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CHROM UM FREE ANTI TARNI SH ADHESI ON PROMOTI NG TREATMENT

COVPCSI TI ON BACKGROUND OF THE | NVENTION 1. Field of
woOheostnwsat i on The present invention is directedTius2004/028188

tarni sh-resi stant and adhesi on pronoting treat nent

conpositions, and nore particularly to

tarni sh-resistant and adhesion pronoting treatnment

conp
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metal and tenaC| ous a es on be(t)vveen metal s and

pol yner has been | ong sought for various applications

such as printBACKIGROUND OFITaH NOVENTROBKagi ng,

aut onotive body trim (alum numto PVC or ABS plastics,

for exanple), steel belted tires, and paint or other

1 g i{g&rtlhggcoap ngs. For exanple, the tarnish

) foil for printed circuit application
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exposures during the service |ife of the parts. This

function js critical to maintain a good bond between
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house an integrated circuit. The adhesi on between a
Cu fojp dorynrimted: crsiuif aaphicaaom rgibiresl fou Bimﬂﬁlaﬂe @nd ¢ w:tbstwadie byat
coac{ g t he tmat al Z s.ubst r at " t secon |:Fget a,[I.t <h
exposfizcurig Jaioafica g 1oldeEing o e firess PRESSBEy 1P apitamis
coatindt! hls@PleefaRé bRidstio6f Celgnd &ﬁdtﬁﬁtvﬁﬂyth@ {bb%efrférsﬂbﬁﬁlte upon
metal S such as nickel and nickel
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packaging applications, good adhesion is required in an electrical connector between a

metallic jack and the molded plastic insulating sheath that surrounds it. As a second
example, the inner leads of a metallic leadframe may be encapsulated in a polymer
molding resin in the assembly of an electronic package to house 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, zinc/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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which is incorporated by reference in its entirety
herein. Currently, zinc/chromum (ZnCr)-contai ni ng
woaaisingseare W dely used on copper foils and Peaas2004/028188
frames in electronic applications to inprove the
tarni sh resi stance and bondstrength of netal to o
strengfobiretl 1o pelgmsdricatubstratdh cRese omtingyrye fypicallypilectiodgposited in

el ectrodeposj ted j | kgl i sol.uti.on cont.ai ni
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e L AU A R Pl
electr?féig? cgc{hgﬁfﬁhg ab:%)ziﬁcqeﬁs and &R R D) RiRY TR %o&t%fggi@ﬁdes

nce-a nperatures I n excess of 190C.
tarnisRat gstincdat tehpEbyB6 ™ ¢xweSeEl 991G cl oses a techni que for

I mpr.ovi n he tarnish_and  oxi dation resistance .of .
med -8 P@téf%s%\&fbgﬁgﬁ 3 1 f e%ﬂ‘ééf)?eétaete‘f iy f iOyiRe g tamish
and o§ﬁﬂﬁgﬁ' ?es%?ab%% bPhmeeMi&dubsinde Natdbubgirie id iifers@ish an aqueous
chromum (VI') 1ons, and a chrom umzinc coating is
solutieheohtnining Na@H| yina pyisi @l dhoomiven SVIhiamssand 2 chremByEingg
.provides.  tarnish.resista t 1 Sy
coatif R pismoliRURs R 7y B aHETafr i BB b fie; Ao RSRance
at ter3pbr Jer!S Gn Bl ofl B3PS, 2l $OedBlI kTR abloaty itmekesion én sudfumic acid.
conditions, several of these coatings cquld reduce

ot it aksoeclpimed thas nnder oseaineendifieny sevemhel Hisae pratiaeseould
conmpound. This effect RV% e ThQffect
B N R S e e e
could SYehly te@ficehe WodEEor @ffBet, Twigioh Bcediavddab dd cawsed byrfermation of
trapped under the die attach pagéjl e X\,hen thhe QFVi ce 'hs
wates vapoe Sraceemalated) rg@p%trqm%gp 1 the 1 étt%c ,pad ¢ when the
sttt ' 2230 Pranutddio? aBSHORHRHIPN
devm(?fl%ée%&&{/@%osgqeg Bg é%%gﬁét% gﬁ’e t %a cause gl?md evi _cg
230°C8 THi @efigtidnoforaekpand bditwedito bt ilervausdufeioviee faihwe due to
i ndustry noves away from sol der contai ﬂi ng Ikiead ..
cracks and delamination. Moredver, as industry moves away from solder containing lead
and other toxic elements due largely to environmental concerns and tightening regulations,
alternative solders are likely to have 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
(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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and other toxic elenments due largely to environnental
concerns and tightening regulations, alternative
weabdaes3are |ikely to have even hi gher sol der Pag/US2004/028188
tenperatures, and the attributes of netal/polymer
adhesjon will |ikely becone nore inportant. Many
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The cgating is a netallic coating which could be an
subsirag ey 2geteeaie Shesiagar amystalsp dorizatioropf algminum alloy

subst?ﬁ@scérfh'taﬁeés lve deR %ﬁ{a%ﬁ@%%&g&ﬁ%ié@&?% %FUES nP%t rN{) t4tS 939,316

entire
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.netal || trate and ol yne S| anodical |y
a thicfGedhoffig R ol isa oot TR Bt Sroe B2 38 & Vahazala ot
al. acicular crystals. Anodization of alum num all oy
substrates enhances the strength of a polynmer bond as
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Yamazaki et al.
failures in the produced devices. Such failures have been well documented (See, for

