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CHROM UM FREE ANTI TARNI SH ADHESI ON PROMOTI NG
TREATMENT COVPQOSI TI ON 5 BACKGROUND OF THE | NVENTI ON

1. Field of the Invention The present invention is
directed to tarnish-resistant and adhesi on pronoting
treatnment conpositions, and nore particularly to

tarni sh-resi stant and adhesion pronoting 10 treatnent
conpositions that are substantially free of chrom um

2. Brie Rt AP 'ﬁﬁ%rhq of
met al a?gﬁ?éﬁggﬁgggﬁ%ﬁﬁégggﬁcEﬁ{ Q;gg?2ﬁ§ban 5

pol yner has been ['ong sought for various applications
such as printed circuits, electronic 15 packagi ng,

aut onoti ve body BAGHGROUND OB THEINWENTIOMBS pl asti cs,
for exanple), steel belted tires, and paint or other
pol yneric coatings. For exanple, the tarnish

1 esi Pl hPnvedtténf 01 | for printed circuit application
Is required Tor shelf life and to withstand the heat

expo¥he proshgt inventioars diseciadiio tmistsrigapt ang adhesinn Ripwgting
ol PR RRGRS o il ) Akl ro iR AR promoring
trpatgntsroimposititisst thattaee substantially freerofithrgmawml t enper at ur e

exposures during the service |ife of the parts. This

function is critical to maintain a good bond between

2CuU apBflefésyiRion dithd &xNs of el ectronic packagi ng

appl 1 cat1ons, good adhesion js reguired in an
el ecTwnish resistinge ef mptakand fenaious adhesio petwernugtals snd pplymer

b e fhnB s Gk Forivﬁﬁbﬂs%‘gbﬁkﬁﬁ&thesﬁémastﬁ}ﬁﬁecﬁdﬂchﬂﬁ RlStréic As

a second eXxanple, the inner leads of a netallic
ph@agiﬁg,mme bedwwign(sbuminus i PYCor @a@p}ﬁucggoqﬁaqa@p}% steel
o e i Sl B £t s o
Cndbiy fee printed iclrcuitapplicationas feijaired fsshefilide angl tonyithsinadjthe heat

coating.the netalli bstrate wt.h a s ; -
cxtatee Adine ariragon sp RSP RO Vo fpaSte it e St
céa%ﬁ%sﬂalsoﬁ%{féﬂ?ﬂﬁ &QRlibNESCH ARl rattion ithaké polymeric substrate upon

oxi de-form ng netals such_as, nickel . and nickel . fon 3
hunidgty sud tspperatuse gERosIes during thy Wl&“o’é’iﬁi“rﬁ] ghﬁ @H&ﬁf higfupgtipn is
cr@t&gf"tocrﬁ’ﬂﬂﬁh %&ﬁtbﬁﬁ& Betwabh Gl ﬁﬁ%&ﬁﬁ&l 18 ferm&.6f ¥i8dthonRS

0 S. Pat. No

ers, are disclosed in U S Pa . 4,888,449 to
paSkaging appliaktions, good eHhdsioniiswsavipdrin en glepljicplopapestas defwpen a

i1s.entirety herein [ I ' ' d
oS B B g AR s
edaatipls; tharitindréads bf ameslliclealirame mouyibe cagpisbletd iompolywer
mloig?rggor\égm tir?t%e ta?srcgllbfyhotr a%%&e%%rgnqg Saciggde t%%%%se an integrated circuit.

The adhesion between a polymer resin and a metallic substrate is improved by

coating the metallic substrate with a second metal that forms a more tenacious bond to the
polymer resin. Suitable coatings include refractory oxide-forming metals such as nickel
and nickel alloys, or intermetallic-forming coatings such as tin on a copper substrate.
These coatings, as well as others, are disclosed in U.S. Pat. No. 4,888,449 to Crane et al.,
which is incorporated by reference in its entirety herein.

Currently, zino/chromium (ZnCr)-containing coatings are widely used on copper

foils and lead frames in electronic applications to improve the tarnish resistance and bond
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1 strength of netal to polyneric substrates. These
coatings are typically electrodeposited in an

al kal i ne solution containing NaOH, Zn and Cr(VI) ions

to forma mxture of Zn/Cr oxides, which provide

tarni sh resistance. U S. Patent No. 4,387,006

di scl oses a nethod of treating the surface of a copger di
stberafl 6f e do polymetiasubstrates: lhosreodtings Pty Bispiesleqtigdppqaged in

lectrol ytical ly f in. .
w5 il cordries Sy e COALSERR RRa iR o
okfABsS wARA préWi® @efishi rBsistadteagqueous sol ution contai ni ng
. oo 5 A0 oo B R ORE e of s comee
f(l?lh]gsr%é g}?ﬁrg:t?qﬁﬁé BSEd2 THRCDPbe H6I BREctrslnply tichied tn dmaqueous

e tarni sh and oxi dation resigi. ance (?f sed in
selatiresf zomchoomte contdnipga gisg iens(aag ¢ lonppipad Immer
mat eri al .i.s_electrol yt.i i i StaSurh Biliodte.
%QQ@BB%SOI‘QOQSP?'% y e%%:%% gjll é/ﬁlsér;lcg&hl\g%ﬁ?}é’zding{:&?)ons andl

chr 081 Pafe Mos. 6/230,972165 Q9896 rand; 50391968 Sisclosq #ieghpique and
resi stance at tenperatur.es in. : ) .
crapesomg IBpmGREdRs PriHC e puPHGF Rishec'o!opod ol copper
bhdBRT0Y) Bk, (TBE fakial ia ettty ooatecthy mimaeTEion B aRqVEus
metal [1c substrate. e substrate i e .Se ] :
elguelytesontamingINeRH HncigRs %ﬂ‘fﬂ%ﬁ‘t}mRﬁ‘(ﬁ?d 4 .ﬁcﬁ?egcﬁgﬁh%} qvides
chrom um (V). &YFeope@M zi nc coating is
W@fﬁ%ﬁ%ﬁ%@?@agb‘ﬁg%g@fo the subsg‘gjgte The cpatin ish
pr OV iUt Patent Nosh250:3630 Showdiselpses & fgshpigpe, fox amproving he,

of 230C, and is easi J SIERY: I AL ShfRrsedi neous
%ﬁP@?@@rﬁﬁgﬁceﬁPaeg%{so SRARES Ph_at inder. certain
sERA6h bérRdifing SRS, aincdbns! irdshramiam (VEsioes andia phrgEygn-znc

noi st ure penetratiQn between | gea Y i :

comingdHecofee I AR 15 o SUONEate b PR ?ﬁﬁé"ﬁt‘ﬁ*eﬂg@éﬁgmfe

a? %Eﬁ;g f 166k excadbEIBOPE, 2€lié @itelrenmvitsle by immersipp in sulfuric acid.
or ron of water vapor from.accunul aheﬂﬂ%'oﬁﬁﬁﬂggcould

t r apfieid ahndbm&dfbamnéemwogémw&w O IRE* “devi ceﬂ:e

| o SubLected Lag ! bl bmpgund. This effect

L i T Y T

Qhidiséy rshpethe “pop edmetle " whideistbRkeved e %{at;yi orma

failure due to racks. an ] [Of; kL 88068 whésthe
waterereRiom ¢ PP mé;%ﬂ%é? mcl:%ﬁ%ﬂae%%tggl gad 25 alnd

Ridsts s‘ﬁBjéi:ﬁ%ﬁ{ @Eﬂﬁ?&rﬁgd&mpdrﬂ?df.g., t&mwmﬂ:lrtﬁ%ﬁfr@ﬁ_{og;mate ¥
concerns and tightening re ions, .a ture due 10
236P Qe rBriisgenerafige pweisr YeRorit Joisyer, fbethe P aF ?éﬁ\é& failure l“e )
LCaRes nati At Isihdistr® $roved awist fedm peltigrroentaining lea
c%cﬁ g?%#f%"\?’?“ﬁ] %élf’{/és‘éeb os ne ng? e i mportant. Nﬁ:g%xm qulations
£ Bees tdxdodanartediclagalytth govipngenabcaneprng anLlie gre )
atft%}nvz\tﬁsg so?derrrseagrgt I]ikglrj}(%o fave even higher soldering temperatures, and the attributes
of metal/polymer adhesion will likely become more important.

