%ﬁ\é&bﬁ #8p ég%"f%oﬁobf%sb%dd&hbbbﬁ&étu&wd a
surfactant. . . The process of claim whi ch the inorganic acid
is selected fpmcapﬂosTMeonrmmeamonl,platmg corrmolsmomsm@fur ircthecmibthod ofithisir es
t hereof. 40. The {)rocess of claim3 ﬁ}h the corraosi on inhi bi tor S

sel ected 30 fIPYANYRAR A e PERRIred; ﬁ!} ?ﬂ’d'ﬁgt & FOMPORants oty watesng Th
| m dazol e. - %%rﬁgéﬁgﬁtjslggé $2addéd iRFRy Biddr! 11*@3%?1?@?%%&@ rr?é{’ﬁﬁ%’iurfgd

cl ai m 38, e sur act ant 1s a cationic su he process

of claim1l ( mbehanisallyrer siltegsarfiicallyt &y gecoledate tieé displgcérnet raictiond out
with an intergranular etching conposition conprising ga) hydr ogen peroxi de;
(b) ¥ |east one aTil%Im%tEBSl&%Stlaé&strcﬂi@mﬂ'?Peﬁéﬁf sbavi rmlrﬂey bej centastaskr ed

el Tur s um ay oD B4 rrlbeC BER AP o RIdhs" BY (ituBlbifg SCUfEMIG b -
conpound sel gaterdram@at setchidi ﬁuﬁﬁcdsmtéeﬂﬁeﬂl|ﬁ1rﬁe|%¢o|118platlﬁb| gohpositiengls,

het erocyclic conpounds containing at |east one sul phur, selenium and/or
telluri um at omaimained attartepiraraturgnef from about 0°C to about 70°C in a

continuous process. In one embodiment, the temperature of the composition

15 is in the range of from about 25°C to about 35°C. In one embodiment, the
composition is maintained at a temperature of from about 20°C to about
50°C. In another embodiment, the temperature of the composition is in the
range of from about 35°C to about 45°C. In another embodiment, the
temperature of the composition is in the range of from about 5°C to about

20 25°C. In another embodiment, the temperature of the composition is in the
range of from about 15°C to about 35°C.

The plating times may vary in accordance with the desired thickness
of the deposited immersion plated metal coating or layer. In one
embodiment, the intergranular etched surface is immersed in the immersion

25 plating composition for a period in the range from about. 1 second up to 15
minutes. In another embodiment, the intergranular etched surface is
immersed in the immersion plating composition for a period in the range from
about 1 minute to about 2 minutes. In another embodiment, the
intergranular etched surface is maintained in the immersion plating

30 composition for about 1 to about 5 minutes. In another embodiment, the

intergranular etched surface may be maintained in the immersion plating



sul fonium sel enoniumand telluroniumsalts having the general formula (A,
15 RlL A+ X/ \ 20 RB3 R2 in which A stands for S, Se or Te; R-, R2 and R3
stand f ow@bkyios42substituted al kyl, al kenyl, phenyl, substcrosed228 phenyl ,
benzyl, cycloal kyl, substituted cycloal kyl, R-, R2 and R3 being the same or
different; and X- stands for an anion of an inorganic or organic acid or
hydr oxi de, provided that the acid sel ect to constitute conmponent (b) is
not identical to the sulfinic, seleninic of tellurinic acids selected as

t (d). 30 43 T, f clalm.42 wh ' t
Compr i 05 oneEUPPRERENPT DBHEBto, oubA8) EUNGiely Lt P MRy lbEtest e
purines.  VISOW0B 8o ke diBEThLAPEo1A Wty afBaniigicees of ol aim 42

.wher ei n conponent (rd s a suII Inic acid sélected fromaromatic sulfinic

aci ds and conpound¥hbawimersidre pfatedurhetal R4RS HeGiifdizd ib a laydRyanbidvgefroniR4,
R6 and R6 = H, altlfg{lm substituted al ky henyl , substituted phen

I |,
Ro- 1CO) - i t FAeUtS1 50 pbput 2y (G- 4180 Miraipkies Rk Hin & 925k LY.

phenyt, wheregin R4, R . L. 4 rocess
o c1%i m 4, e roRgRenG Sod PirebH BB abtaL Hubf e Tenges srom BoBL“The
process of cl@inuArto YBEGES Mk 0N @RBEHer (eMbEdIRTENt Stfe PMRefSiomPlated metal

het erocycl i ¢ conpounds sel ected fromthi ophenes, thiazoles, isothiazoles,

t hi adi azol es, hama thigkness iy thectangedfram abt QSogexto abouwt Aium4dn annshel n
ne or_nore acid ounds,sel ected from

benvenc sul | HPBOREMaIT. ¢6F ERterSRrTrIAres A i SPERBRSLIL IR [ ia ot d,
ni trobenzene gyt Nigmas! shatitd &im DI LRBETG EMBBYIMENS tRE ifmetsiohBplaléd
process of clalm42, wherein conponent |1d) conprises one or nore sulfonium
sal t 80 sel ect enhetalotmasr anthibkmessulof oabhaut dalure, tini phether embbdithemt,stihe s,
et ol el Ky arsion plated metal has s thickness in the rangb from sbout 0.8 ki to
about 1.5 um. In another embodiment, the immersion plated metal has a
thickness of about 1.2 um.
The various components of the imme.sion plating compositions useful
15 in the method of the present invention may be present at the concentrations
| described above. In one embodiment, the immersion plating composition
may contain:
about 1 g/l to about 150 g/l of each immersion-platable metal;
about 20 g/l to about 500 g/l of the acid; and
20 about 25 g/l to about 150 g/l of the complexing agent compound.
The composition also may contain:
about 1 g/l to about 100 g/l of a surfactant;
about 1 g/l to about 125 g/l of a urea or amidine compound;
about 5 g/l to about 50 g/l of a chelating agent; and
25 about 5 g/l to about 110 g/l of a secondary reducing agent.
The concentrations may, of course, vary depending on the particular plating
appiication intended.
The methods of the present invention, employing the above-described
immersion plating compositions may be utilized in the plating of intergranular
30 etched metal substrates such as copper, copper alloys, and other metals by

immersion plating, also referred to as electroless plating or chemical



30 49. The process of claim1, wherein the step of intergranular etching is
carried out with an intergranul ar etching conposition conprising WO

