;e3es| p,*V6( T| 1DWD 02/179542 PCT/1B01/02901 Title: | MPROVED ADHESI ON OF
POLYMERI C MATERI ALS TO METAL SURFACES 5 In one enbodi nent, this invention

- rel at es o @/ pvasess for inproving adhesi on of pol yneric matmgmodgb®ei 0 net al
substrates including the steps of intergranular etching a surface of the

metal substrate and applying to the intergranular etched netal surface an

“imrersion plated netal, and in another enbodi nent, the i ' tes to
a foil having a surface with inproved 10qgahesi on to pol gmml‘mmwmﬂ' lméﬂ S.
The intergranul ar etching produces a highly irregular surface,prafile

i ncl udi ng deep intergranul ar crevices. The imersion plated netal is
applied froman i mersion plating solution which includes one or nore

pl ating net aTtieselMPROVEDOADHESIGN! OFr POLVVIERIC NMATERIALS CRG! MEBARUD.
zinc, indium pal lgayRrCES! ati num gol d, cadm um ruthenium cobalt,
gallium 15 and germani um and m xtures or alloys thereof. The surface

obt ai ned by this process provides a adhesi on between the netal
substrate and pol yneric m;erials%mm_ urface of the netal
subsgrate. Many higlhg efabbainMOIRESAeRtiok PEMEALD ¥ ;safocaéy%f:ﬁﬁbebvin%
treating the 20 surface of a netal substrate, such as copper, to 1nprove
t he bondi ng eflhesienmdt pdlytmeric puiteriasito metal rdulbistrates hineluding tiye ateps of

olyimde, are used in industries,such rinted, circuit board (PCB
Pobyi can ton MeES oAl SIOTYG BT aE AbADE GHERRL CURGHBRS @ne SRRIVIng tonflr s

such as a fi nﬂggjpraﬁa/aee%oemeanssmc@mrﬁrn%%&ing’;étgggfnaga{iﬁnmn%hgve

| ayer such as per or a 25 copper alloy on one aces.

metal |ayer efmbduimBEB, tHeinveatipnaetsesng.a foibhadingya sarface avith iwpvovédyer
of copper which may be:interrupted by a pattern of plated through-hol es
li nkPng bot hadip$igbde polymRECS paatedalsput e itprgsandlar atching peeduaespphighbins of

h | _ ' J DeUhgp Lo,
e, OeT cui (YR frt R R b U Uk SR oA crfUBER, g TfReRRA
| nter - | eavi nglate€ netal isHpplieddrérarCiaiifugsidn plating Wl WHidR incfudes one

PCT/1B01/ 02901 | ayers with dielectric adhesive layers into a multilayer
sandwi ch whi-ehmearetheingairtals selepted drom fina sitver. bisrhety, copgen mickalsr leadThe

di el ectric adhesiv ayer | fi a partially cured B-stage resin,,.

referred to & %a"ﬁg%\'é’(j'.haéﬁ'ﬁu’%‘?ﬂﬂﬂmoﬁo%e@?vﬂbsrumerﬁdﬂ?§°F’§ﬁd8§|<',’wrbed

in qgrinted ghiQérinanitin @RIOMixturs6r Rlloys thereof. The surface obtained by this
process provides enhanced adhesion between the metal substrate and

polymeric materials applied to the surface of the metal substrate.

Background of the Invention

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

[NATE R
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5 Edition, Edited by C.F. Coonbs) Jr., MGawH |l, 1996, and in "Printed
Circuit Board Basics", Second Edition, by Mchael Flatt, MIIer-Freeman,
1992, theyb@aohispgs rel ating to PCB manufacture of both arecrmearpanat ed
herein by reference. Since the conductive |ayer with an untreated surface
does not bond well to the prepreg, various surface treatnents have been 10
devel oped to increase the bond strength bepween the |layers of the

mul tilayer PCB sandwich. Originally such treatnents consisted of oxidizing

(og U s plebis Wikl ahd oo s vy Tt i P iah Bl Wb e e
Copper - Oxi de. o B N P et ais Bl oo SO Eyer
96- 99) and t his ofteda bartiaihe cured Edstagd resind esfefradgto at)aPprepaggnProduction
boar ds ver & | BLEMIENBESH P SR ISTASERBRA TS FrIBEoR CiGHS HABHRSR Gouth
bl at 1 Bg. pr oceCaniun. £dd ByPE.£] Cetnse .. MeGHR A ogd, @it Bhificed

resul ting oxi @ércaitdBoasd Batics, dBedorenEaiitian, shy f lierashrRiatt] ddillee-Frddrian,
processing was typically done by dippi n%i i ndividual parts into solutions.
Thi s nethod ofl 992athacteaehings rehating el FGR mansifackieaf| hoth arenintamaretetd

eomonyoroed hbh Hyfetefdiiie, o B i B RGTIRIS ByRE Wik Bnr VitégFu urface
at nospheri ¢ ogy@grhot! I56WE SelPXb dPet Braptdl NfarloR@BUsiifscd RAdathines fha%et%é?{jed

(or be otherw se treated or stored to protect from atnospheric oxyg
witht@® a rel adevalbped tioincrease thie bpnd stiepgtlebetwbem thHsldyers of thenriultiiagérs o
adversely irrpﬁghz mapuf acturing tinme and costs. 30 Horizontal conveyorized
treat nent net sIAMISating pink ring (Arericus C. Vitale, "DuraBOND

Process Elim nat esfj ' ; / S i / / -3
Voi d Dot et o, | peogatialy, Richpdfidits coicipd o gRmang F ek AEEEE o,
storage tine fdth tfeatheynds such. as alkdlife dPddrétet sdllatiobs A€.3.4863. Paventbides.
devel oped. Such_ pet hods_ar i dely ,used, epploying,, e.g., a process
sequence conp?i%@ﬁggq:’?m%?fggc#:égi ﬁ"%%ﬂﬁﬁ&%rl é)(/@g time g'ﬁe srepimest iexplvesl
coup} &ng agen r of " } The A, PPéastt t
teacL%s t hat hié"@rr&rﬁ@%lgn&ﬁmna@%a ‘i r'fgdshe% ong@}’éabﬁtgj |ecri(2ﬁf’eff§p or mﬁ:g
direct bond behvesmtddnEireuitcBoardd”| flatingduaheve9dBaypp. 06-99) andpthey bxide
surface and a dielectric materjal. The organosilane coupling agent is

provi ded by thecamse saduerd axide’ deigut Yo FarephiNe. .64 ﬂrfﬂg-o Byhatilizations s
f the '456 incl f ) : : ; _
The surface Pt hedibBd 68 ed mibiPheyef iified WHindl BT 68 phdhark &

i croetched sprdisiem khowihas ppitierihgs pesarki ade o9 disdodvéd: adjacane toedrilleed”
i ncl udes cl eani ng and/or pretreating methods in which an anpunt of netal
equi @I ent t ohplessduring subspaveat thieugh balaplatinggyecessas. 20 hese methods

' i nches, | d t f t al b i -d
" whi ch, - af ¢ 801t AT pouttEh it wtdckes e et o Ris BN IndUel pEidk "
substanti al | yidda@@ent siRpdvdsnhfy FFagie! amheke\pr668s Wheanpiafl9ddsAd B/
and val l eys. The nethod for calculating the anount of netal renbved in an

et chi ng 20 pr dippiegiisdividual pantst ingo welutinns. o3bisomeshed efanaotfackure isoiota
iven area, whic rovi des, an, average ,0f the actual etch degth. This nethod
e a1y Candubire T SRS e B G Rl aetarelly PRYRrS comtinyAle

i ghgy mcro 5{&@ lohS BE TG ez oMRhIC drlzedt { Caki f ty
oxi d%if- hydr oxi E(Pa ay(lar{r’gatg?cpn’?r%r Sl or%?'a??ﬁgﬂdékzgamﬁi%?ﬁ“?gt r ergﬁlﬁsgl 9695 r;dootr)]t h.
25 Such net al psssibée as-axidatiorebyf athergpherict oxyganulraducedvoxides , traatnhenigh

some relatively isolated, angul ar-sided copper grains be exposed on the
ni croet ched s[RIWEES. tiﬂé F?}’eabm?&/djégrﬁg %qu%ﬁeéﬁgﬁﬁwé(t@. Ryotect
hori zontal co | g%@% : | farey ',mrgsr 1 tin
nor sil ane So?ﬁ\b%%:thnéﬁﬂéeﬁé%pr n%\?%léfﬁh*é&é@%%ﬁ%hﬁfﬂ sﬁpﬁggiel toszim
pol ymeri ¢ mat @8 Bburs), 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



has been taught (e.g., WO 961 17975, U. S. Patent No. 5,869,130, WO WO
02/ 0795a2 PCT/1B01/02901 ' -4 99/40764). These nethods rely on the

- resul ti ngg@uabnness and high irregularity of the surface frerimeghsni cal
enhancenment of adhesi on between the netal substrate and a polyneric

material, such as a prepreg. These nethods typically enploy a strong
“acid/oxidizing agent intergranular etching, 5 solution, such as a sulfuric
aci d/ hydrogen peroxi de solution, nodified™y the addition of an inhibitor

et v o Sttt L ECATRAl Wbl D, CBEbL) 553 ol
of The et al CPPHEY Sftrdbb ifine TP A ERROMEAE I HRBM NG BGTIURA bEIF
the presence pdarsie@slosédie Suchdaeshadarsahvidily usbd| empitng) BIE! 8pRobeSY

crevices, and may include a light coating of an oxide over the entire
surface. |n ssamperaecsonipsising umnoersiomdiruddating 4ddowiednhy amidrgenosilanseh

B ewener at | PG YT SRR T LT & Gre BRANISGLS SUIER, i FgB6 patent
5, 807, 493) a'@acnéQM%e%nh&wrggﬁwaﬁgstame Ar@qhs@fffaventq§teferm a direct

i ntergranul ar crevi ces as descri bed above but does not resu I'n an oxl de

uni form y ovesoridneetweéndthe elédtsicalty voddaotileysyernead.c ioppenhaurfsdy snbased
upon an organic acid having a pK8 of at |east 5) such as formc acid, wth
copper ion ardielestris maseiigh The opgannaiane geuplng ageahis Rrovideshby the ‘46éh 20

step is foll owed a desputting.ste . g. hydrochloric acid '"pickling).
Met hods for i PBgi%ﬁga 3@?‘\'@@%0&? ﬂpg:%&&l%ﬁc substrates to non- . conductive,
pol yyeri ¢ surfacesTRé ReBeshaye theclysgdpatepiti mdludus &f stélli feronad Bt

| ayers by el ectrodeposition, e.g., Luce et ai, U S Patent No. 4,260,449
and Sadey et migrogtchin@airewthiol the suufaceof thenanetsl is ariaflyl traatsl to form a

plating, e.g., Holtzman et .al . S, _Pat ent 4,882 202 d .Bokisa). U.S.
Pat ent No. 5,@5%’?'7%?‘& emécfrggf?lquf’eﬁ'_drzf'??'o_rln""\lg%@égi_ iﬂe&?ﬁ 'c_frfrp‘?‘&vt@é'lmpeel
strengths, butmiSetchBB” iRE1dBE EI8N¥NING 8RE/oY SpretreatingRrieth8ds Lihnwiki&s @Fs es
have not yiel ded peel strengths which are significantly better than the

above- descr i bardount ef predalléquivaeohialpsprtbese rmicrainabes, upaalyniessithan 20
4,882, 202 descri bes, many pri or t processes for, inproving.the bandin

Str el h bet vBHORHERols BUMSaElanEHiF Sumach Abfhs Woath OibtehsuRstipe shd
PCT/ 1 BO1/ 029G1 - 5o.nan- i j C Y l:e e the
prior art pr o'éeggh'ggécgﬁgggﬁ%s@cg%%t C |'naﬂétah§jr£€%ge'$ %“?E éér-#r"g%ﬁ' ﬁﬁ?ﬁ%
persul f at e orsubstantjelly freecd deep aitehgraghldr zeviz®8 anet stebpsdidéd sidgbatanan! v

slightly inproved bonding strengths were obtained as a result. The '202
pat ent descri Y&n inproved 5 inmmersion tin plating process which includes

both a thi ourea cOofReWtnBAGoRCHRIRIR Hod OFindiA¢aiidvEan ahfiichi?

patent states that 1ts process allows “coating of neta strates w

subsz@nt i al | yproeess ds Hasadi org theuvdeightilosst of a craipomeckastalof a giveataréhe
nmetal surface !such as by etching! to renove oil or netal oxides. However,
the ' 202 patwhich growdes as averageafythecactvaheirdedept. This mietbedds seereal | y

[ oves, e, ARG ¢SS0 Bugh. CSae R thichihd ToBURE 5 p, DBy °
rST;JIe:) i L?yer PGiscroetéhed]i Reetal Ssapfack | WHIDhS futilifates gppﬁémﬁ olgfovgdtipy a
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
miéroetched 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 86/17975, U.S. Patent No. 5,869,130, WO



applying a silane to inprove the bond strength between a netal substrate 15
and a | am nated non-conductive polyneric |ayer applied thereto. The present
i nvent or Sygay@rddiscovered that subsequent inmersion netal pEpigid2bdeat ment
of intergranular etched foils with an imersion plated netal provides an
unexpectedly significant increase in the peel strengths of 20 such foils
and that this invention can be utilized w _Khout significantly increasing
production costs. The present application discloses and clains the newy

di scovered’ net -<he pEesent inventi g0 LelgLes tq..a process for eating
a metal subst %g67§4)npp%h &, dRetiogs qup%nyti)@ ir%s"ﬂﬂpgrfqé‘lggmteﬁﬁrﬁ@% P‘
conpri sing tNgy ?Flﬁpéf e EDFfﬁESW&nme%haﬁkﬁhéﬂg?ﬁcé#éﬁta&@a&ieél&? bB'F\R/@lan
substrate; and applying an immersion plated netal to the intergranular

et ched surf acehbymamtﬂ)stgatbhmctm palyenenic amatieniat;r sucin apl @ipreypregonTdeisbi on

conpri sing one or nore Etl ng nmetals selected fromtin, silver, bisnuth,
copper, ni ckelme@@dﬁéﬁﬁ'ca Y RNPIPK A $HiPNg AFiddexidiaing, paentinteragenwar esetingm

ol at o8 et al - SentoggybyshtRof SEE BEBYHiiqghn Bof RS G bt REDe "

the process f y4ui§dn %@rmf irftfiBitar SUER & béﬁiBtYI'aESIea(o?' Hefrdt@doefc%ﬁbgﬁgs) and

i mer si on plated netal from an aqueous solution of a silane
enbodi nent, t lo¢her additiged, sudieas quatarnarysaranmgirepmothlardde surigctaretsi sodiusnon

T oo e o0 P Sc P ShiDe BB SRSHSAda B o™
e s ™ LB AVEA R oGRS LD ) e
proc&es opti ochbhtactergedoby ftbé lppesahceyoft steapmadﬂd ridges and valleysrandiot deeps
intergranular crevices, and may include a light coating of an oxide over the
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 infergranular 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



10 from aqueous solution. As a result, inproved adhesion of polyneric
materials to the conductive netal foil, e.g., copper foil used in, e.g.,

- PCB | amWwete®79%ty be attai ned, conpared to foils made byPpTdB)ige01
processes. Fig. 1 is a photom crograph of the drum side of a copper foil.
15 Fig. 2 is a photom crograph of a copper foil mcroetchad with sulfutic
"acid/peroxide. Fig. 3 is a photom crograpfg of a copper foil m croetched
wi t h potassi um peroxy nonosulfate. Fig. 4 1s a photom crograph of a copper

foil intergr I ' 20_an i nterqaranyl ar, et chi conposi ti on

colrrpr: si nggs%ﬁ%‘ﬁ;@g{@%wyh}%gégﬂy%reém'i%gg‘%ﬁ@om%’\opgbgﬁﬂwgpﬁhéﬁ?ﬁ?e,

\ q ol O ot ; ! ;

copper 1 or 1 eeeribed MmO Rting M6 LobBlr whitdamimdril® B RLAMCS I ABEe o

conpri sing spetaxide, althalgh-the @0R)paters spates thateonlpesiightly impedvediishdingi um
chloride, in accordance with the present invention. Fig. 6 is a

phot oni cr ogr &HPNGLhe, Wese shitaingd jas; & resull: ahle 2202 petent &acnlban animprgvadul ar
t o A o . hori formic acid and .

chi o de. 1 ninieSbo B BIaehid B85 el G G ¥ ied Bt and ™

PCT/ 1B01/ 029@Qlured. cdiapeuhd @s Britk adeiitivaia. Thige NZOD @lsertt sthltss ﬂfa?éﬁ‘;%rocess

i nvention provide printed circuit boards (PCBs) having inprove hesi on
bet ween t he @Hows cagting off metal cabsiates avith substandialiyems preqeiearing, and -

non- conduct i olyneric portiqns of the P by, 5 pl.ying a praqcess for
treating a m\gﬁgﬁ Ptsﬁ)t/)'g?tr B?QQT%"Y rgeat Qﬁq(%ghs‘t'%@f’ﬁﬁg”?ﬁ aﬁ%ﬂ/ﬁ&?h'eg) to
materials, c N f el efHY ety ' t e of
t he net al suggﬁdg'?eéw\?\; ?‘ﬁe%‘n%?%tegi g'(r-lgﬁvuél\%?' {e'ﬁ:hl ngﬁc%gén%gﬁsa?lgggrﬁ}%gw %%?
appll@i ng an ienidensiedhapitatprdcess attually ifnprovesethgrpoulistrengthshetiPSBs fragde by

I rer sing the .@gjr.face In an imersiqn platipng conposition 10 conprising one

or nore plati h@t%’l°§°§%'l g cegRarg .tBrFE'Bd?” plating netals selected
bl ati num gol d. . cxties nevont RREBrY28 YK Bracrltelly plcats 1o iHia flitEebn.
enbodi ment t REBsymckidimg @ stepd ofidirghedstor infetal plating followed by a step of
applying a silane to improve the bond strength between a metal substrate
15 and a laminated- non-conductive polymeric layer applied thereto.
Summary of the Invention
The present inventors have discovered that subsequent immersion
metal plating treatment of intergranular etched foils with an immersion plated
metal provides an unexpectedly significant increase in the peel strengths of
20 such foils and that this invention can be utilized without significantly
increasing production costs. The present application discloses and claims
the newly discovered methods.
The present invention relates to a process for treating a metal
substrate to improve adhesion of polymeric materials 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



Vari ous processes for obtaining an intergranul ar etched surface on a 15
nmetal foil and for applying imersion plated netal |ayers to netal foils
are knownywol@7pesent invention incorporates suitabl e intecaynanridr®n
etching steps and i mrersion plating steps. These steps nmay optionally be
fol |l owed~ by application of a silane, preferably from an aqueous sol ution
of at |least one silane. In general, the process of the present invention
results in a netal foil 20 having significantly inproved adhesion to

non- conducti ve, pol yneric éﬁ%er s, as discl osed, herei nbel ow. The netal foil
produced by t A phegBAEMBRARMENSNthaRrosEss dWEPeHCORPEIFER aastamnOtaPRINING Be

For treat i ng. alen sl "B LAHe:pRnHRBEIER dn'Afadodil 2bfohala AR I,
be sel ect ed f nRMBRS eRtadirieht! thiopreides! RitthdrFIdTRpris@0@ Sep ®f AROMNY the

resins) one or nore polyimdes, one or nore polycyanate esters, one Or nore
but adi ene t er emimérsicnt natekplated surface tarasurface jof sepolymericononicondkntive
nonconductive | am n:i\ti ng materials. In a preferred enbodi nent, the nethod
is caPried outM@¥®ri@lcontinuous 30 process, such as on horizontal,

conveyori zed, prod i 'm&n J oTef- e cald i ate
with a continuous (Lzlgtﬁbfeggg{r’é |CE@E€@SQQ%Q§%Q?§}§_ _ Pé@?féé@ gyﬁlzggﬁli es
sheets or pangrscedsimghtdthbds lis ingfoved| ntreating the inmghgrahalapreeche sarface

process. In such continuous processes, the netal foil rra{q{f avorably nove in

a general |y h&fi thenragtaliisubstiath ikhian pnmeseipn platedgnetale Fhisctreatment; s

of course, not necessarl. .0V i h r 0 te in 5
cont i nuous fa?ﬁPSﬁs%Pgi'éQ%ﬁY hgaeynggafﬁ%\g%? %\%eaft%%g?ﬁgfrfﬁzso ft gfhﬂqrgesélﬁpgﬁ,
but sgch is gepshalaquedus! S8ILEENS OTASWIirasER, iBPr6Ped Gdhebivh Rsfe pelimeric

invention particularly lends itself to such horizontal, conveyorized

processi ng. Timaterale toithej eonducsiveumetalffoilh 6.9 eopper ifail aisedon, kgt REB

di scl osed process allows for_ and st _beneficially i sed i.n conti nuous
processes | n JAPEIRLERCTRY HRednned; FOmBRRER 1 RUR tuase,BY BLeYRUE BOESTHAS; e
production lines in a general IMM&@%@D@e copper foils used
with this invention are nade using one of two technli ques. Wought or rolled
copper foil is prodiged iby pretoamicoegraphrafdbei drgm sislet of alcopper d6il.a copper

| trd, . t b 15 h L1ing. . -
Bl eclPodeposi ted cdie? ¥ giRNarenieRaialtohs soreal fell fFrlosrehediiitysuiivc
copper ions oggﬁ/bér&giagg cat hode drum and then peeling the deposited foil
e.

fromthe catho ectrodeposited copper or copper-all OY foils are

especi al |y useful figh 3 hissai pbhetarmisnognagphaoé aresrparefoil Foidroetshedemdtls
ot her than cop@&gr rrax.hge r oduced B% simlar) known processes. 20 Wen the
metal subst r atRALASFIHTLRPLAXY: BONOSUIALR, { ypical |y have nominal thi cknesses
rangi ng from about Eg5448a! shtBRtiErogPabti6fa YopRr Foil Frﬁ'e}%ﬁahhﬁfrlﬁéﬁed Hich
particul arly copper ?0|I t hi ckness, “may be expressed in terns of weight and
typi @8l | y t he droiihtergfanuter ptakimgtcampesitiooncommpeising gbtfarior acidj dipdesgers
ranging fromabout, 1 /8 to about 14 ounces per, square, foot 25 (oz/ftz).
Especi al | y usdflipxigeppad #ohiteo e’t‘?lo%-@fe%ﬁ’??'n{j" %Pgﬁi@%r With the presant
oz/ft2. Such qﬁ\t,gﬁ&gpl | s may be provided in various panel sizes, such as
18" x 24", 12" X té ‘or 20" by 26". Each panel generally conprises a
plurality of secti gng. 54eaahpldtomicograph bf e\coppeslfoiy intecgranular stoigdd with

conductive layer 30 of a PCB. . . . ]
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.



- WO t12111795-42 PCT/1B01/02901 _g_ (A) | NTERGRANULAR ETCH NG A nunber of

I ntergranul ar etching processes are known, and any process which results in
. an intergv@oyhdeset ched surface as defined herein is suitapderdRfsse Wth
the 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/orpfeep I ntergranul ar crevices. At

| east a portion of the intergranular creviCes have an aspect ratio, i.e.,
the ratio of crevice depth to crevigce w dth, qf at |east about 1. The
aspect ratios of the intergranul ar scussed in nore detail 10

e Ot e 2a5L. 2 PRetathcds b ehd YR AAVLAMIof HRELERTIALE GrdlRPbBaRls

| east about 1 m cron. e Intergra ocesses 0 e presen

i nventi on renfRCBs)dmvivg irapeoveid sdhestirubeRbedn tHeoirehldayéi0o BRIt oRdctive
m croinches (yin; 1 din ~ 254 nm= 0.0254 ~cm 1 ~cm= 39.4 ,um of netal

from the surféiteuibplamentsaand thapapcanductive. pelyRrric pertitnseofiths REBLHWY he
anou of nmetal ,renoved is proyided bel ow, | 0 enbodi nent.s, . th

i nt ep%r anul ar RRIHEA E&?e’aﬁ?g o?gre%ﬁograeraeg\é} sé'BFﬁF{?E'FQa%PchP qf}é\egprb&]ed%t_o
When present, vinory a ki | 4%l ' By 0

t he dgpt h of ﬁ]gsli rregurgt???g'sb?ﬁépﬁ@gsﬁhre fﬁ%% grqbzéﬁt%q}gﬁﬁ*agﬁm%ﬁeayer
of netal oxi deurfiase af ttheaketal ssutstgite,gwirhoan diengrahuliiBetehing cobpdsifton,m

I n one 20 enbodi m?BEt, the metal oxide has a thickness in the range from
about 0. 008~c8Rq dBALRRRIYPGENNMMMErsine Riatashimetsl to; the inteseranuian etchsdched

foil is subst Lal [y, fi X} ver,. | : .ment . referred
to herein as ?ﬂgb%eqyoilﬁﬁﬁfgsj ﬁh?é@%@ﬁ@%’”ﬁﬁ%}%ﬁ%ﬁpg ,\E)d_mposﬁlon
fi, OB®, 758), ¢drappisiiEohePsOARTS platihy tastats 8blottéd fimidHeE bBnidvel Blating
etching which is carried out with an intergranular etching conposition,

conpri si ng f rogtalpselected fromdimilyer.shisgmithy aeppen nickelxiead, ame, andivm,0. 1
gll to about .J _of . mat i sulfonic acid or a salt .thereof, such as
sodi um m ni tréo%g%ﬂéw_é gﬁh%t eg’b@hegﬁ%?"b‘f{f‘def%t PR c ??ﬂ%f'gr%ﬁl}lrﬁr and
et chi ng conpagerma&iui® #0 oRBURABEdIRMALItheInfthedtbrl PRat¥d rhetst i$pRPONents. In
one enbodi nent, the aromatic groups of the sulfonic acid or salt thereof

are carbocyclic riMggous prapessesrfosabsainingran intevg adrl0 7ashad ROTacBOd @2901
-10 i . f oni i ds. b | f oni ids, | t

ot ment - RSl it Tof AbBITY TRPREAER PRt oL v s iR iSrAes
napht hal ene SkHdWRi, C TG Boseht iMEHIMY iIBPOSHEN SuithBR MterEthhlaP WrERRGC

acids are substituted by one or nore substituents, e.g., substituents -
sel ected 5 fregpsiandoimmeion plating stgps., Theserstems-n&ly aptighally bedoll¢@edl
al koxy and other substituents. |n apother. enbodi nent. the.aropatic groups
may carry o.neb‘.é)f"lp ¥ '%h?fSﬁfﬁE"%{cﬁfapedP@Mpf&?mm 391‘6‘?%5‘8%6‘3#’55“9,35&983
sul foni ¢ aci dsilaher INNGERREL, tAE plodedsiof thE (RBSertTROEH B tesiifiSinSAldetalPiof
alkali metal salts. I'n one enbodinment, the salt 1s the sodiumsalt. 1n one
enbdf nent, thavieglsignificantly dmpdoved adinegionhe moereosdudtive polymiatic layers,
particularly in form of i lumsalt, In other enbodi nents, the

sul foni ¢ aci d® F’%‘;?qs_ﬁél rl‘Rfé""_P,e S"M1S siie Bt f&ﬂiﬂioﬁ‘ﬁ%ﬁd by the present invention
DaP T Rober; B4 SRS B b oA PO e ASHY i B

subsequent to the steps described herein for treating the metal substrate.

The polymeric non-conductive material may be selected from

25 polytetrafluoroethylene (PTFE), one or more epoxy resins, onel or more

polyimides, one or more polycyanate esters, one or more butadiene

terephthalate resins, or mixtures of these, and to other known non-

conductive laminating materials.
In a preferred embodiment, the method is carried out in a continuous
30 process, such as on horizontal, conveyorized, production' lines. Such

continuous processes typically operate with a continuous conveyor which



15 I'n one enbodi ment of the peroxide/sulfonic intergranular etching
conposi tion, the sulfonic acid is present in the conposition of the

per oxi dehgght/eke enbodi nent at a concentration of |ess thp@r/ﬁﬂ,lgbjm In
anot her enbodi nent, the sulfonic acid. is present fromabout 0.1 gh

about 50 gll. In anot her enbodi ment, the sulfonic acid is present from
about 50 20 g/I to about 100 g/l. In anot hgr enbodi nent, the sulfonic acid
is present fromabout 1 to about 20 gll. In another enbodi nment, the

the per ox de/ ST 11iodth ch PRt netalahi AB8 KL 1hBufe e Suditng ST ©
agent i s hydr ggedbsaer |pxéutth cbﬂtlﬁ&&ﬁ’s’ p?o‘%egamdﬂﬁ@me%m itd'uemwﬁvsnfbw%s’@\%

may be ferric nitrate, ferric sulfate, sodiumpersulfate, etc.

oxi di zi ng ageirt algaar@eaib,r Iabhg/orpﬂabdﬂractwrm asht poocgEusi througlatthetprhcess itis,
concentration as to produce a conversjon of the copper surface froma
subst ant i al | yo§ fsiiraes DPt fecessary &Bbf’dﬁwﬁ?'?? that hgr BFaAess enerptey in a

oresoht i n 1 ngoROAKER PHesiEEy thaf rECBREREIMnBYe b A NP GERR) HRERRF but

enbodi ment, t Bfch lmeﬂafﬂﬁlgér‘é?euéé far Bﬁﬁ?ﬂe@ﬂﬂ\b(}%ggénﬁlyqfr@ﬁfbs@ﬁi PSR

present in the range from about to about g/l. In another enbodi nent,
t he hydrogen partioulandy i Iaa@sestmlf fuoomtabmrtorROngaI t comveyarized0 pybtessing.

ther embodient, he.h d th f
About 15 g/ | THSHRIBIR s §Featees of T Brasont InVRHor hqtrr@ep@ﬁé?e? € RLaFTshi o

i ntergranul ar 8%\&%'\‘8%68%‘ Berfeticidilfgs QQHH%béhﬂﬁudS@é’ SE@& in WhidHighen

i norgani c aci d. sui tabl e i norganic acid may be ut| | ze I n one
enbotiOnent ) t hestat ifdll ibeing | drocess exk imbvesn oanceanaydirizedt piaduchioohlinés in a
inorganic acid is sulfuric acid, the acid is present in the conposition at
a concentrati SﬁnPr@BMﬂW&ﬂ” PIFFIAN-t 0 about 200 g/I. In anot her

enbodi ment, the SUIrthrc%of?p%?'fghé ﬁsgﬁ%@qtth%tm@?ﬁﬁaﬁed? Rhd& Dshrl &é‘?@‘f&vozo

g/l to about 150 anot enbo e acid 1s pres

concentrati ontécrmﬂuabaut WhGught droralladutoppér gahl .slmoaaoédn&ry endehkiniedity t he
acid is present at a concentration of about 75 I n one enbodi nent of

the peroxi de/ SAycHng the thigkngss R %P°@??,’I”H'n‘b°pf’§"@3ﬂ5(§§'i'? OB INGtRY 8 HIPST i on

I b t
uni choar e congidh anal - LElfipgPebRRcs Eoppel o1 K otdtilicsti by RIBERNICHR,
tetrazol es andepositiagotesperaiothsnon tal retatinigecathiodel drmneam:h‘nbdm rpgelingt th

corrosion inhibitor is benzotriazole. Ln an enbodi ment in which the
corrosi on i nhAppegited toilfsamdiheicatbede. Elestrodepesitecheorner sy qu@ﬁéahowévi%e

in the range EF?O@Fﬁg&g hy hisBful WRnAR th%RtlgHand 4 PReFaRedS"ES BF Metals®

concentration®o Y F8sion " nh|
other than copper may be produced by similar, known processes.