Many compositions are known that provide for adhesion between a metal and a
polymeric substance. U.S. Patent No. 5,573,845 to Parthasarathi et al. discloses a

composite material having a metallic core with a desired surface finish. An acicular

I

(nodular) superficial coating layer having an apparent thickness of less than 275 angstroms

is adjacent to at least a portion of the metallic core. The superficial coating layer is
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pol yneric substance. U S. Patent No. 5,573,845 to

Part hasarathi et al. discloses a 30 conposite materi al
having a netallic core with a desired surface finish.
An acicular (nodular) superficial coating |ayer
having an apparent thickness of [ess than 275
angstrons is adjacent to at |east a portion of the

TEORRDle fomdhemetitiis coppyeithqut apnreciabia shaved tayke mptsllip core surface
vable fromthe netallic core w thout appreciable

change to the netallic core surface finish. US.

Pat ertd.SNBater Nb4 9,499,251 o Fasthtsartls ebalhdisdosea bk lead ifmmicodths

SRR abRIR bty BERPR" T PR RGBT &% ) LB e
mtaﬁxﬁhgwmgmﬁhi Qiﬂcucma mbm«a obﬂuanmn(indrz@ooﬂm losted ieadframe
e .coated | eadfrane exhibits inproved

zi,nc.
%‘g‘ﬂ’é% |“8PF°Y aghpipR 1A ROLYMEIG FRSINy [y | nt er nat i onal
Publ iyg 34tk RtidNANBElicAMSrO%ini ek O/ 93 LEE tELecdt al. @ method of

met hod of assenbling a sem conductor device pack aae

gssemhiling asemisondustasidavige m&w d@@lg#edawreuag devien/le

o UnlTRY 1 eV R o ARSI D BRI SRR Birdiffed G the exposed
stiefedes of tlmaldfmdlmdfmneaﬁsttrybly;‘ bllbwmbhy dngapsnlntips.uThet ¢oating is a
coatJn talllc co ti i ch, CcOU e _an
GG SrHse s gromrehicnerailer Jpispibostn B
spefidally Grdo ratEt!JBf wrateedei@m men‘senmwe herein inits

entirety. ent_ No. 5,

Pat 85
i scI%%e‘%ﬂtﬁWPo%?Wgsier@ igaNa & s et g e B pfesion
bla béseShdiatic @Jb%trﬁ@ dnda PAIYRABEesih 8§ iaRodidally oxidizing the

|ca ?‘li'flrom dizing the 15 subStrate to form an
Sawﬂawaﬁ"@m aggregatef acieylan crystals. hentlization ehalyminum alloy

sﬁé#nf&l Q‘é@)aﬁk%s ﬁ%gg%]rogégaglyﬂé? g@@ﬁa%gﬁﬁfosﬁcl{o{n% gt ﬁaéqg% %,939,316
td Malh‘hlnkdr iekalr Ogher antisfOidre comgs mtlade o:uslattmatsmgg materials having

ude d t
BSR4 0 0.5 o
aPat. No. 5,192,995 to Yarrazaki et al. 20 As disclosed
o B sdee i SRR AR s
ﬁ%ﬁ&é m&uﬂmmaﬁagxso vyl §ddidin afll SRANRIY RESsiffer a

hese ions co potentlall h

ﬁndlffuse into the
disadivantage i ﬂaatethqsecws:euldfpatqnualésdl setinie the siliennadic and cause

S Bt Sl RGP Ly it sSRH G
ehdmyple é]\@mllizaﬁbmcaﬁﬁmﬁﬁﬁo@ahﬁhﬁdeqﬁoﬁkmﬁects Database, CALCE
Electronic Products and Systems Center, University of Maryland, April 12, 2000,
identifying chloride and sodium contamination from molding compounds, die coatings,
and die attach coatings; and Barnes and Robinson, “The Impact of Ionic Impurities in Die
Attach Adhesives on Device Performance”, Proceedings of 34th Electronics Components
Conf., May, 1984, p. 68, identifying die attach adhesives as a particular source of ionic

contamination).
In addition, the presence of Cr(VI) ions in a plating solution invokes environmental
concerns in handling and disposal. Although Cr(VI)-containing plating baths have been

used throughout the world for decades, the use of Cr (VI) is coming under increasing
3
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25 Electronic Products and Systens Center, University
of Maryland, April 12, 2000, identifying chloride and
sodi um cont am nati on from nol di ng conpounds, die

- coatings, and die attach coatings; and Barnes and

Robi nson, "The Inpact of lonic Inpurities in D e
Attach Adhesi ves on Device Perfornmance", Proceedi ngs

sstutipydhe 10l grevingvoneenGoviguivelih and apyirpnmeniglyeffeqts.sThuspit would
g v . . _ ol

R bR il OV g BER WA, 5 B TS g o

qﬁmﬁmﬂﬂm (Grfentielyvl ) ions in a plating solution invokes

ALt ndTBREEr P PEELRE F1 R R oGS AR oR R g pod tmish

resifghck e @R mPaRionPhhichrd QibsteeedlgSfee of Bifothien OVI) 6hid that

V) is comng under increasing 3 scrutiny due to

istwwrtipnakaiecsioldes that o pataontinpriassiun erspdium igns. The present

gl : 18%? ' ax’(‘ﬁHé ot el rabl e to either
re‘%ﬁg%gbg-ga {t/cl)‘)Jép atjiwgrgobath wth aless toxic C(H)

bath, or elimnate the C entirely. Thus there is a
need in the art t ' { on pronoting
and tarnish 5 regpm%iég’e?ﬁea nent  conposi tions that
are fnbst Bpedtahé prefene mvedtiontis dindctexhté Wh hqueous, hinitbrnish and
ilize optiognal electrolytes that da not contain
afieles eI LR PRSI LOP Pt Bing: ont st glected
fied 1he %ﬁﬂﬂ Oglfc@néiﬁin@fbfﬁﬂfg%ﬁ ioh§) nidiydenif Gons; B PickeHons,

| NVENTI, 10 I n one aspect, the present invention is,
ZHPorENm denst eaniNm-ionts B1ABEANETeipRSs VA NILIRRS, QY AQNS; Hhions, indium
. r0 . . Lt _ LS e z] g .
R s 8l TR p TP S O o o
cofitainpotpssiem or eodivm ieisy Whierein thd tosatment opmpesitiasyis substaptially free

o P A% 8 Bl P o 053 Qi o
niitdriat whiefus the @0 atinpcmihinted adhesion bftw godfmeran theapatexaial | v,

Codl HAoUiRE Brepc R P soH BnEron ROE RgaBRPa poR Wi an

astitRisBihi 8dte¥ioh 1R 8medt cdahn® ¥ 'siﬁ%’! ZindhtR zRicoxide@toms; and
treatnment conposition is capable of form ng a coating
on ametphormetal oxidghatemp pelected fFamtheggoup nensisting of dwngestenn
) i . r. t; indi
mpﬁ%b?gn ’?éﬁl\%lh%ﬁg%ﬂl S |1@{ééi?4én t’gn %%?r‘ﬁétgg’rvi ai co’altn:entilaﬁ’l_JJ i
silwet,land combimbfieratheredf, wheteiadiresating isisubstantially femef dhgpmium,

SRR o lf s BBl 0 2,
whtreinthe6d4ig contains nodular structures that enhance adhesion of a polymer to the
material.