02/ 07" ) sWQ02/6B5Q. 5 to 5% w v hydrogen peroxi de; and PCIT/ pBOIB®220011 0. 01
to 5% wv of an aromatic sulfonic acid or a salt thereof. 50. The process
of claim49, wherein the sulfonic acid or salt thereof 5 includes one or
nore aromati c groups which are carbocyclisZ-rings. 51. The process of claim
49, wherein the conposition further conprises 0.1 to 2% w v of a corrosion

i nhi bi tor seldf§piademedt) THeAdmpIRGtioha&itbpE P& includelrdRIerSing B HiPhgUiRS
thereof. 10 52." The process of claim 49, wherein the sulfonic acid or salt
t hereof is sacalihstrate nint thbeplating salutiomaoe. May. inthed e rspeardpg offladdingn Qr

-wh in the st f int I hi is 15 | t with
e o anul arcBeaANG O ALEPT G0 dBRpESHele: SLmaN gty CompinatEag et

conpl exi g agente hihdusTeA! d6RRBBA BLRYeN A Windbridh! pialihg! doruBh G¥driiat i on

N
-states which 1s present In one oIq Its higher positive oxIIIIgtI“I on states and
whi ctg net al 28véntive mrocesgolkd itha overalhl prosess,, isapdefiediblpxyperatedvtar e n
the concentration of the higher positive oxidation state netal in the
conposi tion iePN§iwUsbasimrsughoss inga hosizgnialy conyeyorized appssatusi on. 25 54.

The process of cl g | I I ' r; | ower
positive oxidati oﬁI‘Ig% ﬁf’egmgk%’%régﬁgﬁé ttI)é.IRII %ﬁogg (Itfﬁlhg "I?\Z%IOI'I)QIIB%I'I on
state metal ignd gdereNightip €s!the uBtianNBingantdrgiatiul&f etiched TABTN Subkaate.55.
The process of claim53 also containing copper, and the concentration 30 of

copper is |esi€)t haSILANRILAYER grans per liter of the conposition. WO

(12/0¢9y2 PCT/IBIlL/ 112901, -86 56, .The .process qf cl ai 3. wWherein the acid
5 Al her i aci d. TS TOHRETGP JYBED Ve Hegh iresret s it Aritlin e, FirBabite
organi c_aci d. digclo8ure!l hEe N Siksiestedf t¢ | R ipidSebsVier eleatingeaafiedall SudtEé Wd C
acid. 59. The process of claim53 wherein the netal is selected fromthe
group consi stimproyp adhesian ofmpolympdedateniglsctharata, aamposinghhepstopssefl of

| ai m 53 wherein the acid is sulfuric acid and, th LS tin. 61 Th
br ocess of ol BrABEEGIGENing e <ublass StabheE hubsie with n feratiutat; an

i m dazol e- t hi gRfingl Bomposition, and applying to the intergranular etched surface an
15 immersion plated metal by immersion plating in an immersion plating
composition comprising one or more plating metals selected from tin, silver,
bismuth, copper, nickel, lead, zinc, indium, palladium, platinum, gold,
cadmium, ruthenium, cobalt, gallium and germanium, optionally may be
further treated by applying an organosilane layer, to further improve adhesion
20 of the metal surface to a substrate such as a polymeric material for a PCB.
In one embodiment, the organosilane treatment is that disclosed in
U.S. Patent No. 5,073,456, the disclosure of which is hereby incorporated
by reference for its teaching of the silane treatment.
An organosilane mixture described in the ‘456 patent may be applied
25 as a coating either to the intergranular etched, immersion plated métal layer
or to the polymeric material. In one embodiment, the polymeric material is
a partially cured thermosetting polymer composition, also known in the art
as a prepreg or "B" stage resin. In either case, the metal layer and the
prepreg are subsequently laminated whereby the silane forms a bond
30 between the metal layer and the prepreg. The same or different materials

of construction as the polymeric layer can be employed for the prepreg layer.



62. The process of claim53 containing greater than about 4 granms per liter
of stannic ion. 63. The process of claim62 containing | ess than about 2
grans pewo® ovemws20 of stannous ion. 64. A netal substrat epconpeigding: an

i ntergranul ar etched surface; and an i mrersion plated netal |ayer on the

i ntergranul ar etched surface. 25 65. The netal substrate of claim 64,
wherein the intergranular etched surfaceggicludes deep intergranul ar

crevi ces having an aspect ratio of at |east ' about 1. WO 02/ 0795-42 g7_

PCT/ 1 BOL/ 02901 66. st . ' 4 erein the

I ntergranul ar et ch'ég]gawa@eati%ﬁglsh%%?&@e&%ﬁ'@@?%ﬂ%@ UPERrRI0 pﬂﬁ‘iﬂdng an
aspect ratio fabtadlsubS@ate AIYWe dttabhd to APRIVRBAL MateTial plidr 86 an\dMHRA .
~wherein the intergranul ar etched surface includes deep intergranular

crevi ces havifotegoing preatoients, dithasighadbmay be pirefesred BB8subjeet bethsideshet r at e
of claim 64, ereia tt@#rrrrersi on_pl ated netal 10 I_gger conpri ses one or
more metal s dBednetel syrsate o e {arpgoipgteatmentsypbhus the isdane maype;i nc,
i ndi pal | agj | &t aal g4 ] ' cobalt, gallium and
ger rratgnni um G?.B#%Iej t%e‘?rte'allv su'bgltgrgac’?eth%](":t C tg@nr{\%iﬁ Qﬁgﬁ*ﬁieer conprising a silane
layer on 15 the i mgg shoisturat eskistahel ddheesnt. 7QrgdiusilipballayeibstofattRisof
claim64, wherein the silane |ayer conprises yureildopropyltriethoxysilane
and bi s(tri eterakgdiment)arerrigearegofrom a pianerbpafingumixtuse avhieh doanpriss

wherein the sifane, [.CO ' AL 0] et 4yl pr nodi fi ed

pol yet hyl am ne. YS(A)%geﬁ’gttgrl% gﬁ%@??ﬂ%@ g?"@% ﬁm%gggbn t he i mmersion
plated netal is tin. 25 73. & |lam nated body conprising: (a) a
non-ggnductive, polymeric ma“eri al; and (bl a netal substrate conprising: a
i ntergranul ar etched su Cer_ D2/ 0795. 1 2 PCI, 1/(129(11 88 _ an
i mersion plated netal F’geércoﬁ F\L\elnlgﬁth‘?’g’ranul ar et c(#e\ﬁ‘surface. 74. The

| am nat ed body of claim 73, wherein the intergranular etched 5 surface

i BCl ?dis deepyhBieRIIs2BH | AKyI6hE Waliig Navi 8 Gatbor A6, IBR1si & hYtréty beamt
about 1.
alkoxy having 1 to 8 carbon atoms and n is an integer of 1, 2, or 3 with the
proviso that if nis 1 or 2, B need not be identical; and