example “Metallization Contamination,” Microelectronic Defects 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
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As disclosed in the above art, sodium (Na) and/or
potassium (K) ions are frequently used in i mrersion
woabig21eowever, sodi um and pot assi um i ons suf PET/US2004/028188
di sadvantage in that these ions could potentially
diffuse into the silicon die and cause failures in the
scrutpryotigde grawng cescensuith healthané snvizonmdntad effaets.| Thus, it would
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Uni versity of Maryland, April 12, 2000, identifying
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tarni sh resistance treatment conpositions that are
contaiy betassih r bgdipmdensy wheteinoil tneatngng compbsiticat is sebstantielly free
j Lectrol ytes that do.not. contai ot.assi um. or
of chifif A FHERY e i Buchl Eimo Bita ST B BRGEA OB on o
matefifl, WMEHET the @ohthal enheeds a IMYARY a@olyhidr td MEREEAN. | n
one aspect, the present invention is directed to _an
er aspert tefressniHnveniion dsisretesk toronataialicoated mithtan

a
et SR 958 KA Rcn SRR g L0 RS A Pl R sy nd
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and wherein the coating provides a tarnish resistance at least for 30 min at 250°C, and

wherein the coating 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 chromium; and
4



10

15

20

25

30

contai n potassi umor sodiumions; wherein the
treatnment conposition is substantially free of
wohowrmesy and wherein the treatnent conpositi BATiUS2004/028188
capable of form ng a coating on a material, wherein
[ he Cfatlng enhances adhesi on of a polyner to the
passipgag elegiric qusreghdroush th%g@aémentm@n@ﬁ@ga mld¢rrwedﬂ(ﬂpm1Wh1§h
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opog RS ek 0 T Rl pr R oMb P I b 0y ot
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adhe&lgggf?powgwgftheﬁe}%1 um titanium manganese,
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the coating contains nodul ar structures that enhance

adhesi on of QBM@PVDESCRBWIDNOPtT?{EPIGngsyet anot her

aspect, the present invention is direct to a net hod
of h%mﬁerﬁ@nawﬂdzeemmlﬁlﬂbmmtwd ﬁ!orarﬁheafuillomgldeshlednd
ronot i_n r|s .the sieps of:
dese AR AR B B AP PR et o B e SrFhERT i s
a nﬂlgﬁ&h Q &) O1(bR2ad 0 td) RBow %%hi@%‘lecﬁ@ﬂ'ﬂﬁ@ﬂo‘gkéfbﬂs (SEM?1 of surfaces
rising: zinc ions; metal i1ons selected from

treat?ﬁr lgp@ﬁmféwmhq@e @f)mpem@@rtsmd mﬁl@dwé thelntesenhinvention
follo B s, WL sobbfi Basib s AHEARATARRTC, ora™ {1,

i o]FlgurelQrBlhloumblaf) psphsddpidingt Iv@fi@us s@tﬂ@c@@é&iﬁ@ﬁﬁs laffheir effect on
and o tionally, an el ectrol te that does not

t here

bondéérﬁwﬁ He‘ﬁwa&q thrrBPowKnd tha @epicd suE@eesi n t he
treatnment conposition is substantially free of
chrom um andpassing an electric current through the
t reat ment [ISHARHED DRSARIEEION OFITHEINY BMITION deposi t

antit rnl sh and adhesi on ting coa on the
b P E A i ST SPENI RS ARSI HoRMIBISS produce an
aque&[bt hiitR4rishAnd RAhAWIGRHAB RS 95&?&%&% ﬁgﬁ%ﬁn@? 't}tla\g’gt@#eﬁ'tsr}"onnation

coati ng enhances adhesion o
ofa tnmcmus &ond Peimsen asthloardgrol sge end addredsebenvitesmentabahd liealth

kb AL SN Sl

1nver¥tiiblﬁlelﬂib !prQeng 1itl‘1'en:£tﬁg EBfethovedikdbverdenelg@Qshs 4RMArhidR and adhesion
ol l om n etaile
promoting treatm%nt composition that possesses improved bond adhesion 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
environmental 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 jons
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 or sodium ions; wherein said treatment composition is

substantially free of chromium, and wherein said treatment composition forms a coating
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description taken in conjunction with the acconpanyi ng
drawi ngs in which: Figures I(a), I(b), and | (c) show

weceensrmge el ect ron m crographs (SEM of surfaceeT/us2004/028188
treated in accordance with the conpositions and

nmet hods of the present invention foll OWOFligl and
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compii 3R BarPRETEN SRTUBER: UhEit Anh U RpET e

(ZnSO, R0 NHhdirieh Ho ARND @S hB U080 gAOIRNé Bieb&tit cohpodtife
i ons; 2) metal ions selected fromthe group

cohbe aquepes, entittmnidsindradhesien pramiojibgl ndmenbeampasisisal of the
presén? ﬂﬁfem% ﬁ‘l?llhef ﬁ)lnﬁldeszllggﬁpﬂmy Pt A ekt anl pﬁlﬁ \ylgh%mc and

nese ramorons, i ron rons
resulk ﬁdarl.cheraQnSoduﬁdr sir@¢tutetiRing didpdsﬁédfﬂhl tH@MrﬁidS of hela@fal or
and i\a) optionally, an electrolyte that does not

substrgfpt Bisefubietab lng incdidedupgstam ipas solylidspem ponsa pepalt ions, nickel
.t n.i
ons AT on SRR e A A BBl ops. i s
1nd1um mma,t dndgidnerdonat Bre mttabionsmhyg be ampldybdbinglith) aﬂﬁl&ﬁly

esipn_of a polyne t&n,tcg materi al or substrate.