In yet another aspect, the present invention is directed to a method of forming a
material coated with an antitarnish and adhesion promoting coating, comprising the steps
of: contacting the material with an aqueous, antitarnish and adhesion promoting treatment
composition, comprising: zinc ions; metal ions selected from the group consisting of
tungsten ions, molybdenum ions, cobalt ions, nickel ions, zirconium ions, titanium ions,
manganese ions, vanadium ions, iron ions, tin ions, indium ions, silver ions, and
combinations thereof; and optionally, an electrolyte that does not contain potassium or

sodium ions; wherein the treatment composition is substantially free of chromjum; and
4 .
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nol ybdenum cobalt, nickel, zirconium titanium
manganese, vanadium iron, tin, indium silver, and
conbi nati ons thereof; wherein the coating is
substantially free of chromum and wherein the
coating provides a tarnish resistance at |east for 30
mn at %SOC and wherejn the coating, contains nodular
RSN #FIBRlrs prrent theoneb dhetapaliasnd rompostopiingersendigonsyhich

dposTBhE hitthmish Bnd SdheSiBR bﬂﬁﬁoﬂﬁ? E@a&ﬁ‘ng oh 'ﬂ% REtESA @6 form the material

invention is directed to a ne formng a
mtBé YTy thq:mmsh\mma@mmmprpmahm emuamvlmlm the@aating enhances

' gﬁagi ising the steps of contacting
éﬁ%o '@Eje%(e%eous antitarni sh and adhesi on

pr 0 mfifhesegpnﬂrodmt aspetts wilb by desctibedrin moondetaikinrthe folbwing detailed
ons sel ected fromthe group consisting of

‘%5°rlpﬁﬂ’ég{.t§ﬁnfv8ﬂ§°“ nmol ybdenum i ons, cobalt ions, nickel

ions, zirconiumi ons titaniumions, manganese i ons,

vanadtum | ons, LEQ A0S G LA 01
opt i qialdvénticH il 1eGhée M)ﬁuﬂd@@fooai &8 e folloWiig@ddkiled

(got assiumor sodiumions; wherein the treatment
sniption takemnini conimeticmawith t pecomparyieg drewingsinwhichnd 4

|
Conp e B, fBL b A feahtlh Uy A BLTTSEM) of surfces
mﬁd i’m‘m”‘mﬂ@ rveitteitie e positizme awt melbodmﬁtﬂnmes:mt inkention

erl erlal ate ith the

"I”f'% L‘ﬁﬁec%‘ﬂ@g ﬁ ing, wherein
the m@&d DNEhoRR LN ERPhs cﬂ:giwﬁg moaﬁ sutfaRe trydtRients @nd their effect on
material. 5 These_and ot her_asp ecti wi_ ||l be described

ﬁ#ﬂnsthd@mﬁenw eorapqued apdibg drepted syrfases- descripti on
of the invention. BRI EF DESCRI PTI ON OF THE FI GURES The
invention will be nore fully understood fromthe

fol | owi ng ddPBTABED DESEBIEYION OB A HEREBFEN HON

con Ct 0

1 ol BE bR bRk M S GRIRARY s SR HERsibE i Piodlce an

alfﬁldbﬁ@ gﬁﬂﬁhﬁkh(aﬁ&hﬂhdsfonw;gaug&%eatéum?mnt;}csmmm pelamitsdormation

W t t.he co ositions t hods ,of,,t he resent

Oifwaml?won {55 RigEals and polyamers g 2gdigregs Bopgnial and health
RgariRg Maedlingnd d@&ﬁl 51 ik Sontpcaiiions. Makcardaed with the

epl c |ng various surface treatnents and thejr | {\f e(f
inyutions the grrserttinvemtprnhays mawckiscavired Ebaventorntiymish and adhesion

{%Wﬁ%ﬁﬂm&%ﬂ&ﬂs%@ﬁbﬁ&k%ﬁ adhé&&on between
polymeric materials and metal, uses a Na/K-free plating solution to prevent contamination
of a silicon die with such elements, and is substantially free of chromium (VI) to eliminate
envitronmental and health implications in handling such solutions.

As indicated above, the present invention is directed to an aqueous, antitarnish and
adhesion promoting treatment composition, comprising: (1) zinc ions; (2) metal ions
selected from the group consisting of tungsten ions, molybdenum ions, cobalt ions, nickel
ions, zirconium ions titanium ions, manganese ions, vanadium ions, iron ions, tin ions,
indium ions, silver ions, and combinations thereof; and (3) optionally, an electrolyte that
does not contain potassium ot sodium ions; wherein said treatment composition is

substantially free of chromium, and wherein said treatment composition forms a coating
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The present inventors have surprisingly found that it
is possible to produce an aqueous, antitam sh and
adhesi on pronoting treatment conposition that pernits
formation 20 of a tenaci ous bond between netal s and
pol ymers and addresses environnmental and health

ef fects regardi ng handling and di sposal of such
eoapwrterial aysubstpte that cohangercashediernofiapslymas e the mepterial pesubstrate.

B Blesl DHGRNEHS i1AGAA M AbRGAUAREDWAN aqueous,

tarni s dhesi on pronoti ng treatnent
c onpoEhet Zirmnion h@hpmmn&ﬁ"sthee!semtmnﬁ ovmpositimcbf ghthpeeseotinvention can

RESE30 caR 3t 25 5 BB SR SrPu TEh Pl B s piocons o
&fueusSoluti6 R nEf’dn@plw dfﬁlsﬁ’dpﬁn@éaﬁﬁfﬁiﬁhﬂe, tanghe ndt limited to, zinc

substantially, fr of chromum (VlI) to eli
%}l\fates SRSAT Zing shloride 207 fupbprateatint AL ﬂwg]ﬁ?}?a‘?'ﬁgh% thgreof

Agéd PAErstobd tHab B ALEEF tBO MiFre zind SalRBHAIMo Bebifilbyedlin the

Irected to an _aqueous, antitarnish and adhesion

tpmpmmn of the presens invegtions itharisivaly, eimsembinagen. (Inyong pregerred

rpiRinf) ol Balold, 83 inc 8l SOL AR bR O US04 THO).

| ons, Prefierably, th8QiricGonss, are presant inthe camosition o therimveptisp from about

GRET et 9L o e Prshebig i a0t B el 3o i most
refoBy) frOR bb&1 85t ab@il 20 gfC lall Bagekien thoiotal dstame bihe

contai n potassium or sodiumions; wherein
compgsitient [ pefrredambodimant e zihg akis pne ?@@tfoheptﬂhydraw

@‘B tfii%%} g{zﬂa&g@ i akoRt 8l1d 463t ST ﬁ&@?@&.bﬁt'c@ﬂxpﬁﬁﬁ&ﬁ

mat eri al or substrate at enhances
ad hesfﬂmmquoua aptitagnishy andadhéséonrueraeting tregiment perpasition of the