15 (B) a disilyl crosslinking agent having the formula (XVil):

R10 R4O
R20—Si—R Si RSO (xvi)

R30 / \ RSO

wherein R', R%, R®, R*, R® and R® independently of the other is an alkyl with

1 to 8 carbon atoms and where R denotes an alkylene group having 1 to 8
carbon atoms. In one embodiment, R, R%, R%, R*, R® and R® are identical.
in one embodiment, each of R', R?, R®, R*, R® and R® are ethyl. |

20 In one embodiment, in formula (XVI) of the ureido silane each B group
is identical if more than one B group is present. In the one embodiment in
formula (XVI) of the ureido silane the alkylene group, A, is a divalent
ethylene or propylene and the alkoxy group, B, is a methoxy or ethoxy
group. In one embodiment, the ureido silane is

25 gamma-ureidopropyl-triethoxysilane.



75. The | am nated body of claim 73, wherein the intergranul ar etched
surface includes deep intergranul ar crevices having an aspect ratio of at

| east 10 Ve®O2(079242 76. The | ami nated body of claim 73, wherernsifavor

i ntergranul ar etched surface includes deep intergranular crevices having a
depth of at |east about 1 mcron. 15 77. The | am nated body of claim 73,
further conprising: (c! a silane |ayer orgg.he inmrersion plated netal |ayer.
78. The | am nated body of claim 73, wherein the inmersion plated netal 20

is tin. 79. The | A

metal is tin. 25 gﬁd}%&ng%ﬂﬁ%@ééﬁ%mgml °s%%med7%é’ﬁﬁ’érf8rrﬁuf%@‘ﬂﬁr?m%n c
material is oalRylgroups ®'oR?PREER® aR° eﬁeﬂ‘? dré%ath ethProand fﬁéjﬁlky%nﬁcﬁ%ﬁ}ﬂanat e
-ester, a butadiene terephthalate resin, or mxtures thereof

(12/ U79~~2 - &8, Bardivelent @bpiens pr pmeyleamgmmdlmoUgc emmb@dumentyfhe digiiyei n
the polyneric mat PTFE, an epoxy resin) a

-pol yi ni de, a YOFHH ﬂﬂ%lalgeegf%‘:‘ex%ﬁtbﬂf‘&@?@wg haleepht hal at e resin,
m xtuges thereof. [ & ebBBIALNS QﬁéﬁfﬁV?c%gﬁlﬁM? %ESnPBPg&ﬁ'guIQf \glll g‘lr'%gc é:ss

83. A lam nated body which conprises a

of claim1. be replaced by or have added thereto an alternate disilyl crosslinking agent
A3 AL &L A9, Al H, . Al & A& AY . Rg( HO% A& .. Al &% A& A&9. A9. A9% A&9. A. A&r
| A& A&?. AF&9. IRgWhiRtRonaqir mere &4 ths ??P HRuRg hes beemseplaped witly akovapn, A3

St SX Al ) A A sl gt s

E . A2 . AY& A a8 alt@rridtivecsilah® mafl R2ainAfLWaA8r Ablublility| OTRIS, for exampteQif

zupkigh W el caloa) col ertesl 6 sl ATl hcasl slealal cal cal cal ca
crosslinking agent will remain water soluble. Such an embodiment provides
a crosslink of comparable strength but of a more organic nature, and may be
applied from an aqueous solution.

For example, in a mixture as in the present embodiment of, e.g.,

15 gamma-ureidopropyltrimethoxysilane and hexamethoxybissilylethane {formula
XVIl in which R = ethane and R'-R® = methyl), in an exemplary ratio in the
range from 0.5:1 to 4:1, a similar mixture can be prepared in which, e.g.,
methylpentamethoxybissilylethane is used in place of, or together with, the .
hexamethoxybissilylethane. The water solubility of the hexamethoxy
20 compound is retained by the methylpentamethoxybissilylethane.

The component concentrations of the silane bonding mixture may vary
widely to meet the needs of a particular application. Thus the weight ratio
of the ureido silane of formula (XVI) to the disilyl crosslinking agent of
formula (XVIl) may be between 99:1 and 1:99. In one embodiment, the

25 weight ratio of (XVI):(XVIl) is between 90:10 and 10:90. In one
embodiment, the weight ratio of (XVI):(XVIl) is between 90:10 and 70:30.
Typically a single ureido silane is used with a single disilyl crosslinking agent,
howaever, it is possible to use in the silane bonding mixture, two or more
dreido silanes as defined and/or two or more disilyl crosslinking agents as
30 defined. The silane bonding mixture, in one embodiment, is DuraBOND®

776PT, which is commercially available from McGean-Rohco, Inc.,
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1098Q ) - ! &10%%jen} oFdIailg X XXE¥ASE'bE) 1, 2 or 3 and is preferably 3 {i.e., x = 1).

Specific examples of RO groups include methoxy, ethoxy, propoxy,

methyimethoxy, ethylmethoxy, phenoxy, etc. Ethoxy is preferred.
The Group B in Formula XX may be an alkyl or aryl group, or a

functional group represented by the formula
1 5 ‘CnHzn x

wherein n is from O to 20 and X is selected from amino, amido, hydroxy,

alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl, styryl, epoxy, isocyanato,

glycidoxy and acryloxy groups. The alkyl and aryl groups may contain up to

about 10 carbon atoms. Alkyl groups containing from 1 to about 5 carbon

20 atoms are particularly useful. In one embodiment, n is an integer from O to
10. In one embodiment, n is an integer from 1 to about 5.

When the group B is an amino group, the amino groups may contain

one.or more nitrogen atoms and, thus, may be monoamino groups, diamino

groups, triamino groups, etc. General examples of diamino silane coupling

25 agents can be represented by the formula

A,SIR*N(R®)R*N(RP), (XXb)
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109%&' () - 100/&n(|t)ed|9r9em*ﬁ sHoNEBbigeh or a methyl or ethyl group. In one embodiment,
R%is ethyl.
When the group B is an amido group, the amido groups may be

represented by one of the formulae

10 -R*C(O)N(R®)2
or
-R*-N(R%)C(O)N(R®)2

wherein each R* is independently a divalent hydrocarbyl group containing
from 1 to 20 carbon atoms, more often from 1 to about 5 carbon atoms,

15 and each R® is independently hydrogen or an alkyl or aryl group containing
up to about 10 carbon atoms. Thus, the amido group may be an amide
group or an ureido group. In one embodiment, each R® in the formulae for
the amido groups is hydrogen or an alkyl group containing from 1 to about
5 carbon atoms.