20 When the metal substrates are metal foils, they typically have nominal
thicknesses ranging from about 2.5 um to about 500 um or more. Foil
thickness, and particularly copper foil thickness, may be expressed in terms
of weight and typically the foils of the present invention have weights or
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 1/2, 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 28". Each panel generally comprises a plurality
of sections, each of which will eventually become a single conductive layer

30 of a PCB.



than about 10 g/1. In another enbodi ment, the concentration of the
corrosion inhibitor is less than about 5 g/I. In another enbodi nent, the
- concent r w0 @792t he corrosion inhibitor is | ess than abouwtctsbi/gion: | n
anot her 25 enbodi nment, the concentration is about 0.4 g/I. One enbodi nent
of the peroxide/sulfonic intergranular etching conposition contains no
-conponents other than water, the oxidizing.agent, an inorganic acid, the
corrosion inhibitor and the sul fonic aci d or salt thereof. In particular,

it is unnece ry N;réﬁ‘?h;&% a}AﬁLg in the conposition. 30 The anount
rom a ' '

of netal rerm d IS 1n e range Ieast 40 din to about 120 ~cin.

The surface of theA”ﬁuﬁibe‘i%iﬁtéP%anﬁ@r'%ﬂ@ pPRbCasBeaNareaknowW vd RS- L2
PCT/ 1 B01/ 02901 -12 etching with t per oxi de/sul foni ¢ enbodi ment, is

char act eri zedprogesshavhick sesidts iof an intergreanlar atchadesurface asaal!eiuhedmerede'd;

ri dges and val |l eys, when exa g1ned by el ectron m %_rosco pe., I n anot her
enmbodi nent ( Buitable fah USROVItH e7PrEsent Invantioneq THySp angiitabie Rterg@nuaryr i c

hl ord de embog) h d | hi
Whi otP 15 car el sta fesRiiS i oo JRERIT T HetiE # CuRBhEIFP8eL ofFrdng”
(a) a cupric drsyaa@véﬁ&e@by(twa pﬂéséﬁ&’i&f Stedpldided Filged aRgiod dé'eésaﬁﬁér drieifar

constant (pKa) of 5 or lower, (c) a halide ion source, and (d) water. This
i nt ergranul archVthSngA{trlaoatss ml'tlolm Qf éh@odﬁammmuﬁycwe:easham ahOaspexti c

i on source one ,or ounds d froma cu C of an organic
o et O BtiRo e the 208 S rbuiRB e ol HRVCY, il ofoal lasdt showtl €
acid of the criy iacpedt Péti&ieof f“@h&@?qg‘dhﬁfar@ré\hbéﬁ a0 W5 Tn n‘(‘@r‘eca fias an
acid di ssoci ati on const ant | ower is one or nore acid ?

seleded fr orbeﬂowm d\teieaelt aammm afcthl ingergraoulac crevides haveua depth adfiat,
val eric acid, roic acig acr ic acid, c¢rotoni.c acid, iso- ﬁcrotonlc aci d,

oxal i ¢ acid, 'Prﬁ? apeut, di micronc ¢ I'i’rec'né@'igﬂa" pruetanieg Rregessesi of the present
pimelic aci d {.alugregfgqo} mmw%@%m BBbORIIE rﬁ%kéir?ﬁéé‘%@b%&ﬂc‘léo

gl ycolic aci d malic a citric acid
~3-chl or opr opntmbmmsd(mn; Chtuini < 28c4 chmascOrdR B4 aangd 1 jayd=038.4piuvipldfc
acid and Ievullnlc acid. In one 20 enbodinent, the_ acid js formc acid, and

in anot her ermatal e thesuiface ofsthecmetal sybstrata., Thematbedifapdeteraiaingci d
I's ggnxture @b 108,96 of RfbthiYeriRdiisFrodited below. In some embodiments, the

intergranular etched surface is covered by a thin layer of metal oxide. When
present, the layer of metal oxide is relatively thin as compared to the depth
of the irregularities in the surface of the metal foil. The layer of metal oxide
has a thickness ranging from about 0.008um to about 2um. In one
20 embodiment, the metal oxide has a thickness in the range from about
0.008um to about 0.08um. In one embodiment, the intergranular etched foil
is substantially free of an oxide layer.
In one embodiment, referred to herein as the “peroxide/sulfonic”
embodiment (U.S. Patent No. 6,036,758), the present process includes a
25 step of intergranular etching which is carried out with an intergranular
etching composition comprising from about 5 g/l to about 50 g/l hydrogen
peroxide and about 0.1 g/l to about 50 g/l of an aromatic sulfonic acid or a
salt thereof, such as sodium m-nitrobenzene sulfonate. The
.peroxide/sulfonic intergranular etching composition is an aqueous solution of
30 the various components. in one embodiment, the aromatic groups of the

sulfonic acid or salt thereof are carbocyclic rings. In another embodiment,



The amobunt of organic acid in one enbodinent of the cupric chloride

i ntergranul ar etching conposition is preferably in the range of about 0.1
25 to abowp 0309y wei ght of the conposition (hereinafter srmpByi/ingi cated.
as "% 1. In one enbodinent, the anmount of organic acid is in the range from
about 2% to about 20% In one enbodi nent) the anmount of organic acid is in
the range from about 5%to about 10r6. Haljgle 'ions used in the cupric
chloride intergranular etching 30 conposition assist the dissolving of the

ahest vencss S Sl BHABHE' s er BBt @i5TeCobidin ] Bhodiothes

enbodi ment, t gadiim@At] fHe SRWAR éﬂf&ﬂ@,a@id%&ft&%?ﬁ%@@??nﬁgﬁ%tﬁﬁhf5§’m

hydrochl ori ¢ acid, hydrobrom ¢ acid) sodium chloride, cal ori de,
pot assi um chl oaptehalenasuilfomic atidsi de, apoethes smivodineritdthe apppaticdulfanice,
copper bromide, zinc chloride, iron chloride, and tin bromde. O these,
the 5 copper @RidsrarasubsHtWed hyrong ehimase sHbstiiuents (@) siibstituanis selested s

. bot h el . . ) . oh
Phe cBncent raftean PiFe-cfydiBRv  BRloud HerdS iob ke QbREE (Cal rBORE Bppihatist o
the stoi chi omglpigtuentsd.0 IPbnbtir enitiddimanl] e aromaRY gRAIPRARET TRy drid or
conbi ne sources of cupric ion and halide ion. The anount of halide ion in

t he cupric 10moreosulfenicnacidggroupsar Iretantather eomudimentn thersudfonicl abids ésl - on
the weight of the halide jon, is in the range of about, 0,01 %tqg about 20%
by el ght  of PHEPRTEASAFEIol oTR sorkodiisnh fiertaits Ne alkellmetdhedtsr | Beondn
I's in the rangg,iddifentOte saftois haddium’balt!Nth SN dribbaitn&IRty thE stffgRfy/Nd

used in the cupric chloride 15 I ntergranul ar etching conposition functions
as ahOoxi di zi agichigent-nitoolmerizéneesutieinid acil) gartisulaokypiar ther farive of iitsesodibim use

f th i i d th i di zi t [ ts | th

i nt er gr anl ar SBitohim GRS FBEPHIeNRahnsUepia AcSmavUnsluds; Lii-HisulfReic

surface of thscmﬁg dﬁmﬁgn@ﬁeﬁ,ssg- ﬁgunmcda%ga.h IR tHesbeHbBGIMerRS, these
ne enbodi ment, 0 p ce

produced. In O the 20 cont ent the cupric 1on sour
conmpounds i n abiis miagr ipe presdeant intthei flogncofrplkali tmetal Glaltshirs partimdamsodium n
terms of the anpunt of netallic copper, is about 0.01 %to about 20% by
wei ght of theS88fposition. In another enbodinent, the amount of copper is,

fro bout 0,1 to a 109 : t e j: : f is
from Sbout 2 to aboll 5, SutbecmRE e FRRAEEIRLIGHRE iighutahythr GIBRRR '
cupric chl ori dempusitign artheasufoniti gid cisp peesentn imashedecdmpaositiohedf witien

additives such as an organic acid salt of sodium potassium or _ammmoniumto

reduce fluct uRerexdesuliaaipamhediment it a mancsnHakon: obless tyn Oaghentn . a
compl exi ng ag%ﬂ%}ﬁa&%ﬁ?@?iﬁﬁﬂl ClHC Seid i HrdbdiS: 78N J8dUR0.3BPH bout

nonoet hanol am née anol am he, rie anm ne,

N- et hyl di et h&moganiinaridthenpmbodirnbat, théGWfdid atidis presBRT floRd bbedd 8D
solution stability of copper; and various other known additives for such

conpd8i ti ons. gfhto ahewht G oftet W anethey @mbaedimentnthe suifenic asidds present 25
chn o, 200Ut Yoo dtdln B AR gt rdBRr e e B e i
char act eri zed ppysdnft§rom about 1 to about 10 g/l.
In one embodiment of the peroxido/sulfonic intergranular etching
composition, the oxidizing agent is h.ydrogen 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



presence of intergranular crevices and steep-sided ridges and vall eys, when
exam ned by el ectron m croscope. |In another enbodinent 11U S. Patent No.

- 5,869, 13@p,02re$xagred to herein as the "inhlbitorl chlori de'rcenbBodio®int , the
i ntergranul ar etching 10 conposition of the present invention conprises (a)
an oxidizer; (b) an acid; 1cl a corrosion inhibitor; and 1d) a source of
“halide ions. The intergranular etching cqqposition of this enbodi nent may
al so include a water sol uble polynmer. In one enbodi nent of the

i nhi bitor/ch j i J i C L1 DR, ¢l hei zer i s
sel ected fr oh’?‘ﬁﬂﬁggar%gk%ﬁgﬁs@%wg{ @*ﬁ?}%&eﬁ%’g?%ﬁ‘ﬁg tgnéﬁ%@?%glﬁgt (Iai In
one enbodi MeghdtHeh @nAUHiIRIENE AEHeORy dtogbh Hepekilb 3€ prégerit fpoRnadtsulit @Otgﬂl fbout
60 grans per liter Ig/l1)) In one enbodi ment, the concentration of the
oxi di zer is aboum H00wW/. 1B gnhotheo ealtmdim@dt gthe hdrdgenoperoxideoisi pressnbin t he
i nhi bitor/chloride intergyanul %r ?tchi ng E&j{ggsi tion, the acid is any acid
which is st atherange ffemabeut 15 9/1 5o &brbt di ment of the intergranul ar
et ching conposi tign,. th s Al ' an ' of

$ g conp ! ocrf]e entfddimient SofMtAE t;ﬂéroﬁfde‘?sulk@m@ E’ft?fﬁraﬁﬂ?&?déﬁﬁ%g oh

the Tntergranul ar "etchi ng conposition, e acidis as I C aci

one enbodi meggmplositich,i thiel &6 mpobsitidromayefurther ipchute an indrdanie agRITP Ay i on,
the acid is present in a concentration in the range fromabout 5 g/l to
about 360 g/ suitableadinorgmnic aagiddnewrie sttiligad. | kit engr emblodiment hthey acid is

7051 o ansuitera 8o | ™ SLSHHIIBRE ERHFL AL FGebE B08 6 SRRy it
I's believed {{iaheidighraBent i e %mggsumnaﬂ 8 con@eM trationSFrbmt S5 LiP0 ! I

etching conpositions, it W112/0795-t2 PCT/1B01/ 02901 -15 effectively
reabds with tdabout 200 grlf almeanathieo embodimentcthe, sulfuriplasid isapegsent tatias

bel i d that th i i nhi kit tri to, the . | afit f

the. resul { | nEOREANERIEN BoRE ebpit 303 56 bkt JRE B .ot Belinahty ng

of some are e%#'i?p‘i‘@&?\t%@b%&?ﬁpﬁ%‘ﬁdﬁohﬁ B6REE0 J/PRS absPT 86 &1, Sfh bY
he "corrosion I nhibitor my %

the 5 inhibitor. e one or nore of triazoles,
benzot ri azol asothieetenatzadirmnti the dacid is presean At ra daxcsntsatiord ofiabbut @6 ofl. t he
foregoing. The concentration, of the corrosiop inhibitor in the o

i nhi bi tor/chl ori din iqneeﬁg?%ﬂﬂlmﬂte?fcﬁﬁﬂgp%'am%w fopicninseraraRwar rtehiibur 1
g/ l4&0 about : . -%p?@g' t CER{Hik@kd on

cor}%si on mﬁlg%lptjog}@érls' F*%m@g}@g%ﬁg o/l !t'lggﬂb%u%&“le%ﬁgﬁ I &m'll'%'g&ls'ours‘(‘g'ietag))*lae

hal i de i ons torrbsieniinhibitotarectioseivikichrdre conaaotiamalbt usechfprahispmapbsen may
be any conpound whi ch woul d provide halide igns,in the trix of the

adhesi on- pr oBSEMRILSCHFIS ‘t"i"’gﬁl.esl tetsarolenBad imidazoles,and mixtures thereof.

| nhi bitor/ chidrige LiBuphant! 3he CEEHLERAC IMBHCH RN bdliSeiaIIee Ofh I | de
ions is one or nore alkaline'earth salts such as sodi um chl oride or

pot assi um chbaiboditmepxolival wgish sthé adrsibruninHibicsrat 8 depotdasdlem the
chlorate, or halide bearing mneral acids such as hydrochloric acid. In
ano@er enboapnesntrationthergaf mavdpe utheeanasnirom abputd dhteabaut 26hg/li o

he adhesi on; ' itiaon : ' f. f
hati de tona T afRENGr EmBBaRAGRE the (chconiBuBRICEMHY EbirBoflinhliic33H166s °
based on t hethaH i 4lsoiiton OC @it enth, aRB¥hdrasgbodimengbohé coridendkiAitn 290the

mlligrams per liter (ng/l). In one enbodinent, the concentration of halide
ions is froncagesion hibitebisiiessothan ageut 5 g/lontn amedhemembodiment, the

i nhi bitor/chloride int | et chi oL ] : i t
sol ubl e pol yrareesreter aP oo RbrShantBile” WSS ehe? BrRED. LB B AfbtRer
oxi 8ls- propy | gafhdififdhit CARPEYAEIrratis keabiieo ghycol s, pol ypropyl ene
glycol s, polyvinyl alcohols, and m xtures of the 30 foregoing.

02/ () 79S- 12 PCT/ | BiHg Ograbadimeritc dfhehampenaxidé/suifoalc riabengeahular i etchirg
range fromat least 40 ,uin to about 120 ,uin. The surface of the netal
substrate, fEPMAGSHPLN AORIANSHARCYMPONents 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 win to

about 120 win. The surface of the metal substrate, following intergranular



etching with the inhibitor/chloride intergranular etching conposition, is
characterized by the presence of intergranular crevices and steep-sided
ri dges 5vapd2nakirys, when exam ned by el ectron m croscoperCT/IB0@02901
errbodi ment (US 5, 800, 859-W) 961 19097), referred to herein as the
“inhibitor/surfactant” enbodinent, the process includes a step of
intergranul ar etching which is carried ou 2vm th an. intergranular etching
conposi tion conprising 10 0.1 to 20% by wei'ght hydrogen peroxide, an

d hi b d f
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per oxi de by onposition. In one enbodi nent, the hydrogen
peroxide is péﬁ@ﬂh’tecﬁbyalmmmlcmsoopeof at least 1.0% In another
enbodi nent, the concentration of hydro&ﬁn peroxide is no_greater than 20%

I n anot her enbodi nhtanother egmedh SofPatent Jden 58P 43R i kefersedoto

Pyar daen per oRPLD 28 Wy eRECsIBHdR BoBb AT 1B, BERESRINANEE ngrom of
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enbodi nment , |he concentration of hydrogen peroxide is in the range from
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acid is sel ec?@ﬂ $’~F%ﬂ%‘ ﬁ‘Pﬂﬁt?Et Qg{"ﬂ °r}$ﬁ BF el ag‘l?} gem ROYEPy "%?

m xtures ther St

The concentra h'g%(??%ﬂg Lﬁ%‘."%ﬁ%? urfaéfgﬁ{ﬂolﬁhr?g?t;wagm%efasaﬂiéj
et chimg corrpoemﬁric)nm soweaana drymatre IceaaiOLmid(n)tse]ﬁ%UWanBlagbmpm stlhef an

conposition. In one enbodi nent the concentration of acid  is, at, | east about
" WD 02/ 079549rga0ie gaish /cupaig ichlandeosupiic Rremine ardsogricdndroxide.

concentration of agpd iGsahic! G4 8POWe %pric chloride intergranular etching

composition, which has an acid dissociation constant (pKa) of 5 or lower, is
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 embodirment, 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



Generally the concentration of acid in the conposition will be no greater

t han about 50% | n another enbodi nent the concentration of acid is no

- greater twaonyebewt 30% |n another enbodi nent the concent ret¢t/muioivoacid is
no 5 greater than about 20% The corrosion inhibitor in the

I nhi bitor/surfactant intergranular etching conposition is usually one or
"nmore selected fromtriazole, tetrazole anda.m dazole, and m xtures thereof.
I n one enbodi ment, the corrosion inhibitor is a triazole. In another

enbodi nent, t ; | WiR: i [ e '

Sui tabl e subsgﬁbf?g‘rrlﬁ‘gmaﬁge’%Pgéé'g%%‘l’%eqﬁ}@%élrﬁg'}e %@g?ﬁfﬂéﬁ%@b%{# ity
enbodi nent, t REdRRIHIOSE Odtil NNyeirbiYorhie BEidS esddium Ichtoridd)i SalERIn SeHIbAgeANt
i ntergranul ar etching conposition in an anmount of at |east 0.0001 % by

wei ght of t hepotassasntchioridd, mnamoniven cklobidd; petassiurhdremides copper eilbkideor
I's present at a concentration qf at |east 0.0005%, ILn 15 anot her

embodi ment, t AEPRYT PIEENIGA. FiNGi ‘g'll?" 8j 'Eo'bPBEOéHe'éﬂ"dat"(‘,&ﬁ%'@ff['eraﬁ?éﬁeﬁ?' the

| te0.1 % . ' L, | Iy Rt it ' t
conaeht 7 at  ont BPPHCPABAE BAG ARy brbRiu are Brof@fheld] Hite flosb 3aRie3i8tiad't @
inhibitor is ppets@Ad @ipric (emaedt that helidefon.noHowsdven, i tasdéseienahich, thde

corrosion inhibitor will be present in the conposition in an anount no
greater 20 thapncentration sfcrursic vmerd haldg iomare slesiied da beatharthan the

i f han 10%. | | mbodi ,
Phe” cor rosi onStaiRrErogre: el of3nd SRYE noRRE it by b BPCHELy TRCGEHRIY |
anot her enbodLggiies 6frfu;ﬁﬁf foPSArRhaIY Bht OThé S ARESH h#tidioRGR BB duirion

of less than 1 % 25 The surfactant is preferably a cationic surfactant,
usual®y an anchierigerintergeanular etcbing eorhpositient meslsurestibdsed: emthe weight of

guaternary a nium.surfactant,. I n anot her e ' nt, th t er nar

anmoni um sur ngﬁ Q?ﬂ]df’é"Bnb“ &tr}?o?aé‘gé'?t% ;9‘?%& @3??&4{7&1 aaﬂﬁ'%@%iﬁ( ‘é’ﬁfﬂrﬁe‘?f
enbodi ment, g, %gﬁsaaw. ?‘IWB%%SHHH&&@QM' amdufrt Of 4alisd! bACKAR! the hat
is, a surfactant 30 conprising at |east one, preferably one, C-o.20 alkyl

group. Suit abrangaifroacabous TiPdytormboritdi %l. east one, preferably two,

hydr oxy- subst i t ut ed. | A0 02/079542 -1 g al kyl . that is C~ 4
ydr oxyal Ky, and i dupricdenpsenisen amee il ied kBB cide cBlords 4

| k . . i : ) ;
al kyj ggr oups uﬁtalr hﬁ%rte?cﬁlhﬁtdgnﬂaééyﬁgﬁa gtté@ey*q.owaew @agﬁzmggg ek@igttsh 37‘% )

quat ernary amonium surfacta OXYypr opy

ammoni um chl ometalasdich bsotoppircyt akg plilepy | THe hyst ofy thehyupriet fonl seomeni um

chloride. Generally the surfactant. in the inhibitor/surfactant .

i nt er gr anul ar ceMmpRYRA as the oxidizing agent results in the intergranular etching
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, triethanolamine, and N-methylidiethanolamine to improve the



conposition will be present in the conposition in an anount of at |east

0. 001 % by weight of the conposition. In one enbodinent, the surfactant is
present aboazcoeseentration of at |east 0.005% In another pobymhimevey, 10
the surfactant is present at a concentration of 0.01 % Cenerally, the
surfactant wll be present in the conposition in anmounts no greater than
about 5% In another enbodi nent, the surf alant Is present at a
concentration of no greater than 3% |n another enbodi nent, the surfactant
IS present at a concentr

~ation of no greater than 2.5% 15 The conposition
may further c&MptioBest ‘!té(bPFiCEPHS”ag‘é‘ﬁthftﬂust Hg"‘?fyg??iﬂ@na @F_Wﬁ?%.’ §ych
present, the %@B' lsitgdr{% agent is present at a concentration in the range
from about O. % about 1 % by weight of the conposition. The anount of

netal removed is i ThbhenbamMoss iedad eimdabis iOthecidmgeofram abrabt 280.idl 1o
The surface of the netal substrate, follow ng intergranular etching with

t he i nhi bi t or alsowtt %20awin. efibesurfene ofithegnatalciubsitrase, folloviiegintasgranslar
cl ccton i or GSEGHD With die e, SHIPRCY \EBORTDRY) Is cheietionced e b as
t he 25 "het | c/ e | : | f
ntergranal ar PEFENDE ST IR AU ERAALEE Bhd Srgp RIdeS figed s lleds P bifert

conposi tion cegathirdd By (edcthordrig@scppeoxi de; (b) at |east one acid; - WO
(12/079S:12 PCT/1B(11/(12941 -19 (c) at |east one ni trogen-cont ai_ ni ng,
five- menbered het elb@pether eamhnstimentiilbR. Ratentdioc EnBEPN Iy '§tﬁ$’b¢£r'€°

oo o % BHR U bGP iR, S PhokRalsP ening,
aci dgg tell uriginposhidgof fied Pfélé_ém|irh\¢erﬁ€t_fmetiﬁﬁﬁislé©ﬂhﬁhﬁid3@diaér;|(BB§h 2R,
sul phur, seleniumand/or telluriumatomin the heterocycle, and sul fonium
sel enoni um antt)taecburosiaruinhibiters angdvidh@ sewrcgepbhalide itna dhe intergraralar x-
(/A ~RsRZ 1 netvc\.:lk!]'\iir%:gh c%rr?égsqggnfo rtth's er%ebo%m-gre\;t may also include a water soluble
polymer.
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/l}. 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 stching 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/chloride intergranular etching
composition, the acid is present in a conceﬁntration in the range from about
5 g/l to about 360 g/I. In another embodiment of the intergranular stching
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



75 R-, Rz and R3 stand for al kyl, substituted al kyl, al kenyl) phenyl,
substituted phenyl, benzyl, cycloal kyl, substituted cycloal kyl, R~-, RZ and
- R3 bei ngwdeyenre or different; and X' stands for an ani orp@f/IBRNVORMOr gani c
or organic acid or hydroxide, provided that the acid selected to constitute
conponent (b) is not identical to the 20 sulfinic, seleninic or tellurinic
" acids selected as conponent (d). In one qqggdinent of the

het er ocycl i ¢/ adhesi ve intergranul ar etching conposition, conponent (c)
conprises one Qr nore nitroge ont aj ni nq _het er,ocycli c conpounds se] ected
from tri azol caiTeplyay FERES, With; e mptal SUFPPS 361T8EM A BrGIEFITKR SOMBISH 18VEhe
erbodi ment of i Befleved At RIS HihibiR CESHRBUAY 1t Pl FRTREH 0.
conmponent (d) is a sultinic aclid selecte romaromati ¢ sulfi*nic acids and

conpounds havjgaaltirtesiidael sincdiR5mivEntS0sHs Ul staAtibIRGe red WesOCARRAf sdme
PCT/ 1 B0O1/ 02901 wherein R4, R6 and R6 = H, al kyl, substituted al kyl, phenyl,

substituted pareagl while (dz@p efichingrerecemdsaink pthers graas, t unrsotedted| by ptheny| |
substjtuted pheqnyl, wherein R4, .R5 apd.Rs may he the sane or different. 5
In om errbodi'Hgml",‘mcon’g-%‘ﬁeﬁf’_”("&jo'? sinﬁgﬁ‘%nmgng’esuﬁq? ?'c 'Be'ied."fl friggRges.
embodi Mment of 4 o diab afear ¥etrb£b1BENEAdLRoled! Bonibiidadbies! &t HixFRBDYF! deon.
conmponent (d) conprises one or nore heterocyclic conpounds selected from

t hi ophenes, tfdregoings, isothiazoles, thiadiazoles and thiatriazoles. In

anot her enbodi nent,_ conmponent (d) conprises one qr nore 10 sulfinic acid
conpounds sel ect edThpdiRNseRzEtons af thaicorrasion inhibisenin she inhibitogehleride

ompoun The Giansensia infipifen:
Sul T ni ¢ ‘aci druptorailEr 354 ngLo DR A haR taho8 g R it Pl BBl 2o

sul fomi um sal g4, Sal #dthdr Bribodiment! the conddrtration oéithe corrosidie mHibitor is
sul fonium salts, nethiogninealkyl sulfoniumsalts, and 7 5 nethi onine
benzyl sul f oni fiamsabeyt 6 g/l pabousIB glnt of the heterocyclicl adhesive

0t en T analar ot cheRg SBRTRCS! kit hATRARG byt RO R
m~-a~y be hydr ggeposiidfy maysh® ahiyt sbrigo@hd ¥Vhich would provide halide ions in the
matrix of the adhesion-promoting composition. In one embodiment of the
16 inhibitor/chloride intergranular etching composition, the source of halide ions
is one or more alkaline earth salts such as sodium chloride or potassium
chloride, oxohalides such as sodium chiorate or potassium chlorate, or halide
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 mag/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.