Each, of t.he
R BT S FRARE e Bt WA PR B an
xesmﬁﬁ%nbmﬂll abduldretrpcteedring depasited omtheanrfadpef d enateriadl or

om a n alttha all ows for . .
b B T e ol RS R, PSPy gobelt fons, nicke
SR, Yirkdum 68 MRAM S $onsUmBhdtnestiiti, Sahllidmi i08d, itde 1od9,u:in jons,
aré not Ilmted to, zinc sulfate, zinc oxide, zin
ipinor ipere andssilver ops oBhsrmetal ions May bearplpysd Sg‘#ﬁ" of in any

q%)gﬁ;% ?3@,' i ?@tt{] %Omgdsitldn%f ﬁleﬁﬂes@ﬁ}qﬁﬁe‘ﬁﬁ&? d that

ove Inc salts may al so be enpl oyed
i n t Iithe mnmipmslmaydn defivedizomreogespoidinemetabenlt, ef 3 hﬁfﬂtﬁ

n.
Berptupapel stic EpmbRts o Rl By el 8y ates uootil i the
daﬁ@bﬁﬁmd6ﬁh€pﬁe&31$%eﬂ&dﬁﬂhclud@m&e®ﬁtdfaaadodaryuclmehmlﬁtedwdrate
[ ons are resent Jé'ggt he caqnposjti.on of the jnvention

yodgteg mplybdesyi 0%k, PRIARSIUI REIRBEARAIS, BRRFARETS FuLlete
H @B E%’Jns Qhe'i_‘ec;fo ER&aples 5@111%1—5\01(@ msblwiR Sholylidi ©hdid, atmgstic acid,
rom about 0.5 to about 20 all hased on the total
tm;gstmﬁlcwfacﬁh@d combinations thereof ﬁ1 one preferred exemplary embod1ment
the metal jons are molybdenum ions, tungsten ions, or a combination thereof. The

invention is not limited to these examples and other metal salts, or hydrates there of, or

metal acids, could be employed.
Preferably, the metal ions are present in the composition of the invention from

about 5 to about 20,000 ppm, and more preferably from about 15 to about 2,000 ppm, and
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conposition. In one preferred enbodi nent, the zinc

salt is zinc sulfate heptahydrate (ZnSO4.7H20), and

ranges from about 2 to about 80 g/L in the present

conposition. 15 The aqueous, antitarnish and adhesion

pronoting treatnment conposition of the present

i nvention further includes netal ions which can form

wosteypefaiably finimt fbont 2 toaabout 308 ppint, all basad onthertatal pants dfithar

structure bei ng deposited on the surface of a materi al
POSB8t rate. Useful netal ions include tungsten

| ons Inmwdnybﬁbﬁmea, thefinc salo palvidek @mfﬁclemi coli@lctivitpisthe composition

coni um i ons, ani um ons anese ions,
QZfJé{ﬁ%\H‘iV EfHOR AR Eem%“rcl’fﬁ"ﬁ“b?‘l’s" 1015 opoA mperie) (9% substrate.
H&Qe\% |iF @k chitieftratibi®f IRk 8dlt is Q&% MI&%I%EQ%%BW&WW may not
sin In any conbination, in the_treatnent
w’r%@rs:ropem nlecitolrtrvedepmtsmf thercasenasision. Trhauchreasss, if is peeferable to
P2 Wt (R0 the TRAARPOAMAROHTE) Bhat B8plr deflsfon can
tahzl placeorAnyevater-hible dalt mmbtesznsedsmfanl elecn'o!lytae however, it is desirable

S|t|o of t he ent,.i nvention _in de..ni,ck
(R o cosePoL Bl R pE RSl 2 i e Wo
0 Y ek &h@preﬁﬁlﬂfcé’ btkedinm %r@oﬁﬁnguﬂdbmﬁ IthH‘aqaai jap ab@position
manganese sul fate,. and gonbination e

reguliin diffusion gf thesedprsdatiosdicen diss tvsetp Emgglme W%&F@teaams
df! Wgsd()?ﬁl'l 5] &k&suﬁé‘e‘qﬂent &Rk Qﬁ’ﬂ:lc‘?z?éch@ﬁ% dé\hé’ése qherefdte, 2Rtrolytes

Lﬁge erred exenplary enbodiment, the netal ions are

mmﬁremprdlmrppmﬂgwmm@ﬁge .or a conbi nation

t her

ex anp Jesm%&% &aﬁéﬁ@ Ee??&y% mc&ﬁgr ates glrlfgteéP oric acid,
citric adid, glaécmlic avid, dlﬁldlMMydrMeQMOmam chmbmwby;blmhens
o 00 SR LSRR oo RRLA Bl 141 o o

gL Qi€ Rt preferably ﬁ’@ﬁtﬂboﬂﬁs 4/0, 18 ot 280 80 ar@idst @fhderalﬁy from
nost preferabléfrom about 25 to about 300 ppm all

apautdd afh ta shout parts of the conposition. In many
i nst %ﬁ&im&hﬁ)&é % :ﬁ@:’e&us?ﬁtﬁiﬁxﬂﬁﬁ afdddnk b Pplomoting treatment
conductivity to conposition of the invention to

mpmltloxdeﬁhs mtvammnos substastiallydfreeed ghromise. The pregence of
terial trat
P IR R Al IR i e
egifcHiednt.vAS defimy herein, “editattiallyrirep of plevmiimetgonatally refers to
f th ' h it
BT SR B o o ot
cbﬁ:lgéshfﬁ[‘tClﬁ'@M (V1) B&k Ieen Eldin PrHRAGkc &M@fetsl fein e:&ﬁronmental

e ace wat er -sol ubl e sal t S
healgy Fg‘biiaﬁtlé dlsh%ﬂﬂé*@é‘?s Thps,itis elisved fhat %fle compos?t?on oF the " present

invention, being substantially chromium free, does not suffer these disadvantages.

The treatment composition of the present invention can be made by mixing the
proper amount of zinc and metal compounds, and optional electrolyte in water to establish
the desired concentrations of each component. The pH of the solution is established by
addition of an acid (e.g., boric acid, sulfuric acid, hydrochloric acid, citric acid, gluconic
acid, and the like) or a base that does not contain sodium or potassium (e.g., calcium
hydroxide, magnesium hydroxide, rubidium hydroxide, ammonium hydroxide, and the

like). The preferred pH range for the treatment composition of the present invention is
7
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that such electrol yte does not contain sodi um or

potassium As described in WO 10 00/ 74131, the

presence of sodium or potassiumions in the aqueous
plating conposition results in diffusion of these

i ons |nto silicon dies treated in accordance wth the
teachin of WD 00/ 74131 and subsequent failures

P AR5 B AbEUA: B B0 TR Gered sHgangs 1g Bpmabputelss toabget 13.5; &

&Bﬁ ﬁréf@ﬁe %H %R%E E‘ﬁn@r&ﬁ alRft 93% H’EBI?&? 0P A%ﬁﬁfoﬁﬁﬂr if the composition

Fimti es of useful ectrol yteS|nc ude
@fmhomvgmcsl}tas apH, mmnegtrdctme (e.g5pHi5t9)i &complexing agent such as

B UHNNC.RE bl of WRL SN BXhelfg BIMRRRITLEALAN i

conbinati ons n gener al
M@mﬁnﬂmmmgeduﬁamm about I g/L to about 500

/L, f f bout 200
o/ U Tkl helhomeiitied spb b abesiononotite Bt
&ﬁt shonﬁ?tﬂeﬂﬁ*&cﬁﬁé@ﬂaﬁﬁ@hﬁﬁnletﬁéi@emm préebdel &ir @.pﬁl?mg a

adhesi onﬁlprormtl ng treatnment 20 conposition
Qqaens niveeecpigple; Rios imeaating # mateyiak oraabgirates Rieamaterial Olttwémfe