20 In one embodiment, the silane coupling agent is a ureido silane

represented by the formula
(RO),SIR*N(H)C(O)NH, (XXc)

wherein each R is an alkyl group containing 1 to about 5 carbon atoms,
particularly methyl or ethyl groups, and R* is a divalent hydrocarbyl group
25 containing from 1 to about 5 carbon atoms. Examples of such divalent
hydrocarbyl groups include methylene, ethylene, propylene, butylene, etc.

Specific examples of ureido silanes include B-ureidoethyltrimethoxy silane;
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' epoxycyclohexyl)ethyltrimethoxysilane, y-aminopropyltrimethoxys silane,
Y-chloropropyltrimethoxy silane, vinyltriethoxy silane,
5 tris-trimethoxysilylpropylamine.

Other examples of silane coupling agents useful in the present
invention include N-(2-aminoethyl)-3-aminopropyltriethoxysilane,
3-methacryloxypropyitriethoxysilane, methacryloxypropenyitrimethoxysilane,
3-methacryloxypropyltris(methoxyethoxy)silane,

10 3-(N-styrylmethyl-2-aminoethylamino)propyltrimethoxysilane,
3[({2-{(vinylbenzylamino)ethylamino]-propyltriethoxysilane,
3-glycidoxypropyltriethoxysilane, triacetoxyvinylsilane,
tris-(2-methoxyethoxy)vinylsilane,

1-triethoxysilyl-2-(p,m-chloromethyl)-phenylethane,

15 3-chloropropyltriethoxysilane N-{aminoethylaminomethyl)-
phenyltriethoxysilane, N-(2-aminoethyl)-3-aminopropy!
tris(2-ethylhexoxy)silane, 3-aminopropyltriethoxysilane,

triethoxysilylpropylenetriamine, - (3,4-epoxycyclohexyl)-ethyitriethoxysilane,
3-mercaptopropyiltriethoxysilane, 3-mercaptopropylmethyldiethoxysilane,
20 bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane,
1,3-divinyltetramethyldisilazane, vinyltriethoxysilane, 2-(diphenylphosphino)-
ethyltriethoxysilane, 2-methacryloxyethyldimethyl-
[3-triethoxysilylpropyllammonium chloride,

3-isocyanatopropyldimethylethoxysilane, N-(3-acryloxy-2-hydroxypropyl)-

25 3-aminopropyltriethoxysilane, vinyl tris(t-butylperoxy)silane,
methyitriethoxysilane, ethyltriethoxysilane, phenyltriethoxysilane,
phenyltriacetoxysilane, methyltriethoxysilane,  phenyltriethoxysilane,

-{3-trimethoxysilylpropyl)pyrrole,
N-[3-(triethoxysilyl)propyl]-4,6-dihydroimidazole,
30 B-trimethoxysilylethyl-2-pyridine,  N-phenylaminopropyltrimethoxysilane,

3-cyclopentadienylpropyltriethoxysilane, 7-oct-1 -enyltrimethoXysilane.
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Vinyi A-151 ) (Et0),SiCH =CH,
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Mercapto  A-189 (MeO0),Si(CH,),SH
25

* 50% w/w in methanol
Additional silanes which may be used include tetramethoxysilane,
tetraethoxysilane and 3-glycidoxypropyltrimethoxysilane. Other examples
include tetrapropoxysilane, tetra-n-butoxysilane,
30 v-glycidoxyprop\}lmethyldimethoxysilane,
vYy-glycidoxypropylpylpentamethyldisiloxane,
Y-glycidoxypropylmethyldiethoxysilane,
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wherein in formulae XXI and XXIil, each R is independently an alkyl,
10 alkoxyalkyl, aryl, aralkyl or cycloalkyl group of less than 20 carbon atoms;
R! is a divalent hydrocarbon or polyether group of less than 20 carbon

atoms; and R? is a functional group represented by
-C.Hy, X

wherein n is from 0 to 20 and X is selected from amino, amido, hydroxy,

15 alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl, styryl, epoxy, isocyanato,
glycidoxy, and acryloxy groups.

Preferred examples of R groups include methyl, ethyl, propyl,

methoxymethyl, etc. The divalent hydrocarbon or divalent polyether group

(R") may be any of the divalent hydrocarbon or polyether groups described

20 above with respect to R in formula XXI. Preferred examples include

methylene, ethylene, propylene, butylene, etc. Functional groups

represented by R? may be any of the functional groups described above with
respect to (B) in formula (XX).

In one embodiment, each R group in formulae XXI and XX is

25 independently an alkyl, alkoxy alkyl, aryl, aralkyl or cycloalkyl group of less
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wherein R' is an alkylene group such as methylene, ethylene or propylens.

R! also can be, for example, a divalent polyether of the formula
-R%(0R®).-

wherein R® is an alkylene group and Z is an integer of from 1 to about 5.
16 The divalent polyether group can be, for example, diethylene ether.

R? in formula XXl is a functional group which may be represented by
'CnHzn X

wherein n is from O to 20 and X is selected from amino, amido, hydroxy,
alkoxy, halo, mercapto, carboxy, acyl, vinyl, allyl, styryl, epoxy, iso_cyanato,

20 glycidoxy and acryloxy groups. The functional group R? in formula XX may
be the same as the functional group (B) in formula XXIl described above.
Accordingly, the discussion and examples of the functional group (B) in
formula XXI! is applicable to the functional group R? in formula X)_(l and such
discussion and examples are hereby incorporated by reference.