comlﬁa%twn@fn the 8§%tnl?8hif8%9§tt the RESBEBYeNPhpr e det ai |
befpmethfong hﬁ?f He%n@%%%rﬁ%q&nﬁﬁ@rﬁ&@{)ﬁﬁn&r a l\lfydéate

conposition of present 1nvention can
therebf, omaamsfalzicic Baitpldshrdimedalisaldsorfoetalaitdiydrtes useful in the

compouspasotnal}the presen?llflr\]f'ér?tlo%f 1ncz:llu8e mcﬁa suifn te or nickel sulfate hydrate,

ammonium molybdate, molybdenum oxide, potassium permanganate, manganese sulfate,
and combinations thereof. Examples of metal acids include molybdic acid, tungstic acid,
tungstosilicic acid, and combinations thereof. In one preferred exemplary embodiment,
the metal ions 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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aqueous sol ution. Exanples of useful zinc salts
i nclude, but are not limted to, zinc sulfate, zinc
woxp@@21886nc chl ori de, zinc fluoborate, zinc aeeramse4/028188
and conbinations thereof. It is al so understood that
hydrates of the above zinc salts may al so be enpl oyed
mos{ preferably fopaboui Zntoabout i Ompas eltbasedaertbe total peits lofthe
comsi n@l , or in combination. In one preferred
B nent, for exanple, the zinc salt is zinc sulfate
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ions, tin.ions, jndiumion nd silver ions. The

that 435 o SRS PO GBSy BT gl y. or i n any
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present invention. The metal ions may be derived from

citriacidrahecopisragida gubidive hyslaoxide, gmmzoriyrd chlogide radeombimations
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conhi: 0 . /
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rates 't or met acl ds,
levels wp tlpedum lower than about 0.001% by weight, based on the total weight of the

composition. Chromium (VI) has been shown to be toxic and suffers from environmental,
health, and safety disadvantages. Thus, it is believed that the composition 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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Preferably, the netal ions are present in the
conposition of the invention fromabout 5 to about
waQe@paigspm and nore preferably from about toPabmszo04/028188
2,000 ppm andnost preferably from about 25 to about
all based on the total parts of the

300
from@bﬁg@(ggn te sheut [ hOnumprs prsteaise obl rangrisAiome abat tl Foabpads.s; a
mostsﬂféife ?él gﬁtr oémg %[ﬂt éﬂgey 2 %Q %‘oqlt qg P %dcﬁfl(%n llﬁ,&f (Ehh ciogjrpgsmon

inven PO3i tion of zi'ne ang

of the irtventomidsey pHi in the neuth tarpe €e.gLipHESLEY, a cbfnplelikﬁ'hg agent such as
concentrat] onrgg[f& zinc,salt is low sufficie

the selfseRbciiric ar1d B wdtiseriopeidymaglie prsdediq Bpiniaip ﬂ}@r%?i@lrlons ina
solytil Gkt H!tyg%ﬂgn%:%?ﬁiohl on of the conposition. In such
S efe

cases, it rable to add an additi onal
el hlcgmeﬂajltthae thvomhen-fiee attitertishcaihpden pionrotisag ttchient

compBisoT g RN ertiod e Ol GG KoM ueveres or Apalving a
coatlﬂ§ SF 61a§ﬂaﬁ1p‘137 ?hoﬂé%aﬁ’ﬁ £ ol RIrid i §r s‘%?@at@ Fhe ?f%h@l 8 substrate

sodi um or assi um described In \M) 00
may b¢ ebeiméea@fed $od pcvmmorclq& olkabiné ciraricons NaOH meemqummysremdual

A R e T o N
typic{ilﬁg%‘ Fﬂ@ﬁt}&{ bm&%¥a4&%fqadopsm3aeaﬂﬁm dénf§1 Hf‘?@aﬁreampere

ectroni c devices. Therefore, electrolytes
per squaae foogkion 20 sedi However, oy dssredmlammgmaeﬁnaﬁem @ould be employed

nlimting._ e es of . us ectr tes in .
os arG RSl e i AHEF g R e Sevoples e G gy 4 5vp p uric acid
solut®fmite activied the YhRedr oxi de, ammoni um chl ori de, and

conbi nations thereof. In general, the electroly

c oRpoRe:deposisiens the Slomiegieeuisitinns _aragdqglraldeaffbm tenﬁ@@i‘f@é lof the

QSIS SAR AT b ARy A0 s o

prefeﬁfbly fidincatoatl] mle\aﬁouttlhe"P@@,h'@ﬁidﬁt préfetdbliBmSdboaN IR0 to about
hesi on pronpting treatnment conposition of the

140°E n@é%@ureﬁm Hensify ysedsiiring|depositieremay pretierably uangefram about 2 to

abouP3 SRR GR0R o&f@@g iy 9B 56 SHbdS 0D Qmm%gerﬁé'ﬂa%ly from

cont ani nat i € source chem ca
abouehtd :{hmutm@l asf ,ZEhe de;fdsrtﬁﬂ tieesqireferabiuingy eamige dlohyafoue € tddbout

chro %b/é[ fers t% | evel s of chrom um | ower

200 5¢ atBBIE?tP it abputsdsespnds nand aes prefesehlytfrom
abouf? thﬂ%uFW%h(‘ld on. Chrom um (VI) has been shown to be

toxic and suffers from environnental, health, and

s aWbry deficsitetl amtp ageerial buisybsirpte] the bellnpemi‘e’m oftht ptesent
invention 8r§rllst alt go%tlgé cgnr%alnﬁlrg%soﬁﬁltar structures as shown in Figures 1(a), 1(b), and
1(c). The thickness of the coating preferably ranges from about 15 to about 500
Angstroms, depending on the conditions of the deposition (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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I nvention, being substantially chrom umfree, does not
suffer these di sadvantages. The treatnent conposition
wofhodshe1§3s esent i nventi on can be made by m xi ngCThis2004/028188
proper anmount of zinc and netal conpounds, and
optional electrolyte in water to establish the desired
to dl@nﬁ@@ it prefarex fom ehovh 1 dgapbeis$il andhyaoisipreferabliefrom about 2:1
toabéﬁ @ﬁlon is established by addition of an acid (e.g.,
ori'c acid, sulfuric acid, hydrochloric acid, citric