REFEEREGrdeanddih Q'Ebfﬁ]fﬁe%‘dl WaﬁﬁéjﬁEélef HOROH &Y féhﬂ!ﬁ@ by residual

contam nation fr the source chemcals or th
lgbri¢ant; witpdirt, opwirfdes dxided. Ag:eaemplatvsmgqrmwmﬂtye ¢lpangr isf

el 1SRG A mbTes e T AR & ey BSOS 4P et pmpere
PR sgthate RONUBE20 O NHEwber, Gy dedifedtiddtting Yhrhmetess doRkibe employed
shown to be toxic and suffers from envi [ nt al

aﬁ@asr knewrdindbesart. e fer dhescdenping: Bgsamplen s d lttpe'ine b bt Sifudc 2oid

LD RRERRS of the present i nvention, being
tnant(falfgFm %roﬁt@umfree does not suffer these

d i's adDmtg@eeamﬁrh thetfolloving eonditinmg exei desigabl ey { Therjemperature of the
res nt, knve
R Rl B TS i i 160 PRETSO. mor
ﬁéﬁﬂ)l}oﬁoﬁl abbut l\l\atc&rbotml 4%, ahd mobt préfemblyefsem ebbut 120 to about
C tratlo of ea onent. The f_the
’é%ﬁ‘ﬁ 51 qsg n@%@@t LRy Bﬁgpe&b?%ﬁnge ftam about 2 to
#bButR00 a@P idte pefesably Brbih Wbt 536 iabout 190 esfrdtldaniost prédrahly from

citric acid, gluconic acid, and the Iike
abhuttS Wobguiridast cHielepositia timssawelpmb Wﬁr;eefr@m b5t 1 to about

@6 58&0% M%n%ﬂ%ﬁﬁ@?ﬁﬁﬁﬂ maw dﬂ?%'e&ﬁlds,lraﬁg hﬂa‘sﬁiiﬁferably from

roxi de oxi de,
arbomfZetorabdutrﬂHmmge for the treat ment conposition of

t he sent i.nve |on|
14 0NV Rpa Sl 4 Bkt of sits e IRE Lombbelih b it icnt
1&&6?&511 I&gﬁ a oaaitéﬁgnﬁhtzgié@ xﬁrdtthld lstp.idtt_!rasna}ﬁhqwn i Bigurabh déa), 1(b), and
t o about ItLo , | t 0S| t
150 e trAH PE3Ae Sratiomprsiorably Fates gt At TR Rabork)
AdsRorfls, deferfdHPIAké BhdRBALbf b dBpciRion (discussed in more detail
below). There are, on average, preferably from about 25 to about 1000 of the nodular

structures per 16 square microns and most preferably the average density is from about 50
to about 500 nodular structures per square micron. The average length of each nodular

structure is preferably from about 0.01 micron to about 1 micron, and more preferably the
average length is from about 0.05 to about 0.5 microns. The preferred aspect ratio (length
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the salts of citric acid or gluconic acid my be

needed to maintain the netal ions in a 5 soluble state

in the plating solution. In general, the chromumfree

antitarni sh adhesi on pronoting treatnent conposition

of the invention may be inplenented by known processes

for applying a_ coating. For exanp prior to coat 'Q% i

@ diemeten) 2 proferablipfem abaut 1{1He ah@nt&h aaid e gepserably fom about 2:1
Q@iflectrocleaned in a conmercial alkaline cleaner

or"RaOH to renove any residual 10 |ubricant, oi

di rt , It Grbetievddatba nuosk okthe noktulaz seughizas go oelstend pampradicubarly

i SORRL 7R B A 8 ey

{éﬂmﬁfﬁl mfvhr Aspolner flowihy orite therB(ljdsSetwdﬁbmdmduaJ aogular

esire eani par aneters cou e e

RFstices Tallpwn robsatipetyes the @aqﬁ?“r?55= g‘ﬁﬁ’bﬁ cation, (e

?(?1 %}Jp@&&t@be’:&:{%&%ﬁm}‘ 16cIR8 fiflp la&@"ltﬂe'c@ihﬂ aj?éitalsvahﬁnces
e su

ace Duri ng dep03|t| the follow
shwsion pfihe matesiabersubsiratedo amb’nm»rrig presenge of nqdylar structures on

e

abfaté withéut thee addalat stivt@iFes. Fod exangle, prbeﬁé stedsigsh ihrtrmange of

abo 120 to,ab 140 The ent

ey Gepbar oo s 5B ol Yo Rb By {00 2436 By, depending
&boe ‘typ%%@p@@fner AdHesive)caii bé alithivied iﬁuﬁmpbsﬁe bﬁhakwm;tles to 85%
100 asf, and nost preferably from 20 about QB
RE/A085°C o] GhpoRollomeshby aﬂpsgnag Tk 15 BRI AR CrP g or

PN e
abmtxon?atteﬂhettthm int@face bespreithe wetatlicrubemite el the eepting layer or

e AR RhEp o SRORSRI R . Wi

ﬁd(dill& hhtliqt@ﬁusﬁscoﬁﬁﬁg\/ﬂs db:?:rlﬁbcgimrthﬁ ifveation, ﬂ?ekh)),nd atrehgtiPbetween the
1(c). The thicknes o cqa ne ranges
mrahindnsbumcts bocabolots bgtortaliol BrEOSGEREHHG "on < he
conditiQR5t M laf &%gﬁmﬁhdduﬁﬁ rdsiilab6d/f3emd ?drﬁtuf& aewhieh diel

bel ow). There are, on average, preferably from about

@@noeltamet@nallmmbwmeé dntiag staTege, Procgesing Puspeihegeiemperatures
SUEENT LS O MR ISP iR GARY Yoyl Ms @&%xﬁﬂﬁo&e\fbﬁstaﬁd

ar structures per

mfu:mibes mm:er @xend Complewdy e ghdhrtoating lagercir an odidetion sitg resul

I;E‘E} C{toxli rqeﬁ)% F?r %‘é{sﬁ%&%’%' e]: { og#%ro Ut]g}-oYla%s o@g@é@ﬂ rdsBitance to dilute
doRb&Hiatibss JflcRIbridby) Hﬁlﬁ@ascbﬁd bthepbumtmiQarits foond dman ma*imml

preferred aspect ratio (length 8
environment or on the fingers of an operatdr.