25 The tris(silylorgano)amines represented by formula XVIll which are

useful in the silane compositions of the present invention are known
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tris(trimethoxysilylmethyi)amine; tris(triethoxysilylmethyl)amine;
tris(trimethoxysilylethyl)amine; tris(trimethoxysilylethyl)amine;
10 tris(trimethoxysilylethyl)amine; tris{triethoxysilylpropyl)amine;

tris(dimethoxyethoxysilylpropyllamine; tris(tripropoxysilylpropyl)amine; etc.
The silane bonding mixtures may be applied as a liquid solution to the
intergranular etched, immersion plated metal surface or insulating layer
surface. In general, the silane bonding mixture contains a mutual solvent for
15 the ureido silane and the disilyl crosslinking agent. The solution is applied
by any conventional means, e.g., by dipping, spraying, brushing, immersion,
etc.
The silane bonding mixtures may comprise other materials such as
solvents, fillers, etc. Solvents should be capable of solubilizing the silanes.
20 Typically, such solvents include lower alcohols such as methanol, ethanol ,
propanol, isopropanol, or one of the butanols. Water, or mixtures of water
and alcohols can also be used as a solvent, but the stability of some silanes
in such solutions may be more limited than with solutions made with
alcohols. Small portions of water may be added to the silane compositions,
25 if needed, in order to hydrolyze the silanes. Alternatively, dispersions or
emulsions of the silane compositions can be prepared in suitable organic
solvent or mixtures of water and organic solvent. Typical solvents include,
in addition to the alcohols described above, ethers, ketones, aliphatic and
aromatic hydrocarbons, amides such as N,N-dimethylformamide, etc.
30 Aqueous emulsions of the silane-coupling agents can be prepared in the

conventional manner. using conventional dispersants and surfactants,
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~1wdEuV7! The fillers may be particulate or fibrous fil'ers, and these include siliceous
materials such as glass, quartz, ceramic, asbestos, silicone resin, glass
10 fibers, metals such as aluminum, steel, copper, nickel, magnesium and
titanium, metal oxides such as magnesium oxide, iron oxide, and aluminum
oxide, and metal fibers and metal-coated glass fibers. The amount of the
filler included in the silane compositions may range from O to about 10% by
weight. When the filler is present, it is more often present in amounts of
15 from about 0.1 to about 3% or 4% by weight.
MULTILAYER LAMINATES
In one embodiment, the intergranular etched, immersion plated
metals, with or without the silane bonding mixtures, are useful in preparing
multi-layer laminates including printed circuit boards (PCBs). Typical
20 multi-layer laminates will comprise
(A) at least one non-conductive polymeric material layer,
(B) at least one conductive metal substrate or foil which has been
subjected to intergranular etching, and
(C) an immersion plated metal layer, which has been applied to the
25 surface of the metal substrate or foil, in between the intergranular etched
surface and a surface of the polymeric material. Other multilayer laminates
may comprise
(A) at least one non-conductive polymeric material layer,
(B) at least one conductive metal substrate or foil which has been

30 subjected to intergranular etching,
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peel strength between the metal substrate layer of conductive material (e.g.,
copper) and the layer of polymeric material.

10 Useful nonconductive polymeric materials include dielectric substrates
or layers which may be prepared by impregnating woven glass reinforcement
materials with partially cured resins, usually epoxy resins (e.g., difunctional,
tetrafunctional and other multifunctional epoxies). Examples of useful resins
include amino-type resins produced from the reaction of formaldehyde and

15 urea, or formaldehyde and melamine, polyesters, phenolics, silicones,
polyamides, polyimides, diallyl phthalates, phenyl silanes,
polybenzimidazoles, diphenyloxides, polytetrafluoroethylenes, cyanate esters,
etc. These dielectric substrates often are referred to as prepregs.

An insulating layer and the dielectric layer can be combined and may

20 be prepared by impregnating woven glass reinforcement materials with
partially cured resins as described above. Thus, the insulating layer or layers
also may be prepregs.

The metal circuitry on the dielectric layer may be prepared from a
metal foil layer by conventional techniques such as by a photoimage

25 technique of a photosensitive resist film followed by etching of the
unprotected areas of metal on the dielectric layer to form electrically
conductive paths or electrically conductive patterns. Circuit-forming etching
processes are well known, and examples are described in, for example, U.S.
Patent No. 3,469,982 and U.S. Patent No. 5,017,271 which are hereby

30 incorporated by reference for their teaching of circuit-forming etching

processes.
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composition comprising one or more plating metals selected from tin, silver,

10 bismuth, copper, nickel, lead, zinc, indium, palladium, platinum, gold,
cadmium, ruthenium, cobalt, gallium and germanium.

A silane adhesive-promoting layer can then be applied over the thus-
treated intergranular etched pattern using the techniques described above,
and a second prepreg can be adhered to the intergranular etched pattern.

15 If the sample is to be treated with an organosilane prior to lamination,
an intergranular etched metal substrate which has been coated with an
immersion plated metal solution is treated with the solution containing the
silane coupling agents and cross-linking agents by dipping the foil into the
solutions. The foil is then air dried and baked for one hour at 100°C. As an

20 alternative, a spray application may be used, in which the solutions
containing the silane coupling agents and cross-linking agents are spray
applied, wiped by rollers and then air-dried. The techniques for laminating
multilayer circuit boards are well known in the art.

The multi-layer laminates prepared as described above may be

25 subjected to conventional laminating temperatures and pressures between
plates of laminating presses. In this manner, the laminating operation
generally will involve pressures in the range of from about 17.6 to about
52.8 bar, temperatures in the range of from about 175°C to about 350°C
and laminating cycles of from about 30 minutes to about 2 hours. The

30 finished laminates can then be utilized in a variety of applications including

printed circuit boards,
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10 nylon. That is, any prepreg, theromset, or thermoplastic useful for creating
dielectric insulation between circuitry layers in a multilayer PCB may be used
as the laminating material in the present invention.

The advantages of the process of the present invention include
enhanced adhesion, enhanced oxidation resistance and enhanced moisture

15 resistance. The improved adhesion obtained with the use of the process of
the present invention is demonstrated in part by the following tests and
examples. The following provides exemplary solutions which demonstrate
the method of the present invention and provide comparisons with the prior
art processes. Unless otherwise indicated in the following examples and

20 elsewhere in the specification and claims, all parts and percentages are by
weight, temperatures are in degrees sentigrade, pressure is at or near
atmospheric pressure, and all ranges and ratio limits may be combined.

All treatment temperatures are ~100-120°F (37-49°C), unless
otherwise specified.

25 The following materials are used in the examples described below:

Cleaner: 2-3% v/v Besbon 99-L: Besbon 99-L is an alkaline

cleaner available from McGean-Rohco, Cleveland, Ohio.