20 phenyl, substituted phenyl, hal ogen, am no, al kylam no, dial kyl am no,
hydr oxy, al koxy, carboxy, carboxyal kyl, al koxycarbonyl, am nocarbonyl)
R12- CONH-wahergpsnzR 2 may be hydrogen, al kyl, substituted gCchkyBor/pbanyl ,

substituted phenyl, whereby R8) R9, Rlo and R' nay be the sane or - WO
02/ 079542 PCT/ |1 B01/02901 21 different, or wherein two or nore of Ra, Ry,
R and R ~ may be combined to form hom)- 1% het erocyclic rings condensed
with the thiophene ring. In one errbodl rrent the t hi ophene is an

am not hi ophenecar b:ﬁ("ﬁl ic acid [ or n_anot her enP n t he
t hi ophene is 5 3-a cﬁ'ﬂ?'d'%gﬁg' : Gl 51'«5‘ W@t‘fﬂﬂg Py at ﬁsB uin to

embodi ment of abBGt ROIELIACY $he L8l b %@wéa&le f*&urakw.gg .ﬁ%%mé

conmponent (d) a thi‘azol e of the chem caI OHTU| a. Rya N

Rya and R-6 W%Ycrbﬁghmuhogba mhiﬂi;dr/ctﬂuw|mwrgabmjlbylatctmhgnubmpmnsanttsted
phenyl, hal ogen, am no, al kylam no, dial kylam no, hydroxy, 10 al koxy,
carboxy, car behgctarizediwtierrasanes of lnmmﬁlb@rﬁylcesrandzstmxdﬂdemdges R~
2 may.be as defhrl%ﬂPabov wher eb R._b may be the sane or

G 1T ls o 2 or Bhit ValleRn Vi diREay flestioh AdteRceBe o, be tomtr med Lo
form homo- or heterrpsuslehsbddmﬁtwscbeaeecbmslvvot96/1§093¢)0'r@rewea&o Hetell

one enbodi nent, the thiazole is an am ‘not hi azol e or a substituted
am not hi azol eas|hmaaﬂnhlhlmn/surfwtcm*fpmuhddimﬁnbcmlrrponmttessdhclm!psbaa step of
t hi adi azol es substltufed ps as, above.

enbodi ment . HESTgrALHIEE8iC "rgs icRafer oot e 3 oatho Anamtedgta gt @ching

am not hi adl az%ﬁ.l O%Pc drPcB di ment of the heterocyclicl adhesive
i ntergranul ar e &1 SItI n, conponent (c) is a triazole of the

chemoal fornula: 0. V\&@U%lﬁ\@&éiahPBVddd&w paatide,
an inorganic acid,
an organic corrosion inhibitor and
a surfactant.
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



-zz /1%y Rla wherein R" and R 8 may be hydrogen, al kyl, substituted al kyl,
phenyl, substituted phenyl, am no) carboxyal kyl, and whereby R~ ~ and R a
- may be t\ve gapsyer different, or in which R ~ and R~ a nepyThgogedi ned to
form hono- or heterocyclic rings condensed with the triazole ring. 5 In one
enbodi nent of the heterocyclic/adhesive intergranul ar etching conposition,
" conmponent (c) is a tetrazole of the chen11c7al formula: /,NN/ \R~s wherein

R 9 may be hydrogen, alkyl, substituted al'kyl, phenyl) substituted phenyl,
hal oal kyl , am no, benzyl, carboxy,

oo

y ar boxyal kyl] , aJ koxycar honyl ,
am nocar bony8%R InA ﬂaﬁﬁ"ﬁﬁ‘ezc?&%ﬁ%@%% ?i%eP‘F' L abpgit|3P0ne

enbodi nent , t 0 | - an th ' he
tetrazole i s%%ﬁ@%ﬁfee%&adzeg\tét@mnéﬁééa _lie'{;l od‘??rrenhte Sﬂcg‘n%@{lgﬁgg %?%ﬂgpﬁ'ﬁjes
an i m dazol e 468(PG@%. IhrarRRRENEMbBERAEHTERY condentratisina®!=Rid K no greater
benzi m dazol e. Preferred enbodi ments of conponent (c) are . o

5- phenyl t et r ahah eabolf 3R%zotlniancsher emboidjmpet the doncentragies of acid is no

et hyl benzotri azole. . I n one diment, the intergranul ar etching
conp8dsi ti on @FBQWéth@E‘@gﬁ’U}mr adhesi ve enbodi ment includes a conbi nation

of a nitrogen cont%gé%?o%]%qﬁ@ts ﬂ Lﬁtr@mw/s@fgg?ﬂﬁ@gﬁ@;mmgpgfg% WO

02/ 079542 PCT/ 1 B01 enzotri azol e,. otri azol e,

5- ani not et r azehepsyition Hbemsuidiigt oaaadremare seeqtedefron dyiazole; hetreteleoaryd | i c
conpounds such as am not hi ophencar boxylic acids, their esters or anides,
ami not hi azol émidazelel andorvxtuiesthesaphotmeae smhadiment, thengrrresion (afyibiter The

COTPanent S o blighcy 5 45k Pty PPy kS S SLBHAIAAL
congent r at i Oheh2BEHuZolel OSuitable substituents are, for example, C,._4 alky! substituents.
In one embodiment, the corrosion inhibitor is present in the
inhibitor/surfactant intergranular etching composition in an amount of at least
0.0001% by weight of the composition. In another embodiment, the
corrosion inhibitor is present at a concentration of at least 0.0005%. In

15 another embodiment, the corrosion inhibitor is present at a concentration of
at least 0.1%. In another embodiment, the corrosion inhibitor is present at
a concentration of more than 0.5%. In another embodiment, the corrosion
inhibitor is present at a concentration of tnore than 1%. Generally, the
corrosion inhibitor will be present in the composition in an amount no greater

20 than 20%. In another embodiment, the corrosion inhibitor is present at a
concentration of no greater than 10%. In another embodiment, the corrosion
inhibitor is present at a concentration of less than $%. 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 one, preferably one, C,q.90 alkyl group. Suitable

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



15 Sul furic acid, concentrated: 10 to 250 g/I Hydrogen peroxide, 30 wt%
solution: 1 to 100 g/t 5-nenbered nitrogen-containing heterocyclic
conmpound:w@.0@/ve450 g/ 1 Adhesi ve conpounds contai ni ng sul f porgBoIRRHANI C OF
telluric acids: 0.05 to 10 g/1 Adhesive heterocyclic conmpounds: 0.05 to 20
g/l Sul fonium Selenoniumor Telluroniumsalts 0.01 to 10 g/ The treatnent
tenperature is in the range from about 20;9%9 about 20 60C, and the
treatnment tinme is in the range from about to about 600 seconds. In one

enbodi ment, the treatnent, tegperature, is in the range from about 35C to
about 45C. | n &Rt HOHPEBAS gn 1-4t \éd'PNéﬁ‘ﬂ‘NLrﬂ” i9f® Py lessteterablye twom

about 20 10 agiler PeeaRBEe, ESNCERY Hrodhe BeBheta WOSHCIRAIAN IR IS

less tine is require or the i r g process. h
netal renoved dnther t eenbiadigrent othat qederngl) ~aiimbAILAY HWikctaRd ~aré-

The surface of the netal substrate, follow ng intergranular etching with
t he het er ocyclisedesyt@einrepehbstifydrexyethy! c hanethyler aprdobiun hechjordencandf

i ntergranul ar ,creyvi ces and stegp-si ded., ridge nd val | eys, when exam ned b
el ect gon micr 6%%*5‘,5‘89%%\’8%"*’4ﬁ@&‘?’ﬁéﬁﬂ%é@?ﬁ%@aﬂ?rﬁw@ Hlagist. 779, y
f dtoh [ I j :
Dtergranular et chiceerafy HESHadERON NG ISR TEE el diinyiar etching, |
(b) a copper compesition wikebe, précgnt B the 2mpésition imeanlamapabbé a1f lehavi ng

a multiplicity of gxi dation states which is present in one of its higher
posi tive oxi d&-POA % by\weight #fshainompesitian. flaane ambedioent.itba sisfagipat

o gracul o) TERHARR o BORC AR TR ok ST AR KRRt e
oxi daDi on st atthe N&irfdctant i preesioditta Woncentratiohebf L@ BbOFerbrANRAMEhder
liter of conposition.
surfactant will be present in the composition in amounts no greater than
about 5%. In another embodiment, the surfactant is present at a
concentration of no greater than 3%. In another embodiment, the surfactant
is present at a concentration of no greater than 2.5%.

15 The composition may further comprise a stabilizing agent for the
hydrogen peroxide. If present, the stabilizing agent is present at a
concentration in the range from about 0.001% to about 1% by weight of the
composition.

The amount of metal removed is in the range from at least 40 uin to

20 about 120 uin. The surface of the metal substrate, following intergranular
etching with the inhibitor/surfactant embodiment, is characterized by the
presence of intergranular crevices and steep-sided ridges and valleys, when
examined by electron microscope.

| In one embodiment (WO 99/40764), referred to herein 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;



10 I n anot her enbodi nent) the concentration of the higher positive
oxidation state netal is in the range fromabout 3 to about 6 g/lI. The acid
- whi ch i swootomed i n the netal /redox/ oxygen intergranul ar p¢TBn@2901
conposition may be any acid or mxture of acids which is strong enough to
intergranular etch the copper or copper alloy in the presence of the 15
“other ingredients in the conposition. Theqgonpositions generally wll
contain fromabout 20 to about 400 grans of acid, preferably from about 50
to about 150 i d: ' : o bid i Cl ' uld
be present i n&{) ﬁégﬁ%%égp%gél ﬁ :tgﬁé?r{ob%ﬁ%a\'/'?hg' gqg&ﬁgw#?%?n%ft%%)%ggg%tc%‘?&oommr e
often, from ahmigh Udes abpworain2@nyhsulpbug sélehiukedor BelldrurOsRRPsiiki € Of
t he netal /redox/ oxygen intergranul ar etching conposition may be m neral

aci ds, organi betecocicler and xt ures thereof. Exanples of mineral acids include
sul furic acid, perchloric acid, hydrochloric acid, fluoroboric acid, . .
phosphori ¢ ac‘dd,atefe@?t Shes ?f?'i‘%é"é%icé’"i‘%mé{‘ éﬂmébﬁawwpp?ewﬂ'@a qfi srdfimic
aci d.g Exanpl egn; i Ld i .l i oxylic
61 = suon asocidsy PRERRCacls lURNE oEBY, Fovehbnytile o fBLAG: HERrAREEL

or mxtures tlaseene Jliphat ksaleniaw fapdicr tsliudiinirRtoReir €N Seesroryclay drite
follow ng formul a) R SO3H, wherein R is an alkyl group containing from
about 1 to ab®dlfonigm,cyelgnasnivanband tellyreniuse ralts lraviag sba ganenal. foRvalmiks of
‘al kane 30 sul fonic acids ¢ nclude nethane sul fonic acid, ethane sulfonic
acid, propane WO (12/ (17/95-42 PCT/1B01/ 02901 -25 sul fonic acid, butane
sul foni c acid, pentane suhionic aci d, hexane sulfonic acid, decane sul fanic
aci d@nd dodecane sul foni& aci dX The al kanol sul fbni ¢ acids may be
represented by the fol ldwi kg formula: (C~H2~+~) - CH( OH1- ( CHZ) m SO3H wher ei n
nis fromO to about 1B, 5 Rpis from1l to about 1 1 and the sumof m+ nis
froml up to about 12. %he hydr oxy group of the al kanol sulfonic acids may
be a term nal; Q§Hernal hydr oxy group. Exanpl es of useful al kanol

sul foni c acids 1 nclude hydroxyethyl sulfonic acid, hydroxypropyl sulfonic
aci d, hydr oxyAuitahds fbf SniSe acTd, hydroxypentyl sulfonic acid, hydroxyhexyl

the Torpos t | Bt fne i S804 (PF S0l gHtesh b rilkEnyls PRGN b ESeTREed
i dazol ot hi BREL BREf oy R B BBtk B R e e prd T AR L
nitrate, ureasamelatdiffetersdcandl urea, 1
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
20 sulfinic, seleninic or teliurinic acids selected as component (d). _

In one embodiment of the heterocyclic/adhesive intergranular etching
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—CI:~ SO,H
|
30 NRg



15 benzylurea, 1l-butylurea, 1 ( 1-diethylurea, 1,1-diphenylurea,

1- hydroxyurea, etc. Exanples of useful urea conpounds are found in Holtzman
et al, U8B0 ®avesmat 4, 657,632) which is incorporated hereinPaoy/iBef/@v@ence for
its teachings relating to urea conmpounds. The conpl exi ng agents nmay be any
of those conpl exi ng agents 20 descri bed below in the section on i mrersion
metal plating solutions. The amount of thggonplexing agent nmay be varied
over a wide range such as fromabout 5 to about 200 g/l of conposition.

More often th 0si t KO ikl cqnt g fr I :
preferably frméa)[gg'hﬁ“'l Eggwa%%u'f CH/"S%IQ';%L. sg{rgg?g%gbdl glw’e%%ﬁg{’eiﬁ%{'tgéee%t
is thiourea or 1-nethyl-3-propyl %dnwiRifJQb?=31vtthiﬂ3,n& HPHIRyl, Anedth@ted
conponent of the conpositions of the netal/redox/oxygen errboJi ment i s one
or nore netals capable of having alkyl phehiytisupstituted pbemydnwiteneiasR 4 WRi ch
metal is present in one of its hi gagg posi tive, oxidati on,ét ates, and which
metal forns a conposition sol uble Rs MR beIthe same ok iWifierelt al s i ncl ude

tin d olati | adi . e ot ;
Wl . bi SheDH BmBSdnRs ROiBUR) IevemRlRldihy S BIERELET St 205S ©
PCT/ | BO1/ 02901 oxi ¢bnerersbediarsmiofithd etdrocyslic/adtiesivei intergrahulart etahimy

whi ch have positive oxidation states of + 3 and + 4. Particularly preferred
exanpl es of hicgmposiian aorepenanit(d) gemarises HaELEr Mere Hetgspeyelie: campedndent

include tin ( + 4?2, bismuth ( + 51 |ead + 41 and ceriumy. + 41 Tin

present as stéﬁmcééﬁ’or{"(r_'h L o%h?"éés_r‘m_st?"#é?sér r'ggfh'%ogei’o%gg'?mlﬁg o?m_? he
met al / r edox/ oxpigeiaRNE dinEHbtheP BtddiMene b rApoRdRtdP tohlitisaB R stamers bed
nmetals in the higher positive oxidation state can be prepared, for exanple,

by diesol vi ng saifini¢ atidocordpoonds seleatad frber benzeneesulfinigl acid, tdieemesalfiniki de
or sulfate is ip its higher BOSiti}/ie' 10 oxj dat.ion state i r%{]he conposi ti on.

For exanpl e) Acith npehipt ANZEBARL SYITRls s@§ ic"iltr(?rl@"é_ﬁ'ﬁe bEPYRYBu R byand
di ssolving a g} %i)%lr\t;ghépfiilﬁhfé"la‘&id.t' rnn(Aigghaxlaﬁbbainséﬂﬁ,%Aﬁpaﬁbm qfasit e

g
water. Alternati vdeai y, tin (1V) sulfate can used. The conpositions o
met al / r edox/ oxpgerisesboné mehops sLitfioablm sadtst selectast &onh arimbthyhswlforium
liter of the netal ip.the hiLﬂPer_ oxi dati on state. .
salts, triphenyl suifonium salts, methioninealkyl sulfonium salts, and
15 methionine benzylsulfonium salts. _
In one embodiment of the heterocyclic/adhesive intergranular etching
composition, component (d) is a thiophene compound having the chemical

formula:

R R10

/

8 1
R S R

wherein R®, R °R  4Rd R mdy be hydrogen, alkyl, substituted alkyl,
20 phenyl, substituted phenyl, halogen, amino, alkylamino, dialkylamino,
hydroxy, alkoxy, carboxy, carboxyalkyl, alkoxycarbonyl, aminocarbonyl,
R12-CONH- wherein R'? may be hydrogen, alkyl, substituted alkyl, phenyl,
substituted phenyl, whereby R®, R% R'C and R' may be the same or



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
- i ncor porwatceck/i7pd4a t he conposition as a copper conpl ex forrmed/asgi/omacti on of
t he di ssolved cupric ions and the copper conplexing agent present in the
conposition. The stannous ion is reconverted to stannic ion by oxidation 20
“with oxygen fromair. Another conponent o0f4the conpositions of the
met al / r edox/ oxygen enbodi ment is dissolved oxygen or air. Typically, the
anount of oxy, Lks [ e regl oM out
15 ng per Iit%ﬁ%&%%ﬁrp%@ﬁ'@ﬁ%%’?@@?;Hgnaﬁ’f'* dr?gg%ju({ r:{5 to aggucgonggir?%aper
titer of 25 c@MRE] hbodid- offfetarsuydlicaingd comderddowittcthel thidteeronhgsi tion
shoul d be an anobunt sufficient to oxidize at |east part of the neta
present in the coniposheiembpdiment, |thacthipphend e aoxaminatbioptemesathexylic
hi gher positive oxidation state; faor exanple, to oxidize stannous ion to
stanni c ion. Q%don@s'i?l'efoérraé’a'dgnbodf‘rreqﬂor{BPrtﬂg‘%t%@('QPm'e /c}f‘ffb&}?”e I
enbogi nment , ) : inl 9l ive oxidizing agent, and
t he g)lorrposi t%n%}sm%qﬁ'eo?hg?'eotzhgﬁ ty ilég%&%&ﬁ?%&%ﬁ agents such as
per oxi des, persul fiat@se emboditPefR 6D NMbABLdPETYdIBPddHERDGELint@rranular etching
peroxysul fates, pernmanganates, chromic acid, and netals other than those
speci fical | y ¢afapesitioad cammanent {dbifea dhisgaleehthe chemigal farmuta: oxygen
present in the conposition is sufficient to maintain the concentration of
stannous ions in the 5 r, conposition to |l ess than about 2 grams per liter
of conposition by oxidation of the stanno n to stannic ion. In another
enbodi ment, the concentration of dj copper shoul d be maint ai ned
bel ow about 2.5 grans of copper p of conposition. The
copper.concentration may be reduc ecipitating the copper conpl ex
fromthe spent conposition. 10 Thef conposytion of the netal/redox/oxygen
enbodi ment al so may i ncl udegﬁ 0 Rt;gnts conpati ble with each of
the metal salts, the acids dthe C | exi ng agent. The, conposition may
optionally contain at |east one surfactant in a concentration from about
0.01 to about 100 granms per liter of bath and nore preferably from about
0.05 to about 20 grams per 15 liter of bath. The surfactant nay be at |east
one surfact anf, kil Bngléa 18r [HpTa)) | QNG ti QNI
surfactants; n%vpbrnliﬁéﬁjr 'eg tﬁggce%f .’hsl' ggﬁgvrﬁ?ggi&%' ?S&%gﬂbgﬂ%gegfﬂkglfg 'grnyléd.
The surf act angubstitiutéd rphenyd, dyalogemal aminac laliddamino, t Hiatkydaminb, mbydradye
t hose di scl osed below in the ,sectjo n surfactgnts.which ma Rt i I,y be
noriied | n_AKOREAOPRY, SubREy kv ko RF B et BTIntAPOYY UM o
illustrate th atj f TretoTgrately g Rephtetal/He n
enmbodi nent . E@Q%ﬁqﬂﬁf Ahg?)r?%oassité?(l)n cont zﬁ'rﬁﬁ?}e%g Figr' A Bﬁagagﬂé{(zg?gﬁgper
liter of 25 csamesor differeat,pooiucebichytvdo ssromorepfsB gria apdrﬁﬁ treay bk a
15%tin (1V) oxide collgidal dispersion (purchased frrom Al fa Aesar), pr.oduct
code. 400265 COPTRINAL B TR QRS HoheTaToRICIt Hagh 5RRRRTER Withta Hiekels
sul furic aci dri r liter of conposition, and water. Oxygen is dissolved in
t he conposition®by bubbling oxygen through the m xture.

156 In one embodiment, the thiazole is an aminothiazole or a substituted

aminothiazole, In addition, the compounds of component (d) may be
thiadiazoles substitute_d 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:



WO 1)2/079s-42 -28 PCT/1B01/ 02901 Exanple 2 The procedure of Exanple 1 is
repeat ed except that an equival ent anount of

1- net hyl Ngopeomslz i m dazol e-2-thione (PTlI) is substituted POF/IBH&22hi our ea.
5 Exanpl e 3 The procedure of Exanple 1 is repeated except that the sulfuric
acid is replaced by an equival ent anount of methane sul fonic acid. Exanple
4 The procedure of Exanple 1 is repeated g*gept that the sulfuric acid 10
is replaced by an equival ent anount of acetic acid. Exanple 5 The procedure
of Exanple 1 is repeated except that the sulfuric acid is replaced by an
equi val ent anount of hydrochloric acid. Exaspize 6 15 The procedure of
Exanple 1 is repeated except that the tinAIV) is replaced by an equival ent
anount of bismuth 1V). The anount ne renoved is in the range from at

| east 40 din to about 120 din, caltphl ated\as descri bed above. In one

enbodi nent, the anmount of netal r ved is\ about 80 din, calculated as
descri bed above. 20 The surface o {¥$ a égqsrate, fol |l ow ng
intergranular etching with the netal ox/ oxygen enbodi nent, is
characterized by the presence of intergranul ar crevices and steep-sided
ridges and vall eys, when exam ned by el'ectron m croscope. The processing
condi tions of the various enbodi nents of the 25 intergranul ar etching step
may be suitably selected to yield the optinumintergranul ar etched surface

f th tal supst 2 b th i cul t al trate. . i.e.
goppe?, rrg gopé&‘ésrﬁ{qaa/af ﬁ%ﬁ'ﬁﬁﬁ}ayzﬁﬁgg{'ér{ocgnaﬂ Ya?ﬁ“&y’%ﬁﬁzﬂﬁé\?@ﬁ(y% Rgenyl,
i ntergranul ar fsﬁbgm Ogtﬁ&rgeg@ sHid] RbeRVAIKEH dd whereb P ROCanE RENRRy b €

in the range froma to about 75C, r a period of 30 from about 1
m nute to abodhe Batnerionuditfelertt oatinvaplaty R’ jandsBur eay bovaombipedtestaren
PCT/ 1 B01/ 02901 -29 5 10 The gnount of tal , re ed I s cal.cul ated based on
t he wei ght of h?m%norr'éﬁW%W-‘ﬁwer%? f£es e"b’h@?e?"’.'%h%"é%ﬁogﬁjf'ﬁged val ue is

expregsed as an average dibGdiRft &fthﬁ&braﬁaﬂaﬁaﬁheéwﬁtﬁgrénrg.tﬁgrf@&yng

retical approximation that, on average for a large area, t
evenl y renovedohipusititve, sormpacentic)tiba tatradols olhthe athemical formula:

..

wherein R'° may be hydrogen, alkyl, substituted alkyl, phenyl, substituted

phenyl, haloalkyl, amino, benzyl, carboxy, carboxyalkyl, alkoxycarbonyl,
aminocarbonyl, R'2-CONH- wherein R'? 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,
15 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,



Etch depth in both m croetched and intergranular etched foils is cal cul ated
as follows. A panel of copper foil is cut in a square of exactly 3 in. x 3

- in. Thi swbakk74ss2 wei ghed, the entire foil (both sides) isrpcuhpaaked to the

respective mcroetch or intergranular etch process, the foil is rinsed and
dried, and then is rewei ghed. The etch depth is calculated fromthe
“following formula: etch depth (din) - 343 weight |oss lal area of panel
(ins) 15 20 25 30 As can be observed fromthe fornula) the etch depth is

actual |y ave v : ntir : a ofgt ' us,, Wi ke the
ot ch dept h I RGYSBRELHARIET | b AsiaBbRE P 5 ahinbBkezcld = ot 8
it does not pRbhoRbtraB6lel GROSEMPIANEAL (&) owitBshdteroay&lidr E8FPounts i ase

t opography i s best observed by el ectron m croscope, which reveals

si gni fi cant divihetteophendasboxdic acids oteirnesterner amidasymaninbthiazsiemesdand
surfaces. The foregoing ! new generation' etchin t hods herein are
referred to &ELSK'Hﬂépgagﬁmta'ﬁgg%ﬁﬁan Cﬁmg.dwéuch i ntergranul ar

et chikng processes u i I eyl . j j over
25 mlscr oi nches, upﬁ?‘% g%rédlﬂﬁ n%ggfenq‘%cyhoefRgﬁ%@?%@hﬁgﬁgﬁogg %@lfﬂa&v&e n‘\a/ed

fromthe surfimeeg@huldreetaBir] caniposition, AvBenfpresent)idte praferdbyep@BBAL in
intergranular etching as defined herein is characterized by the presence of

i nt er gr anul athe fellowing peneentrationspraeas:rati o of at | east about 1,
preferably at |east about 2. Aspect ratio is defined as the ratio of
crevice depth to crevice width. The crevice depth is obtained by estimating

or neasuring the @Lﬁm%cgcia'regh&mrﬁ{@hest poi nt or pp@qth%@Ij cent to the
ot e bot

crevice, on one or sides, to the deepest point at t om of the
crevice. The crevitysragen lperexidet i0ned%bgolutidd: 02/ 079y 20 ACID gA01/ 02901 - 30

estimating or neasuring the distance between or separating the highest
poi APs onei t her qu@r‘g‘Perteﬁé"UPQ\?Pé@rﬁéwn%r adj acent the deepest point at

the bottom of the crevi ﬁ@%er ﬁfdgﬁgwgggﬁagranul ar cregj5c§5_@r8ﬂipced by the
om abou .

f oregoi ng net hods may be fr to about 5 mcrons in"wdth, and 5
may be from about AdHesivboampblindisazantainimg dept h. 1 n one enbodi nent, the

intergranul ar crevices have a depth of at |east about icrgn. | n one
enbodi ment, the i ﬁPBf"_@Faﬁ?fFHF %’r&}{aﬁ’é’sa% %e a depth 09'103?{]1‘9 é@s?’_' about 2
m crons. In one e’KH}‘}HsFW‘hetérgﬁ%%lg.f ﬁéﬁ‘{"%ﬂbhg{' crevi ce@.d@wz@ ldth of at

| east about 1 micron. In one e e intergranular crevices have a

10 wedth of at | e@hilforivomt Sklenaniansor TelldrodiwnizatisTediosl o 110hg/|
i ntergranul ar etching process described herei nabove, the intergranul ar
etched surface conprises intergranular crevices having an aspect ratio of

at |least about 1. 44 Rggtrﬁg@p{gnqg t”'legggjﬁ%gr'gﬁ W&h %Itog,lg%agl{% §§§yt

COI'TpI’i ses int ergranul ar cCrevices havin Spect ra

about 2. The 60FIB5cand &lhé Qradphed thhells i the rahgelfrdm dbouper(hap abbug 60
However, high aspect ratios, in order to bs nost effective to enhance

adhesi on of "sReONdsi lmena gmiadiment.sthedrepsmans semperature idpithedanambrom be
COUD! 4 1 Bk AR A0SR o b 60 VAR 1
effogtively RpewRs raide frah? abblLEeRY & db&it 90ECBREs NaFarially HheANBREF the
temperature, the less time is required for the intergranular etching process.
The amount of metal removed is in the range from at least 40 uin to
about 120 win. The surface of the metal substrate, following intergranular
etching with the heterocyclic/adhesive embodiment, is characterized by the
25 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



rati os unless the width of the crevice is about 0.5 mcron or greater, when
the depth of the crevice is in an aspect ratio of depth to width of about
1:1 or grwetenrdsIhus, past a certain point, further increapes/iBol/aspect
ratio are of no further benefit in inproving adhesion. Simlarly, the width
of the 25 intergranul ar etched crevices is preferably in the range from
about 0.5 mcron to about 5 mcrons, couplegl with an aspect ratio in the
range fromabout 1 to about 5, in order to provide opti numcontact with and
adhesion to non conducti(ﬁ POVBEId C materials. In one enbodiment, the

i ntergranul ar etched surface conprises 30 intergranul ar crevices having a
depth of at |east about (b)mM ca coppémcomplexibgpdgennt, the intergranul ar
etched surface conprises intergranul ar WO 02/ 079542(2 PCT/1B01/02901 -31
crevices having a depth (6l ata [reetal capable fnhayibgsa multiplisitynmbbdixidationt he
I ntergranul ar etched, surface conprises intergranul ar...crevi,ces having a
depth of aboutSi8tesi Whigh 1s Iﬂﬁe%?{gp'é'nﬁﬂ?ii%&ﬁ ,h%%’ P?ﬁ'@?’@r%éﬂé‘?” é@%tﬁgdand
surfage compriomsn! MbelGbARY LEoipRklitsdiak|d carf, dRpLh Of at Teast about 5
5 microns. In one enbodi nent, t%e i ntergranul ar etched surface conprises

i ntergranul ar crevices Hdyi n@xygadepth of at | east about 1 mcron coupled

w th an aspect ratio of at least 1. In one enbodinent, the intergranul ar

et ched surface conphicfesembogimenhof dhe dpetalsedox/dxyaan dntasganubar etchingist

about 2 10 m crons I ] S.a0 Eat 1.0..0f.. f ahout 2. 1n
one enbodi rn::ntc,0 R‘noes(fﬁ?#?'eﬁ-ger %ﬁ?ear}tr@%rﬁég?ﬁémd}iéero%%s%ﬁ g %ﬁ@'ﬁf‘e&af%m?t&h
crevi ces havi g tRe ¢Rphpositioalls Yredtel thaA L FLAUPIREmMel pdt 1Rer 3% RFGpositibA. Of
at | east about 1. In one enbodinent, the intergranul ar etched surface

compilPses i nt én @ratheraembogimeat theyeoncentertinm obitheahigherspositiveoxitatian ons

15 coupled wth an aspe rati fat |l ea 0 1 ct determ nation of
aspectpratios S59te; W€£d$iﬂﬁﬁéfg%$%ﬁ%@?ﬁ?i‘gggo §§3‘(ﬁ 8%?8 to the present
invention is diffiquet acRNWHIEH ii§Bh@0dEE i Ghe’ WetdlfreBR10xSigeRNnbstgbsfidlar
This is due to several reasons. First, the usual nethods ofg measuri ng
surface vari awitching carohosigiont ovaycbé anyeacit corosixiyee OARMIds avhigh isstrdray e
sufficient z-axis (vertical tp th ﬂl\ane of the etched netal surface% range
Lo measure  h@npHgh 18 interdrangfas erch the conrgr g fapper gfioy fiuthepresencal e

etch?? Surfac%ihéﬁﬁweyiﬂggfiﬁ%wﬁn SRIAS ST cbhﬁoﬂtmrﬁedegﬁﬁ/’;frvilp&ntgw us

profilonetry typlca s not enploy a stylus sufficient row to

penetrat e the ffarh| abbet 20to abeut A0Er grasmsilofracid e prefecably Hesra ateduto89 tmy

25 be used to gbt 2R oa0 22t LIBLE SLr Dol LB 65 SRR A PERSSY be
present in the composition to provide a pH of from O to about 6, or more
often, from about O to about 3.

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 following
formula, R—SO4H, 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 suifonic acid, propane



but may underesti mate these paraneters. One nethod for determ ning aspect
rati os on an approximate or enpirical basis is to scatter beads of known
- di anet erweoen®s4t he intergranul ar etched surface, and to eomBm&2ethe size
and | ocation of these beads with the 30 features of the intergranul ar
etched surface. Thus, for exanple, spherical calibrated beads having a
“dianmeter of 0.5 ~m may be used) and the u.face WO 112/ 1179a: 12 -32
PCT/1B01/ 029111 exam ned by, e.g., SEM Such beads are avail abl e

cothod of desulRleRE8; kkals SHABARNHcIEY peRfeRe slifonith T WeRAne gutfohE. 0°"
is by a digiggld, HeehRdsUItoRic asidsartiiBblbetns a0IfohRf adig. 5 surfaces inaged by

a pair of, e.g., SEM photom crographs. Each of the pair of photom crographs
is obtained at a dhkf alkanbl asulfomjc widid$h magabesrgpaesdritad bii tie dallowing

ey et o fomuab g i HIBHI T H ana SO H WAREIRD HafFoRLO SHET Sy an
i nst t h P, LLins, h d_usi.ng- No
Vant Boathy of P e frocf 86 -abBEe ¥ 3 RGNS oh NENE S HbeA P LABCLMRL 2 Tor A0

of the inter ghamydoxEigengrosthd akanolsWfonid acisanay eod eefintihaosipernaf
copper foils taken with a Htachi S 4500 field em ssion scanning el ectron

ni croscope ( ARABEY . grpwg. smei¥amplgad odbjusefy iatkanays sulfomicarasids sinclyde |

spherical calibrated, beads, placed on 15 the sanples.to show relative

i ens ons. - EXBFODMRO YRSV AR ot VEr GRAT B ahB, BEf, b aforyfey
corner, in wh iU hlyd n?zglaﬂm&f@ #id, ShyHrodtyhasgyli diidié adicdeArdv
each scal e. V\%ggﬁngdgg?le [ rl{clﬁdgﬁje@ 1 subdilvi Si ons»,carga% stbdi Vi Si onl'

cor 1@spondi nydooxXydodecybs@fonimagid,. 1 is a photonicrograph, at a

ol act r odeposi t od dobeRANG 69T BorRaF O e cpmrasiions 2 B Metaftadoxtecdiun i n
g:c géoéioe: hrere?grfﬂd;cﬁ@e@f issitégﬁgéﬁ' dnd SorhpleXing 8entBRitBd R ur8lhid Ndurdd &i ns
compounds, amidines, and imidazole thiones. Specific examples of urea
compounds include urea, urea nitrate, urea oxalate, 1-acetylurea, 1-
16 benzylurea, 1-butylurea, 1,1-diethylurea, 1,1-diphenyiurea, 1-hydroxyurea,
etc. Examples of useful urea compounds are found in Holtzman et al, U.S.
Patent 4,657,632, which is incorporated herein by reference for its teachings
relating to urea compounds.
The complexing agents may be any of those complexing agents
20 described below in the section on immersion metal plating solutions. The
amount of the complexing agent may be varied over a wide range such as
from about 5 to about 200 g/l of composition. More-often the composition
will contain from about 5 to 120 g/l and preferably from about 15 to about
75 g/l. Preferably the complexing agent is thiourea or 1-methyl-3-propy!
25 imidazole-2-thione (PTI).
Another component of the compositions of the metal/redox/oxygen
embodiment is one or more metals capable of having a multiplicity o_f_
oxidation states, which metal is present in o.ne of its higher positive oxidation |
states, and which metal forms a compositio'n soluble salt. Examples of such
30 metals include tin, lead, platinum, and palladium which have positive

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



Figs. 2 and 3 are photom crographs of foils which have been subjected to

m croet chi ng processes. Fig. 2 is a photom crograph, at a magnification .
25 of 15, wo0/07ef42a copper foil which has been subjected techgsagbehi ng by
a sul furic acid/ hydrogen peroxi de solution, conprising about 10% v/v conc.
H2S04, 3-5% v/v of a 35%solution of H202, and 112 m /I CuS04 solution (270
gl CuS04~5H20). The full scale in Fig. 2 spans 2.0 ~cm As shown in Fig.