The antitarnish adhesion promotion coatings and methods of application described
in this invention can be applied to any conductor and in any step of the process based on
electrochemical principles. For examples, copper and copper alloys as well as nickel, iron,
aluminum, steel, stainless steel, zinc, tin, silver, palladium, gold, titanium, carbon, and any
other material or substrate that is conductive enough to pass the electrical current can be
electroplated. In addition, even a nonconductor that bas been metallized could also render

itself to be electroplated. In another example, it is convenient to apply this antitarnish
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to dianeter) is preferably fromabout 1:1 to about 8:1
and nore preferably fromabout 2:1 to about 6:1. It

is believed that nost of the nodul ar structures do not
extend perpendicularly fromthe surface, but rather
extend fromthe surface at a variety of angles,

formng an 5 interwoven nmesh. A polyner flow ng onto,
consing eftersheeiiviseplatingridialeadiframe meavlaguring prosessr Hgeeded, this
EOHing i . b HPHSHPRLARIBERNEE Wirk BBndiflk (r34ife8Ding Uhrask in
on solrdification, e polyner appears to be

thechisaqeat $ilvet sicjpidg proceds agkich i lygpicadixtapplied ta yenowl thoback

enhances... adhesi.on of. the, nmat erial_,or bstrate to .
Bl rapin e+ BRUGE ALRIEE BRI w1 P So G Gitiog g be pplid
Bty Shel [ i tfab e Ent QR (ke BEndIRE NEHiS Gay, rb@6wd] 6Oty coating in the
pol ymer adhesive relative to a 10 surface w thout the

Whe gpad areasisaetieeded. For exanpl e, a bond strength in
the range of preferably greater than 1000 psi, and

more preferably preferably 1100-2400 psi, depending
on t hbberpresenighvention isfurthesidessribed indgtaildey maeama phithy f%l?%‘eﬂs

h 0 I t0.:85% F80-
g P B pHE R ARy it od B e by o s
Selkidennlésrexplidfly stefed ofbkevismwat i ng | ayer is firnmy
bonded to the netallic substrate and not prone to 15
separation at either the interface between the
nmetallic substrate and t hgxasdatiiEsg | ayer or within
the coating layer itself as is typical wth copper
] tings. Wthout the nodular antitarnish

coa '&@mggﬁggdﬂgﬁggm A < GYSRI0)Was elddBob104HRd in a

strengt metal and polynmer is typically
¢tcmysertinbaikaline cleahdr to femdva resitigldnbiicsat, sp@gminaigcand oxides from

FRRERE, PGt A A phth BB ntgining 10 g
Exq@sAH0 o) ¢/DENE, s @gend Zlilrppueﬁéﬁtmgsbgn, atsgglggtgkiﬁsie_acld). A

t ratur re t about,. : [
RSB0 bt Gt S AR SR G ok Boss o
3, Bt AH 1D isERBd ORE1s EThE RehlOWR Wéretisell hdagdl. tiigures 1(a), 1(b),
coating layer or an oxidation site r

esults., |
addi(o)i sg@wsmw&cﬂeﬁ migEagraph{eEMs) ﬁféi?; B%%t?%i}“ﬂs‘iﬁéﬁ the three
SO HATLE Sratiatea a8k,
cont ditieapres foibsamplé wassubjeatsd sa @ tapk testusinga PestaheGO0 tepe. The

on the.finger f .an [a N [ '

e BPoR e PR BeL g e At 3o 5 he srfase, The

gleswis Higbly 16 beliind on the ptédsampkenindiatippihierinddolas styucture was
onduator nd in qy step of the process based on

@P%"P S %%Pe’pﬁginci ples. For exanples, copper and
COPP&fe %rhﬁl)é SweR SurfiRk Ellltﬂécté,?l' 164 2k0°C Hk8 for 3 HiFfEY Mhe sample

steel, stalnless steel; zinc, tin, silver, palladium .
showed na oxidationmafter the bake, whilelammyireated portion was heavily oxidized. This

result indicated that the deposited coating provided a good tarnish resistance. The baked
sample was further subjected to the tape test using the Scotch 600 tape described above.
The glue was visibly left behind on the plated sample, again indicating the presence of
nodular structures on the surface of the copper foil.
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30 other material or substrate that is conductive
enough to pass the electrical current can be

el ectroplated. In addition, even a nonconductor that
has been netallized could also render itself to be

el ectroplated. In another exanple, it is convenient to
apply this antitamsh 9 coating after the S|Iver

BEXANBEE2Zn a | eadf rane manuf acturing process.
needeg,~ 4l %[%Peg ARt éa&%le%@m%‘}uf(feﬂ@ﬁ%ﬂmté% &ﬁ%ﬂfc' aﬂﬁ‘ Pare on

where " wWire din requ ng a nmas
thelogien uandipped mérwt% Hp$Py ﬁog3(pseomussq rentuvc Iany sxxstmg surface

lied, t h
RERETEN RN RO R —
o skt sg i et
& Blatingigrront @il ASY was srplig aonegen o O A GG The sl was
Ref HGYa fahﬁ‘ %ﬁ&i ’ﬂfé réwﬁﬁfet%rrcﬂ@ég bh RS&kohd szﬂﬁﬁl@ kekpd8ing the

nmeans o w ng Exanples. Al parts and
i todhesame spbitigh and platinggurrente thbe samples wexg further

d r n
g{%ﬂeg‘feaﬁgg %)"%ﬂgtes&%w f?) }_{ﬁ@h‘!f %dgﬁcga{cﬁﬂ sto]gz%%e in a hot and
fuiti2-cBf@ifibh, ATHE sEmBlOPA0sUbscyadntly fbﬂedirfem‘(ﬁﬁhed 1p0PCantishowed no

commerci al al kaline cleaner to renove resid

ua
bm@aﬂfma ﬂhe ugienatedrrorinntveas hepvilygidieed- ﬁ?'&rﬁldleﬁé it the eQating
.| was then dipped in a solution
RSB £ s Tg’%gll/orggls@bgm 7H20, 10 g/ L (NHA) 2S04 and 25
ppm W (tungsten, as tungstosilicic acid). A plating
ME&L 10 anperes per square foot (ASF) was
an area of 0.035 ft2 for 2, 5 and 10
secong g1nb espret foil J&s&l&&aﬂbmema tdnenerciah slalirgreibaner to remove
dried, Fi ures 1(a), 1( nni n
e sesiduahlubsicanh GPatamiaparind niffe (i e B3 Sty of
AQ? v{waQ Fg;ﬂ:ed t %aﬂeﬁ‘&ﬁi U?ﬂ ﬁz foi' B s@A6 R s6lEien céxﬂlﬁm‘n@ diar
i's visible. ecopper foil S@%Nﬁ
Znﬁﬁ)e'ﬂizébl % 18 NS ORE0 SO MUE VA, B THIE fipereanic
e was. fir d dwaterbury,
?,cﬁ FomieR} tloa tﬁatt cgl{ g‘f ﬁﬁ&ﬁm‘b?xace aﬁgﬁ@até Wifb8&E 1D Waterbury

o m t'he sur | ue was
QiR Tﬂeysainpfetwdseﬂmmhse@ andhdried] atd@dbpan@t@ tapm@stdﬁmg@gScotch

t hat a nodul ar ructur e

8 e vasduitiisres i i psPRaE p Rl el By from he
SRfACe. DPepheOwasdAsiBlyreft Behind trethe phaddesampleo ithil result indicates that a
oxi dation after the pbake, while an untreated portion

esllar stamaturg vas deposided: Thi s
The sample was further subjected to a 250°C x 10-min bake test and the sample

showed no oxidation after the bake. The untreated portion was heavily oxidized. This
result indicated that the coating provided a good tarnish resistance.