Microetch 1: 5-10% v/v H,80,4 and 3-5% v/v H,0,
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intergranular etch 1: (a) The foil is pretreated by conditioning in 2-5%

viv 2-aminoethanol;
(b) the foil is then treated with the following

intergranular etch composition:

10 Hydrogen peroxide 1.8% w/v
Concentrated su'furic acid 17.5% w/v
Benzotriazole 0.3% w/v

Sodium m-nitrobenzene sulfonate 0.6% w/v

water balance

15 Intergranular etch 2: (a) The foil is treated with the following

intergranular etch composition:

Cupric formate 5 % wiv

Formic acid (pKa = 3.55) 2 % wiv

Ammonium chloride 8 % wiv
20 water balance

(b) then the foil is desmutted with a solution of 5-
10% HCI

Immersion tin 1:  50% DuraBOND 750As and 50% DuraBOND 750B
(McGean-Rohco: Thickness obtained is less than 8

25 microinches.
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Silane 1: 1.5-3% v/v DuraBOND 776 PT. Concentrate: 600 -
5 2000 mg/l Si (optimum is 1100). A 1:1 molar mixture
of v-ureidopropyltrialkoxysilane and

bis(triethoxysilyl)ethane with the pH adjusted to 3.5-4.0

with acetic acid.

Silane 2: 5-10% v/v of an isopropyl alcohol solution containing

10 50% trimethoxysilylpropyl modified polyethyleneimene.

Epoxy prepreg: Tetrafunctional 1080 scale flow (PolyClad; a polymer of
oxirane 2, 2', 2'', 2'''-[1,2-ethanediylidenetetrakis{4, 1-
phenyleneoxymethylene)]; CAS RN 7328-97-4)

Polyimide prepreg: Ciba 701 polyimide resin based VO 1080 scale flow
15 (Arlon 33-N) a polymer of 4,4' bismaleimide
o-phenylmethane and diallyl bisphenol A; CAS RN

62386-33-8

PPO epoxy: GeTek 1080 scale flow (General Electric Plastics) a

copolymer of polyphenylene oxide and epoxy.

20 Polyimide core:
Copper foil: Gould 1 oz. copper foil; FLCS. One side is shiny or
drum side, other side is ‘treated’.
C-stage: 0.059 inch thick cured prepreg which is prepared by

stripping copper clad material.
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10 ~10°F/minute (~5°C/min).

For epoxy, the curing pressure is 250 psi, the cure time is 60
minutes and the curing temperature is 350°F (177°C). After curing the
press is air cooled then pressure released.

For PPO modified epoxy, the curing pressure is 250 psi, the

15 cure time is 120 minutes, and the curing temperature is 380°F (193°C).
After curing the press is air cooled then pressure released.

For polyimide, the initial curing pressure is 100 psi, the
temperature is increased at a constant rate to 250°F (121°C). and then is
held for about 10 minutes. Then the pressure is increased to 250 psi and

20 the temperature increased to 425°F (218°C) and held for 150 minutes.
After curing the press is water cooled, briefly air cooled, then pressure
released.

PEEL TESTS:

Peel strength tests gave the results shown in the following tables.



$9%& 5} pcV510 &10% % ()-(10 ( 10 ( 10 ( Y9G(10% (

& ()-g, YO 10%-(~& ()-g, YOG 10% & ()-g, YOG 10% (q & ()-g,5: K |[:cV510
10% %' (WO QOWse' ()- F 10% 9%&' ()-, 10% 9& ()- "&L0% Y&RPETABI1/02901

“10% 9% ()-_ |[:cV510 10% % ()- y 10%9%& ()- |y 10% 9%&' ()-, %40% 9& () -
10% %' ()- ~ 940% % ()-U/[:cV510 ~ &10% %& ()- %A0% %&' ()- f#10% %& ()-
ly 10% %' ()- 940% %' ()- S10% %& ()- XzVp§< cV510 0! 10% %&' () -

110% % ()- s-10%9%& ()-, + 10%%& ()- &&*&10% Y& ()-

| ($10% %&' ()- VK| [:-510_% *:S 10% % () -Ta@8%0% %& ()- LI 7g 10% %& () -,
8510% % ()- L3410% % ()- 9y2g 10% 9&' () PbA510 % y 10% & ()- , 10% & ()-
"910% & ()- 9RAG%StEBrgths &blaingd(Ysing epdRy Wremdiep: AS10 % 10% & ()- ~10% & ()-
-10% & $10 10% & I (1098 '3 & 1 A510 %
(np/(io%fzg () - ‘ﬁvgatﬁr%mt& - 7% n(fL)m (\-( v 1004 & (g) f o %l§1'¢[gngth Ib/in
MLO% & () - N. | PRIGROABT92S 10% & ()- 01 94.0% & () - _y10% & () -

- &&- 1086 & () - Ellda@elpm&o(e)chhyw%& ()- yQ [NA41010 10'10" LI @10%@4) -

38mA0% & () - g ROERYANT )% 0 z
C|3 ! 42780

109RIRE () - 53 e
S&L0YBYRSE () - 1008088 ()1:9-3.9
1098& () - 100 ZY40%RYR&' () -

C|eaner, Condltloner,Intergranular etch 1, Immersion 4.2-5.0

10 Tin 1,
Cleaner, Conditioner, Intergranular etch 1, Immersion 7.2-8.0
Tin 1, Silane 1
Cleaner, Conditioner, Intergranular etch 1, Immersion 8.0-10.0

Tin 1, Silane 2

15 Table 2
Peel strengths obtained with polyimide prepreg.
Treatment l Pee! Strength Ib/in
PRIOR ART:
Cleaner, Microetch 2 <0.4
20 Cleaner, intergranular etch 1 0.3-0.9
PRESENT INVENTION:
Cleaner, intergranular etch 1, Immersion tin 1 1.7
Cleaner, Intergranular etch 1, Immersion tin 1, Silane 1 1.4-2.0
Cleaner, Intergranular etch 1, Immersion tin 1, Silane 2 3.5-4.0
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The preceding peel strength test results demonstrate that application
of immersion tin to an intergranular etched copper surface improves peel
strength compared to prior art processes in which the surface of the

20 substrate is microetched, with or without subsequent application of an
immersion metal, or in which the surface is intergranular etched only.
Furthermore, application of silane to an immersion metal plated surface
applied over an intergranular etched, immersion metal plated surface often
improves peel strength compared to surfaces not treated with a silane.

25 While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is
intended to cover such modifications as fall within the scope of the appended

30 claims.
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1. A process for treating a metal substrate to improve adhesion of

5 polymeric materials thereto, comprising the steps of
intergranular etching a surface of the metal substrate; and
applying an immersion plated metal to the intergranular etched surface
by immersing the surface in an immersion plating composition comprising one
or more plating metals selected from tin, silver, bismuth, copper, nickel, lead,
10 zinc, indium, palladium, platinum, gold, cadmium, ruthenium, cobalt, gallium

and germanium.