2, this mcroetching process results |n asurface with a few rai sed peaks

from a LQESQY.G%W i Tl ¥ L AP oh Bt BOF FRFURCn BRI EE piea idfve
surface Ve tf I/ 9?%1@3 dtC¥d BRd/ Qagoﬁaﬁﬁlﬁ\ﬁﬁ?fgﬁeﬁ' Qxarﬁple‘srt?f ﬁ‘tgﬁ'%fd

surf ace shovvs sone roughness and snmll crevices aspect rati os
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and smal |l crevices having aspect, ratios of much |ess than one
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As shown in Fisganrfoud o, larmuenwmﬁarthetweanauéa&ﬁﬁnlmecdwp%etsabbﬁﬁ@b (1Y
the presence of deep crevices between the copper grains, i.e.
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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 8 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,



above. As is apparent froma conparison of the 0.5 um beads with the WO
02/ 0795: PCT/1B01/ 02901 -34 features of the etched surface shown in Fig. 4)

- the etched eugbage i ncl udes both | arge and small copper gregmBni/eeoni gh
degree of irregularity and intergranular crevices having aspect ratios of
about 1 or greater. The 0.5 ~cm beads nay be contained wthin the
“intergranul ar crevices, thus revealing a ? aspect ratio of at |east about
1. In some enbodi nents of the mtergranuP%\ crevi ces nore than one 0.5 um
bead nmay be contained within the crevice, one hea bo ve th ther t her eby

reveal i ng an RESPE¥SUIfaies oPBIMaRIaNaIes, ﬁ'B'&EP'CZaC'gt and metals othelithanibosg  he
d h d | d the di f th
epth an narr%w%aﬁlgoﬁgmﬁ%a%rb e(granul ar crevices, and the dianeter of the

beads, the be ments can 10 not touch the bottom of the

i ntergranul ar cr evihgife ehBodieéntathe @auslintesfloxyigen prepest infthiei coripysitispeed
2, or the aspect ratio may exceed 5. Wien analyzed by DMV5, the

i nt er gr anul aris esoffiziestrfoagvaksitaiin tha ppgcemrayonoohdstamriquél iers in the

I h abou
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conposi ti on conpri'sing %v/v conc. sulfuric acl VIiv of a

35% sol uti on gdndurdratianopeisedivia] cappet shogld bbanaisitainaddbetoandb8it 296!
NaCl. The full scale in Fig. 5 spans 2.0 ,um _As shown in Fig. 5, the

i nt er granul argremeﬂcgmaraw Iiter @ﬁﬁ‘P'&PPém%dTB9 OPHBGQG"B?@E@R!%" oravieep

crevices betvve net al i ch
the surface i'f Pﬁa‘gzwg?%?ﬁ%&éﬁd;ﬁe #oé%?{aéé}b@og{ﬁgwaﬁ&e gé&g (S\%%Pgﬁﬂh\rl'\g t he
i nteggr anul ar cr evigecondpesitiBRtoF e nhdtalif e /BRYGBY eisedifhehtOals6imayn a
foil which has been intergranular etched so as to renove about 80 ~cin

cal cul at ed asindiusleusnsedr eione surfastands sompatible withheactpof thematabsaiteithehe

0.5 bead h t f th hed surf h
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and intergrandhéf ofg @gﬁseﬁanwh%@%ﬁ%&.oh%rﬁ%wﬁm 0N tohasbuk- 1J0Yréms ~m

beads may be cont ai ne hin the intergranular crevices, thus revealing an
aspect ratio mér litbr b bath artmbmorﬁ preferably fBomeatim.ti vt toosbaute20 rgremgrizatul ar

crevice, nore, than one 0. ead ma be co | d W t hi e crevi.ce,
one YRad aboviitef Hef g’laﬁ'é’ ﬂe?"ér v:tpg;, BY nig® E'V\% agh/BroSY acg@t including’

amphoteric, nonionic, cationic, or anionic surfactants; or mixtures thereof.
The nonionic surfactants are preferred. The surfactants which may be
optionally included in this embodiment are those disclosed below in the
section on surfactants which may optionally be included in the immersion
20 metal plating solution.
The following examples illustrate the preparation of the compositions
of the metal/redox/oxygen embodiment.
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.



PCT/ 1 B01/ 02901 an aspect ratio of about 5 or greater. It is noted that, due
to the depth and narrowness of the intergranular crevices, and the di aneter
of the beadeznioryFig. 5, the beads in soma enbodi nents carpamisot/oneh the
bottom of the intergranular crevices. In such an enbodi nent, the aspect
ratio may exceed 5 10, and in one enbodi nent the aspect ratio nay be 20 or
nore. \When anal yzed by DMS, the intergranglar et ched surface shown in Fig.
5 is found to include intergranular crevi- 85 havi ng an aspect ratio of
about 25. Fig. 6 is a photom crograph, at a magnification of 15,000X, of a
copper foil wEKemPHagd been subj ected to intergranular etching by an 10

i ntergranul ar etchi co Pt risi, i i de te 50
e A e g, SARROA e REL RS BHRI oShUSY L SEMEYaT
6 spans 2.0 Vh.gaouﬁ% othR¥RbthQI-BLgrop§l-irhidizbfat 2R BIGHAP) R shrditated setHe
characterized by the presence of deep crevices between very |l arge netal
grains, i.e.,thiotmagranul ar crevices, in which the surface includes |arge

grains 15 of netal separated by the intergranul ar crevices. The depth of
the cPevices B¥dMBl&cded 120 uin in a foil which has been intergranul ar

etched so as to re | | £y i . i
apparent froma co?rﬁé |r§€%?%t}h€*%?§%~?#gée[g%ggéwe?ﬁé?ﬁzﬁ%a u%g'"(')ﬁﬂ?z
et ched surfacg shmded by Bhequivalbhe apicumbisnetivare sultdnidamidery | arge

copper grains, a high 20 degree of irregularity and intergranul ar crevices
havi ng aspect Examples4of at |east about 1. The 0.5 ~m beads may be cont ai ned

within the intergrapul ar crevi t hus, reveal i.n ect. . ratio of at

| east about 1. In iﬁﬁ@rgﬁ%ﬁﬂfgﬁ’?rﬁ?ﬁthg ferﬁeeartﬁaf%%gfﬂa?te & ‘él,Purfﬁ)P‘é'dt han
one {p5 ~cm bRad EREdDSy SANIVEAEnVaiMEURtidiadstRVAGES, one bead above the
ot her, thereby ZE reveal i ng an aspect ratio of about 2 or greater. It is

noted that, dbBeample Be depth and narrowness of the intergranul ar crevices)

and the dianeter of, the beads, .the beads.in so enbod] ts can.not touch

the bottom of the %H?@r’@?%‘ﬁﬁ?a?rf %faévP@ei.'s f?f’esqggﬂ exqe Lﬁg '?s?én? T]ﬂfrffeaﬁ ect

rati o may excg%pgaqew?p aﬁﬁm@ggnpgn%_ tgfhgydrabﬁrogilbagwa.ar etched surface
I's

shown in Fig. oun o i nclude intergranul ar crevices having an
aspect rati o Bkampteu6 2- 3. WO 02/ 0795-12 -36 PCT/1B01/02901 In order to

of tHe. nunberof cTBeieEeTue B xeRls | 4 AEPRTiEH. XaretrBehahec (V) 18 °
O o o RS, el Syt s SOuRIATT 0010, S sk o 8
nunber of i ntergr afibheamaourdvifcretalressmediguarthe mnge dromuatt lease4Quwibeto of
squares in mgggutaH zloeﬁ?ﬁ, ga gu-artlctagr grgggclm redcrag\éivg.e -ns oI‘tguenr(rjuboylbngeent, the
amount of metal removed is about 80 uin, 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.



particularly, the nunber of squares in which at |east one intergranul ar
crevice having a sel ected aspect ratio may be determ ned. Thus, in one

- enbodi nemtQ oadvemizt he i ntergranul ar etched surface is 10 dirdmmdiommo a grid
of squares 10 microns on each side, at |east 50% of the squares include at
| east one intergranul ar crevice having an aspect ratio of at least 1. In
one enbodi nent, at |east 75% of the squargg-include at | east one

i ntergranul ar crevice having an aspect ratio of at least 1. In one

enbodi nent, at |ea 0 j hat ar
15 crevice having ghegdgrp‘)/%@{'t ?gﬁ%t%gfé@tﬁv?ggg%%&%t#%ﬁ?egonggépge\ﬁ?@gw

| east 50% of mneealgewsovasl from adestipaheklsThiznealcolated valusl isrexpressextaban ng
an aspect ratio of at, |least 2. In one enbodi ment, at |east 50% of the,
squar es i ncl uaMerage thigkpessaf metal wmonadabased\arcthentha-fefical apppdmatian o
of at feast 5, Ln one e di ne at | east 75%.0of . t he uares i nc¢l ude, at

| east one 20 ﬁWeP@r gﬁﬁrlr%clé *cq'regitli'@eha(ﬁangﬁ"gn"? gle@t eY%@?o’%B‘?°‘éﬁdqﬁ%°é§tm2 I n
one eyrbodi nendyrfade bEASE nRXH Slibdthesquares include at |east one

i ntergranul ar crevice having an aspect ratio of at least 2. In one

enbodi ment, at | eaBtchOGi¥pli inhbotquaiceseticheduded aintéremanulanetcheédriilanis er
crevice having an aspect ratio of at |east 1. In one enbodi nent, at |east
95% of the scepiewatersas fellqms. A Papgkef spppenfail isreitina savang ebexagtivig an

aspect ratio .of ] e a1h | e_er k thed r.aranul ar
et ched surfac'g' ngé H%'v?gkdﬁ'lr{gc@gg%&’dﬂ{éfe%ﬁ&gsﬁg %1 Fﬁwérgg'ﬁs%ﬂééégﬁ%m %e,

at | east 50% @kpbbeve qHivréstchnel itergianubasétcbnprodisel gharfolidis Ghsed amd
havi ng an aspect ratio of at least 1 coupled with a depth of at |east about
1 nil& on. | n @ird.3endnthall demeweaighedasiThesesdt damthsigusalsyiatad| treen othe

| east one int r"g nﬁ'f@?mg[ae\/i ce having an aspect ratio of at least 1
coupled with &@9 ‘| east WO 02/ 079542 PCT/1B01/ 02901 -37 about 1
m cron. In one enbodi nent, at |east 90% of the squares include at | east one

intergranul ar crevice hgyings ect rati ; upled with a
depth of at |east about 1 m ron@ﬁan one e éﬂé?n £ & 50% of the
squares include at | east one intergranular crevice h ﬁ%é ah aspect 5 ratio

of at least 2 coupled with a depth of at |east about 1 micron. In one

enbodi ment, apgl@mShe P¥eRied HBNT INGFEAMURG tHE®tBh deptfRtis AREuAIR BUEHaRREl ar
crevice having an aspect ratio of at feast 5 coupled wth a depth of "at

| eastb about loverctherentira sunkacerdrediofahe foit Thustwhbetbé etethdeptiuniedds a

i ncl ude at | east one 1; nt er ranulf’;\r crevice ggvi ngt ar} qs,gect rati o of :i_\‘t
| east 2 coupl B@aggrepk theareurtoigmetal removedfFom; he Toil it gres not gaflect the
enmbodi nent , 08 t r jaclu t 'Em,;ar- r | ar
crevi ce havi ﬁ%’dé’%?gé%’zc?@ (r%é%i E&gi aq ﬁ?s‘%'z gﬁﬁﬁ%ﬂégﬁttﬁﬂgﬁﬁ pt'h '%f@éz;gt{
| east about lomserved. by nelectronninictioseape, avhichasdvedidosignifibants gliffersnces

i nclude at | east one int ergranul ar, crevice having an_aspect ratio of at
| east 1 coupl ReEWEehmictassened and infezgegnular etched surfaces. |

20 The foregoing ‘new generation’ etching methods herein are referred
to as “intergranular etching” processes. Such intergranular etching processes
result in a deeply creviced, etched surface in which over 25 microinches, up
to about 120 microinches, or more, of metal is removed from the surface of
the metal article. A surface which has undergone intergranular étching as

25 defined herein is characterized by the presence of intergranular crevices
having an aspect ratio of at least about 1, preferably at least about 2.
Aspect ratio is defined as the ratio of crevice depth to crevice width. The
crevice depth is obtained by estimating or measuring the distance from the
highest point or points adjacent to the crevice, on one or both sides, to the

30 deepest point at the bottom of the crevice. The crevice width is obtained by



15 about 1 micron. In one enbodi nent, at |east 95% of the squares include
at |l east one intergranul ar crevice having an aspect ratio of at |east 2
coupl ed wyblpr@redept h of at | east about 1 micron. (B) | MVER&fABoRksHk NG The
step of intergranular etching the surface of the nmetal substrate, 20 as
descri bed above) is followed by a step of applying an i mersion pl ated
netal to the intergranul ar etched surface,hy i mersing the surface in an

i mrer sion plating conposition. In one en58 iment of the inmrersion plating
step, one or nore plating netal]s selected fromtin, silver, bisnuth,
copper, ni ckeestimaging of Meeasuimmautie Mistanre RAturgenHPatSeRargtingtee ighestum

o topos! 1 ea BARES PRckTiner SRR HAEEFE e Bhar o dlak St ddabaRs PR St e
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| east one sol ution-soluble nmetal conpound or "netal salt se m one
or nore 30 plfyreggingerettodsemaytbrdfronoaboun0.5td about Birmitnoms inceigtdy, .and

ni ckel , lead, zinc, indium palladium_platinym, gold, cadm um ruthenium
cobal®, galli mwévﬂjfrom@etztl%m;abmt P8rmigsons i debth.aln gae embasdimeny the

oS OF |ifRar¥ralillaP driGicB8 ha k'S HEHH 51 U Rl |dbbuk oHARIEA NI he?! SO

conprise at | ~ane acird's rom m neral acids, carboxyllc

aci ds and hydgmeadient Ui intetgrdnaldricraliceshalia aodepthi &f @t dsadthebeaf 2 and
(O a conplexing agent. 5 The netals nmay be present in the pl atl_r&% bat h as
wat er - sol ubl emigrepsuroong eadiadiment| thei intergrrnWar geayices bave aswidihlafdats,
acet ates, fluobor

fl N I | f st i. d al kyl
Sl fonat es,  aRgP SePROALPEEOENdY SaRamEedEFTLy e BFiRhuBL e e 08
prefesred errb\g,qid;ﬁrpgf FLFJ&%B%‘%%_ZOM%J&%UH al salt corresponds to the anion
In the

of the acid use pl ati ng bath. For exanple, when fluoboric acid
is used as the acith théaeershodisneray dfethd inteegranplaz, etchingn procelss uddsmrined,

| ead fl uoborate, bismuth fluoborate,, indium/fluoporate al liym fluoborate
or ger mani um ReTGNRRME:  the intergrapular e?'éﬁlfr‘ﬁfje)s aes tcl‘?@&tﬁeﬁ HRESASTANUY o

path 1s an al (a0fed ndling ah?diplect Hd B} Gt Mast abblf 13 L oBlopimant, ey

be, for exanple, tin nethane onate, bismuth nethane sulfonate,
i ndi um net haniatergrnolat estchied. sdtfiacermmmprisds intergraniulezr creyicesu hayingoaper

ni ckel, lead, zinc, indium palladiu atinunr gold, cadm ym, ruthenium
TOoaTE gall; anamiraye, o (43t Ao D DhessBsCLIALP Hiay Bags MR IaS bison:
in the plati | Ut . ' : '

wide range. sudn BoPbibaps onphe MG RieTeroioh"gasdt R0t Middfio e fe: 2
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50 g/1. In another enbodi nent, from about G_Q/I to about 25 %/dl .. ln an&)her
enbodi ment, faeRiethoshould &e| coyplado yyitty any Ancrieasing, iMeraraRyil With- f Aom

about 10 o/l fagrhigigﬂgé rﬁ%ttegi/al aRHith&f tl'leef\‘n%r'ﬁrﬁf]ulg?aﬁ he%e?ﬁléd?gdséqgﬂ.loddﬂ dt he

pl ati ng sol ut econom cs suggest that the nmetal |lev be
mai n2@i ned at camhet effebtiveigvpendteatel into Mnteegrandlar crpuicesthaving high aspect on
pl ating conpositions of this enbadiment js é% at Igasl one acid sel ected
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conposi tions i Gredren! AiHus, fprastai cbrtaiAmpoint, further increases in aspect ratio are
_ of no further benefit in improving adhesion. Similarly, the width of the
25 intergranular etched crevices is preferably in the range from about 0.5 micron
to about 5 microns, coupled with an aspect ratio in the range from about 1
to about 5, in order to provide optimum co.ntact with and adhesion to non-
conductive polymeric materials. '
In one embodiment, the intergranular etched surface comprises
30 intergranular crevices having a depth of at least about 1 micron. In one

embodiment, the intergranular etched surface comprises intergranular



WO 02/ 079542 PCT/1B01/ 02901 -39 about 80 g/l to about 150 g/l. Sufficient
acid is present in the conpositions to provide the solution with a pH from
- about 0 tw edaowti23, nore often a pH from about 0 to about PZT/IBenemal |y, it
is desirable to use an acid that has an anion common to the acid salts of
the netals, in enbodinents which include 5 a netal salt. Exanples of useful
" acids include sulfuric acid, perchloric gﬁhg, hydr ochl ori c aci d,
fluoroboric acid, phosphoric acid, alkylphosphoric, arylphosphori c,

| kyl sul furic, arylsulfuric, | fam ¢, hyl sul fam c, nitri .
ST L 1y oP AP G OB H B | T mopgimnt
e ] e ARG se LRl Sk 5o PRERRRIRL AU v o

phosphonoacet am c, carbonrc an he™ car

aci ds_incl udejghthdet abBUEIZ midEsHs. C.In PEPietibidinraity the intdrgranala¢! étehed
benzoic, and citric; and may al so include dicarboxylic acids such as

oxal i ¢, mal efswfacy comprises antrgrancitarccrevigesaving @ depth of at least about 5
"hydrocar byl -substituted sul fonic acids" as used herein is defined to
i ncl ®le al kafB¥AN¥oni c acids, substituted alkyl sulfonic acids, aryl

sul foni ¢ aci ds andysubs! igbeinfirt] ! i8FGraRbiaiSetcHi SHPBEL! HbirfHiReEny

I ncl ude one or nore substituents selecte om hydroxy) vitro,

anmi no, ani do jafergtarmiter ¢revites.hakihgladeptikanat fadst aboat aanidsormboapledrwith
useful in the preferred enbodi nent as the anion of the nmetal salts or as
the aci d conpameasapectaiatiseof apleasdnt.cdn Bpet erabpdiment. he finteraranularigtched So3H
(I'r) wherein Ris an al kvl qro cont ai ni.ng f,ron t out .12 carbon atons
and 25 nore p’_r"g*%qaaﬁ?v_,p"%Pﬁ%Tvgﬁn%%ﬁreg'cggr'b%ﬂaéfao‘ﬁ%o%I?)Lja Fa_§taé?°'§hgh

al kaygp sul f anzferafkdeolprdudgith’ 8h 8¥56BY eatidebhade 16astl apbat aEi d.inebhane
sul fonic acid, propane sulfonic acid, 2-propane sulfonic acid, butane

sul foni ¢ aci cgmbodimenta $he f briprgrasular ekehednsuskaceosopiised, intexgrapular

sul foni ¢ aci 4, decane, sul Lo 3 shoiR AERSA Cosbl WM oA deboctFhab o

at least about 1. In one embodiment, the intergranular etched surface
comprises intergranular crevices having a depth of at least about & microns
15 coupled with an aspect ratio of at least about 1,

Exact determination of aspect ratios of intergranular etched surfaces
according to the present invention is difficult, and estimated aspect ratios
must often be used. This is due to several reasons. First, the uéual methods
of measuring surface variations, such as atomic force microscope (AFM), do

20 not have sufficient z-axis (vertical to the plane of the etched metal surface)
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 uséd 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



WO 02/ 1179y2 PCT/1B01/ 02901 -40 bisnmuth, indium gallium germani um and

m xtures of two or nore thereof, of the individual al kane sulfonic acids or
m xt ur es wb oampsef t he above al kane sul fonic acids can be pti/tdoz@ghe1l N one
enbodi nent, 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 (11I11: (C'H2"+,)-CHIO—|)-ICI—|2)mSO_§Ij_. (1) wherein nis fromoO to
about 10, mis from1l to about 1 1 and the“sumof m+ nis from1l up to

about 12. The hydrox roup of e kanpl sulfonic 10 acids may be
termnal or, ?’Ff%/'@l"?ﬁﬁ/ h%’yd?'&('y #@up%'ﬁi‘aﬁﬁ?é% YL ﬁ¥%'}q%|° aﬂ%’ﬁ'@r‘}/@ﬁ\fffgﬁ%
aci ds incl udegg@- < i L i n s xypropyl -2-sulfonic
acid, 2-hydr oélégfr)gg]; %%EEFPX§§%%%FQ3%§%?%QVE¥%€I -1-sul fonic acid,

2- hydr oxybut yl - 1- splnlb@herc neathdd o Hetbrminihgtthle- dspsadtfratibCofen dntergranular

2- hydroxypentyl -1-sul foni c acid, 4-hydroxypentyl-1-sulfonic acid, 2-hydroxy
15 hexyl - 1- suttcheidc sacagp & tydeodigital ymicrognalysis systard, whidty dvapx profile

Ay T E PR e

car boxy, al ko aﬂgp ' k@,{ﬁq S | |
substi %lut ed a?yker su @gﬁ@@g%gbggﬁd gtszgzﬂrﬂg%ot S ?'owlihi&ggli% S a?gré}p&
avai | abl e conwhich @anybareinplayed| tood dtermirep quantitatively ahe aiuyfaeb profile ¢y

known in the art. The aryl sulfonic acids and substituted aryl sulfonic
aci ds may i nc@WYﬁDIC‘eFﬁé;(K\W'#%PE starpg imagingnStaracr apaglypk images mey be

dodecyl “dt phetGTNTh e ac MstthBnf Sydn, 401 PRC 5GBS BEM, fpd “tHtnce
benzph dehyde sndil;e8d Cusinhd NofEs NV hRedyet Digiedle MidtdaalysigicSgstem (DMS) to

trimet hyl benzenesul foni c acid, anmi nobenzene sul fonic acid,
hal obenzenesutaloulate 4be surtaceoxpiiits oé the intergraoulesiedched sudphenone sul foni c

id b h di | i id | 12/ 07952. P B0O1/.029 -471
e onantt bl eraC aorsh 1z 2 nBformieraarahbn b sPBBEC fdi tekE8 it 3 Hitacki s-
al koxynapht hafgpe ﬁgidf @ﬂ’iigsiaﬁi @barﬁ%é’%@@i&fﬂ@ﬁi@r&a&d‘#&niﬁ-%w. The small

(3-sul fobenzoic acid), hydroxybenzenesul fonic acid,
hydr oxynapt hatoswmek abjest$ & &igsd, 1-6aaredprerhgpiverical calibrated hieada qilageds on

al ky] benzene di sul foni c _agid, di carbpxybenzene. sul fonic.acid .

acet ani dobenzt_g'\?es"é“ﬂf’{‘]5 n'°c§h%"?’d’?‘a§'(‘,’8tcﬁ ReRARht T e'?’égl ml?mrépl'ég}cdydes a
napht hal ene disdts iQRhE 18Wed rightledrmer M WraLR Be Full WdaRNssaE 2D or 3.0 um

di al kyl benzene di-sul fonic acid, biphenyl-4,4'-disulfonic acid, benzene and
napht hal ene sas indicatechbeltw tedagh soale.aibach mdslnindludes A0 suhidiviswinsy leach
hydr oxy, carboxy, 10 al kox and ace 1N roups. In one enbodi nent, the
conpl exing a d'Y?'?Q}FBUPéB?"@‘PF&&é%&( ﬁ\#.“.”lNHZ S=C~ (1V) NH2 In other
embodi ments, the cegplien! Mhatfflereaphcara MadifigaicPBP 000X bgbcRg
conpounds include those disclosed in U'S. Patent No. 4,715,894, 15 whiCh is
i nca2@or at ed ther diumbgr shihyy sidecof Bueleatrodepbsitad copparfodunte scaipin Fig.

ther eof - 1 oheRARoRu ARSROUBIE g o eu(iEpeid the Toif s refdvely
i m dazol e- 2- t {i,a8eh CANP il GRSind OF Bébpek 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,, 3-5% v/v of a 35% solution of H,0,, and 112 ml/l CuSO, solution

(270 g/l CuSO,45H,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



2011 C/ \ ANNB (V) 25 CH=CH WD 02/079542 -42 PCT/1B01/ 02901 wherein
A and B are the sane or different -RY groups, wherein Ris a linear,

- branchedweoro2aged4ec hydrocar byl ene group contai.iing up toPabasol2icar bon
atons, and Y is a hydrogen, hal ogen, cyano) vinyl, phenyl, or ether noiety;
and (D) water. Further details relating to this conpl exing agent are
*provided 5 below. In one enbodi nent, the igrrpl exing agent is a1l

(3-dial kyli m dazol e-2 thione conpaund (where A and B are each individually

al.kyl or cycl oal kyl, groups),. and the thione conpound nmay be unsy trical
(A and B ar e hawerienfig. of/ §9%1%1Pi‘ﬁga$”f(§$eaﬁ °gp%§8’ﬁ%ég§3'h%9$5 PREf 8May| vy,

cinyl and B | QAFAPTiRgHsRoER ST o1 FEntUEs Ran/ .7 vinba qf2e B,

ethyl and B i ycl oa rou

atoms. Pref erpRlg);thehapett iratiorsfhihe sitfade shéwnGa Rigk) isofoupiCtdBb kabout
group, and when Ais ethyl, Bis a C4-Cs al kyl or cycloal kyl group. An

exanpl e of arD.@fsyTines,rtiheadurtanepis sutbstantially free of intergranular crevices having
1- met hyl - 3- propyl i m dazol e-é—gg hi one. 15 Alternatively, symretri cal
1, 3- @ al kyl | ATHASRAR-rALioHRTy ‘é'a?or;?&ﬂ{aét%y be utilized in the imrersion

3 i o | |
Cyel oalkyl or oups ‘aaniarhennsaniofog bl a, §ifeqficatiy o 1%0B0x ot g o

class of conmdpgenrofciauhiehi had, Bedh nRibjedtedi trnicotdhingrs: the OxopleRer
enbodi nents, conpounds that may be enployed as the conpl exi Eaagents (O
conpri se 2, 4-Rfiochssbinuwvdich therTell is mieiostehed by: a soluian ef A120sg8Du Pont

i sot hiourea; thio i c.aci.d: thi oammel.id { In] r t.hi qur eal .

monoal kyl o ORI L hirResitm fllpERREos Rofe: 2T poibrivmdtiaiore, 29%

al kyllp group, Adbsidmisulifte 2% potaRYiuns bRXYdRUNERe S2% magneiiahTWarbbhag)' ea
or 25 nonoethyl thiourea; saturated or unsaturated cyclic hydrocarbons

mono- or di - sarsktabout &36 tHySKdy.e Ibedull iscate indiat Byspans 2.6 gm. Bispstewh in
t hi our ea, cy%,ohgx#{ t hi ourea an where.the cyclic h car bon.
ug- PelM i

dthe like, . h clj dr
has up to ab iGERPIGhIpgProp RS thsLliEAn @eusfage ity lew rhiad ingalis
(the reactiomngnd 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 one. 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 win 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



product of thio.urea and sodi um hydroxide,; thiocarbam c acid esters (the
30 reaction products of thiourea and an al cohol conprising a saturated or
unsat ur atved oahvyalmat i ¢ or cyclic group having up to about teor/nomiatons);
- WD (12/U795-42 PCT/1B01/02901 -43 the oligoners of thiourea and

f or mal dehyde, e.g., nononethylol, dinethylol, and trinmethylol thioureas;
S-al kyl pseudo thioureas (manufactured byqi_e reaction of thiourea with an
i odo-| ower al kane such as i odonet hane where the | ower al kyl group contains

up to about five carb atons;, thiocarboni c 5 . acid esters of thiourea,and
aP\ al cohol coﬁ%@ﬁ”ﬁ*’h@& 95’@[%’&%5'&?""%5 Tigr 4 2he QF?nﬂfgﬁ‘i‘r(faEﬁ ﬁﬂ?gu‘ﬁ%ﬁ/i ng

up to about 6 b t ; L, | ~Qr i

tg about 12 cgﬁgﬁn@gqégn%@osrrﬁgez)%caﬁcqrogf%%syac{/‘ hogc'@ﬁglﬁel"?gg?lgﬁyy ehd'P
al kyl cycl oal _deteh?ahamr ePeviGeh@Vihg Bép6er ReibsasfaBout aner greaest. athe/ OV eRe
the al cohol is a Tower alkyl alcohol; 10 thioureadioxide (al so known a

f or mani di nesubbads macbe qobtaineRaithinahelintagrawdarn creviossy ¢hus revealingdarct

of a saturated or unsatuyated aliphatic, or cycli rganic i d having,up to
about ®12 car b&fPatigiRtIoaftiak EiaQBW Yentn s refaﬁPﬁwgﬁﬁr}é ﬁ%d&ﬁf@@ﬁ*'ﬂp
acid reaction t 1 i , } i i:per al
ac: d sal tsI of CF%\ﬁg#e@?me?%rf leﬁ:é)(r)g erg%r?%rqomag?ﬂélgb@ﬁ?&fWéﬁgﬁ tﬁlﬁg"réa%gg'nt

of conpl exi ng opgadiad dbtsielthadother,t therébyrveialimg phadsipegt ratipokat least abbut he
present invention nmay ran%gafrom about /1 up to the solubility limt of

the conpl exi n@-adfeist npted feats slua toithe Qgﬁ andynarrowness @fithe intarpramieni n
the conpl exi ngrea\fqﬁegst’ @b@p‘?‘ cﬂg}g\'ég%' Jfrt?\@bae%%,t tHe bRl sto%é""gﬂm'ﬁ?)dﬂrﬁgn%/ Aa{n 158

one enbodi nen X1 N ent T's present 1n an anount Trom abou

gh tepabout 14@tqhucH thebotioet oethe tteRjranulaher HA6eY. eKi Sgcthge Rmbadifeasent
in an anmount from about 80 gh to about 120 g/l. In another enbodinent, the
conpl exi ng ag&he aspechiratieanay vixcerdid @ thaaAsPest EAtioamAYnexesedadouYVheso

g/l. 1In another enbqdi e 25 co exi i i , i | S
present in an a&ﬁ@ﬁﬁ'g%gpﬁﬁﬁ%ut&‘ 19 ’afﬁ“m'né&ﬁg? %g'r?ﬁéﬁb%&i"ﬂéﬁ??%?#ewb%d
canpl exi ng ag%§qné|§d&1ﬁ%5b%uﬁarpér@pwebrnmhﬁ-a'-’s;ielait Pio oftabelit i2%.present

i n an anount of about 80 gh. Wen the solubility of the conpl exi ng agent is
tow, a cosol vent riFiy. Beisaddibtomistignaph, at a magnifieation of toERN0X%naf a

t herehy enhance its activity {n the 30 resulting sqlution. Suitabl
cosol?gent s i nCeRART \Aﬁ’ﬂlel"‘-"NFEC}'BF eggﬁﬂ‘ v%*ﬂjg%ﬂcﬁgag&gﬁ%%@% ?L{Ehlj‘g By an

et hanol ), gl yg , VSR | $py- [ i

02/ 0795: 42 Pc?ﬂeg%'(ff'b‘gaéfi%h%f?g‘% , 3 bom 0F§|y~e xﬁgggﬁs% R o%%'?s“?e”.”g“.'f"
acetone), apr akid, amuweRts e.af a IbWesoivtiborofahydeogeni perobrides Lakfossti &l g/l
acetonitrile, etc.), efc. i si.on_pl atin onppesi ti ons o he present
i nvention may b&P§6‘)'@GﬂteaFﬂJ%epe"@F&ﬁhg Jﬁ‘élaftéé'is%@?eaggﬁ'tgsgﬁ%?qﬁ ;i(#]“%eﬁ%g
the i mmersi on holiRig. B2'tAb iAfeHoPnuthe BidHeROsiithed id Rhaddtbtifdd blNthe
chel ating agents ich are useful ©"'n these conpositions generally conprise
the p@rious clpes@rceobf ctiedmidrevicag crdtsvernd tisoaoetal cgratngyolevdsintdrgearadad i n
KirkQ hnmer) Encycl opedi a of Chem cal Technol ogy, Third t:%gi tion, X(ﬁl 5), pp.
339-368. Thi s ciPwispss it avhish Hbpctiffagectichines: a@ing of dnetal serarated iy dg
teachings rel gtj I i

especially pr %%é?gx\gﬂgg%&ﬁégqﬁoﬁgm%s&g@%bg?ﬁgg ﬁsgi g@% 3?@%? Wyaa'r oxy

carboxyl i ¢ acigkeeedq2® gin inectoiloakichi kasdbadlsintévgranulsr étehed @0 asotvrenseye
et hyl enedi am netetraaceti c acid, hydraoxyethyl ethyl enEdi amnetriacetic

gci d, Ri tr: I lotarbioééée?pc#i{ti('@,'mﬂﬂﬂdn)?ér giepEEssd ARRYEne, ABn' 8PRYIEBHPEY 1Y) 15
L L

useful chel at ighgpvageRtRigl 15| thécetepledastirigse otlides largbydopper diraimspea high
di met hyl gl yoxi me) di ethylenetriam ne, etc. The chelating agents_ may be

present in an degremof irmegularityaanghirtergrenwetcreviegs hayngmspectoatips greager