EXAMPLE 4:
A C7025 copper foil (foil (96.2% Cu, 3.0% Ni, 0.65% Si, and 0.15% Mg ) having

0.03 inch thickness was electrocleaned in a commercial alkaline cleaner to remove the
residual lubricant, contaminants, and oxides from the surface. A plating current of 10 ASF
was applied to an area of 0.035 fi? for 10 sec in a solution containing 10 g/l ZnSO4-7H,0

11



10

15

20

25

30

result indicated that the deposited coating provided a
good tarnish resistance. The baked sanple was further
subjected to the tape test using the Scotch 600 tape
descri bed above. 30 The glue was visibly |eft behind
on the plated sanple, again indicating the presence of
nodul ar structures on the surface of the copper foil.

ard IBAMPMETIQUR. Thel senplropwasctherf tised anchdried. 1406 tegting psing Scotch
d i t i .
e I o
Ry gur it Hacebtained. dedditiciabsansriql veereplatep] encepbulatedaising
Simieom §Wondon LB B TR PO 15F br bt b GRoR tsting
%/(gleiégy'éﬁinzﬁ&ﬁn?@ﬂn&’aﬁd BRI EE NS TIROR At A ccpbsu@ihe ofmples

1t
was appfied to an area of 0.104 ft for 5 sec. .
Were seldemilaateddor 120tsen atrappeoaimatelst 2609Ceand adhesiqar siength measured in

LR} oW pes e SaTIan FiFel SHEER Aeh Pl PG} S01F e ApRE S pifound
SRATR @padBbiefotdd Wwaatgisterebusiap eal IistomteAkle/tedien Rittle bt of bond
for 60-mn to sinulate a | ong-term st orage hot
wredethovas forng te Befyr t”rhﬁ‘h?"%edg ﬁﬁ?@ne%@ °§€ﬁ§§%§1ﬁ§ﬁt ly
@ﬁf%ﬁﬁé?ﬁu&ﬁir?j I @mphlQn, AR dadPRYRHELAR theaidddiat iresmenfigpically

ntreated portion was heavily oxidized. This indicated
Ipbtanore than G0%t ofiitg originglbardgtreng@lbod t ar ni sh resi st ance.
EXAMPLE 3: 15 A Cl110 copper foil was electrocl eaned in
a commerci al al kaline cleaner to renove the residual
EXAMPERSK: contam nants, and oxides fromthe surface.

A plati currept. of ASF was appl.i ed.
0. b5 (4130 FampeEtl s fperodeamet ot R g 1A il remove
%% %u%_ll‘ﬁ@ga(ﬁt, gbhtadinghd, a@a@gideﬁﬁomhd@m .rl\]MJIhtiagl durgens of 10
i norgani ¢ _ aci d. conposi t.i on that .cont ains
ASF V@Sf@m?lééiﬂ mﬁ%vw?ﬁét% ;fo%ﬁaﬂlaa ppljrion “\R&?%P%p@g/l 20
: | heRt dabdpkflasiiéh Siise@and dvied, and subjected to
%%?‘e%p?d&taormgﬁ{%%éo%'eg%%si ng % Scotch . 600 tag%.suﬁe
4 mpetestuming a Sotghr6d§ sape. The tpe Was Frshpregsed gptofRe pigicd surtace and

hen Il ed_.away fromt HIVIRE behik ted le.
brapuly ey e TR iRl npd il TR pohE oA plated sample
THa6 ke alk Bdidated thaba nodularisanctaterwestdepasitedhs deposi t ed. The
sanpl e was further subj.ected t 250C x - n.n
test Becanple wagfmther Sﬁeﬁ?@%&%ﬂ% Bi_ Jupd _etﬁ?tta%?%i%ﬁs_%mplc
Baked nd BEaitd 82t &R el TIRNmtRSed Battibh Wadldadily oxidizEhi This
result indicated that the coating provided a good tarnish resistance.

=
'

EXAMPLE 6:
A C7025 copper foil having 0.03 inch thickness was electrocleaned ina

commercial alkaline cleaner to remove the residual lubricant, contaminants, and oxides
from the surface. A plating current of 10 ASF was applied to an area of 0.035 £ for 10
sec in a solution containing 10 g/l Zn§047H;0 and 30 ppm Mo (as molybdic acid). The
sample was then rinsed and dried, and subjected to a tape test using Scotch 600 tape. The
tape testing resulted in glue transfer to the treated surface, and indicated a nodular or

roughened surface was obtained. Additional samples were plated, encapsulated using

12
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result indicated that the coating provided a good
tarni sh resistance. EXAMPLE 4: A C7025 copper foi

(foil (96.2% Cu, 3.0% N, 0.65%Si, and 0.15% My )
having 30 0.03 inch thickness was el ectrocl eaned in a
commerci al al kaline cleaner to renove the residua

| ubricant, contam nants, and oxides fromthe surface.

Supicar p3 andrShinstsuMERSRSECS meldingspinpennds suhieciedtq 168 hr

o or. 10 sec i [ ey Iyl
SoRBIA T ik §5eal aRe S0 ACUEBRE D0, Ak exposure
thb edmpledwerd salder ibkaRicor TROReC hppioximatsly 260 ahd AdheiBP strength
tape resulted in glue transfer. to the treated surface

mpRsuTofldids shewn in Figera Relittle joss phrid stiereth was fvad jgaccur when
QR Adag noﬁggélgs%g%%iméanpl es were plated, encapsul ated

usi'ng um c mol di ng conpound and subj ected to
168 hr 85% RH/ 85C noi sture testing 5 as described in

m&} andard | PC/ JEDEC J- STD- 020A. After exposure
s were solder floated for 120 sec at

appr ox iQreztoppatofl bavidg 0.0B eichahiclateseway dieotealeaneddn an

a pull, t, ere the engapsul a Jret al _sanpl .
Sufersiglaikaline SIbenet o REICHE DA NA OOHFP B, HitEpides

frGh @R (fRcd. %Fﬁﬁﬁé QfrenBofND ASF hrﬁﬂ;{pﬂ@d toSréeLoft 005 for 5 sec
Little loss of bond strength was found to_occur when

ig @rphutien cerdaining b @8 260+ PR/t @VH4S 0 gnd 25 ppm W (as
thé %ggﬁct RO ugaélg o whithEPRRGHIa58 Erifcf,sﬁd ﬁg{@t&e@% a tape test

W e"'no treat nent typl ca nor e
ushgra $0%ha00itape. dh gipaatas fishpiressed ontgithe plavedwmifgesnd fhen pulled

Cl1 f i I LAl s
S B2 B SR BORES o o SRRTRESA. i rst
indivdtadthaa idiulad Biduchite das déposieadt he surface. A plating
current of 10 ASF was applied to an ar,eg of Oégg]?e )
for ihesamplervag fadhensybineicddn e 4PN 16-aig pake 195t apsytop sprgple
sk ecg ﬁ(ﬁ?@@%ﬂﬁ%f %g ‘B?Jge"?‘ Fiile SnttERed a:gﬁoﬂ WASIRAY By xidzb e OThis

an pe test using a Scotch 600 tape.
résult indipstedikat the cedting pesided agobd tarhish yesistanes. sur f ace and

t hen |l ed, away from.t surf 4 o . :
it Rl B S e e odiE st 380 and Shineto
KW 89-380HR selds ddidioundsiabietiad ts1a8ULE BEYRMEBS °C moisture testing
deposited. The sanple was further subiﬁgt ed to a 25180 d
ax dyribechingRICSEDES )-8 RR-02R4. Adies Peposurohe srRlebysa spifer floate
! i | agl in Figure
B8k e LA S M o i
2 ho Wsslofbandgaenkth amnfomid teesdcat whenszompared to non exposed samples.