2. The process of claim 1, wherein the intergranular etched surface

comprises intergranular crevices having an aspect ratio of at least about 1.

15
3. The process of claim 1, wherein the intergranular etched surface
comprises intergranular crevices having an aspect ratio of at least about 2.
4, The process of claim 1, wherein the intergranular etched surface
20 comprises intergranular crevices having a depth of at least about 1 micron.
5. The process of claim 1, wherein, when the intergranular etched surface

is divided into a grid of squares 10 microns on each side, at least 50% of the
squares include at least one intergranular crevice having an aspect ratio of at
25 least 1.

6. The process of claim 5, wherein at least 75% of the squares include

at least one intergranular crevice having an aspect ratio of at least 1.
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9. The proéess of claim 5, wherein said at least one intergranular crevice

has an aspect ratio of at least 5.

10. The process of claim 1, further comprising a step of adhering the
immersion metal plated surface to a surface of a polymeric non-conductive

material.

11. The process of claim 1, wherein the steps of intergranular etching and

applying the immersion plated metal are carried out in a continuous process.
12. The process of claim 1, wherein the immersion plated metal is tin.

13. The process of claim 1, further comprising a step of applying a silane

over the immersion plated metal from an aqueous solution of a silane.

14. The process of claim 13, wherein the aqueous solution of a silane
comprises a solution of about 0.5 wt% to about 3 wt% of a silane selected
from diethoxymethylsilylpropyltriethoxysilane, tris (triethoxysilylpropyl) amine,
a trimethoxy silyl propyl modified polyethylene amine, and a mixture of y-

ureidopropyitriethoxysilane and bis(triethoxysilyl) ethane.

16. The process of claim 13, wherein the aqueous solution of a silane has

a pH in the range from about 2 to about 8.
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22. The process of claim 1, wherein the immersion plating composition
comprises (a) a salt of the plating metal, {b) an acid selected from mineral
acids, carboxylic acids and hydrocarbyl-substituted -sulfonic acids, (c) a
complexing agent and {d) water.

25

23. The process of claim 22, wherein (a) is a stannous salt.

24, The process of claim 22, wherein (a) is a stannous salt of a
hydrocarbyl-substituted sulfonic acid, and (b) is the hydrocarbyl-substituted
30 sulfonic acid.
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10 wherein (A) is an alkylene group containing from 1 to about 8 carbon atoms,
(B) is a hydroxy or alkoxy group containing from 1 to 8 carbon atoms, and n
is an integer from 1 to 3 provided that if nis 1 or 2, each (B) may be the
same or different; and

(ib) a disylyl crosslinking agent having the structure

15
(R®0),~Si~R®-Si—(OR®),
wherein each R® is independently an alkyl group containing from 1 to about
8 carbon atoms, and R® is an alkylene group containing 1 to about 8 carbon
20 atoms.
27. The process of claim 13 wherein the silane comprises a
trimethoxysilylpropyl modified polyethylene amine.
25 28. The process of claim 1, wherein the step of intergranular etching is

carried out with an intergranular etching composition comprising
(a) a cupric ion source,
(b) an organic acid with an acid dissociation constant (pKa) of 5 or
lower,

30 (c) a halide ion source, and
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(d) water.

29. The process of claim 28, wherein the cupric ion source is one or more
compound(s) selected from a cupric salt of an organic acid, cupric chioride,

5 cupric bromide and cupric hydroxide.

30. The process of claim 28, wherein the organic acid with an acid
dissociation constant (pKa) of 5 or less is one or more acid(s) selected from
formic acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic acid,

10 acrylic acid, crotonic acid, iso-crotonic acid, oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pimelic acid, maleic acid, benzoic
acid, phthalic acid, cinnamic acid, glycolic acid, lactic acid, malic acid, citric
acid, sulfamic acid, B-chloropropionic acid, nicotinic acid, ascorbic acid,
hydroxyl pivalic acid and levulinic acid.

15
31. The process of claim 28, wherein the halide ion source is one or more
compound(s) selected from hydrochloric acid, hydrobromic acid, sodium
chloride, calcium chloride, potassium chloride, ammonium chloride, potassium
bromide, copper chloride, copper bromide, zinc chloride, iron chloride, and tin

20 bromide.

32. The process of claim 1, wherein the step of intergranular etching is
carried out with an intergranular etching composition comprising
an oxidizer;
25 an acid;
a corrosion inhibitor; and

a source of halide ions.

33. The process of claim 32, further comprising a water soluble polymer.
30
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34. The process of claim 33, wherein the oxidizer is selected from

hydrogen peroxide and persulfates.

35. The process of claim 32, wherein the concentration of the oxidizer is
5 from 6 to 60 grams per liter, the concentration of the acid is from 5 to 360
grams per liter, the concentration of the corrosion inhibitor is from 1 to 20
grams per liter and the concentration of halide ions is from 5 to 500

milligrams per liter.

10 36. The process of claim 33, wherein the corrosion inhibitor is selected
from triazoles, benzotriazoles, imidazoles, benzimidazoles, tetrazoles and

mixtures of the foregoing.

37. The process of claim 33, wherein the water soluble polymer is selected
15 . from polymers of ethylene oxide, ethylene o:iide-propylene oxide copolymers,
polyethylene glycols, polypropylene glycols, polyvinyl alcohols, and mixtures

of the foregoing.

38. The process of claim 1, wherein.the step of intergranular etching is
20 carried out with an intergranular etching composition comprising

0.1 to 20% by weight hydrogen peroxide,

an inorganic acid,

an organic corrosion inhibitor and

a surfactant.
25

39. The process of claim 38, in which the inorganic acid is selected from

phosphoric acid, nitric acid, sulphuric acid, or mixtures thereof.

40. The process of claim 38, in which the corrosion inhibitor is selected

30 from the group consisting of a triazole, tetrazole, and imidazole.
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41. The process of claim 38, in which the surfactant is a cationic

surfactant.