Vari ous secondar edycin gents n be i.ncl uded i o rsion ting
conposi tions dhe: pr eﬁtgiWeﬁ??@%.mﬂebesézggﬁ%@?g \%"gg&{{ﬁg 'ﬁbﬂﬁf@'{"‘ﬁﬁ{/
conpri se or ga@rﬁvﬁbg?qﬁgﬁsrmﬁhﬁr af dddHedt ety ofnaatisdst aBout!1,phad i ghedr
cyclic, having up to about 10 carbon atons, borates, hypophosphite salts
and B@pophosplambodinaamitdof thenintergrapulanicdevigeicore thaviong Q45 4m beedimay
carbon atonms may be enpl oyed in this respect suych f Qrmal dehyde .

acet al dehyde, Qﬁ%ﬁ?@ﬂ'&%&d@%&&?h%ﬁﬁ)’fc& 8@%&?@? ej:myatati\g q%%.tﬁEg%é(cﬁeé{PFl{Pg
preferred al dehydes conpri se hydroxy aliphatic al dehydes such as

gl yceral dehyde, erythrose, threose) arabinose and the various position

i soners thereof, and glucose and the various position isonmers thereof. 30

d ucose has been found to prevent oxidation of the netal salts to a higher
oxi dation state, e.g., tin (Il) ionto tin (IV) ion, but also as a

o o, . g



WO 02/ 079542 PCT/1B01/02901 -4 5 and is especially useful for these
reasons. Ot her useful secondary reducing agents include sodium

- hypophosyly ¢2@79faypophosphor ous aci d, di et hyl am no bor ane PCRAB0 g i28&r
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 enbodinent, the 5 reducing agent is
* present in an anmount from about 20 g/| t ogbout 60 gh. In one enbodi ment,
the reducing agent is present in an anount of about 40 g/l. The inmersion

pl ati ng conp05|t|on opLiona incl ude

conpati bl e wi@magRest § ﬁ'?lf’?(?hog&%a i @regieral "3%83%%ggéﬁr@sga{wé%ﬁ?hgngc. ds
and the COMPlLENJWNEACHE the ﬁﬁe@%ﬁduﬁwaﬁces Ngn& Whé ArarmBEerBRtHecb@ddd, aAst
one surfacta |ncI I Ng a noni oni c, cationic, or anionic
surfactants; mg, B xhyrmdtsharmﬁe drbbedinhemts, careos thotiabttivet botont of dhet
one cationic or nonionic surfactant; or m xtures thereof. The nonionic

surfactants dntergrastiariasevices M sHeD anergpodishentnitae §§PF%¥c’iaé'Ht rvayfxcRedan

ot hylBone. oxi diD-afd g e pylHEME? duBg5erts 1508 17 e 20, B e, \Ohen,
mer capt o or pédarfyaz;]g g&{owomnxeﬁﬂaﬁmwétm%r%wmm iAtFig! 5Nstioaadn

conmpound contal l'east one H group. Exanples of nmaterrals

]E:ont ai n: nghh%ltdruﬁ?bddwhwggarﬁﬂal ::tdvlunlz(bsl hiking qmslsmcg rastpyqfeamlﬁdzﬁhenol s,
atty al cohol s, atty aci ds ol ya e cols

materi al s cont ai nifig- &ihd élﬂ&ﬁﬁé"?% 288 6§| %Wﬁﬂ?'ﬁ'@?ﬁgﬂdoﬁggyéﬁp%és‘)f Patty
acid am des, Ofj. A0 [ tygn sk cpyt ahni ng
surfactants hav%eé%ﬂmg;&rpuIhggvpeg%gg%?ﬁ%-%ln%d;gm Vl) %ée}?glgn is an
arylyer al ky||nth"rgtam.¢§rr§tahmlgr®rﬁposxt|abmom;ﬂlmmg abjric catondarddwdrata)ﬁ@ gh is
two or three X 1s_an |nteger between |1|§ @t@t‘jtm " ac ants
are produced fgemie acid, 26,94 apsk ammenivm, chiokigr B fu o?c ?R’B
substituted phenal apht CRS t; 7542
*46 PCT/ | B01) PAB 27 %ﬂbp%%%‘ga‘(’)\}ﬁ W R 3nf M@Fﬁ“ﬁgﬂcgg‘fhne&n%%gt'gu n

from about 14cﬁé?a3€errz@abw tAb Qresence BRddep d@woesdbémwra venndargbametdlat t y
al cohol such as ol eyl alcohol or stearyl alcohol, Nonionic poléx yet hyl ene
r

conpounds of gﬂalras,upp,einmrel'&mﬁ%frcwwﬁsnlfswb“@‘ the surface inpludes large grains

pol yoxyet hyl en co ounds vai | abl e t e

t r ade? desi gna? ‘m@ \ntglg(gﬁn @%e%hga th oqgth% (%}EV\?BS
Pa., under thgadestcHu FOT-WRGEW ﬁ 8'b EETlegEémauBe@%ew/méettbe
Corp) of V\yan@og & M 0?120 ‘lavﬁ%nder t he dgm genatl on SURFONI C by Hunt sman

Cor por ati on ofeniiessboyt 80 uTemk:ulmdrqsl discussashaboye.c A@oqsmenw@né a

condensati on products useful |nvent|o cl.ude his
t he product o ?WQ&°B)Per}¥CPr£ S9! Woﬂ'és? ?tue?%wf\ene e(%ﬁl d&’ %%

mol e of | aur yéh&\lvﬁ @%h@&%’ﬁﬂa@ehﬁclu&é@%’%ﬁ@@opw th!lr'iﬁ ahigh
product obtai ned by re ict'i ng about 10 noles of ethylene oxide with 1 nole
of 1%0tetr arredbglle@eofyrree;gmarltv ShiRAivdDgratgsar creviges Ipawngoqsp@bt &ﬁﬂ@%ﬂ afyat
reacting 30 nol es of eth xi d vmthterame%&% "PLU ClL
35" is a prodleast about Fned # PREIS Ay, PR COBaIRg %"&‘@'%W

pol ypropyl ene CaSA CRRRS 0PN tOiealsQ mlﬁswf IRr 88eene
oxi de. SURFO\IF%%%SO I'S an et x% a?ed al kyl phen%l 20 ~ Al koxyl at ed
amine, |ong cemibodiabhs m‘mhaemtérgr@maacn@vimt mﬁeltban&lnkaﬁbél uEnbeaskmay

di am nes, am des, al kanol

the art are abgocgﬂ'@ﬁ"ﬂﬂd ‘@ﬂg]"'tﬁ 8ag$° % l"éé%%ﬁﬁg%{)& hef Eﬁgﬁﬁﬁm’;n

usef i's the i r | @
oxi dghand et hy eeﬁ'!l 'Rgﬁg§§%ﬁém nesﬁg%o?e&%gé}?l (r:]izg)ié Hbged){%égnggén ds °
formed by theqggfi hh@mhafoviaisteydfetie mxergmrtubared:rleyioeseaddahermametdroweﬂ\eby

the addition of ethylene oxide are useful and are avail %‘:& gwramer ci al Ie}/
f r om BASF undéneadhetlgmrbends inrsgae @é@b%ﬁquﬁﬁ canTReiteuchcihg, th

factants which t h | f
wet ght s al so erarBarat crekires.y haveh Eieihalis®. i, ﬁﬁ%?%ﬁ%?ﬁ% %eed
wei ght range of WH’&H ahagtze IDMSLOM intekgeariLial eﬁcrfedosnrmhatmmmhmw

units per nol ecu has a
30 6 is found to include mtergranular crevices having an aspect ratio of about

2-3.



- WD (12/1179y2 -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. Oher

known nowmyowe/g79gkycol derivatives such as pol yal kyl ene gl yeoimpihsns and
met hoxy pol yet hyl ene gl ycols which are avail able comercially can be
utilized as surfactants in the conpositions 5 of the invention. Ethylene
oxi de condensation products with fatty acégs al so are useful nonionic

surfactants. Many of these are avail abl e"¢omercially such as under the

general trade name ETHOFAT from Arnmak Chem cal Divisign of Akzona, Inc.,
Chi cago, |11, Exariplager teayastitaiyebnestigatethe,pxtent afjiatergi@nuaiatehinci d,

. Et hyl id d f ' ' . . ql \ d I
S aval| abl STPB TARRIE. Of TEonamper dic Y dhe’ BRE Uit Srdk is, W) { cogB, >
obt ai ned whengal yPp¥akster@imfgIthec Aufbe?hi8NR) <iviae/ He ﬂﬁBFﬁrgﬁhﬁaraét‘éhed

i ncl uded. For exanple ethyl ene oxide and propyl ene oxi de condensates with
ali phatic 15 qjrtsdwinto ssgrididfasquaré greashaving B0 kyrh orabaclx giden andt theacat ed
phenol s and . naphthols are useful additives, Ahout 6 to about 40 nol Flg of

the &ide naytomrounsthe MEapes ehintergraiyrCreVicssiinieagh SHatR AT togaiptd
th densat ] , ' ,
TUEEN £ rom 1 durafir o sdldtes FRihics BBt Bk antthafnuR Chav b RF (MRS

Car bi de, and d4shbdlan{ @i fiambeplbf Aguaresen avidciviat tedSeope ifteegranuiacrevice

utilized also may be anphoteric surfactants. The preferred anphoteric
surfactants ihmling@ salectedeasnacy ratip magebaidatermied.sul f ated or sul f onat ed

adducts of the congdensation products of et e ' r I

oxide with an al ky l_é?ri'ﬁ'eoB? _e@?%?ff'ﬂ’@"%g‘ﬁﬁhﬁ'}é;ﬁjtgﬁrgﬁ@gégltgﬁ?%&g?%cgqg

| aurpg di et hYAi@{dfqunthmd?ﬁtaf BQuared T AREMINSTHITREBH SAISTOAY 18BE0E09% B¢ the
Sul fated and sul fonated "adducts include TRITON QS 15 (Rohm & Haas Co.), a
sul f at ed addusquarés incladé at\leastcahenirdgrgranuler crevicsihavitgy an aspectinatialof ~f
a sulfonated | auric_ derivativ

ol eic acid, eltdeasty]; ﬂ.@WEBP%@&%?@Fﬁ%S& ﬁxire]eqsﬁérg%i{\@ﬁ#art PasEe
aroup. consi st YO R AL SRR Mg ) HBe8eE e e i Tl e
al kyl pyri di némbodimdret, andeastkd0% of e squanesdathuse at least one intergranular
15 crevice having an aspect ratio of at least 1. In one embodiment, at least
50% of the squares include at least one intergranular crevice having an
aspect ratio of at least 2. In one embodiment, at least 50% of the squares
include at least one intergranular crevice having an aspect ratio of at least

5. In one embodiment, at least 75% of the squares include at least on.e .
20 intergranular crevice having an aspect ratio of at least 2. In one
embodiment, at least 90% of the squares include at least one intergranular
crevice having an aspect ratio of at least 2. In one embodiment, at least
95% of the squares include at least one intergranular crevice having an
aspect ratio of at least 1. In one embodiment, at least 95% of the squares
25 include at least one intergranular crevice having an aspect ratio of at least 2.
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 756% of the squares include at least one intergranular

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



Cationic surfactants obtained by condensation of various amounts of

et hyl ene oxi de or propylene oxide with primary fatty am nes are useful and
- 5 may bewoOgprgssated by the following formula VIl: (R20)i BRCTAB(R29)ixH R N
R N\ (V111 a (R30),,H wherein Ris a fatty acid al kyl group containing
fromabout 8 to about 22 10 carbon atons, R is an al kyl ene radi cal
"containing up to about 5 carbon atons) RZ3And R3 are each independently an
et hyl ene or propylene group, ais 0 or 1, and x, y and z are each

| ndependent | b 498fcroh! O %ﬁ%@a%eﬁp’at%‘twﬁ? R puarkp 1o 2 o

i nteger of from about to a Mbré partic

am nes utili teabtadife irergraantacroyiceShavieg faor aspeat rHtlbIofamdlebh(t 1 coupled
/ (CH2CH201xH R4- N ° ( CH2CH201yH (VI 1) (CH2CHzO)=H / ( CH2CH20) xH 20 R4
~- CH2CH2CHZNWitixp degrthoatipfoleastabwit di migran; an@f\‘eaPWOQ@'nén | &ylpagh BAF6

f 2 8 o] def d i
o o R e s dres dG BB s e SR s uRtdtordn Al ple e nRinte: e iemas
and gre 25 aya.%%aCI raeffnaca/@mé&wnﬂfa &Qgeﬁeapmalea%wb%ﬂ FREDN | 1 on

exarrpl es of am nes contal nin to 22 carbon atons | nc?ude
saturated as ewﬂiddlment, aWéaHf/SlOT/BSﬁZthMéqmé irBOﬂdé)mOéasisontabngTat\ek&r

al i phatic am nes such as octyl am ne, decyl am ne, | auryl
crevice having an aspect ratio of at least 5 coupled wﬂK a depth of at least
about 1 micron. In one embodiment, at least 75% of the squares include at
least one intergranular crevice having an aspect ratio of at least 2 coupled
10 with a depth of at least about 1 micron. In one embodiment, at least 90%
of the squares include at lsast one intergranular crevice having an aspect
ratio of at least 2 coupled with a depth of at least 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 1 coupled with a depth of at least
15 about 1 micron. In one embodiment, at least 95% of the squares inciude 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



am ne, stearyl amne, oleyl amne, nyristyl amne, palmtyl am ne, dodecyl
am ne, and octadecyl am ne. The al koxyl ated am nes of the type represented
by fornmulvwoVvtbtesazre 5 avail able fromthe Armak Chem cal D rCHIBM/02501AKzONa,
Inc., Chicago, IL, under the general trade designation ETHOVEEN. Specific
exanpl es of such products include ETHOVEEN C115 which is an ethyl ene oxide
condensate of a coconut fatty ami ne contaigg.ng about 5 noles of ethylene
oxi de; ETHOMEEN C/ 20 and C125 which al so are ethyl ene oxi de condensation 10

products from.coconut fat am.n 0, I i 0 : ;

Gt byl ene oxi dgerraaER:d bl RUSGE STERKE SFyRr 1 ehesd” S8 FitnEFRIGH pfiting
oxi de condensggy ol SorhpFgs Wt 1648tN(8) WY acidi sllectedUrorh minserd
nol es of et hy%@bgﬁﬁgﬁfa}#gl e OP am ne, rgsp))ect ively; and ETHOVEEN T/ 15
and T/ 25 whi chcidise edrbpkeie aoids earcbridaitecaibyhrspbstivuted sdlfenic] aoidss and ne
contai ning about 5 and 15 nol es_of ethy]ene oxide per nole of am ne, .
respecti vel y. mosties sharaof; apdilChs eorBRBMIL898Rtt he al koxyl ated ami nes of

the type represent by f I | ude W@tﬂ 3 )

whi c_hgare et hyl _eneq-g‘fi ﬁ%"‘%ﬁﬁ'@s teﬁﬁé%ﬁgdﬂcttgg all gwa r@?’h%%ﬁlee
di am ne cont apgidipumReUior3saisi intfudiRg eshefoxitlby/ atifrated, dhaldss, 2@cetdtesf
di am ne respectively. Another typa of useful cationic surfactant is

represent ed bfiuoherates,nilasilicates, akargHedfonatRoCHutEYtale) dkybssifonates,-aryl ( X)
[/ CH2CH20) ~H 25 where R is an .%H( I 0 cont aj ni ng frfom gbo 53 t o ahout
12 carbon at offglfoRates a&‘dr%‘l%rﬂ'l u@% aﬁ{ﬁaf"cﬂai?sfgmﬁﬂ, PIR'ENS r?rﬁ$% '['W?ﬁég %,
the sum of "m;laﬁi%ni 8 fth8 b Wale cbgegeef]jas 48 thEhanidM g?tﬁé hexy lidks in the

surfactants of the type represente orrmula X exhibit the

char#Oteri sti pmatioy bethh Eert éxarnpleamdrerofiuairic scidfisstsadtas thetacidothensalts
W0 021 079542 MRy 0 1p02StAMBs, stannals; {bebgry G JeadhdFRotafe. BRIt
et hoxyl at ed aﬁLBBoPﬁQ?Yﬁﬁuﬂpflﬁobbll%‘%e,""ggfﬂﬁhpﬂhﬁbékﬁt@a&t géfmanium fluoborate.
As a further example, when the acid used in the bath is an alkane or an
alkano! sulfonic acid, the soluble metal salt may be, for example, tin methane
16 sulfonate, bismuth methane sulfonate, indium methane sulfonate, etc.

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 golutions,

2.5 buf economics suggest that the metal levels should be mainfained 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



The cationic surfactant also may be: (a) a quaternary amonium salt of the
formula XI: 5 R R-i .-R', Xe (XI) R" 10 wherein X represents a hal ogen) a
- hydr oxylwer@upysior the residue of a C .fi al kanesul foni ¢ ®CTABOIR)2901
represents an al kyl group; R and R' represent a C,.a al kyl group; and R"
represents a C~.~o al kyl group. or a benzyl group; (b) pyridiniumsalts
“represented by the general formula XlIl: 15 R -N~ .~ R8 Xe (XlIl) wherein X
represents a hal ogen, a hydroxyl group, 089t he residue of a C, .s

al kanesul fonic acid; R represents a C8.20 alkyl group; and R8 represents
hydr ogen or eab@uttBChbl’dytb apoutpt 50 @)l. | Sufdicieritiacidiia prasest rmﬂmaasem@alttwmt he
general fornmula XI1|]:

X represent s 18 RgVisigethe %P'H?HF‘(”(W‘ ag?'ﬁdﬁm((ﬁélll) }%9?&?%@%’9@0“96 a Pﬁr ern
2 ke o ot 18 ABbP 21t SoferEl 2R iF bl tatile S Rise¥h BBIREF LS o

hydr oxy- cont group represents a

or a benzyl ofrfibth cofifion to the\A@ld)Bél&?&&HeZnﬁﬁl/sJ iB0émbativentslwhith Ihb@ml’
al kyl am ne salts represented by the general forrmula XIV: [R, -NH3)~+

CH3- (8CHZ) ~- CODmietal alt) wherein R represents a CB zp al kyl group; and n is
fromO to about 4. f th aboedeC| tionic su ctants, in
the formof 5 sal tsEX%mngll yPEetuleRGigs o %}u&if‘? a8, perc”oa} W,
cetyltrineth , ALSRIbYkL! | h m t, ,
ﬂﬂ?ﬁ?ﬁfo‘t‘?@ S@élﬂ ﬁl}l ric! 1468, zﬁmsthlaw gzl !  alkylphosphoric

| auryl di met h anmoni um sa oct adecyl yl et hyl ammoni um sal t
di met hyl benzydrlymhqslpamn|alkry|sa||ftmc,cenw¢tdfum hsulfamicy | methyisuifarsid, tnitric,

oct adecyl di met h Ibenzyla nium salt, trineth enz

triethyl benz RABIGFGm s Vd' migcy| S °"'1%equ| ni %‘h\V?TC‘P)’{Yd{DhGHYlSU”Ohe,

| auryd pyri di I cQkiyni | t oxye 5 i
bensd 5. Iau%?mrﬁgéé%' ﬁﬁwﬂ% akidN Werkd! tghideyrrle 0xY ebhykpHonoformic,
1- hydroxyet h%hcﬂsd@ﬁhbbbeﬂcpbamdmm dashriic andnsulfdrtic asidsar yl ani ne acet at e,

| auryl am ne acetate, and octadecyl am ne acetate
The carboxylic acids include, e.g., formlc, acetic, propionic, acrylic,
methacrylic, benzoic, and citric; and may also include dicarboxylic acids such
as oxalic, maleic, glutaric, and malonic. |
15 The term “hydrocarbyl-substituted sulfonic acids" as used herein is
defined to include alkane sulfonic acids, substituted alkyl sulfonic acids, aryl
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 (l1):
R—-SO,;H ()

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 sulifonic acid, decane

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



The surfactants al so may be anionic surfactants. Exanple, of useful 15
anionic surfactants include sulfated al kyl al cohols, sulfated | ower

et hoxyl atved oghtox¥l2 al cohols, and their salts such as al kal i pgBigh/omalts.
Exanpl es of such surfactants include sodium|lauryl sulfate (Duponol C or QC
fromDu Pontl, sodium m xed | ong chai n al cohol sulfates available from Du
Pont under the designation Duponol WN, soddégm octyl sulfate available from
Al col ac, Ltd. 20 under the designation Sip OLS, Sodiumtridecyl ether

sul fate (Si pex EST), SOdI um | auryl ether sulfate (Sipon ES), nagnesium
lauryl sul f at ®igauBbrindim. sabunygsimaniwal anchmixeire Pfémqa&@o(fs.tbewof

L-22), diet hag&ﬁg‘é‘%&ﬁ‘éi Eﬂkaﬁ# shtbfiicl adi @Q '3{ btk tura® ¥ Y esen?%t{i}%@fg&e

sul fonate (Sl Fe Surs 2e S) nay be an anount

from about 1 gllfohfe g@.dghﬁﬁbé%“géa I n one errbodl rrent, the surfactant is
present in an anmount from about 2 g/l to about 20 gll. In one enbodi nent,

the surfactant is pmmmmquMMnﬂMBubsmw%dacUtar@ &ﬂlfor'tl@ aglsoistari 6lkgho) | n

anot her enbodi ment r f res N an. am

NSt her _ensaliPieo: i ectkan sulipnR bty bs frrapsated B 58 Tabedireo
all. WO 02/ Q£93d1a [/1B01/ 02901, -52 In another enbodi nent, the
surfactant is presen in an anount of about 9.9 g/l. In another enbodi nent,
no surfactant is added to the imrersion plating conposition. The i mrersion
pl ati ng conpositions of the present inyvention al y .5 contain urea or a
urea derivative, honolog or antf nhli'e@E’(S@H)‘r:‘)@ﬂaSh'engﬂ useful urea (I
derivatives are found in U S. Patent 4,657,632, which is incorporated
herein by reference. Specific exanples i ncl ude urea nitrate, urea oxal ate,

1-acetyl urea, whétdlisfem OLidEbyitu1@2m ik flofi PitbYbeuea.1 dnd thobamydblinea,
1- hydroxyurea, etc. The urea conpound may be present in an 10 anmount from

in the range f+omisfom 1optte abeut 1225The hydmwy grenn of dhe mikanahgulfonic

co |t|ons of .t he present |nvet|onas contain o am.dj ne
comdlnds.  AqRGlsts A ERGR RTINS Slo MRFTRL VRKPRH: G16 R G<ABISH & 118k
for plating U%!m\o?y&l%ﬂﬂetabmshﬁmdbqeﬁy%wétw smIfdm@aciBanﬂWdrsx@&%pWZ

t he di scl osure of I s incorporated 15 herein by reference, for its
t eachi ngs of sﬁfslmlfommaa@doa WCHDKWOD&t-hsSL&ﬁmKaG@dC hystroxepropwls 1-shifenic

am di ne corrpo%régds, rTByhyb rogvgtrjt%ﬁesul oncheanc?cri al | thdroxybutyl-1-sulfonic . acid,

2-hydroxypentyl-1-sulfonic acid, 4-hydroxypentyl-1-sulfonic acid, 2-hydroxy-

15 hexyl-1-sulfonic acid, 2-hydroxydecyl-1-sulfonic acid, 2-hydroxy dodecyi-1-
sulfonic acid. '

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 alky! 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 aryl sulfonic acids and substituted aryl sulfonic acids may include
xylene sulfonic acid, toluene sulfonic acid, benzene sulfonic acid, cumene
25 sulfonic acid, dodecylbenzens 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,



by the formula XV: RC( = NHHNH2 (XV) and the acid salts thereof, wherein R
i s hydrogen) a hydroxyl group, an 20 aliphatic, alicyclic, aromatic or

het er ocwebingogseup, an amino group, an am di no group, andPemigiimewny|
group, a carboxyal kyl group, or an NHR group wherein R is an aliphatic,
alicyclic, am noal kyl, am doal kyl or carboxyal kyl group. The acid salts
“include salts such as the formates, acetgties, 25 hydrochlorides,
carbonates, etc. of such am dines. The al i phatic and al kyl groups contain

fromone to r i an

aromatic (orﬁ?? BP%SP@BBEYDC??&? rﬁ@ m ébouﬂh?gﬁtioﬁ?@zo%ﬁbh&e g%tlgbon
atoms, and ”&Wﬁpﬁﬁmbhe UB0IBRICCONIEM ) T samboxybehzend O 8liboric20 avid bon
at ons. 0795-12 -5 3 PCT/1B01/ 02901 Exanpl es of such am di nes

are as fol o\s- sEFHe)Helszous exeapidiy onhydsoxyhenzegeauifariche c@edfdered
as a limtation on the aboveforrrula 8 ogen NH) NH2 dr oxyl, HO

= NH)NHz Al i fivaroxyrarsbilenesjlf apis dﬁ%%é%mﬁﬂ% Hé? %MXC' oA
Al Cﬁd e A alkyl\{al_g%el " GistiroNd NHEcil® PefiedoxbbhizdieN HGoniEN - acit

=NH1RHZ 20
acetamidobenzene sulfonic acid, acetaminonaphthalene sulfonic acid,

naphthalene disulfonic acid, alkyl naphthalene disulfonic acid, dialkylbenzene

disulfonic acid, biphenyl-4,4'-disulfonic acid, benzene and naphthalene

sulfonic acids that contain combinations of halo, alkyl, hydroxy, carboxy,
10 alkoxy, and acetamino groups.

In one embodiment, the complexing agent is thiourea, structure (IV):

NH,

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



Aromatic i ~ -C(=NHINHz i r C(=NH)NHz fornmam di ne i sourea et hanam dl ne

4- et hyl haxanamni di ne Cycl ohexanecar boxam di ne Py~rol e-2-car boxam di ne

2, 8- di azam@aphvhalxene- 3, 7Dl car boxani de 2- napht hani di ne Benzmri/mhone2901 WO

() 2/ Ur95-42 PCT/1B01/(129(11 -54 5 Ami no HZN- C(- NH) NHz guani di ne Am noal kyl
HzNCHzCHZClI =NH) NH2 1- am nopr opanam di ne Am di noal kyl

Hz N( HN=) C( CHz) 3C( =NH) NHz pent anedi am di ne ,Am dino HZNIHN = 1 G C( = NH) NHZ
et hanedi am di ne Am di noaryl HzN(HN=) C- C6 I—ﬂZC( =NH) NHZ

1, 4- benzenedi car boxam di ne Car boxyal kyl HzN(HN_= ) C(CHz) 3COCH _ | i

4- car bami ni dophsieinrfiapd R age the samp.qﬂfaffieterttﬁ@mr RHereiReR 5/ linear,

di Al I H
T o AR AR B kB G2 oo
=NHI NHZ I Nobiorh ti
L DML Rt o St
aci dani doal kyhh® lNDHWa)téP NFarchieCHEaiFalatigg daitbisreomplexing agent are provided

propi onsm deHet er ocycl i c2- guani di nobenzi m dazol e ~N NHCl =NH)NHZ | H The
amourR of ani BelR¥. ‘conmpound i ncl uded in the i mersion plating conpositions

TRy YA over A\ EohgANbRHRRnESHY Ay codln¥ ) LeRbiiah e 1P
thione compound (where A and B are each individually alkyl or cycloalkyl
groups), and the thione compound may be unsymmetrical (A and B are
different) or symmetrical (A and B are the same). Preferably, the complexing

10 agents are unsymmetrical such as where A is methyl or ethyl and B is an
alky! or cycloalkyl group containing from 3 to 6 carbon atoms. Preferabl'y',
when A is methyl, B is a C,;-C¢ alkyl or cycloalkyl group, and when A is
ethyl, B is a C,-Cq; alkyl or cycloalkyl group. An example of an
unsymmetrical compound is 1-methyl-3-propylimidazole-2-thione.