acitds begietté‘d)ﬂiatmagﬂ of theamsiil strhdtieey do InoEE)haﬁEpder@ﬁuﬁiWB’
not contain sodi um qr pot assi um

fromﬂira flgfacs;évut raBerextsnh i the sneface ﬂ&@ﬁ’aaﬁmﬁfwyal.ewpa@ng an
inter VR 4R 1. ﬁ[)%eg ?low@rﬂb‘tdoﬁtg Bhel ol betv %?1 Lﬂﬁﬁzﬁcﬁfaf Fstpf

range e-treatmert conposition e present
structurvefollbws altetftummaﬂldwtw&nﬁhé mtaftizes, ahd ofy; soHdifioatbon, the

preferred Hr s . from about 1. about 13. a
polyRELIPDEFisFR b aﬁ%lﬁﬂi%ﬂé%dﬁe iy Pt AL a0a308 g dogAtances
adhedidn 8f ﬂi%qﬂétéﬂlél'@ﬁlsﬁb‘stra’tefto tag% Ihe bté@.@h&foftnlaﬁular structures on

I nvention has a In thé fdeutral range (e.g., pH
the sﬁb@x)ate miiawprﬂancasgn@@emtalduddmgﬁsf & prdymex acﬁlem/e celativiedo a
acid c.ac y d t.o nmaintajin the
surtafg g Sirgfle B eEtvrse Tor i A ra SrERe Ryt LB reReat
prefdribly 8R@teR khant 1160 Bl A BT frefRrbnf 1;&&&515@ h 160860 £, depending
prondting treatnment conposition of the invention

on thedypeqfine r@dhgsyvq( AHWPE @bt@l@g@,gﬁ@ thqwxpg),gpnewf itlap @mple)é to 85%

e R 168 b, TR Bt P B o0 o8 o

120 chCI‘hé e64tBRNSFbr i HiAn 1S BORBIClodhe AbtBld BstEdt 8RER0tProne to
to renmove any reésidual lubricant, oil, dirt, or

sepa@uon at@tlmr(ﬂmesterfm @‘Qm the yetpdiicamsirate jaod thsfcoptieg layer or

with g8 BSHiint Sae) eI ¥ ee? pinbobiies SR BaliBP S R

nod@ﬁ%ﬁﬁrﬁlﬁlpé&auh? Bs a&cﬁsé‘d intaMeMehtiod e bleE JirdghltRaMeAGhe
araneters coul d be enployed as are known in the art.

metahpadspolymer isteieallygessithan enersifeod ﬂéatélewrlbséebqw 0 a 5%
S“*rfaé% aﬁngﬂ}%ﬁﬁﬁ# Lﬂfslo%ha%n Blst da‘_ﬁt | Etde}illg Esaét%v {Eﬁ%‘ ng

depos OW ng con ons es ra
comﬁ'd?s&e gl afasiibe efposetd duﬁh@ttomge addessitg ongsed Theseitémpdratures

referably may range fro about 100, t o, aboyt 150F,
are tyms;aélym@etf)@ba'aﬂ %ﬁO?Q o}%{halsaﬂgt cqgtipg aasblaﬁs diszseptm%la VRidsand

interB{ B, q{oﬁp E)\(telé& dur ﬁ’e @lﬁﬁﬂé r anl EdSHN BB tesults.

ensity use ng depo 1 tion erabl'y range
In additcom ta k»mdatlan tesistamoestth@Ofiting Ia,yenpmmqas ebmosdn sesistanca to dilute

concer?c?a‘ulons5 o 81181’?(?65 qu[tO ges%%g othaelrr] 9onrtrgrrsntnagts (%f erda.m a 1rf15u%1r;p1al
environment or on the fingers of an operator.

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 has been metallized could also render

itself to be electroplated. In another example, it is convenient to apply this antitarnish
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about 5 to about 30 asf. The deposition tines
preferably may range from about 1 to about 200
weoeeesrdss3o nore preferably from about 2 to abouPCBM@S2004/028188
seconds, and nost preferably fromabout 2 to about 20
seconds. Wen deposited onto a material or substrate,
coatmgeftglothp@évetnpdﬁuneﬁnaﬂ@dﬁtamselmnufa@mmgmwemrlfmeaded this

coatﬁq%%%# rq%?ort/;eg' Pthﬁ) 0ca, dgsl f?‘v erj: “ﬁﬁéﬁtgo%%hﬂgdf(ﬁe@gge%ﬁﬁsmg' & mask in
the seB@lhétd sivefsaimh plf)@ébg eshith BrypibaIut apbliel @ ﬂmj:vta tRbhck
Angst r ons, de ending on the conditions of the

platigg pbsqﬂtlwowr K MS%I@!@F i Htevpativelyethis antisemisicoatinggaa be applied
b
sterdbls St ARG ! SLE Bt SR AL bR B e
wiredofld areas ispioehesdalll y t he average density is from about
50 to about 500 nodul ar structures per square m cron.
The average length of each nodul ar structure is
D anE B B RIM N dorfPel LRk P ity Jr L £1Bfking
Exa1ﬁpl@5 Al patipand ﬁersemages areshy Wéightpaet di tearpessyres brerdapicos
S%Hﬁ thtoldl e&) gq[eferably fromabout 1:1 to
Cels spexplishly Yiaif ably fromabout 2:1 to about
It is beli eved that nost of the nodul ar
structures do not extend perpendicularly fromthe
surface, but rather ext BXAMPLEESthe surface at a
Var| of angles, formng an interwoven nesh. A
QX—"’E@ flowing onto the voi ds between indivi dual
nodut eI &bp&%ﬂ 5899 59 il 201089 OPUSEs Blattoddingaia t he
interstices, on solidification, the polymer
commpp“@é raB<ah@e b]éaliﬁé theemays |r¢s;duabb4beaantmq@tmleantwed oxides from
the sift& Eﬂ} %ﬁ%e(ti %p}%r ﬁﬁi\%@s t%gnrﬁgggcf oa,nso(ljlitlt hceon fl%lle