~—

EXAMPLE 8:
C7025 copper foil having 0.03 inch thickness was electrocleaned in a commercial

alkaline cleaner to remove the residual lubricant, contaminants, and oxides from the
surface. A plating current of 5 ASF was applied to an area of 0.035% ft for 4 sec ina
solution containing 12.5 g/l NaOH, 2.25 g/l zinc and 0.65 g/l W. The sample was then
rinsed and dried. The sample was subjected to a tape test using Scotch 600 tape. The tape
was first pressed onto the plated surface and then pulled away from the surface. The glue
was visibly left behind on the plated sample. This result indicates that a nodular structure

13



25 EXAMPLE 6: A C7025 copper foil having 0.03 inch

t hi ckness was el ectrocleaned in a commercial alkaline
cl eaner to renove the residual |ubricant,

contam nants, and oxides fromthe surface. A plating
current of 10 ASF was applied to an area of 0.035 ft2
for 10 sec in a solution containing 10 g/l ZnS04. 7H20
watideposifgdm Mo (as nol ybdi ¢ acid). The 30 sanpl e was

then £in n [ . j

usi ng BRI By Sunifiich SUSE% Eoinle Buk AR abEf qample
giotwejd b aRigthtion atfta:; ﬂ{eengké. eﬂ%eeﬂmated partion arm}aéanﬂj& gﬂ'ﬂ’add. a1|‘his
nodu) ar or . rougheped syrface was optaj ned. Additiona
gealﬁﬂ icatgd that &eépwg REHIRIA RORF TSR FSSIIARYE. Suni con
6300 and Shi net su KMC- 289- 3ECS nol di ng conpounds
subjected to 168 hr 85% RH 85C nvi sture testing as
described in | PC/ JEDEC J- STD- 020A. After exposure the
sanpl es were solder floated for 120 sec at

approxi mately 260C, and adhesion strength neasured.
As shown in Figure 2, little |oss of bond strength was
found to occur when 5 conpared to non-exposed sanpl es.
EXAMPLE 7: A C7025 copper foil having 0.03 inch

t hi ckness was el ectrocleaned in a comercial alkaline
cl eaner to renove the residual [ubricant,

contam nants, and oxides 10 fromthe surface. A
plating current of 10 ASF was applied to an area of
0.035 ft2 for 5 sec in a solution containing 15 g/l
ZnSO4. 7TH20, 15 g/ I (NH4) 2SO4 and 25 ppm W (as
tungstosilicic acid). The sanple was then rinsed and
dried, and subjected to a tape test wusing a Scotch
600 tape. The tape was first pressed onto the plated
surface and then pulled away fromthe surface. The
glue was visibly left behind on the plated sanple.
This result 15 indicates that a nodul ar structure was
deposited. The sanple was further subjected to a 250C
X 10-m n bake test and the sanple showed no oxidation
after the bake. The untreated portion was heavily

oxi dized. This result indicated that the coating
provi ded a good tarnish resistance. Additional sanples
wer e pl ated, encapsul ated usi ng Sum con 6300 and
Shineto 20 KMC-289- 3ECS nol di ng conmpounds subj ect ed
to 168 hr 85% RH 85C npi sture testing as described in
| PC/ JEDEC J- STD- 020A. After exposure, the sanples were
sol der fl oated
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for 120 sec at approxi mately 260C, and adhesi on
strength neasured. As shown in Figure 2, no |oss of
bond strength was found to occur when conpared to non
exposed sanples. 25 EXAMPLE 8: C7025 copper foi

havi ng 0.03 inch thickness was el ectrocl eaned in a
commercial alkaline cleaner to renove the residua

| uBVHAANIS CLAMVEM Isant s, and oxi des fromthe surface.
A plating current of 5 ASF was applied to an area of
0.0352 ft for 4 sec in a solution containing 12.5 g/1

NaGH, 2. [3 7] 0..65 qg/l W Th anpl e was . .
then 307% hagdelzbe R o uRlamith A o T RE P Riapy conting, said
a uapertigsindusthegorbaoitaRnb8Aihgpemprififgt ape  was first

pressed onto the plated surface and then pull ed away

from t h&ng@r gHexidpomRpad was visibly |eft behind on

the pla sgrrm . ' ul t, i.ndi cat that a . .

nodul ar i@?a}]yct urega] Jie\jvggo?} eﬁ%lg(flfcgdfm%ﬁ@e LGN Eongiding of tungsten,
f untohxlesuthj eobsld hioké, 2p6nMm3OtEhiink alensMeie, aNthatifidh, iron, tin,
sampl e showed no oxidation after the bake. The
untlﬁé‘ﬁ’f"ééll"ﬁr@laﬂ‘il eembyaationsdbemeol oxi di zed. This result

i ndi cat : [ | d ood tarnish . . :

resi st aﬁgg&ﬂgéa& EWQ% §H%£%%E%?ﬁ%%:°?fgmﬂuﬁ%‘t a?ﬁi yinerein said coating
1@ oproedliewviat farrdish adsistdree nit Jbasarfer 301 M6inI ARJOPEAAB Wherein said coating

coating, said antitarnish and adhesion treatment _

co%ﬂlﬁt%gs %ﬁ‘ﬂﬂfi%ﬂlﬁafﬁé that sahaice pihrsianaf@okirasrdo saiddnaterial,

netal or netal oxide atons selected fromthe group

consi sting of tungsten, nolybdenum cobalt, nickel,

ziZ.coniTim coatemmatenialnei ghiresk, wherefd sald matedisl coinPrises a material

i ndj u ilver, and conbinations thereaof; wherein said,

cSSIEIRY fraum Yitizolin ouisiiperal cepRst. SompERAllo Migkel ey dinum, stecl,
155 atdinle @2 kieBD zidd) #hO¥iIES pallddam! $B1d, StasilA)C i ]

least for 30 mn at 250C. ,paand V\hgpe({’n saihéﬂc%z{\?‘?lhgmetalhmd not

c sendygiers randudombinations thered. t hat enhance adhesion of a

polymer to said material. 2. The coated material of

claiml, wherein said material conprises a materi al

sal ect athef ¢oaradt MetefibDBP cR@ASI, Sihddein the ¢RBRRSs oF MRLEoating on said

al l oy, nickel, iron, alumnum steel,
material ranges from about 15 to about 500 Angstroms.

20

4, The coated material of claim 1, wherein said coating contains from about 25 to

about 1000 of said nodular structures per 16 square microns.

5. The coated material of claim 1, wherein said nodular structures each have an
25 average length in the range of from about 0.01 micron to about 1 micron, and an aspect
ratio (length to diameter) of from about 1:1 to about 8:1.

6. The coated material of claim 1, wherein said enhanced adhesion comprises
greater than 1000 psi following exposure of said coated substrate to 85% RH/80-85°C.
30 for 168 hr, followed by a thermal shock in approximately 260°C. solder for 120 sec.

7. The coated material of claim 1, comprising a coated substrate.
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15 stainless steel, zinc, tin, silver, palladi um

gold, titanium carbon, netallized non- conductors,
and conbi nations thereof. 3. The coated nmaterial of
claim1, wherein the thickness of said coating on said
material ranges from about 15 to about 500 Angstrons.
20 4. The coated material of claim1l1, wherein said
coaBi ng dbasdistrstefaf olaimbb aomPssing an aleowonid @edicaf sai d
nodul ar structures per 16 square mcrons. 5. The
coated material of claim1l, wherein said nodul ar
stroct ureg

range of f?g%?g%%3¥%gﬁgf %?g?%ﬁﬁ QﬁebS&ﬂ%gﬁﬁﬁgﬁgﬁnﬂﬂ%d
an aspect ratio (length to dianeter) of from about
1:1 to about 8:1. 6. The coated material of claim1,
wherei n sai d enhanced adhesi on conprises greater than
1000 psi followi ng exposure of said coated substrate
to 85% RH/ 80-85C. 30 for 168 hr, followed by a
thermal shock in approxi mtely 260C. sol der for 120
sec. 7. The coated material of claim1l, conprising a
coated substrate. 15 8. The substrate of claim?7,
conprising an electronic device. 9. The substrate of
claim?7, conprising a device/lead frame assenbly. 16
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