15 Alternatively, symmetrical 1,3-dialkylimidazole-2-thione compounds
may be utilized in the immersion plating compositioﬁs and the dialkyl groups
are the same alkyl or cycloalkyl groups containing from 1 to 6 carbon atoms.
An example of this class of complexing agents is 1,3-dimethylimidazole-2-
thione. '

20 In other embodiments, compounds that may be employed as the
complexing agents (C) comprise 2,4-dithiobiuret; 2,4,6-trithiotriuret; alkoxy
ethers of isothiourea; thiocyanuric acid; thioammelide (trimer of thiourea);
monoalkyl or dialkyl thiourea, where the alkyl group comprises a lower alkyl
group, having up to about four carbon atoms such as diethyl thiourea or

25 monoethyl thiourea; saturated or unsaturated cyclic hydrocarbons mono- or
di-substituted thioureas such as naphthyl thiourea, diphenyl thiourea,
cyclohexyl thiourea and the like, where the cyclic hydrocarbon has up to
about ten carbon atoms; the disulfide of thiourea; thio-imidol (the reaction
product of thiourea 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);



25 conpound in the imersion plating conposition is in the range from about
1 gh to about 10 g/). In another enbodi nent, the anmount of am di ne conpound
- in the iWweER#ITPH2pl ati ng conposition is in the range fromP&BABI/EY | to

about 50 g/1. In one enbodi nent, the anmount of am dine conpound in the
i rmersion plating conposition is in the range fromabout i 0 g/| to about
25 g/l. WO 02/ 079542 PCT/ | B01/ 02901 -5%3n one enbodi ment, the imrersion

pl ati ng conpositions of this invention are substantially free of thiourea

and t hi our ea igrdligetmers of tifideréarand $oonaldbaydege.gomonbirieshdobdimeehylobsent
invention may be utilized in the plating of the intergranul ar etched
surface of t hendrtisietiBylolbhiouseas; uSiaty! fseudnetiiowisasaimanufpctyred byydher a

cascade application process. The inmersion platin 0 Ltions. useful in
the method offeggfien iORJEWHf 8% Vith %%Péﬁ&’ﬁé@"ﬁ?}‘eag‘ﬁﬁhggﬁﬁgé'bgﬂ?)%emr&er? 0
water. The c ™ - ot | ige
oti rred nechaNbaary Sy rBlpdshiting LY oBBHEHive KMLGATREs, hAREaMhiE
reactg on. 10 Jdig getept SURBIoRES, atdraexsiophel comwmising r@)i &ryatunaedoer

contacted with the i mersion plati ng conposi tions bé i mrer si ng or,_di ppi ng
the intergramsaiuratedhalphatict arap hewinghp itangkeytol GaTRPPRjoB Y idYbns
mai ntai ned at a tenperature of fraqm about LN Nt NUQUS
process. I n o8k &di g’%ﬁ[ﬁ BrR g}ﬂyé'?%tqﬂ 380%8?%%%%@:9{1%‘%@% |t°§ féﬂ t he
range of fro IRAAIKYI SSCalkyityesalleyiieaing i, td BisowoMRasdrboaAn i s
mai nt ai ned atre‘gé??éeﬁ%gr%gtchﬁe%f "(1t‘yr om abguty@ZOC to all)rgg;tdpw C. In anot her
enbodi nent, t#temsnEdatespecidllyt hehetenpidei taleehals is nat eweanglkybf alepbal:
about 35C to about 45C, | not her enbaqdi nent ,. the.t enper at ur h
conpddi tion i¥1Qyep @"1‘%33%& PP¥M a?ogﬁfmgm@'f'Ss@BBlﬁ afﬁiaz@cﬁ ﬁeéa'ni‘qher
enbodi ment, t ey e i FRERBF ol & {t8d idt dhvatuaes albhatie®
about 15Cto gg%%?@?@f&#%zeﬁ%&tdq% ti rre(bz atn%é}[]{/dgrﬁg in accorraagancagﬁvm t'h trhe
desired thi ckeyasdie ofganiteaciepoavingdip torabeubil 2ptarbed atoms asd&spagially theyer
I n one enbodi nent, the intergranul ar, etqaed syrface,i s im.ﬂ?{ ed in the

i mrersi on 25 i9MeRn AkphasieoBANAcaP P Hlicaage TPBGHPR pt'ﬂgf'?tén\j’ét aﬂ?ﬁ‘%?ﬂmﬂ'gl
second up 10 JRuHiBees; ald cREHiABFal SERPLIEHE thibliba) BLE! ShiBUHIRMIMIC i
surface is i P eaPR e i mer st on plating conposition for a period in

t he 1mnge frogr-alifate. 1 m nute to about 2 m nutes. In another enbodi nent,

the intergranul ar etched surface is maintained in the imrersion plating 30
conposi tion for abdhe ameunehgemplexingiagents I'P%“%?&gf ﬂé?rﬂl?mer'fﬁ'r??‘, &?HBS

i ntergranul ar_et ched. sur . ) i it i IS¢ i
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m nutes. The LhEBIITGYIilaR 6€lthet e6mplexifg tagapton tee tsotutimsi r Gdnemillgl the
coating quality and thickness. The imrersion plated netal nma e a% IQ?‘d in

; . y
a layer rangi selutioonvilbeentain ghe commiexingegentin @nameupt £ n);

1 dip.g 0.0254 ~ | n, one ' t ' ' t: ls

t hi cgﬂess r an&%?gﬂ‘%%ggt%ht %9%&*@@%@%88“%%36%@1@”%#5? Hiﬁrée%g ri\r":r‘tgnt ,
the i mersi ongpiciirdfromt abolas0aghl Rbcabras! 40 d/he In angehdr embabioment). the~cm
to about 1 ~cm |n another enbodi nment, the imrersion plated netal hasz%

thi ckness in chemplaxipg dgeswhiamsesent inpan amasdiiromahaut 80 gigto,about 1

enbodi nent, the imersion plated 10 t al i S oyt nih—Gm

I n anot her enf0di llf?erﬂ",oﬂﬁ?{eg @FBHnﬁTeafgg.'ﬁ%)pgb%%ﬂ:ﬁtm?é'f(%géls% lP'%ht %e
range from ab 8in G BfchRUbf laoudi T00! §/1anah hakosb ashbedimerithethe

i mver si on pl a?géoﬁé?rrgtg] Qﬁas a thickness of abgut 1.2 ~cm The various
conp@Bent s of cohepleximgragem iplthicunga comicsist presentieanlameuntnot AbowkREd of
the present invention may bg_gqpresen oncent r at.ions descrisbed above.

h
In one enbodi @ént INtANONeME QS’(\"‘EF‘%& %tcee BXNE; 39PN LRV 3-propyl

imidazole-2-thions, 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 .



about 1 gh to about 150 gh of each inmersion-platable netal; about 20 gh to
about 500 g/l of the acid; and 20 about 25 g/1 to about 150 g/I of the

conpl exi ngoagemissgonpound. The conposition al so may contai pectTapauwesy 9/ 1 to
about 100 g/I of a surfactant; about 1 g/1 to about 125 gh of a urea or

am di ne conpound; about 5 g/l to about 50 g/1 of a chelating agent; and 25
about 5 gh to about 1 10 g/1 of a seconda_r4y4_reduci ng agent. The
concentrations may, of course, vary dependihg pn the particular plating
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substrate in thetghaoheiprsorerei shelatingragentsc baefkl sipr keepigg theo dntinmey ston
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conti nuous basis, such as 1n a horizontal, conveyorized apparatus

nmetal | ayers plazdasedf phetdtingreigeats afd tspecifivv eompouradse dismissedaiinl Kidker e
tightly to the underlying intergranul ar etched netal_substrate. fC)_ Si LANE
LAYER 10 . ThOthmesi Engyewnsaia Y ic8L T echealogy’. Jhiedk Editian, Vel §/nep.

foregoi ng di sgla@s , , | e 1 eatl :
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st epsoof i nt ergHcohingsfel&tirtd ko ehblinguidarne, aChélbtingeigents that st sspdcidllyan

i ntergranul ar etching conposition, and applying to the intergranular etched

surface an 15prefesiesh cpprpPeEsed Pebiamings. i aminesashoxyhe i agidsn and i hvdraxyon

A gy . . | e
ine ot ver - BptadE qElz s, S¥h8 HufocRRik At Held¥ il oy 6)860 BamerteR
pl ati num gol dthylasktiamingtetragacdtitTacid) BgtFoxyathyli ethyRAddRAHIRBRdestic acid,

optionally may be further treated tc)’y a£pl ying an organosilane |ayer, to
further inprondrilatnesetin 2@cist, t M-diwarpxyethyiglecing, a gndst rethelengbisiby- a
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chelating agents include polyamines such as ethylene diamine, dimethyigly-
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 _



25 as a coating either to the intergranul ar etched, inmersion plated netal

| ayer or to the polyneric material. In one enbodi nent, the polyneric

mat er i al wigsomopsntially cured thernosetting pol yner conpodian/is]/ozwso known
in the art as a prepreg or "B" stage resin. In either case, the netal |ayer
and the prepreg are subsequently |am nated whereby the silane fornms a bond
* 30 between the nmetal |ayer and the prepregg. The same or different materials
of construction as the polyneric |ayer can be enployed for the prepreg

Lhe'i nt er gr arfIIS QERERATY VRl Gr SHORP 268PhRe: QT IRRTFL pendilE (8 Ing . o
to a pol ynerigdmk@idigle Qc?)diQFn F\mﬁ]})’os‘%itbhﬁ}/ﬁ@;ﬁmﬁwwi%Hﬂﬂiﬁﬁ&hyfﬂrﬁiﬂ@ugh

it may be preferred to subject sides of the nmetal substrate to the

f or egoi ng t r esdramef and Tither bbmnss] affe segoriary reqguyding digeotomay beeresatg of

the treated nmetal substrate. The noi sture resjstant, adherent. organosil ane
| ayers of thiig aMAGaeWRintrog: @bB%@aQ@(iof?QﬂHta{ ibIQJLe D ORG; ?F@E’Hp!m%?'e %ﬁi ch
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atonms, B is anhykk ebodimant, ahlkasdubingl n?eiéi Pr@se@ﬂlﬁrb@ﬂ #houkt andbsut aoan

I nteger of 1, 2, or 3 with the proviso that nis 1 or 2, B need not be
identical; anglll 5 (B) a disilyl crosslinking agent having the fornula

R e o VB Cabe Y Hode o ol
e i ek HMIEESRENLD IR SQUEn NN el cbriauien S, [0
eachi®f R1, Rhe &8dsRad thé cordpleRirgg egentsy| As noted above, the surfactant may
be at least one surfactant including amphoteric, honionic, cationic, or anionic
surfactants; or mixtures thereof. More often, the surfactant is at least one
cationic or nonionic surfactant; or mixtures thereof. The nonionic
surfactants are preferred.

15 A variety of nonionic surfactants which can be utilized in the present
invention are the condensation products of ethylene oxide and/or propylens
oxide with compounds containing a hydroxy, mercapto or primary or
secondary amino or amido group, or other nitrogen compound containing at
least one N-H group. Examples of materials containing hydroxyl groups

20 include alkyl phenols, styrenated 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-O-[(CH,),0LH (Vi)

wherein R is an aryl or alkyl group containing from about 8 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.

alky! or alkoxy substituted pheno!s or naphthols with excess ethylene oxide



20 ~ In one enbodinent, in formula (XVlI) of the ureido silane each B group
Is identical if nore than one B group is present. In the one enbodi nent in

formul a WOMA)070442t he ureido silane the al kyl ene group, A pdcI/Bogdormal ent

et hyl ene or propyl ene and the al koxy group, B, is a nethoxy or ethoxy
group. In one enbodi ment, the ureido silane s 25

ganmma- ur ei dopr opyl -tri et hoxysi | ane. é‘ 2/ () 79S-42 PCT/1B01/02901 -59 In
one enbodi nent, the disilyl crosslinking agent of fornmula (XVIl), the aI kyI
groups R, R2, R3, R4, R5 and R6 are each ethyl and the alkylene
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wat er solubility of the hexamet hoxy ound is retained by the

met hyl pent armnhmeylmvsstlb;nlIeclhldndwm@L%maae\rvhlammm pmdtm’tsolmalrtddeby

si |l ane bondi ng m xture may._var to nee eed rtic
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nore disilyl crossfinking agents as
"PLURONIC® L 35" is a product obtained by reacting 22 moIe_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‘D.
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



30 defined. The silane bonding m xture, in one enbodi ment, is DuraBONDm
776PT, which is commercially available from MGean- Rohco, Inc., WO

- 02/ 0795420BE0795BD1/ 02901 -so O evel and, Chio. The product POUIRIBORDN 776PT
conpri ses approxi mately equi nol ar anmounts of

gamma- ur ei dopropyl -tri et hoxysilane as the ureido silane (XvVl), and
“bis(triethoxysilyllethane as the disilyl gerosslinking agent (XV111. 5 In
one enbodi nent, the intergranular etched netal substrate to which an

et Ston A R shER o PRk SRPA0HR o 708 bhpdineeih e

tris(silylor I C
(RO 35 R St R D o Dol e 9% fohioBle gesl S5 Mupdves

each R is indaplerdepilyglikalenaldlytol exharsxgrad hﬁthoayyﬂ@lyeﬁh&ldqel glqcotsywlhuﬁi kyl
group of less than 20 carbon atonms; R~ is a dival ent hydrocarbon or

pol yet her gr ataveilable sorHaerciallyceanls usilized: as syafactants in the semrasitions
group represented.b H2nX wherein nis fromO to 20 and X is sel ected

f ronam no, #ntﬁ %ﬁ?ﬁ(y al koxy, hal o, mercapto, carboxy, acyl, vinyl,

allyl, styryl, ep@fu Iehé%c‘x’c?é‘ééﬁder&'a%hgﬁ uuc@w.@pfaﬁwéardsrawsre e&fThe

silane conpositions of the present enbodi nent contain at |east one silane
coupl i ng agenbnioRic sSirfantentsoudtamyg cdgtiess amchvailab(le\)commemally lsmolvgs and

vari ous conventi onal S|Iane co lin C utilj,zed, .ane

enbodi nent, Pﬁgeétq‘%\ﬂ@”ﬁﬂjﬁ'{q %ﬁ'ﬁﬁ}&@ fa kéh%@aw)"('ﬁ@"f 8f mul a
ﬁ5d~ 16‘14 )t;: S (Ié)c?ﬁa(m CH\‘B@B%/ Iﬁaéiﬁﬂé{e%z%udéjco%%r@éﬁspbf léle acid,

ydr ol yzabl e  gioup, X or 3, and B I's a nonoval ent organic gr oup.
The16 groups Iuﬂblblgraaw),Setml €Ebhylgde axyde condehsatasesk fatey alicidvatrddesine.gipy

I ncl ude acet oxy groups, al koxyh%roups cont aining up to 20 carbon atons and
chl oro group$! learmiden @lsaBesiand Bfk-each A is

in some of the solutions, improved results are obtained when
polyoxyalkylated glycols, phenols and/or naphthols are included. For
example ethylene oxide and propylene oxide condensates with aliphatic

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 ICl 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 steary!
dimethylammonium betaine. Sulfated and sulfonated adducts include
TRITON® QS-15 (Rohm & Haas Co.), a sulfated adduct of an ethoxylated
alkylamine, MIRANOL® HS, a sodium salt 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



5 an RO-group such as represented by the fornmula (RO 3Si B (XXa) wherein
each R is independently an al kyl, aryl, aral kyl or cycl oal kyl group

cont ai ni vgo bee®sihan 20 carbon atons, nore often up to aboptT/Bgatdon
atons. The nunber of hydrol yzable groups A present in the silane coupling
10 agent of Formula (XX) may be 1, 2 or 3 and is preferably 3 (i.e., x =1
). Specific exanples of RO groups incl ude4§et hoxy) ethoxy, propoxy,

met hyl net hoxy, ethyl net hoxy, phenoxy, etc.*®”Ethoxy is preferred. The G oup B
in Formula XX may be an alky] or aryl group, or a functional group
represent ed bgratfecpppisting atshigher akylyaminer salts nauaternain anmoromasaltss i s

sel ected fromam .am do X | koxy,. hal nmer capt o, carboxy, acyl,
vinyl, allyl a'?%%f”@%ﬂﬁ'@%@@?%&%'%@8%&@}5and acryl oxy groups. The
alkyl and aryl gf ogagiofiRtVewipaitants sbtahfecibp ondBnsaidipBr FhAEs afldiHes YrouPs
containing from1l to about 5 carbon 20 atons are particularly useful. 1Tn

one enbodi nengthyienesoxideiartpropyleneooxife tveith rinharyofattye abndaiggrardg usefuil andn

integer from9 to about 5. en th roup is an am no group, the am no
gr oug may com@Xihe serIesentas Ry ﬁ'i‘??%@%‘f'{"h& gffé""-&ﬂcymt hus, may be mpnoani no

groups, diamno groups, triamno groups, etc. Ceneral exanples of diam no
silane coupling 25 agents can be represented by the formula
A3Si RAN( R6) RAN( R612 ( 20),N\0_02/ 079542 A$%0) RO1/ 02901 -62 wherein Ais
as defined in Fornmul g X§, each N4 is indyp’endenf‘l y a dival ent hydrocar byl
group containing fR No—aB btg?toms, and each R8Il s
i ndependent |y hydrogeNR or an al/kyl or an x%a rﬁup containing up to about
10 carbon atons. The dival ent hydPocarbyl g Lfgs R4 include nethylene, 5
et hyl ene, propylene, etc. In one enbodinment, R4 is ethylene. In one
enbodi ment, R5 is hydrogen or a nethyl or ethyl group. In one enbodi nent,
R5 is ethyl. whereinhR igrofgityBacikl alkyhgralp gootgininghfeopmaiouty8 dopehouty2de
ted b f th I 0 -R4 N( R6
rePlipent 4 Narbon .'gl)‘coms,eRt 95 an gﬁ(y}ene rad%aq/céntaanzmg up to about 5 carbon
atoms, R? and R® are each independently an ethylene or propylene group, a
is O or 1, and x, y and z are each independently integers from 1 to about 30,
and the sum of x, y, and z is an integer of from about 2 to about 50..
More particularly, the alkoxylated amines utilized are represented by

15 the formulae VIl and IX:

(CH,CH,0),H
R*-N , (Vi)
\(CHZCHzo),H

(CH,CH,0),H /(CHZCHZO)XH
20 Ré——N-CH,CH,CH,N (1X)
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 formuia VIi.
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



or -R4A-N(R5) C(O) N(R612 wherein each R4 is independently a dival ent
hydr ocar byi group containing from21 to 20 carbon atons, nore often froml

- to about w0 carenr atons, 15 and each R6 is independently m@rsgemt an

al kyl or aryl group containing up to about 10 carbon atonms. Thus, the am do

group may be an am de group or an ureido group. In one enbodinent, each R6

“in the fornulae for the amdo groups is hxgrogen or an al kyl group
containing from1 to about 5 carbon atons.¥20 In one enbodi nent, the silane

coupling agent is a ureido silane repr eserht ed b fhe Jornul a] .

(RO13Si RAN( H18% ongazurased |aliphatie; amings sys as frty BPINg, 98EYIcBMING nlavEYh (o
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propyl ene, butylene) etc. Specific exanples of ureido silanes include
a- ur ei doet hyl t ri neThexatkexylatest amivig® 02/t agpe PEPrdsBDLed 2Y0forsrudd VilE @ae 25
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tris-trimet hophsdders Riohye ETHOMEENRGT/ 16 amidtels ah eshylane cddgpkbndeasatet s
useful in the Present i nvention include, | ,
N- ( 2- ani noet hot )a ZoganHb ALYy PMINetGRtgEING About & moles of ethylene oxide;

e xR RAEENRECAY ki, 1A LA SRS ORH bl B RGal e
3- (N1t yryl mreppydygcts admoss Soraiane) RhRay ldohtamint¥beiut a0eand(1%5 moles of
(vinyl benzyi am no) et hyluam noj - pr%pyé%&@ggééal gneida?:{@O hich thil
3- gl yci doxypr ethwlieme exidexsasipeativelyt Ej $in 0 which are ethylepe. m
at hoxyat,hox Voion | s..p l..an.a. -
1-tri et hoxysi pyac{?azeqrmeﬁﬁ%ﬂpwaﬂ@if%‘y'.tbrféﬁwéﬁﬂyns,w"ta'"'"g about 5 and 10
3-chl or opr OpyHthgtotF%’fH?I'eh@"@d?e per mole of amine, respectively; and ETHOMEEN®
N- (am noet hyl am nonet hyl ) phenyl tri et hoxysi | ane ¢ tall
N- ( 2- ami noet hif/} 5 ZarahiTr2% ehigch arei ethPlertehgkidexanndesisatinp, products of tallow
3. arri] gopr opy| }aé‘hé&?% %ihgnﬁquign%ggy%h@éloqre%RWe%gec;[xricsea;r)n.ernr%’olev{)% amine
(3, 41@poxycyc ! I I ; _ _ '
3 ey Capt OPY OPYeddaiGhROXEBAERIaI VRIABR!ARNINYS B1thY XY Arhifes of
bi s(2- hydr oxye yc) - 3-am nopropyl tri et hoxysi | ane,
%, ?ddl \r/]i ny: tﬁth@hﬁ?bbYE?Laieltm{tﬁ/’ fo/r'n'_ﬂfd.ht(II)i()eirhndmy&:;iETel-IﬁDUOMEEN‘D T/13 and

- (di phenyl phosphi no) et hyl t ri et hoxysi | ane, .
2- et hacryl oxﬂ'égﬂylvue'ﬁbt HFP[ ;?-t'PWPthS%!P.ﬁ | SASIESSAPR MRS AP URTSe HYfo Y dallow
3-isocyanat op i L :
N (3 aryt oy OMESINERS BB bR about 3 and, 10 molos of sthylens exide per
t L i SQP- but YLpﬁﬁtﬁl_él)df&iibmm? raralriebyiwenyl eAho_td'l;eritlypee)f tﬁﬁdliyl q:aﬁiﬁnibwfla'dtamei,s
phenyl tri et hoxysi |l ane, enyl triacetoxysilane, nethyltriethoxysilane,
phenyl t ri et hox§rresanted ﬁwth@rmU!aM mat hoxysilylpropyl
) pyrr ol a, N[3-(triethoxysi~lyl)pro -di hydr oi m dazol e,
~3-trinmethoxysilylethyl-2-pyridine, N phe R%H’ﬁ?ﬁ?@bﬁl trimet hoxysil ane,
3-cycl opent adi enyl WT@@M%@IHK@HE')@WHNHMNT oct-1-enyl tri nmet{dyxysilane. WO
02/ 079542 PCT/1B01/ 0290 (CH.CH.O)H - :

2 2>1in

25 where R is an alkyl group containing from about 8 to about 12 carbon
atoms, Y is a methy! 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



-64 The preferred silane coupling agents are those which are comrercially
avai |l abl e and which are recogni zed by those skilled in the art as being

ef fecti vav@ouwlyssng agents, A number of organofunctional siRGIBH1/Aa79%91

avai | abl e, for exanple, from Union Carbide, Specialty Chem cals Division,
5Danbury, Connecticut. Sone exanples are shown in Table |I. TABLE ~ Tvne
Trade DesSilane ~, ~ylj~,g"Agients ignati ofn.

For mul a. Est er sA- 137( Et 0) 3Si CeH' 10A- 162f Et U 3Si CH3AmM noA- 1100( Et 013Si ( CH213N

oA LLIO(NE0L35 (0L B/ B EESASES) (S R E LA Bohoves more ke

NI ~15Ur ei doA- o ' 2) 3NHC( O) NH21 socyanat oA- 1310( Et 0) 3Si ( CHZ) 3N=C
=QVi nyl A- 151(%&@6?§%&@@?4@;1( Me0) 3Si CH = CH2A- 172( CH30C2H40) 3Si CH =
CHZ20Met hacr yl oxy Phd éatidbhie) Sbif 464} a0( Ma@(a:3) = CH2O

1EpoxyA- 187( Me0) 3Si SCHZ) 30CHZCH CH2Mer capt 0A- 189( Me0) 3Si (CH2) 3SH25 *' 50%
W w in nethanol Ad@ ti o QUat8NN3REINMIAPRINMERItIRS thedermuda dde

t et ramet hoxysi | ane, tetraethoxysilane and

3-gl yci doxypropyl tri met hoxysil ane. O her exanples include
tetrapropoxys.ilane, tetra-ngbutoxysilane, 30

Y- gl yci doxypr opyl net hyl di met hoxysi | ane,

y- gl yci doxypr opyl pyl pent arget yl_ﬁli..si I oxgee, Y-gl yci dox @ rop
1mathy|diathox‘¥silana, WO 02/ 079542 PCTI'I'B01/ 0290
-65Y-9glycidoxyptopyldi mathyl-athoxysilan
a , (y-glycidoxypropyl)-bi S(Bl’i nmet hyl si |l oxy) net hyl si |l ane, and the |li ke, The
for ing an : QW i i i nat i O)/ Nore.
The bcond BRIk Ppeette it S RFHR1 PR & L Reelud Wbkt hen
is (B) a tri sikadesuffobinagid Ry eeplosenst & alkgighoup; R dnd RYlrapidsBRY 3SCR] ) 3N
(XXI') or a tris(silylorgano)al kane characterized by the formul a

( (RO) 3Si R~] 3@Heyl(gmup) addRei ngpresends gt an tiy! grodipoU @ beaavigrrups

i ndependent|y an yl) _10..al koxyai kyl Lyl r.al kyl or cl nal kyl group
of less than 20 CZ(H;on \frgq@{ur%s\éﬁg ’épfcﬁs%[ee%Pgﬁﬁar%eé‘&??!ofﬁ%&#?ﬂpghyet her
group of less than 20 carbon atons; and Rz is a functional group
represented by -CnH2n X wherein n {s fgom O to 20 and X is selected from
am no, am do, hydroxy, /15 y, halo, nercapto, carboxy, aryl, vinyl,
al Il I§ styryl, epoxy, éﬂ an§t ,R;ayci doX¥y, and acryl oxy GfiBups.
Pr(jferred exanpl es of g i n€l ude net hyl, ethyl, propyl,
met hoxynet hyl , etc. The dival ent hydrocarbon or dival ent pol yether group
(R ) may be QR¥rdih X heprdis¥ats Bthdl/gE RPN gpely,coheie EHsMIRS ofl@SE] | bed
20 above with respect to R~ in fornula XXI. Preferred exanples include
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 XIiI:

"W
20 (— N—CH, | °
V4
R,-C I Xe (X
| 2 ‘
Hb H R'“
. -/
25 wherein X represents a halogen, a hydroxyl group, or the residue of a C,,,

alkanesulfonic acid; R, represents a Cg,, alkyl group; R, represents a
hydroxy-containing C,.s alkyl group; and R'"' represents a C,_,, alkyl group

or a benzyl group; and



met hyl ene, ethyl ene, propyl ene, butylene, etc. Functional groups
represented by RZ nmay be any of the functional groups described above with
- respect w0 (B)79842 formula (XX). . In one enbodi ment, each FRWBOUMON
formulae XXI and XXI'l is 25 independently an al kyl, al koxy al kyl, aryl,

aral kyl or cycl oal kyl group of I|ess W O 02/079542 -66 PCT/1B01/02901 than
" 10 carbon atons and is nore often an al kygqgroup containing from1l to 5
carbon atons or an al koxy al kyl group containing from2 to 10 carbon atons.

R in fornulae XX, and ' ' t (e | .
pol yet her group contai nlfﬁﬁélef ég(gﬁ?rﬂ!'fn : craepg%i\aﬂg oﬁg%ﬁgeggﬁﬁgﬁﬁ‘flgrxw_'
exanpl e, al kyl ene groups such as net hyl ene, ethyl ene) propyl ene, ethylidene

and i sopropylidene; cycloal kyl enes such as cycl oheptyl ene and

cycl ohexyl ene; dival ent ar onat i 8, g¥kslFd Chiya ,ag,-qm&yiw ene, tol yXBfe,
xyl yl ene, and napht hal ene; and di val ent groups of aral kanes of the formnul a
10 -CsH4-R wherein R is an al kyl ene group such as net hyl ene, ethyl ene or

propyl ene. RWﬂg?ﬂq&sﬁWeg%sg’ﬁﬁﬁegﬁgop%'fﬁz'u@°g"ﬁ\éa‘!?%ir“ ié"ﬂjomtd‘?%a%ut} he formul a

-R6(ORs) Z wherern s an a S a~~ integer of from1 to

about 5. 15 The diExdraplesf thetdbavegdasepibedrcaiibnid surfastantsein theetdtyh ofie
ether. R2 in formula XXl is a functional group which maeéw'be represented by
-CnHAh X whersdlts, nare lapptramethylemmaniv satfe| eetvddinpebvlammeniunin sad,

hydr oxy, al ko l 0 rcapt o, carbaoxy, acyl). vi lvl, styryl
eRgo?(y, f i soclyatﬁé?@fgﬂ'ﬁé ;’Z%ng?wu%d %a?fél d}gv@i‘ﬁﬁ?#@ﬁﬁgﬁ! _ ?,!i, S’G}totjp
in formu ) a
XXI'l descri b:% a o%@.amccgrdiﬁxgm}?otﬁ%e disg'cg@gitgg anéggﬁg%l esc’g‘!‘i"I t%‘w
1;?; ncti ?nal ?rwx%dilﬁhéﬁvibéwmmm siaft, aptﬂdeca}dimethylb?\myﬂ%mm_drﬁmmlsam ?ug
in fornula ; and suc i scussi on and exanpl es are hereby incorporate
by ref er ence.trmethylbanzylgmmpepiug saktolr M&"%BP’@@%HBBSWI WP&RM'/I'I I

whi are usef;: el ol C | 4] : e ' {.an are
novi? " vio 03 s g3t Bt D ARde Ie Mol e st =T 4 RYEH 3
preparing sudbernayi-2tlattyinddgzoimiumi satts Thaydroxyethyltdsbenzyd2-oleylifddazolimrpl €)
US- A- 5, 101, 055; US-A-2, 920, 095; and US-A-2, 832, 754; and tge di scl osur.es of
these pat ent SUM t58lt faREYIMING, cetate( dayrylaspipanasetater.an n@tﬁé?%ﬂég‘”f'%r
prepari ng sucgcéatg{@es are hereby incorporated by reference.

The surfactants also may be anionic surfactants. Exampies 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 laury! 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
embodiﬁent, 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/l.