or SU presence 0

ZnSOL-THE0, 10 @A QﬂHE)E&OﬁMMSZST ne W Guh@ees, @@ﬂ‘ﬁﬁgﬁ@ﬁhclc acid). A
mechani cal | ocking of a pol yner adhesive relative to a

plating pyrzend ol § puperes et %qa@rmfeqt (ASFuwes pRidied o An asea pp O35 A" for
2.5 i Seheraih AR theosaehalt Bl Rt bty R

and tepsinay sogning eleetrdly pﬂcrograplmi (PEdMs) af tlesteaeed staficdsat the three

qQbt ai af ter the exposure of the s les to 85%
tlmempteef@ﬂsge cagyd woflfaamt%%aog»ylsg(l% & mal shock in

apﬁ’ﬁ@&ﬂ?t flilsadfifie GraSQlY ?égfedftg bt n%;%Qesst%gm -5%0&9%00'?%)5. The

| ayer firmy bonded t he ubstrate a
tape vais fipst pressedoorse peerated surftce end Hen puled awgyefrbmdbe surface. The

glue gyeats %s(labrly tleq:{sberg;rtldal (l)rll the p?é%gdc' garma})tlee 1€£gat}n%%h§£%ar}oldﬂgr {Fcture was

deposited onto the copper foil.

The sample was further subjected to a 250°C bake for 30 minutes. The sample
showed no oxidation after the bake, while an untreated 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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within the coating layer itself as is typical wth
copper oxide coatings. Wthout the nodular antitarnish
woaeisiag3as described in this invention, the bead/us2004/028188
strength between the netal and polyner is typically
| ess than one half of that described above. The
EXAMBLERY | ayer inparts oxidation resistance at

te tures the conp t rial b
xRS BT 0 B et g pfRER TP RalE oh Bie T ahFbare on

the OtIRTRRE Alppee fn ﬁﬁx@%tHiS(n&bf 30 seeohds taBatbve2ny RistiBisluace
the coating | ayer has di scontinuous voids and

oxidesat Eresempleswasiaceddn o dixgre &%Fﬁi%ﬁprﬂh pR&igHTac & an aqueous
PGPSR PN A8 08,8, 551 S5 L0, 25 gom W, and

a plafin® ind&s of b0 AGH was dpplicd toadimezt of 11 04ufi’efoe Srsee nrhmaumes was

of chlorides, sulfides and oth r conta nan&s f ound |n
then gigsedandstriefa The Brace g2 Teneats Opﬁée?%%%@ cofxpeping the
SRR t
Oppogﬁggﬁga?%%@g?ﬁg%hﬁélg??&(;%@gﬁ%cr| btegri n tr{‘%sb |%?ent| on
subjéctdt toa IBPOI 55%1RH(Ie§trf§ir €0 i €21 shinutatech fong-deryn ﬂbﬂge of a hdweand
process based on el ectrochem cal principles.

humei«mmélt@g The paaple avag subispemntlyiabgasfon 0 Wgn jat h%0°ﬁk adshowed no
t eel t
ox1d|§t|r1<$1{/n e’;he 1 ;g Trﬁugbaﬁ]ogewa‘sém%gﬁ }}tq %xﬁ? %?ﬁ? ”@g% gld%éa@ecﬂ taaf tle coatmg

provmehqrgo@a&@mlsmesma@ubstrate that i s conductive enough
to pass the electrical current can be el ectropl at ed.
I n addition, even a nonconductor that has been

%zed coul d al so render itself to be

pl ated. In another exanple, it is convenient to
appl @1 1dhdoppartoil twaas mle&hodaﬁnedgn afcbmmerdmsl aflidlime clegphatto mgmove
in_a._leadfrane manuf act rlnq%éroc I f nee this

ed
the regdyal fpricand. gRntaRRAYE o8t %c‘wﬁ%?gﬂw P%frent of 5
ASF& %}ddgpﬁed ®, a&l%%a Sa035HNGr 8 s@@ﬁlka éo[htfoh%oﬁfé'ﬁﬁﬁ@g ent

stripping process, which is typically applied
Znsomﬂg,(npa/g/l NESO b0, H0ani Kyne) I‘él;bﬁ) and 2V enl/IQVIEFQUE Ghorganic

oD P S B SRR

CT).TThé sahple wWaS BRY3ns@d addrfedS 8@t dubfkcted tb Beaphi th& uSBE Scotch
areas I's not needed. The present invention is further

600 tb@sc Thetage iwas diest avretssebyonte theplated suréace end Bwnmylled away from the

sortgs The G i 8815 B P ER ERCART B, Dt M fThe@Pfinara

nod@hadu@eued Wey ddpdsited=XAMPLES
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 ft* for 10 sec in a solution containing 10 g/l ZnSO47H,0
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EXAMPLE 1 Ccopper foil (>99.9% Cu and < 0.05% O was
el ectrocl eaned in a commercial al kaline cleaner to
woensxe183esi dual | ubricant, contam nants, and BKTAS2004/028188
fromthe surface. The cl eaned copper foil was then
di pped in a solution containing g/L 10 g/L and 25 ppm
and M§ futldl MHHQHE %etsmgbtw therctinsed@nd yriedh "panettesipg using Scotch

f
600 i fereciy et PR oG BB P ARUMERE) 4 Whugrer
roughdHe8 k¥F e waktbtadmap |A&1di\@<’i1al E@lﬁgléd WSI%Q)I@&Q eflédpsalated using
F| gures I(a), I(b), and ow scanni ng el ectron