42. The process of claim 1, wherein the step of intergranular etching is
5 carried out with an intergranular etching composition comprising

(a) hydrogen peroxide;

(b) at least one acid;

(c) at least one nitrogen-containing, five-membered heterocyclic
compound which does not contain any sulphur, selenium or tellurium atom

10 ' in the heterocycle; and

(d) at least one adhesive compound selected from sulfinic acids,
seleninic acids, tellurinic acids, heterocyclic compounds containing at least
one sulphur, selenium and/or tellurium atom in the heterocycle, and

sulfonium, selenonium and telluronium salts having the general formula (A),

15
Ry
,lex* X
/ N\
20 Ry R,
in which
A stands for S, Se or Te;
R,, R, and R stand for alkyl, substituted alkyl, alkenyl, phenyl, substituted
25 phenyl, benzyl, cycloalkyl, substituted cycloalkyl, R{,'Rz and R; being the
same or different; and
X~ stands for an anion of an inorganic or organic acid or hydroxide, provided
that the acid selected to constitute component (b) is not identical to the
sulfinic, seleninic or tellurinic acids selected as component (d).
30

43. The process of claim 42 wherein component (c) comprises one or more

triazoles, tetrazoles, imidazoles, pyrazoles and purines.
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44. The process of claim 42 wherein component (d) is a sulfinic acid

selected from aromatic sulfinic acids and compounds having the formula:

R4RsN-C-SO,H
5 I
NRsg

wherein Ry, Rg and Rg = H, alkyl, substituted alkyl, phenyl, substituted
phenyl, R,-(CO)- with R, = H, alkyl, substituted
10 alkyl, phenyl, substituted phenyl, wherein R4, Rg

and Rg may be the same or different.

45. The process of claim 42, wherein component (d) is formamidine
sulfinic acid.

15
46. The process of claim 42, wherein component (d) comprises one or
more heterocyclic compounds selected from thiophenes, thiazoles,

isothiazoles, thiadiazoles, and thiatriazoles.

20 47. The process of claim 42, wherein component (d) comprises one or
more sulfinic acid compounds selected from benzene sulfinic acid, toluene
“sulfinic acid, chlorobenzene sulfinic acid, nitrobenzene sulfinic acid and

carboxybenzene sulfinic acid.

25 48. The process of claim 42, wherein component (d) comprises one or
more sulfonium salts selected from trimethyl sulfonium salts, tripheny!
sulfonium salts, methioninealkyl sulfonium salts, and methionine

benzylsulfonium salts.

30 49. The process of claim 1, wherein the step of intergranular etching is

carried out with an intergranular etching composition comprising
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0.01 to 5% w/v of an aromatic sulfonic acid or a salt thereof.

50. The process of claim 49, wherein the sulfonic acid or salt thereof

5 includes one or more aromatic groups which are carbocyclic rings.

51. The process of claim 49, wherein the composition further comprises
0.1 to 2% w/v of a corrosion inhibitor selected from triazoles, tetrazoles,

imidazoles, and mixtures thereof.

10
52. The process of claim 49, wherein the sulfonic acid or salt thereof is
sodium m-nitrobenzene sulfonate.
53. The process of claim 1, wherein the step of intergranular etching is
15 carried out with an intergranular etching composition comprising:
(a)  an acid,
(b) a copper complexing agent,
(c) a metal capable of having a multiplicity of oxidation states
which is present in one of its higher positive oxidation states and which metal
20 forms a composition soluble salt, and
(d)  oxygen,
wherein the concentration of the higher positive oxidation state metal in the
composition is greater than about 4 grams per liter of composition.
25 54. The process of claim 53 wherein the metal (c) also is present in a

lower positive oxidation state, and the concantration of this lower oxidation

state metal is less than about 2 grams per liter of the composition.

55. The process of claim 53 also containing copper, and the concentration

30 of copper is less than about 2.5 grams per liter of the composition.
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5 58. The process of claim 53 wherein the acid is sulfuric acid.

59. The process of claim 53 wherein the metal is selected from the group

consisting of tin, bismuth, lead, and cerium.

10 60. The process of claim 53 wherein the acid is sulfuric acid and the metal

is tin.

61. The process of claim 53 wherein the copper complexing agent is a

thiourea or an imidazole-thione.

15
62. The process of claim 53 containing greater than about 4 grams per liter
of stannic ion.
63. The process of claim 62 containing less than about 2 grams per liter
20 of stannous ion.
64. A metal substrate comprising:
an intergranular etched surface; and
an immersion plated metal layer on the intergranular etched surface.
25

65. The metal substrate of claim 64, wherein the intergranular etched
surface includes deep intergranular crevices having an aspect ratio of at least

about 1.
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5 67. The metal substrate of claim 64, wherein the intergranular etched
surface includes deep intergranular crevices having a depth of at least about

1 micron.

68. The metal substrate of claim 64, wherein the immersion plated metal
10 layer comprises one or more metals selected from tin, silver, bismuth, copper,
nickel, lead, zinc, indium, palladium, platinum, gold, cadmium, ruthenium,

cobalt, gallium and germanium.

69. The metal substrate of claim 64, further comprising a silane layer on

156 the immersion plated metal layer.

70. The metal substrate of claim 64, wherein the silane layer comprises Y-

ureidopropyltriethoxysilane and bis(triethoxysilyl)ethane,

20 71. The metal substrate of claim 64 wherein the silane layer comprises a

trimethoxysilyl propyl modified polyethylamine.

72. The metal substrate of claim 64, wherein the immersion plated metal
is tin.
25
73. A laminated body comprising:
(a) a non-conductive, polymeric material; and
(b)  a metal substrate comprising:

a intergranular etched surface; and
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74. The laminated body of claim 73, wherein the intergranular etched
5 surface includes deep intergranular crevices having an aspect ratio of at least

about 1.

75. The laminated body of claim 73, wherein the intergranular etched

surface includes deep intergranular crevices having an aspect ratio of at least
10 about 2,

76. The laminated body of claim 73, wherein the intergranular etched
surface includes deep intergranular crevices having a depth of at least about
1 micron.

15
77. The laminated body of claim 73, further comprising:

(c) a silane layer on the immersion plated metal layer.

78. The laminated body of claim 73, wherein the immersion plated metal
20 is tin.

79. The laminated body of claim 77, wherein the immersion plated metal

is tin.

25 80. The laminated body of claim 73, wherein the polymeric material is one
or more of PTFE, an epoxy resin, a polyimide, a polycyanate ester, a

butadiene terephthalate resin, or mixtures thereof.
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81. The laminated body of claim 77, wherein the polymeric material is one
or more of PTFE, an epoxy resin, a polyimide, a polycyanate ester, a
butadiene terephthalate resin, or mixtures thereof.

82. A metal substrate made by the process of claim 1.

83. A iaminated body which comprises a metal substrate made by the

process of claim 1.