Specific exanples of tris(silylorganolamnes of fornmula XVIII which 10 are
useful in the silane conpositions of the present invention include
tris(triweidarysizl yl met hyl ~am ne; tris(trimethoxysilyl et hplcrasinesot
tris(triethoxysilylnmethyllam ne; tris(trinmethoxysilylethyl)am ne;
tris(trinmethoxysilylethyllam ne; tris(triethoxysiIyIpropyI)anine;

tris(di met hoxyet hoxysilyl propyl | am ne; 5 s(tripropoxysilylpropyl | am ne;

etc. The silane bond| ng m xtures may be applied as a liquid solution to the
15 |ntergran | ar mer.sion plated netal rface or ins tin ayer
sur f ace. I n daaplier BOURTEITfe tho SETAGARLIR Bres<Ehi 2 AmauRt ot about Bdn

for the ure' g@ Sinl st éF‘QgTH%%u%ﬁt'ﬁ’d_ sﬁﬁgﬂéhgfﬁ(éaﬁt?g@%e .Jn%rﬁghtp;w%' S

applied by a conven I on nmeans sprayl

| mrer si on, etcompdudtion] ane bondi ng mi xtures may conprise other materials
such as 20 25 30 solvents, fillers, etc. Solvents should be capabl e of
sol ubi I'i zi ng the Jinednwsersign plating,corspesitigns véithe Presant drvansine alae comy| s

v 0B or i ot SirBRN ke BBAD Rive, ROBRREPLanalo Bibfedl EXEulRsEY b
the stability,sgf ISapey HerRRATes nar%u%uﬁdﬂlﬁt Uogs Frawnm esveeézmw%ht lgn

with solutions nade wth al cohols. portions of wat er may be addedto

the silane cdmgurpotatedsheriein bqeudaéekenca oSplemlflboa)mrdptzlsylnelLtdaeu&al Aiteste,
Al ternatively, dispersions or enulsjons of the silane conpgsitions can be
prepared in &e3 gxpl8tY h@ﬁPW'EEﬁ%éﬁPe%V'Hﬁ% drevtderagatled -digthvdurganile -

sol vent . 1Y diglerSRledas ki, b 27 L oboifatherha odenor o

above, ethers, ones arona roca such as

N, Nq@ net hyl faﬁlidmﬁlfdem mtfhe FingROkSrre aiid 3t vOSoOébddta 36 Igne- coupl i ng agents
can be prepared in the conventjonal manner. using conventional dispersants
and surfactants, ThRoTUDeIsiasRiating qampositiansobthe prasest invantienralsa M@oni c

Substi t uent s PR BARRRCRE Aiigta ripfile. SRGRebRF iR RbRi¥in paihe
si | ane conposhdiLaing BRidivesYard HetHA far petiBBt usingPslich Bhttid|have keets

little as 0.1 % by weight or less in very 5 dilute solutions or enul sions.
More often, weecriodd irsUcBnPatent & 0631 1i42.0tve dis¢ipsure of which is incorporated

15 herein by reference, for its teachings of such immersion plating baths and
associated methods. The amidine compounds may be characterized generally

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 alkyl

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.



be between 0. 5 and 5 % by weight. A wide range of fillers can be included
in the silane bonding m xtures. The fillers may be particulate or fibrous
- filers) wuwloddrese i nclude siliceous materials such as gl asT/IBURNI9E]

ceram c, asbestos, silicone resin, glass 10 fibers, netals such as

al um num steel, copper, nickel, magnesiumand titanium netal oxides such
" as magnesi um oxi de, iron oxide, and alumnym oxide, and netal fibers and
net al -coated glass fibers. The anount of e filler included in the silane

conpositions may range from O to appout 10% by wei gh Wen the filler is
present, it is rmr@ag’ﬂ?l@ﬁ Og]rsé@brﬂmlqm%@n?%yﬁlp"!g hdrh@ﬁsﬁ%ﬁl‘e'@.p aryPH¥out
3% or 4% by j ght TES: 0. an I

i nt ergranul awéﬁg@h%wwﬁ?@ﬁkéﬁﬂg%d% agllogi, '?Q/Mﬁﬁﬁ%gro%%)ng&[h‘?t he sil ane
bondi ng m xtures, are useful in preparing nulti-Ilayer |am nates including
printed circuit boards (PCBs). Typical 20 nulti-layer |lamnates wll
conprise (A) Bt |east one n ductive polyneric nabempal |ayer, (B) at
| east one congdueddeye metal syslrAfg,0r foil which hag,hgaminsubj ected to
intergranular 'etching, and (C) an Imrersion plated netal |ayer, which has
beenBappl i ed Hygradte 25 surf dde-CoHrNHMzmet al  subst rat eise¥redoi |, in between
the intergramnibasycet ched surgipee=RANK surface of theeofpgharBiéC Material .
QG her multilayer |am nates maiv_l conprise (A at |east one n?n-conductive
pol ymeric material |ayer, 214 east one condufefivdexgnegidieq psirate or
foil which has been 30 |.e i n anul ar et chi ng, - WO

(121 (1795-42 PCT/1B01/1 i -'ggz‘%'%f(?ahﬁ['ﬁﬁ[?er sion plated netal |ayer, which
has been applied to the intergranular etched netal substrate or foil, and

10 Alicyctic Cyclohexanecarboxamidine

O—-C( =NH)NH,
H
{

I

~~ C(=NH)NH,

Pyrrole-2-carboxamidine

15 Heterocyclic 2,6-diaszanaphthalene-3,7-
' Dicarboxamide
H,N{HN=)C

Z
J=C(=NHINH,

—-C( =NH)NH, 2-naphthamidine
@— C{=NH]}NH, Benzamidine

20 Aromatic



(D) a silane layer, which has been applied to the imersion netal plated

| ayer in between the insulating | ayer and the conductive imrersion 5 plated
met al Paweo.02/ma4i mrersion plated netal | ayer applied to theramugsgianul ar-
etched nmetal substrate, in accordance with this invention, enhances the
bond or peel strength between the netal substrate |ayer of conductive
material (e.g., copper) and the | ayer of _%%I_ymeri c material. 10 Useful
nonconductive polyneric materials include™ielectric substrates or |ayers
whi ch may be prepared by inpr j woven gl ass reinforcenment materials
with partiall 5’"&'& ed resins, PF@%Z’N"@'%’poxy resins (e. gg.“,an'g'i"f’uncti onal ,

t et raf uncti onamirmatitylot her mulH,NCHOELCOnEHINEPOXI €S) . Exaaminhesropdnathsdideul

resins includ nQ-type resgj r f he reactjon .of, formal dehyde
and 15 urea, gpﬁ%oraﬁ%} dehydeﬁéﬁ@hﬁ%ﬁg‘&n‘i&fﬂgf'%gf&ﬁéster s, PepiRaRYsMidioe
silicones, polyddinddes, poiyi . Héd=)G&I=NHINgGht hal at es,etinedigmidiiel anes,

pal ybgnzi m dazg] i phenyl ox{ S, viel or oet Ehes. cyanate.
ester%) etc. éﬁ’é@?agﬁel ectri %gu ST)F%EQEngng%re re]t.%é rgeenéar{eg'cégoxﬁfnédb?eegs.
An i nsul at i ngChrayxvalkahd t he HiWHMGIEICHN.8POH can be cdchdarbaadhidavibutanvivacR) be
prepared by inpregnating woven glass reinforcenment materials with partially
cured resins as described above. Thus, the insulating layer or layers also
may be prepreBs= The metal circuitry on the dielectric |ayer may be

prepared fromagprggéal foil I@)qﬁmH ky=fapugnt i onal t echrjdkigGustigie @s by a
phot oi mage 25 techni que of a photosensitive resist filmfollowed by etching

of the unprot 88YE¥F areas of nete! on the dielectric | &y&ehexyl gugnjgine

el ectrically conductive paths or electrically conductive patterns.
Crcyht-formng etching ocgﬁ@ S wel I known, and exanples are
desgﬂ?bed in, for exa U. ?_Bg@*rﬂ No. 3,469,982 and U.S. Patent No.
5,017,271 which are hereby 30 incorporated by reference for their teaching
of circuit-fopmdig etching PLOGRRSEE.NH-cVY 179542 BLALiRR4/ 02901  -70
The net al Iayerlér metal ci rcg.iqtt f‘)s/qon th}emgi% éctric Ig;l/;er' may be

i nt er granul ar ABNeRkYE by any BeNECHSMEChoEINtescri bed [BBY¥nSbutylgnanidieecr i bed

above, the intabekydmyiar et chLMENR)CAGSEHIIODH d have nejmNiafoadetit @88t about
40 m croinches of netal, on ﬁvlﬁ[e_lﬁg_e; H\I &m&tg Flurface of the netal 5.
substrate, and have produced eWENE'G "{/ k §8 ar, dedfupridrebiaanaqpgdce
charBet eri st i amigbalkie i nt er gHgMHNanNCaNHeOHH,CO8Ps of Blymapitias @ndpidnametat | on.
The intergranHLtgyocﬁ&ﬁhed surface of the netal 'substratzgguiaﬁidﬁgpéng&ti&qm 0 a
step of applying an inmrersion plated nmetal by inmersion plating In a
conposition conprising oRe or
silver, 10 bismuth, cgpp i
pl ati num gold, cadm
adhesi ve-pronoting | aye

qore plating netals selected fromtin,

e, |ead, zinc, indium palladium

cobal t | aal | i um and gernmanium A sil ane
~ DG el the thus treated

i ntergranul ar etched patter I ng the techni ques descri bed above, and a

secogyl prepreg can be adhered to the intergranular etched pattern. 15 If

the Sanple is to be treated wwth an organosilane prior to | am nation,

The amount of amidine compound included in the immersion plating
compositions may vary over a wide range such as from about 1 g/l of the
plating bath up to about 100 g/l. 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/I. In one embodiment, the amount of amidine compound
in the immersion plating composition is in the range from about 10 g/i to
about 25 g/l.



an intergranul ar etched netal substrate which has been coated with an

I mrersion plated netal solution is treated with the solution containing the

- sil ane osophiongsagents and cross-1linking agents by di ppi ngcrhBorfiipdér i nto

the solutions. The foil is then air dried and baked for one hour at 100C

As an 20 alternative, a spray application may be used, in which the

“solutions containing the silane coupli ngcagents and cross-|inking agents
are spray applied, wiped by rollers and then air-dried. The techni ques for

| ami nating mul til g%/er ci rcgi t,. boards are wel] kni%i n the art. Thf .

mul ti-layer |aninifl N&r¥paPdiment. qihe: iMmRYsian, plating grmpesitionseet &g o

conventional i} AR drdGs JiRTRREiANY RS FOhiBURATNA hibBlPaBARIRS Of -

| am nating presses. I'n I's manner, the lam nating operation generally wll

i nvol ve pressuresTha ifimersirg platingf campasitions 1of. thet presbatiinventidnbaay be
tenperatures in the range of from about 175C to about 350C and | am nating
cycl es of frotilizéin e wmlatingoft theiotargramdarn stched ssufgaenpide matehat es

can Lhen be utjlized in a variety .of applicatians includin ri d.circuit
boarfo. | WoPBbFERESHsaf Tl ¥ Bare  TRRe.O8 ol Frhd¥ ePhfarar o
mul tilayer b Ft?dé&_.f?ﬁe ifirfersidiCBatingorhp6bitidhat uddiup irPfIRF Afeth¥@dfschie! |
with epoxy, palyimde and GeTek Indicates it would also work well in

mul til ayer biondimipnprcanebsepregdareth ymaddingréwer egenpaentsf torawateral sThsuch

as cyanate ester (CAS RN 25722-66-1 ), a 5 paolyner forned from pi sphenol A
cyanate (BT PEBIRANGRSS RANGReeAdSS.in)arv.0uig5ol /e CoBIPIRILRRT E1aH Be SAiTEFd

triazine (bi k C : i (CAS RN
33294- 14- 3) ﬁﬁ%%%iﬁﬁyé@%ﬁ%g@'Qf}%?&%%gf%@é $ Vﬂi?iﬂﬁﬁgﬁﬁef"%-

pol ypet r af | uor oet hyeanetdl BlbEtrale  fop R)atiphS cBPP OO BRcBHry))may be contacted

pol ychl orotrifl uroethyl ene, or other thernoplastics including 10 nyl on.

That is, anywthpghegimmessionselatingr cempegitiangs by cinyaersing sy dipring ithg -

dielectric insulati b e ' | t. | gyer.s. | L:Lay be
oL elect It Y TGy SO SO ot T rnihsTor ™ biekingy BbnRiF e O
the process ghaihfiingd eSCt tefMpRRdtusd oM Efdicaolrerd gddsuen7oeghanced
oxi dati on resistance and enhanced noi sture 15 resistance. The i nproved

adhesi on obt aontiduoiis hradessude oo eamkodimentsthedemprrapire éithe cammesitian i s
derr?gst rated.in part b% (;[fhf?orfnozllll)oouv{'I %é?gta%o%l?%5°c. in one embodiment, the

is In the rang
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



exanpl es. The follow ng provides exenplary solutions which denonstrate the
nmet hod of the present invention and provide conparisons with the prior art
processesyvonh®ss: ot herwi se indicated in the foll ow ng exappl/ghanmd 20

el sewhere in the specification and clainms, all parts and percentages are by
wei ght, tenperatures are in degrees centigrade, pressure is at or near

at nospheric pressure, and all ranges and ratio limts may be conbined. All
treatment tenperatures are 100-120F (37-45@), unl ess ot herw se specified.
25 The following materials are used in the exanples described bel ow

C eaner: 2- 39pempoBisiginoter ot Satos Bbeuto®O Imingitesy Jhedimeenay barseleciedisiabl e
from McGean- Rohco, Clevel and. .0Ohi 0. croetch 1. 5-10%.v/v HZS04 and 3-5%
vy oD D50 e s dasH AR ST g By ity A TNk H8 S 80~ and 0. 5. 2
| b/ gallon of a mx [ e nli b sal

di pot assi um sul f at EHgﬁ pgﬁggﬁﬁaﬁﬁggﬂgﬁbguﬁgpg'.'g%ﬂg?gtg?gﬁfﬁalﬁg%WSM

and 0.5-2 | bl gssditod. Pbtasbiounans (0.438@ rhicroinchesduiny; & 4ihns©.0R54 af).
HZS04 (ntergranular etch 1: (a) The foil is pretreated by conditioning in
2-5 VB v 2- ani hoenaembiodinment, ithe imgiarsios platad megalttbickness rangestioomaatiowy

[ I h i Liaqn: 10 d ' 1.8% w d
R BN N e T T A
sul fonate 0. GIQ(?]éNé\tth@és Wﬂ?é‘?d?\g@frbﬁ{ SBSE:?E% 34m b Ebodit %Djann?aiRS{Heri S

treated with the follow ng intergranular etch conposition: ric formats 5

% w v Forni c embddimett, thg i&)ergion plaved\matal bas athicknessdn theirange frarher
mrer a1 on 1§ nPEOUts GHIPLARSS & 500 1390809 PBIERET SO IMeisiAn RiFied:
Thi cygiess obt QgRgdhbs LSHckAEYE $f2abFhC P ANES another embodiment, the
immersion plated metal has a thickness in the range from about 0.8 um 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
156 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/| 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
application 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

immaersion plating, also referred to as electroless plating or chemical



WO 02/0795.42 -7 3 5 10 PCT/1B01/02901 Imersion tin 2: 100% Ropl ate~ ET-50
(McGean- Rohco), used at 140F (49C). Thickness varies based upon i mrersion

- tirme; 20V@nop079¢iel ds approxi mately 50 m croi nches. Sil anePCT/IRM1BRBM v/ v
DuraBOND 776 PT. Concentrate: 600 2000 nmg/l Si (optimumis 1 100). A 1:1
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Silane 2: 5-10%v/v of an isopropyl al cohol solution containing 50%
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cured prepregondimiwdus bagisepackdshy shoripgntal) coryeyorickd dppatatusal . WO
02/ 079542 -74 SANMPLE PREPARATI ON FOR PEEL TESTS: PCI/%BOl/ 02901 Three 4.5
i nch square pi eceShematablpysrepradyicsd Bhthgmetlods of dke Inyantiosre densgo

pi eces of 76 e t . O rd FHHES | i1 h the
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has been premyredshyANBREA¥ERNhe various processes descri bed above is placed
adj acent to the toaémast pi ece of prepreg which is always 1080. The stack
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pressure. Th 'leJi zf?’lrjé'{ng'gg? éuﬁ?%&%ﬁjfggle ﬁﬁorc?%gdf(ol? Y’%’?ﬁﬁﬁﬁ)ae'%&q ém'?gée to
improve adhesion of polymeric materials thereto, comprising the steps of
intergranular etching the surface of the metal substrate with an intergranular
etching composition, 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 m.etal 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 fche prepreg. The same or different materials

of construction as the polymeric layer can be employed for the prepreg layer.



For epoxy, the curing pressure is 250 psi, the cure tinme is 60 m nutes and
the curing tenperature is 350F (177C). After curing the press is air cooled
t hen pressonewrsheased. For PPO nodi fied epoxy, the curingppresEwesi s 250
psi, the 15 cure tine is 120 mnutes, and the curing tenperature is 380F
(193C?. After curing the press is air cooled then pressure rel eased. For
polyimde, the initial curing pressure is_5 00 psi, the tenperature is

i ncreased at a constant rate to 250F (121¥€). and then is held for about 10
m nutes. Then the pressur i ncreased to 250 psii and 20 the tenperature

I S
i ncreased to 425F Ziwe‘gﬁlﬂl&%%%sﬂd@r"ﬁ@@ Intergranulanetcbpd cimmetsion @laepds s

| t ! by ' | d. PEEL TESTS:
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M croetch 1 ~the fhetalCsebstsate 1 thodorsgolng treaements. tThusl theSkilame miayiba- 6. 0

Cl eaner, Conditioner. Intergrapular, etch 1 ~ 1.9-3.5 PRESENT | NVENTI ON\:

O earfer. ConcPRRIEGRTS only g sirphine treated metaksusirate: 2. 5.0 10 Tin 1

Cl eaner, Conditio Lot anyl; tc ' -8 In_d, .Silane
1 deaner, Condit inﬁ’r:']%r ,nqélﬁtlgrlég?g%'gf%rﬁ’ e? gﬁerf!n%a&%gﬂa%e 8'.38-9 {% BiLTFrﬁsl,
Silane 2 15 Tghbedment are prepared from a silane bonding mixture which comprises

(A) at least one ureido silane having the formula (XVI) :

0
10 !
[NHz'C'NH_A]nSi-B‘4_n) (XVI)
where A is an alkylene having 1 to 8 carbon atoms, B is a hydroxy or an
alkoxy having 1 to 8 carbon atoms and n is an integer of 1, 2, or 3 with the
proviso that if n is 1 or 2, B need not be identical; and
15 (B) a disilyl crosslinking agent having the formula (XVI}:
R1O RO
R20 Si—R Si\ RSO (XVII)
R30 / R6O
wherein R', R2, R3, H4, 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.
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1. 7 Ceaner, Intergranular etch 1, Imersion tin 1, Silane 1 ~ 1.4-2.0
Cl eaner, Intergranular etch 1, Imersion tin 1, Silane 2 ~ 3.5-4.0 WO
02/ 079542 PCT/1B01/02901" Table 3 Peel engt hs obtai ned with PPO

nmodi fi ed epoxy prepreg. Treatment ~ Peel Strength Iblin PRIOR ART: 5

M croetch 2, Imersion Tin 14.9M croet 2, | rsion Tin 1 Sj e
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etch 1, imergi; ' I I, I rHew. i

110. 6l nterr anlﬁl ’g% giv?ﬁﬁ,eﬁrig?}ggﬁgpﬁo |I%F‘§,grr§llﬁly'am @?ﬁ?ﬁ?gi ar aﬁﬁllwgrw'ge;{vgh 2,
| mrer si on Ti rerssifikiagegéot & Mbeaqthorpdisilgleplesrie.st rength test results
denonstrate that application, of immersion tin to an inter ranu'l(gisré §tched
copp& surface i nphRneserpbedinggnts tge H'%Wﬂﬁ%ﬂséhn'f'ﬂgpﬁgeﬁﬁ 0539"}39 YHduvay,
whi ch the surface, o b | LG dog: W M
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i nt er gr anul arinejh/fitas oABlof miowé tdfeth@os OR GriipsClds beenfrepldcadewith atower
i mrersion nmetal plated surface applied over an intergranul ar etched,

i mrer si on netalkylgraupdratictiarly amathyl epetbybarqupe| Itdtasdinpnnfospdihpbguel

surfaces not treated with,a silane. 25 Wile t L Ntd .

expl ai ned in ?rbla&?_f’lﬂ’f'v_teos'lqr? g1y %ertPE‘d'tﬁﬁ%errﬁgﬁfé'!mﬁt fihg'gt ggigg)g'ﬁg_le?'s'{ ood
thatygyari ous Jdhf el e —UF?P?&jpé_MaH ré}ﬂ%b@ﬁﬂ@?@ﬂ&all&w grb@s ahsdisilyed in
the art upon reading the specification. Therefore, it is to be understood
that the i nvestossiinking egestewiheerspin watérrsadubled Sushcan embadimenbarevidasi ons

‘E‘;ZTI ?:3|0 1%58@“_0;0%%“%&8? %og{paltrgglee}sqpeen%gﬁ%ﬁ%f _%l I%IOIr'g; brgan\llc\ong L{rg,7 gr‘?cf' %1ay be

applied from an aqueous solution.
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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):(XVI)) is between 90:10 and 10:90. In one
embodiment, the weight ratio of (XV1):(XVIl) is between 90:10 and 70:30.
Typically a single ureido silane is used with a single disilyl crosslinking agent,
however, it is possible to use in the silane bonding mixture, two or more
ureido 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.,



What Is Clainmed Is. 1. A process for treating a netal substrate to inprove
adhesion of 5 polyneric materials thereto, conprising the steps of

i nt er granalpan/edsahi ng a surface of the netal substrate; andcamppliysg an
imrersion plated netal to the intergranul ar etched surface by i mersing the
surface in an i mersion plating conposition conprising one or nore plating
netals selected fromtin, silver, bismth,.copper, nickel, lead, 10 zinc,

i ndi um palladium platinum gold, cadmi dfi”’ ruthenium cobalt) gallium and

germanium 2. The process of claim1, wherein th%,&,’i nt er gr anul ar et ched

surface conpr Flaveland, QRpanliepredustiRuaBRNRSd 78F Tacommerises perofimatelyeast

bout 1. 15 3 . f el al i . i {. d
Surtace compr PAUBRRIRE HSaNE of ' @iftre: brot St BRDr inedhok DRTATY, B3 Ui WEbIHECE
about 2. 4. Thgardtf RVES aMd BistiriBthokydifyPedhdhd e tha! aisdyRBrsalinkhg Rsbnt

surface 20 conprises intergranul ar crevices having a depth of at ?east
about 1 microfXVH).. The process of claim 1, wherein, when the intergranul ar

etched surface is divided,into a qrid of square 0. m crons on each sjde,
ot T ehist 5006 of & i S ambodien, dhedtara it icitd Bipbrdhslrete fa ool
havi ng an aspggt ; ' f t h Qee fh&l Al , rein
at least 75% g‘? {’ﬁ'g{ds'%f}gr gg‘&tleﬁiil't‘ggaap;feggtea-o‘raigBlr'ﬁ(?eﬁgargn%ﬁca?béqregvi\)g@ﬂ
havi ng an aspegjanbeilare compositienst which colfpfidé QAD B2silang_cdiiplingBaderi?and 7.
The process of_claim5, whereii n at |east 90% of the squares include at

| east one i nt B Higlsiylorganalaming or alkane chasaeterizadiRy sithar thesformula: g
The process of claimb5, wherein said at | east one intergranular crevice 5
has an aspect ratio of at least 2. 9. The process of claim5, wherein said
at | east one intergranul ar crevi ce[(he$3gﬁ‘g§pect rati o of gxwuigast 5.

10 or the formula:
[(RO),SiR'];CR? (XIX)

wherein each R is independently an alkyl, 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

15 group represented by
C HanX

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.

20 The silane compositions of the present embodiment contain at least
one silane coupling agent (A). Silane coupling agents such as (A) are well
known, and various conventional silane coupling agents can be utilized. In
one embodiment, the silane coupling agents (A) are characterized by the

formula

25 | A Si(B), (XX)



10 10. The process of claim1l ( further conprising a step of adhering the
I mrersion netal plated surface to a surface of a pol yneric non-conductive
- mat eri alwob¥o79fhe process of claiml, wherein the steps oPCTaBEMgYANUt ar
etching and 15 applying the imersion plated netal are carried out in a
continuous process. 12. The process of claim1, wherein the imersion
"plated netal is tin. 13. The process of ghaim1l, further conprising a step
of applying a silane 20 over the inmersion plated netal from an aqueous

ol Uti on of WYEPES isghbyALByPBOECHRBLA IS DBotl % Epos s AR, o,
of a silane qa?ﬁé 8rbu. oMhélie bPeps Belgrosipb YW RICRW drbiy2b IR NS ipkédthcet 61 S
ltriet hoxysi?y propyl) am ne, 25 a trinet ony silyl propyl nodified

pol yet hyl enewartémand anay inalideé mcetmfy groupisd @ty btaups tantadiihgnm tn@0
bis(triethoxysilyll ethane. 15. The process of claim13, wherejn the
aqueous sol UERTERNATOMNS ANG FBIGRSITRURE: IMODREMRAIBeNto M FhdANDeach Avisut 8.

30 .- W 02/ PCT/ f claiml1, wherei
t he ?m‘rer Si oﬂgﬁ'ﬁw‘gg@gﬁ%%%g%gﬁn&rzgﬁbﬁceo%ﬁ?@égcgsfh?ourcegl (r:norrpoung.reI "

17. The process of claim 16, wherein the inmersion plating conposition 5

further conprises a urea conpound. 18. The process of claim1l1l, wherein the
i mrer si on plating conposition coffPisHB the at | east one gK:dlng netal in
the formof a salt of the netal.. 10 19. The process of claim1l ( wherein
the 'step of applying an imrersion plated netal is carried out by passing

the nmetal su e u Ny IRVEL4r00 48 or tdvlb kv
cont i nuous bgéfeg% 3%&{ ?h%higﬁjogggs oﬁgﬁg? m£’19, Q9vherre'ipﬁ t heﬂnet'g{a%rl?t%‘gt rate
i s in contactostdifingSleshahann®0 starbop| #tdisy raorpasian ap tooabaut Bnearfbiomm
about 1 second to about 900 seconds. \ . .
atoms. The number of hydrolyzable groups A present in the silane coupling
10 agent of Formula (XX) may be 1, 2 or 3 and is preferably 3 (i.e., x = 1).
Specific examples of RO groups include methoxy, ethoxy, propoxy,
methylmethoxy, 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
15 -CpHap 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

A5SIR*N(R®)R*N(R®), (XXb)



21. The process of claim1l1l, wherein the imersion plated netal has a
t hi ckness in the range from about 4 m croi nches to about 30D m croi nches.
20 22. Thao prrooers of claim 1, wherein the inmersion platipog/Bongosi ti on

conprises la) a salt of the plating netal, Ib) an acid selected from

m neral acids, carboxylic acids and hydrocarbyl -substituted sul fonic acids,
Ic) a conplexing agent and (d) water. 25 . The process of claim22, '
wherein (al is a stannous salt. 24. The ptocess of claim22, wherein (a) is

a stannous salt of a ,hydrgc rba/l-?__ubstitu ed sul fonic acid, and Ib) is the
hydr ocar byl - ¥Befein A ispsseelingd infermulagXX. epghdy) (sAodapendsntivze diveleot - so

. Th im. i : - el i
e o o SRR BAAIRNG A4 R URELS SPSGR YL IR A,
but adi ene t erigpiidpahabstly Bydroget ofar b bR @Fpidroup otftainityy @b @6 apsuef

er
claim 13 wherein the silane conpri ses: "k?,ie) a ureido silane having the

structure B14H) cgrbqmatgms. Tty divalent hydrogadydigroups Rsinatuds rgthylengr oup

containing fraq to about 8 carbon atons, (B). is a wdroxy or al kox roup
cont & ni ng. { ShviEns, oBYlanEn Sronn it dmbedimenth iy ‘GtiuiBne " &F $né
provi ded t hatg. ' ® BEY ﬂ'f arand
(i) a disyl y%rhé:?alogis it’nlni(i E\sgﬁg%rgﬁt‘éhr%\%i)rr?g tr@?s‘?{tmcﬁp@ Tgo hé(sﬁé@&lherﬁ,

Si - Rs- Si -(0R5=)53isv¢thyt3i n each R6 is independently an al kyl group containing
from1l to about 8 carbon atons, and Re is an al kyl ene group containing 1 to
about 8 carbon 20 WhefsthexgroumB ds freamide grospmths amideiaroupe may e

conprises a tri n%tfﬂpﬁg}lflec?”ﬁo{'ﬁﬁésf%f?éed pol yet hyl ene am ne. 25 28. The

process of cI'8PR i ntergranul ar etching is carried
out with an intergranul ar etching conposition conprising (a) a cupric ion
source, (b) an organic acid with an acid dissociation constant (pKa) of 5
or MBwer, 30 (c) a halide ion soufcE(OHN®R")2

or
-R*-N(R®)C(OIN(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 indépendently 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(OINH, (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, butylens, etc.