Sumicbs 6300 mpkting SEAMNd and h@]@q’c@htoelcﬁﬁm 86 %R/ & C i sture testing

s O S PP S35 WML e

Were%UfHe? ﬁBﬁQ(% f8 12058P4 abﬁﬁfxnﬁﬁbl @6@°§Qﬁ& %e@i%g sfr@:ﬁ)g@h mbAsured in

ape was I rst pr essed onto he p ated surface and
a pult test) V\ﬂnﬂi‘d thel emoapsulited metdh earsplefveas e)ull‘ﬁpat tfouethparenld compound
i sibl

behi nd t he pl
and h, Sepointinaien Mo FRUTER a S BeToR eBe Giies FHfAE b pond
stren \lvas 50&d ﬁﬁdﬁ@ﬁﬁwﬁ@ﬁcémﬁﬁa&éﬂo sample8 fbeekpoSedto2hd C bake

or 30 mnutes. The sanple showed no oxidation after
temperaturbAimidithiln @oma@m thetsariplss ithont the sodidanrqagment typically

LS Lesul [ ed that the deposited
los'tIlf‘f?l’ftou1 %"6’% 888g‘£a bogg ?ren bsh resi stance. The baked
sanpl e was further subJ ected to the tape test using

t he Scotch 600 tape described above. The glue was
| eft behind on the plated sanple, again

&6 Al &y p%rqgll RaS 3fe0ft 019%\1. E%%@Em%}&ég %E)l&égi?é ?]%?ﬁlérlﬁg remove

ace o he " copper
the rSsad(Iall mblmamtn@mmmmam@,mndroxdm diront the soufacene\ platieg eurcent of 10

bare on the ot her.  was in5 % H2S 4. for, 30
ASFsv@@@ﬁagew @Rt 07y féiggf ﬁg By 18 @rspiian geitginang Hel

ZnSé @ aM{@as %ﬁ%&b& Nk {ah%jﬂ@%ﬁs A tinSHPRRIRRIA Mnd sBBRcted to

Ace to aqueous pl ating conposition contailning
a ta,pg/tést Hsifida Biebtch GO@talae( IIIK&Ji@@vms dir@%ressed anfto drecblated surface and

RSB R AL O R YRR R

Thls%guﬁqndlmss PEOCRSIE sﬁ@&ufeew@sade@QSI&a a second sanpl e
exposi ng the opposite surface to the sane sol ution and
pl Ahé sagnleiwae fidrthel babjedehloes2 S08C & Flumithieake 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 6:

A 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 10 ASF was applied to an area of 0.035 ft* for 10
sec in a solution containing 10 g/l ZnSO47H,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
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subjected to a 95C/55% RH test for 60-mn to sinulate

a long-termstorage in a hot and hum d condition. The
weanple1ssas subsequently baked for 30 rain at pOD/US2@md28188

showed no oxidation. The untreated portion was heavily

oxidized. This indicated that the coating provided a

Sumigen §30Gand §lmn¢téls KM Erée-3ECRmpidmgonpeospgetubjestad 1A 68 hr

85% ‘j{;—f@é‘[@ Clg S?SIHE}%?S ﬁesml}? d%ﬁ?bcg@%rﬁgﬂ néher exposure

the sSMpRS Svefd Qﬂ@letr TR aRHF6RC0. se@aﬂ&?}éﬂﬂla&w ISPt Q{d aihEsibn strength

was applied to an area of for 5 8ec In a
meassndd.:tAmhowm Figireg, 18tlgloks BHB@dAHengtB wrsifolidIO ddctd, whkh
MO NV 10 and 2.5 m/1 M TIQUE (inorganic acid
com% O BROINSPIRISt ai ns 1 - 3% anmoni um nol ybdat e;
Hubbard Hall, Waterbury, CT). The sanple was then
rinsed and dried, and subjected to a tape test using a
EXAMBLEI7:600 tape. The tape was first pressed onto t he

pl at urface .and. ul | £d, awa rface

B a8 b8 S T PR Fp R KBRS s BT Ik i o
comrﬁbﬂcﬁal aikalihd cleaidc erlemBve BRtreddnn (ﬂuﬂrﬂ)hnts tontehinabts\aRl oxides
deposi ted. The sanple was further subJ ected to a C

fromythe gurfics. Peatingsarenhel KOnASE siepreplisdiaed ares of Q}Qﬁétf?(fﬁr 5 sec

t

ina Gl el £ el 28RV HED: B LR OTIR I R DAY s
tungswsimld acidp Dlmrrtlﬂa whsthen eiasetlt andekied 6AMAbfec#d tdha %@ 2éxst

0 0 0
usingy 555%21&/% i %am Ee @P@g)gfag é’&iﬁoﬁquge@%%é\l élwg%t% strface and then pulled

e
o PhERHACERBRRC S Bup GOSN obPll 4 1 Etp s s
indicates thes a hoduiat $imictume vas depositgl. at i ng current of 10 ASF
was, applied t n area of 0.035 ft2 for 10 sec in

sof ik $8Ple Bt HirHiehgpbiastegyte aZ2r8es K 10:mip bake fgst and the Sample
shodgh-ﬁlo(&ﬁiatlgﬂ ?tftéastc e &%%ﬁ@atéﬂ gﬁﬁlﬁ Q’%g hg{nhﬁfjom 28 This

testing using tape r
result mdmfedrthatahdz tvting pmvahkdalgdodcmmsh mebistasbieC at ed a

s
KM(E[QBQ—I:J)E@SCTHHH e H%BQ% B st fg&gq §§/Wo§ﬁﬂ:e testing

nol sture test est| ng t andar
as deb&bed EDEIC/JEBED- DR DD-020AL eﬂaﬂ@)epapssmurce thehsangpdesphers solder floated

for 120 sec at approximately 260°C, and adhesion strength measured. As shown in Figure

2, no loss of bond strength was found to occur when compared 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 in a
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



were sol der floated for 120 sec at approximately 260 C
and adhesion strength neasured in a pull test, where
woheosmcapsul at ed netal sanple was pull apart PCcomStdee/028188
nol d conpound and the separation force was registered
using an Instron tensile tester. Little |oss of bond
was dgpogiigsk h was found to occur when conpared to sanpl es

no t b i I
CoBESRRREHap BB SIRET Bl 8 Utk osy pud ot
showtey loGxiidayioh @gtr thie bekd, e n@ated pbitionards Hefily Hadided. This
strength. EXAMPLE 5: Qcopper foil was el ectrocl eaned
rosulf fndipaikghihelrths eatABREIdR ABasdriERishaonEmsPe { he
residual l|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/1 and 45 ppm The sanple was then rinsed and
dried, and subjected to a tape test using 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 indicates that a nodul ar structure was
deposited. The sanple was further subjected to a 250 C
X 10-m n bake test and the sanple showed no oxidation
after the bake. The untreated portion was heavily
oxi di zed. This result indicated that the coating
provi ded a good tarnish resistance. EXAMPLE 6: A C7025
copper foil having 0.03 inch thickness was
el ectrocl eaned in a comerci al al kaline cleaner to
renove the residual |ubricant, contam nants, and
oxi des fromthe surface. A plating current of 10 ASF
was applied to an area of 0.035 ft2 for sec in a
solution containing 10 g/1 and 30 ppm Mo (as nol ybdic
acid). The sanple 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 nodul ar or roughened surface
was obt ai ned. Additional sanples were plated,
encapsul at ed usi ngSum con 6300 and Shi netsu
KMC- 289- 3ECS nol di ng conpounds subjected to 168 hr 85%
RH 85C noi sture testing as described in | PG JEDEC
J- STD- 020A. After exposure
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the sanples were solder floated for 120 sec at
approxi mately 260 C, and adhesi on strength neasured.
wéowshewici n Figure 2, little | oss of bond streagis2eas28188
found to occur when conpared to non-exposed sanpl es.
E (; 7025 copper foil having 0.03 inch

Vwa%ﬁﬁ@ihé%éd§§ggélectrocleaned in a comercial alkaline

cl eaner to renove the residual |ubricant,

contam nants, and oxides fromthe surface. A plating
1. cuAmequeass, aditasishwad adipsiongdorhotirgy ireataentaforpofifionf t 2

for. 5 sec in a solution containing g/1 ZnSO 7H 0 , g/1
COMPHFIPE: S and 25 ppm W (as tungstosilicic acid). The

sappkgnyas then rinsed and dried, and subjected to a

tape test using a Scotch 600 tape. The tape was first

pr Bt ipng selected &ropl the gioupronsistingsafdungstem ipud, medytaleaym ions,

r.omthe surface. .The gl was. visibly | eft behind on
cobaif, hRFaigbi gt nivip . PEnlift o dhenafossS iy Vaadfunt fons,
iron @ Wirions tihdiginlibas, Waterde0snd @anbiddiRns HEREST, MRS

further subjected to a 250 C x 10-m n bake test and

t heptionady.anshesiiolyte thabdoes a0t enntain petassimm oy shdinmihes;

un ed. j I ¥al| .. Fhis result .

i ng’?j%g%ne%lcfﬁé%tﬁl? ﬂtec c §§? lfﬁ% Ilsjpérﬁg \% gaélzy?ef oogg hfoél?lﬁfns fnd wherein
said trea%th&h’arqugl ogi%'rdﬁii it tapable FdomliRga thlgmrr]lai Béhterial, wherein said

encapsul at .using Sum con 6300 and Shi neto
coatlﬁﬁlﬁgg%’gg%@gsﬂ% PR RelYRSHIOBHHBARTB ect ed to 168 hr 85%

RH 85C noi sture testing as described in | PG/ JEDEC

J- STD- 020A. After exposure, the sanples were sol der
2. f| tb¢ spheday, af@@rmsshcandtadhgioropronmtieg yre@bentomydition of claim

adhesi.gn.strength ne red. .,As shown in Figure 2, no
I’Wh%ggsﬂg%ﬂa%%?gﬁﬂi’%s afzbtlﬁ?&ﬁto occur when conpar ed

to non exposed sanples. EXAMPLE 8; Cr7025 copper foil

having 0.03 inch thickness was el ectrocleaned in a

3. cohbeapicals, ahtitatnisheand|adhesion promoting treattiest caxspadition of claim
romithe surface.

| ubri cgnt. contam n s, .and oxi des f )
2, whelh s Ao it e R el o siivins OF ping ol growice,
zinc h188de] zide fidibofhtd Sfciabetdte SR dihtt OihefedR bal RbAGinkAoms tﬁﬁrl:of.

NaOH, 2.25 g/1 zinc and 0.65 g/1W The sanple was then

rinsed and dried. The sanple was subjected to a tape

4. Uephe é{ﬁlie&gs, %%ﬂ%ﬁlli]sh%%g ARREn p-lr-gr%m[.ir?é) featment composition of claim

1, wherein said zinc ions comprise from about 0.1 g/L to about 100 g/L.