Specific examples of ureido silanes include f-ureidoethyltrimethoxy silane;



WO 02/ 079542 PCT/1B01/02901 g 1 _ (d) water. 29. The process of claim 28,
wherein the cupric ion source is one or nore conpounds) selected froma
cupric sabbyehsan organic acid, cupric chloride, cupric brEABI&ZMMY cupric
hydr oxi de. 30. The process of claim 28, wherein the organic acid with an
acid dissociation constant (pKa) of 5 or less is one or nore acids)

" selected fromformc acid, acetic acid, -pBepionic acid, butyric acid,
valeric acid, caproic acid, 10 acrylic acid, crotonic acid, iso-crotonic
aci d, oxalicpagi | 1oni i d, ki C I fai i | adichi ,acid,
pimelic aci d?%ngfaeo ?ﬁylgﬂgéeg}?%nzois%@gcbf d, gﬁtﬁgldi%%tg@iwc@egi%nﬁam C sggﬁg,

gl ycol i c aci ¢.ufeigdpropgitiidthord) sitarei \dglycidoyprapyldrimmthbryrisiane, B;(3,4-

~i -chl oropropionic acid, nicotinic acid, ascorbic acid, hydroxyl pivalic
acid and | evepoxyeyciehexylpshgirimethoyysilaaes vamingprapatrimptoxys sHaneal i de
I on source is one or nore co unds) sel.ected fr l.Qric agj

hydr obr oni ¢ &&%‘,OfgadPBM?Uhﬁ“?ﬁf‘aé‘,V cal cﬁ'ﬁﬁﬂec’hl or %thﬁﬁ‘g’ﬂjm c?ﬁ'l)%%'e,
anmogi um chl g ' hi copper chloride, copper brom de, zinc
chl o?i de, irgrhé @ﬁ’i“(‘%ﬁ)‘;&e‘) gwgbtayﬁ@gsbr om de. 32. The process of claim1,
wherein the step @thentevagneiesl af siaoki ogupling cagandsl vsafuhiinhthen present

i ntergranul ar etching conposition conprisin n,oxi di zer; 25 an acid; a
corrosi on i nHM@ntsn andF"%{‘-’QBurceNo(ferEm"i“a%t vhn3-ammopfayILre, SHAN4 ai m

I?;éll'/ ]Ic lé{)a?grz9é%qg{l%asciragxgpy&&ﬁ'ﬁeﬁ%%lﬂgn?,%é’fﬁ%&rylg%pro\%ﬂfﬂgﬁﬁzﬁo@%ilaﬁg,—
3-methacryloxypropyltris{methoxyethoxy)silane,

10 3-(N-styryimethyl-2-aminoethylamino)propylitrimethoxysilane,
3[2-(vinylbenzylamino)ethylamino]-propyltriethoxysilane,
3-glycidoxypropyltriethoxysilanes, _@riacetoxyvinylsilane,
tris-{2-methoxyethoxy)lvinylsilane,

1-triethoxysilyl-2-(p,m-chloromethyl)-phenylethane,

15 3-chloropropylitriethoxysilane N-{aminoethylaminomethyl)-
phenyltriethoxysilane, N-{2-aminoethyl)-3-aminopropy!l
tris(2-ethylhexoxy)silane, 3-aminopropyltriethoxysilane,

triethoxysilylpropylenetriamine, B- (3,4-epoxycyclohexyl)-ethyltriethoxysilane,
3-mercaptopropyltriethoxysilane, 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,
methyltriethoxysilane, ethyltriethoxysilane, phenyltriethoxysilane,
phenyitriacetoxysilane, methyltriethoxysilane, phenyltriethoxysilane,
N-(3-trimethoxysilylpropyl)lpyrrole,
N-[3-(triethoxysillyl)propyl]-4,5-dihyd_roi'"r'nidazole,

| 30 B- trimethoxysilylethyl-2-pyridine, N-phenylaminopropyltrimethoxysilane,

3-cyclopentadienylpropyltriethoxysilane, 7-oct-1 -enyltrimethokysilane.



34. The process of claim33, wherein the oxidizer is selected from hydrogen
peroxi de and persul fates. 35. The process of claim32) wherein the
concent r avoan/oeds4t he oxidizer is 5 from6 to 60 grans per pcieg)i/eha
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 frggn5 to 500 mlligrans per liter.
10 3fi. The process of claim 33, wherein the corrosion inhibitor is

selected fromtri azq| | a | 13 | gs epnzim dazol es, |,
tetrazol es and ni xtzr(&re ggre\é%}?ﬁée“% c?ré%{‘l'cﬁqﬁg.é%@%ﬂeeﬁbdrsgg’gﬁlfhoqm(ﬁ°5?rﬂ1e§’3?"V
wherein the watgialsie! ahd avhehy apg rb§o$ﬁh€&ttﬁﬁ tAsse Skild RPHEESre £ bein
et hyl ene oxi de, ethylene o:;ide-propylene oxide copol yners, polyethylene
gl ycol s, pol ypfi@eyiveneoyplng! agentsi yvAnnundlec obbl arganafundtionat esilanést b
foregoing. 38. The gr?cess of clfai m’b, ,V\/ng;ji_n .the step of intergranular
etching is 20avalablaqgfejuexample. dhomUsion Lanbide. Spasialty Shepusalsilivision,

organbe. corr obabRuERRARd, SeRlePEtoBRE ¥ ST in IR ec "Ct o Al m

38) in which the inorganic acid is sel ew_fo[om phosphoric acid, nitric
acid, sul phuric acid, or mxtures thereof. . The process of claim38, in
whi ch the corrosion inhibitor is S4Bne Agemtshe group consisting of a

triazole, tetrazole, ani i Eﬁ &azol e.. WO 02/(1795:12 -83 PCT/1B01/02901" 41.
The process o ai m 38; surfa S a cationic surfactant.
42. The proceggihtf Cl al m-ig7wherein the stepggh) Sftt;q.[granul ar etching is 5 |
carried out w t% an intergranul ar etching conpo i t1on conprising (a)

hydrb@en peroxi de; (bl &16&ast one acid; (EtO),SiCH,

Amino A-1100 (EtO);Si(CH,)3NH,
A-1110 {(MeO);Si(CH,)3NH,
A-1120 (Me0)4Si(CH,)sNH(CH,),NH,
A-1130 (Me0);Si(CH,);NH(CH, ), NH(CH, , NH
15 Ureido A-1160* (Et0);Si(CH,);NHC(O)NH,
Isocyanato A-1310 (EtO);Si{CH,);,N=C=0
Vinyl A-151 ) (EtO);SiCH=CH,
A-171 (Me0),SiCH =CH,
A-172 (CH;0C,H,0);SiCH=CH,
20 Methacryloxy A-174 (Me0},Si(CH,),0C(O)C{CH,) =CH,
]
/\
Epoxy A-187 {(MeO0);Si(CH,);0CH,CH-CH,
Mercapto A-189 (Me0),Si(CH,),SH
25 _
* 50% w/w in methanol
Additional silanes which may be used include tetramethoxysilane,
tetrasthoxysilane and 3-glycidoxypropyltrimethoxysilane. Other examples
include tetrapropoxysilane, tetra-n-butoxysilane,
30 y-glycidoxypropylmethyldimethoxysilane,

Y-glycidoxypropylpylpentamethyldisiloxane,
Y-glycidoxypropyimethyldiethoxysilane,



(c) at |east one nitrogen-containing, five-nenbered heterocyclic conpound
whi ch does not contain any sul phur, seleniumor telluriumatom 10 in the

het er ocyglgRiz @, (d) at | east one adhesi ve conpound sel ecipedBigumweul finic
acids, seleninic acids, tellurinic acids, heterocyclic conpounds contai ning
at | east one sul phur, seleniumand/or telluriumatomin the heterocycle,
and sul fonium sel enonium and telluroniu alts having the general formula
(A, 15 R~- +X A/A\20RsR2 in which A stand®for S, Se or Te; R-, R2 and R3
stand for alkyl, substituted al kyl, alkenyl, phenyl, substituted 25 phenyl,
benzyl, cycl &at gyl Y subdtd Kuy &tir @ ¥all dyim ®i-h R eafich R3Xpeisnig! 8he &sane

di ff : d X- ds f. . i i i i id
Py oxi de.  prETEEeLRRRRYRe Bl B Bblstpat o Syl Lrdd CBRg ok © BFe s
not identi Ca'foréaboéaﬁgaﬁg E&ﬂchﬁwg SRNBSIMAF b8 LskBlih Bbhibifatisrisdst 606 %Gweas

conponent (dl. e process of claim42 wherein conponent (c
conpri ses one or nPhe decicadotemponent ax adhessilana damgpositjonsy ohzbleepresndt

purines. WO 02/ 079542 PCT/ 1 B01/ 02901 -84 44. The process qof ¢laim 42
wher & n conpdabedimpntiis (R) 3 rie %waoraana)%m@cqu izedtoptha forawlpi ni c
aci ds and conpounds having the fornula: RARGN-C-S02H 5 Il NRs wherein R4,
Rs and Rs = H, alkyl, substituted al kyl, phenyl, substituted phenyl,

R--(CO- with R~ = H, alkyl, suquoygaa‘]%m al kyl, phenyl, (>xhstituted
phenyl) wherein R4, R5 and Re may be the sane or different. 45. The process
of claim 42, wherein conmponent (d) is formam dine sulfinic acid. 15 46. The

process of claim42, . wherein conponent d% npri Ses_one or nore
het erocyclic @ bﬁﬁ&%%@é?@ﬁ%ﬁﬁﬂﬁ#ﬂ ?l‘ig?é{st,het MY es, i sot hi azol es,
t hi adi azol es, and thiatriazoles. 20 47. The process of claim42, wherein

conponent (d) conprises one or nore sul filni czaci d conpounds sel ected from
benzene sulfinic acid, toluene [(RO);SiR'];CR (XXt

wherein in formulae XXI and XXIl, 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
-CoHan X

wherein n is from O 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 XXiI and XXIl is

25 independently an alkyl, alkoxy alkyl, aryl, aralkyl or cycloalkyl group of less



sul finic acid, chlorobenzene sulfinic acid, nitrobenzene sulfinic acid and
car boxybenzene sulfinic acid. 25 48. The process of claim42, wherein
conponentwb@pnesxgPri ses one or nore sul fonium salts sel ect pdrigmseri met hyl
sul foniumsalts, triphenyl sulfoniumsalts, nethionineal kyl sulfonium
salts, and nethionine benzyl sul foniumsalts. 30 49, The process of claim1,
wherein the step of intergranular etching.ps carried out with an

i ntergranul ar etching conposition conpriéP g WO 02/ 079542 -85 0.5 to 5%
w v hydrogen peroxjde; and PCT/I§Q1/0290 0.01§éo 5% w v of an omati c

sul foni ¢ aci dthsn 30 £arkon gianas ANdds mareoiten 8B AkyiareypicRNLAINingHER®i htehe

sul foni c aci dgz0 t [T 0 1 r thG.0 i ch
are carbocycl ?céarrlaﬁésthQ%r Sﬁ)'ﬁg %kgggﬁeﬁof%ﬁgl %%,’rﬁ\?\geffge%néﬁﬁeigﬁgé\ﬁt i on
further conprigmes 0.1 to 2% w v of a corrosion inhibitor selected from
triazoles, tetrazoles,: imdazoles, and m xtures thereof. 10 52. The

process of claim4® inhtorewiae REXkantlokXl isca divalestihydranarbort orsdivelsindm
itrob | f te. 53. Th faclaiml, wh L th t f
't er%yr anul ar PRYEHSTgSTlin SODIFIRING 16th 1P 1R 8" ROD; oMMl Br AL Rngor
conposition c LS Al ' | el : a
me'[rgl lzalpabl e%h%i'/?ﬁ(a léé@n%rlep Pgﬁ'gpt‘i&?qﬁ?ﬁ] X1 éﬁt %ﬂeg?'a’?ég Q\%ﬁ?gﬁﬂf@déﬁésent

in one of itsahdgheoprsilidene; oxiytidalkylentst esucind ashi clyclotisptyldfef oand a
conposition soluble salt, and (d) oxygen, wherein the concentration of the
hi gher positig¥clokexidenen divaleat nrrognatia, graEpe ofpeRRi @3 dheanylenes atelylangan

ahorei n tho mlaene. pré e RARREL Bhf Yivdianp Grau b GRS totmifa, o

and the concentration of this |ower oxidation state netal is |l ess than
about 2 granms per liter of the conposition.
10 'CsH4'R"

wherein R' is an alkylene group such as methylene, ethylene or propylene.

R! also can be, for example, a divalent polyether of the formula
-R(OR®),-

wherein R® is an alkylene group and Z is an integer of from 1 to about 5.
15 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 XXII 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)_(I and such
discussion and examples are hereby incorporated by reference.

25 The tris(silylorgano)amines represented by formula XVIIl which are

useful in the silane compositions of the present invention are known



55. The process of claim53 also containing copper, and the concentration

30 of copper is less than about 2.5 grans per liter of the conposition.

- WO (| 2/ OXB32h20sCT/ 1 BO1/ 02901 56. The process of cl ai m 53rangB@imitihe aci d
is a mneral acid. 57. The process of claim53 wherein the acid is an

organic. acid. 5 58. The process of claimb53 wherein the acid is sulfuric

“acid. 59. The process of claim53 whereig-4he netal is selected fromthe
group consisting of tin, bismuth, |ead, and cerium 10 60. The process of

claim53 wherein the acid is sul furic acid. and hF. ml | S Sin. 6]Tg The
process of cFaMREdRHEPE;RIOEH ureggggpremmgewq}b ’ésag'\fmigf"& RIS %r an
I m dazoi e-t hi . Th # 0 ' o5BNt {dian . n
about 4 gran@gggrdélétr@r%do'ﬁ??gﬁ%w%'npsé%%@k@proée?ss%‘ gb%@%tggé e
contai ni ng | ¢ A-RBE2/RB4; endnherlistosldresesf GHbsel patisarsovith regardctd. the
metal substrate conprising: an intergranul ar etched surface; and an

i mrersi on pl atieilteraanolgamines pendhaetheds denRtararing syeh asipes aee hemehys.
The netal substrate of clai,m 64, wherein the intergranular etched surface

i ncl Bdes deepn§POFPARY HfISNAR ces having an aspect ratio of at |east

about 1. = VID 02/ Odgific xkimiigs/dianiisinidrgdfo)afimeisflorhilhe Mliewkfcre! al m

64, wherein the intergran et ched sur ein deep 1 ntergranul ar

crevi ces havigag asefakpecthe allane oforabobitisis abotiie pregerd7invehtioneirliude
substrate of claim®64, wherein the intergranul ar etched surface includes
deep i nt er gr angltimetloxyadyhaeting)amiest h oftrigltnigthaxvsilylmethyh ardne: 68.

A B M e B B BT
COpRey , nNi ckekis(t@AtbthoxXysilyedhyManpiale;adi ummis (rbdtihowysilyopch pydaaimine
. ruthenium cobalt, galliumand germanium 69. The netal substrate of claim
64, further ddsistimethaxyetkexysikinrapehaminastrishisiprapexysilylprppyll amingstair.
Layer. 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,



70. The netal substrate of claim64, wherein the silane | ayer conprises
yur ei dopropyl tri et hoxysilane and bis(triethoxysilyl~ethane. 20 71. The

met al sulgdhapmsef claim64 wherein the silane | ayer conprpSEsBd/02901
trimethoxysilyl propyl nodified polyethylamne. 72. The netal substrate of
claim 64, wherein the imersion plated netal is tin. 25 73. A |lam nated
body conprising: (a) a non-conductive, pqoggoeric material; and (b) a netal
substrate conprising: a intergranular etched surface; and WO 02/ 079542

e 20he ot SRR, o bl b i ¥

i nt er granul ar ggipiyesuSstRuehey ahe sliveiascatains ethanhgl.anul ar crevi ces havi ng
an aspect ratio of at |least about 1. 75. The |am nated body of claim 73,

wher ei n t he i nt er gridreus didsecateot of thacdanaclomipesitiong nay wary troot 400 %

crevices having an aspect ratio of at least 10 a 2. 76. The | am nated
body of cl ai nPY3Veightripi PHIENRIXtES 7 Asulitlle a8 png%i%!r‘("&!ﬂ?‘ti oclegads Ry

i ntergranul ar ,cr.evj ' . t I ] N 7.
The | i nat cd U FTEH AuRIGHEE: o oBten; PR koLt br ERfiniohs i,
the i rmer si onpgletRGeREd. & ahdB9% by’ Reighte | am nat ed body of claim 73,
wherein the imersion plated netal 20 1s tin. 79. The | am nated body of

claim 77, wherein thwiderenas ohfifiratcan beeingluded ini the sisngbonting mixtures.ed
D O B e Al B AIE B0 s o el A0 i, "
resin, or m XiHiERalsN&idiPlas glabe) Ytakte! Lerdric, 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 inc|ud§d 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,



-89 PCT/1B01/02901 81. The | am nated body of claim 77, wherein the
polynmeric material is one or nore of PTFE, an epoxy resin, a polyimde, a
. pol ycyanatceoxagbsr, a butadi ene terephthal ate resin, or mpCaviesi/odeer eof. 5
82. A netal substrate nmade by the process of claim1l. 83. A |lam nated body
whi ch conpri ses a net al substrate made by the process of claiml.
" A3s% A .An .As. A35& A s. A3 . As. A Aﬁ AL.An .A .AL2. AL. A L. AL% A
LAL AL . AF9. AL. A H9. A9. AnL. A . ALYALA A?_AHL AL. A

.An9. A" . A  A9. An9y. A3" . A9. AL. A
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Ul ca] ca] ca] ca] ca] cqieairfsrbCcairéalisabaaherdielectric 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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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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ielectric insulation between circuitry layers in a multllayer 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 centigrade, 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% viv H,0,
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Intergranular etch 1: {a) The foil is pretreated by conditioning in 2-5%
v/v 2-aminoethano!;
(b) the foil is then treated with the following

intergranular etch composition:

10 Hydrogen peroxide 1.8% wfv
Concentrated su'furic acid 17.5% w/v
Benzotriazole 0.3% w/iv

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 % wliv

Formic acid (pKa = 3.55) 2 % wiv

Ammonium chloride 8 % wiv
20 water balance

{b) then the foil is desmutted with a solution of 57,_
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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Epoxy prepreg: Tetrafunctional 1080 scale flow (PolyClad; a polymer of
oxirane 2, 2', 2", 2'''-[1,2-ethanediylidenetetrakis(4,1-
phenyleneoxymethylene)l; CAS RN 7328-97-4)

Polyimide prepreg: Ciba 701 polyimide resin based VO 1080 scale flow
16 (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<<! ( 794.0%<<@r¢preg@Bickis! aJWays 1080. The stack is then placed between several
sheets of paper, this stack is placed between two aluminum ‘caul plates’
then cured'by being heated under pressure. The heating rate is
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.
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Cleaner, Conditioner, Intergranular etch 1, Immersion 8.0-10.0
Tin 1, Silane 2
15 Table 2
Peel strengths obtained with polyimide prepreg.
Treatment | Peel Strength Ib/in
PRIOR ART: .
Cleaner, Microetch 2 <0.4
20 Cleaner, intergranular etch 1 0.3-0.9
PRESENT INVENTION:
Cleaner, mteﬁgianular 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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of immersion tin to an intergranular etched copper surface improves peel
strength compared to prior art processes in which the surface 6f 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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10 zine, 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 ths 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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has an aspect ratio of at least 5.

10 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

15 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

20 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 diethoxymethyisilylpropyltriethoxysilane, tris (triethoxysilylpropyl) amine,
25 a trimethoxy silyl propyl modified polyethylene amine, and a mixture of vy-

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.
30
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20. The process of claim 19, wherein the metal substrate is in contact with
16 the immersion plating composition for a time from about 1 second to about
900 seconds.

21. The process of claim 1, wherein the immersion plated metal has a

thickness in the range from about 4 microinches to about 300 microinches.

20
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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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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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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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:tide-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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f YLA0% , & ()-nb 10%@25 ()-%L10%,' & ()- is'10% & ()-10;);10;);10;);(

{1940%); & ()-K| [: VU4 f 09X, X& ()- (@40% ,' & ()- ,10%,' & ()-Fi
10%,' & ()- ,10%,' & ()BF( YLAA0% G+ & ()-mY|[:vU4 | &4z 10%,' & ()-Z

S*040% ,' & ()- s*9%0% &'X&
20 R

-i s*9d0%S, S& ()- ( 10%,' & ()-
" |

2
in which
A stands for S, Se or Te;
Ry R, and Ry stand for alkyl, substituted alkyl, alkenyl, phenyl, substituted
25 phenyl, benzyl, cycloalkyl, substituted cycloalkyl, Ry, R, and Rj 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.



( ,9%0%,"' & ()-#$%R49HvU4 "y10% & ()- 10% & ()- 10% & ()-10','10','10',' S;
040% ,' & ()- ( 99z10%,' & ()-H#-x|[:vU4 # 109 & ()- @ FL0ON& ()-G

109 & () whdDehosiA) - FUON & ()-( tFUO0N & ()-x|[:-410() (rORPAENINE () - @
0%40%¢) #& ()-@-k 10% & ()- @*10%& ()- | WA0%) (& ()-

| 98409588 ()-bA410() (  10% & ()- !910%&()- 310% & ()- 910% & ()- "G
10% & ()-10() (10() (AD|[: A410() (© 210% & ()gal:10% & ()- 10% & ()- 10% & ()-
910% & ()- @O0% & ()- al [: A410()( Y%O%a&() 10% & ()- 10% & () -
10% & ()- 10% & ()- YlO%&'()—adgj)*|[ -410, - 10% & ()-z ( 10%&() Z"
10% & ()- 9 10% & ()- F1 10% & ()- ( 10% & ()-*+, MRoA4l &10% &3
10% & 8 &y4ﬂo%&' €) processopk 9Im£?m%r&"()wm<wqth?€{) 'R4§0$U'EB'° aci

10% & ~ &10 . &10

$Sh] [ : A410 %@%% @T)amﬁ?iﬁfo%}d'?ﬁﬂc) adifs %%%%(4?,8@,&382% Es%t **Bo%}é ¥ () -
%0% & () - aI|[ A410, 9,/ 10% & ()- 9-10% & ()- 9+10% & ()- 99*10% & () -
(@ON& ()- & 10% & ()-1+n|[:-410) LO10% & ()- L7z10%& ()- L510% & ()-
OFA10% & ()- 9y2 10% & ()- REBENISESOLHIDALI0) &10% & ()- 90 &10% & () - 90

10% & ()- L10% & ()- &&10% & ()-1Q) 10)~un? e}\;.410S, S L&LOYS, S& () - 90
9810%@ @ () - 90D&10% & ()- 90 ; &LOKRE ()- 90 &10% & () - 90

810% & () - 90#MbA410S, S L & 10%) & (F-9 9F 10%)& ()- 910%)& ()-
10%) & ()- sLC 10%)& ()-10S, S10S,SG "o [: A410S,S 93 10%) & ()- &

Lo & () - oot 10992 &) JatkyAC: - .
10%) & () - 02} $iHe Bs af%d%é% ’()mkﬁL é}%z&&w .a"éﬁlo'%/'ggny' ()5”"5""“"9"
L910%y) & () - 9S10%) & () - f%iof%y);&\e@yl B 41wg|-eq7 @ Hokel, (substituted

1094) & ()~ L+ 10%)& ()-  Lo* 1098 Q0
10%) & ()- G ab] [@m%y) 10y) 10y8' %‘ f’%z?w& 5(‘56" {%%éﬂ(ib%% (yherein Ry, Rs

10%) & () - 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, triphenyl
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



"2 10%) & ()-m 30940%) & ()- b~\|[:NA41010 Y9dO0% & ()- s9 10% & ()- I
109% & ()- sS109%& ()- 109%& ()- = 940% & ()-~# | [: NA41010 10% & ()-
10% & (Wwo o3adis ()- 1940% & ()- s 10% & ()- o YIH0% & (PCT@|I[29A41010 L*
109 & ()- # 940% & ()- Y% 109% & ()- # 10%& ()- ! 10%& ()- S
%40% & ()-L|[:-410% sOYL0% & ()- 6109 & ()- |14 10%& ()- 1FUL0% & ()-
Yyl 10% & ()- -10% & ()- bA410*  Y9A0% & ( %3 W 10%)~& ()- "s10%& ()-
10% & ()- Ls10% & ()-10%10%VkM [ : A410* yPORI0%&&' ()- or | Y%&10W) V& ()-
t MYA0% ' {& ()- 0qYdow)va& ()- fq%w%m& ()- 10% & ()-%vU410 f10% & ()-
&10% & ()- 9 10% & ()-10)10)10) #3I 4940% & ()-m ~l %RI0W & ()- {!!"|[: VU410
10%.- L& ()-Z _t0J08d BR& wjv hydrogerepesexide; and 10%+ HE ()- ! 910% & () -

10% & HKHHH . $$% 294.0% 204 2
10%+ H<(&)() FY®/. 0% [(9 %%/gliw BhAR: B(r?%é %@@ﬁm‘%@ bi {%gzﬁ% H -
"L10%) & ()- “10%) & ()- 10%)& ()- &10%)& ()-10-10- %0BA& S |[: A410-
10%) & ()- 310%)& ()- L,g 10%)& ()- s UWOW)& ()- = 10%)& ()- °
100y () S5y B o T A0 oo g ()
L+80%) & () -inclideB0sAg & (more arphualizyJe@yps- WLWE&H%%/S‘%[ Yeadngs.
10%) & ()-)C-DFE*F*S*X* " **yU410 | 1099 & ()- 10%& ()- ~10% & ()-
&10% & ()-10y) 10y) 10y) &@ 10%) & ()-***h+++0O, | [: vU410 >Y&L109%) k& () -
4Y&10%) a& (gq \ Y4495 VARO4S & oitidd further comprises
ione (). &% | e Brosgs, o TR il T SO Do Iics further o ey
91099 & () - % &0(2% wiv/ ofZa\corrdsionAvtibito@selaypd; fromi triszpigss tefrazoles,
Vi#10%) J& () - 109 é 10%&' (

10%& ()- i]dazoles, an wwxerf@ﬂw;éf& O-1@!'10%9 & ()-!&!'0@! 10% & ()-! @
1109 & ()-1=I @109 & ()-!..... /1] xX@101=! @! 109 & ()-! @' 109 & ()-!=! @!1
0%& ()-!'@!' 10N & ()-!=!/
[ #1 & , I N VI cg@flOinE'ﬁ@%&&oﬂ‘)clam‘ﬁﬂmg@lh&e(l) theSuifovdp acid) or sallalagr)e&'f(ly
10%) & ()- @1 10% & () - |VIW] /][] hL, An5!10%) & () - . nS! 10%) & () -." f 4l n5! 10
%g) & () - . n5! sOdignE.rt-nitrelrNEeng)s! (9nat3f4l////////ec;+4n5| 10%) & ()-.' f4!n5! 1
0%) & () -.n5!10%) & ()-.n5! 10%) & ()-.' f4! n5!10%) & ()-./ 0" 0#0S0TOXOYOi | +4'
f4In5! 10%) & ()-. n5! 10%g) & ()-.n5! 10%) & ()-.' f4l-n51 10%g) & () -. n5! 10%) & (
) - . Y0Z000. 1X§@a@4‘h%4ﬂ)ro%bé9%)&aﬁ -1 fWWG)t&b(step'dﬂmﬁ@mawlaf emm@)'& ()-
leOO/)& ()-n5!109g) & () - . 224444494>4vU4:  9S10% & ()
CAEY% & () caotpdLoy) mﬂ*gynsumg@rwlqr)etchmgmw&s jan comprising:
+(V<10%g)& () - >4R4445CB5|L 110% ,° & () - uvnov “&()- yLMLO% ' & ()-
9710% , & ()- !10%, &’( 5 & ()-5<6K666r77|[:vU4' '110% , & ()-
#110%,° & ()- | 10%, %X)-dd&%er&rﬁbbxwfage&() 10% , &()
78P888899| [ : - 410", y5110% , & ()- @&10% , & ( }1&9. Q
110%, & ()- -110%, (@ () -2 meidlgspablegf. hme%“'t's 1b°f oxi ai'e%s*atgs()

! 0% * 0% *

| i | [/ A4§L0() Wh'ESéﬁ prege% d 0%9?({’3@5?499%%@9{%@%:% %Qtegoa}gj Yé’“ﬁ“ 'fwe!t:ilo% .

& 10% * 0% * & | 10% * & 100
@()S f%} g&?@#mﬂ $ol68f0salt, £Hdl ()- ()-

$10% * & ()- T10% * & ()- >>>7?722747?| 0bU410
99&10%, & () 10 * 10 * (8D * oxyQed9s * & () 910% * & ()- &37 10%* & ()-

@' 10%". & ()Wll'll:l%’l?l;? Eﬁeqqgentratlon of %19 O/‘Eig‘%epposn?\% o%d‘g‘t Q\ state metal in the

composition is greater than about 4 grams per liter of composition.

25 4. The process of claim 563 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.



110%, & ()- y1l0%, & ()- !'10%, & ()- 10%, & ()- X@MABBBB] [ : bU410
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& ()- 110%* & ()-1 s10%* & ()- ""'10%$ & ()-10z, 10z, EEF, GOGGH [ : A410z,
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2810%/& ()-M 2810% * & ()-M- 10% * & () f11110333K|[: NA41010
y' 10%, d&' ()-_@®' 10% & ()-3 hF z&10% & ()-. 10% & ()- 10% & (

9810% & () - 3KKBLLy v [membc'%ml@%@vebwm the 99% ig'q 51'1"19@' f@% & ()- !
10% & ()- @'10% & ()-& y' 10% & () - MVN_N NxNN| [ : NA41010 3™ 10% & () -
f210% & () - yOlO%& ()- .GlL0% & ()- -T10%& ()-3 *10% & () NNNNNNNOQ/U410
10% > & () - O%Thé‘p%cé& épcl:b@m 53 W’/B@r\( ihe §C|EQ%?§‘\ Orgahic acid. .
10% & () - 0O PI[:vU4i0  @10% * &&10% & ()- " 10%
F & (). 110%* & ()- “"s10%* & ()- PP"Q/QRVRSH vU410 F("10% * & ()-
(10% % & ()- (10% & () f10%* & F 109 & ()-. T10% *
& (B- S, S?SpSsBT| [ Thesptecess obplaing %3 whgreguthe &c'(i)'s sulfuricoagid. &' ()- /&10%
& & ()-z *-10%* & ()- +s10%* & ()-TTTTTTTTWUAL0 : ! 10%&, &' () -

"910%&, && ()- 910%&, && ()- P F 10%,j & ()-10 * 10 * 10 * 9&10% *
& () - UUUUHVC\BA | : VIH Procestdh daim 53 whebéin &8s (MetakisléBiéctd¥ frpnPthe group
109&, && ()- " 109&, && ()-. | Lz&LOY&, && () - VWWINNNAEEV U410

 #- 109, &&' ()censisting@f &ig, bismuth lged, ard Cprigm. 100@, &&' ()- ! 1098, &8 () -
Y& 109%&, &&' () -
VWA LOA1, #- 10%, && () -g' On, , #- 10%, && () - g, #- 10%, && () - g, #- 10%, &8 ()
918 1098 8 60. o P YHUHBLINlaii 530WGel, e ok i3 QRURE dalc End O Mot )
-g'0n, "', # 109%&, &&' ()-Q, #- 10%&, &&' () - g, #- 10%&, &&' () - gAY M

T 1090& () -, H-HI0YE, && ()-g' On, , # 109&, && () - g, #- 10%& &8 ()-g, #- 1098, &&' () -
g' On, WAXbYYYYYZ| obU4 LC 10% & ()-10(10(10( " *' 10% & ()- * 10% & ()-
THU1004 & ()- %109 ()-ZZZZZ([[|[:bU4A Q' 10%&x& ()- L'' 10%s&s& ()-

109%8& ()- 610%Phe process of claim 53 wherein the copper complexing agent is a

thiourea or an imidazoie-thione.
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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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66. The metal substrate of claim 64, wherein the intergranular etched
surface includes deep intergranular crevices having an aspect ratio of at least

about 2.

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

15 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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surface.

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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83. A laminated body which comprises a metal substrate made by the

process of claim 1.