5. The aqueous, antitarnish and adhesion promoting treatment composition of claim

1, wherein said zinc ions comprise from about 0.5 g/L to about 50 g/L.

6. The aqueous, antitarnish and adhesion promoting treatment composition of claim

1, wherein said zinc ions comprise from about 0.5 g/L to about 20 g/L.

7. The aqueous, antitarnish and adhesion promoting treatment composition of claim

1, wherein said metal ions are derived from a corresponding metal salt or metal acid.
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was first pressed onto the plated surface and then
pul l ed away fromthe surface. The glue was visibly
woOebds/eetss nd on the pl ated sanpl e. This resul t PCT/US2004/028188

i ndi cates that a nodul ar structurewas deposited. The

sanpl e was further subjected to a 250 C x 30-m n bake

test and the sanple showed no oxidation after the

ba .eaf. ' ' L.di . Thi s,
8. P ofi oSyt BB AR aRRIchE At MBoGl et Bl bt 8o O i
7, whextinisatd hetal siltdn seledtdNTorltid ol &sistindrof atpkelsusfate,

antitarnish and_adhesi on, pronotjng treatnent
ammOogHR gioLyhoiate, BohideRm gXids; RitassiyRsPerpanganatey pgnganese sulfate,
hydrdfeh BRERE, IaWBitihOiRrepeNSi sting of tungsten ions.

nol ybdenum i ons, cobalt ions, nickel ions, zirconium

ions, titaniumions, nmanganese ions, vanadi umions,

ir ions, tin iaqns, jndiumions,. silver ions, and )
9. oty AL EnHENHbind a4HeSIETHPTOBIRE jroaiens FeiBpsan o claim
7, whétgh sdaRetalci¢ RNERLRJ PRAHS silpUonSiQEhd /O thORBdic acid, tungstic

wherein said treatnent conposition is substantially
acidftpmagstesilicthacidi um and wherein said treat ment

conposition is capable of formng a coating on a

materi al, wherein said coating enhances adhesion of a

10. poiruér@c?]uebas,%ﬁﬁtanﬂm &d Ahesign prbfifdtiag “RetSent 86thpdstidH titlaim

and adhesion pronoting treatnent conposition of claim
1, whereipsaidanetakighgargisplectied fromethe grapi opasistingefi raolybdrnum and
um_agﬁt. 3. The aqueous, antitarnish and adhesi on

g3ten. . c . .

pronoting treatnent conposition of claim2, wherein

said zinc salt is selected fromthe group consisting

of zinc sulfate, .zinc oxide, zinc chloride, zing

11. 1| hbpatusens. apfignigeandadbesion progosiag tiealmsst compsition of claim
1, wgegﬁfg' SRRt th@Bfioh{ Edrieise fbm Ikt 39HE0MR go,@@b E’Fﬁg p%sl%gn o?@lge total

siton pronoting treatnment conposition
partsdfenie treatmemd campositians conpri se from about 0.1 g/L to
about 100 g/L. 5. The aqueous, antitarnish and

adhesi on pronoting treatnent conposition of claim1,

Sihess on pror g 1 eatnent - comp |
2. Sheselg o oy SRR hASPRA S douim

1, whereinsridngetak ions émnpriscd}qnoabcmt dh todbanit 3j060 ppmybased on the total

partsggatJLsgidztlre%mén régm%gsl Ll se fromabout 0.5 g/L to about 20

13.  The aqueous, antitarnish and adhesion promoting treatment composition of claim
1, wherein said metal ions comprise from about 25 to about 300 ppm, based on the total

parts of said treatment composition.

14.  The aqueous, antitarnish and adhesion promoting treatment composition of claim
1, wherein said optional electrolyte is selected from the group consisting of ammonium
sulfate, boric acid, citric acid, gluconic acid, rubidium hydroxide, ammonium chloride,

and combinations thereof.

15.  The aqueous, antitarnish and adhesion promoting treatment composition of claim

1, wherein said electrolyte comprises from about 1 g/L to about 500 g/L.
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7. The aqueous, antitarnish and adhesi on pronoting
treatnment conposition of claim1, wherein said netal

woams/arsederi ved from a correspondi ng netal saCr/use004/028188
nmetal acid.8. The aqueous, antitarnish and adhesi on

i  ment ition of clajm7, wherei ,
16. 2 PP TR 0P ool drefonin Commpianican ofgleim
1, whedreini saidedlectiol @ bEmpadER PO BN S YAGRY Soui®igyhelenum

oxi de, potassi um pernanganate, nmanganese suffate,
hydrates thereof, and conbi nations thereof. 9. The

aq I i+S adhesi on_pronot i treatment . .
17 e e B A 0 RO BB Bl gt o claim
1, wisetiaGhideldatrolpté bemgrises frogoabous 10 BA. ©fabs@ s0kg ¢ aci d,
tungstic acid, tungstosilicic acrd. 10. The aqueous,
antitarni sh and adhesi on pronoting treatnent
18. cO ot d 21 al : inqsaid netal ions are .
el anreg0ah it Bl PR Q08 Ryt Bt caprsing
t urigs vezinc dgide Tlomsagnibous, antitarni sh and adhesi on

pronpt i nlg t[eaément conposi tion of claim1, wherein
sanglahet ptal yfide ggmsSelegied figm hie srRupsongistingefitumgtadn0

molyB8¢hunb @8 BAlt, dcKkbl) Sirb i i B o tin. ind
. e osi tion. 12? T%gﬁggu@%%@§“§%?§ 5}%i§ﬁ§% > Bofh &0y g,
sﬂvelpﬁggg‘vmhlglamnsethd!mﬁ conposition of claim1, wherein

sald netal. ions conprise from about to about 2,000 )

o ey o & B e of PSiniem, sndcen said coating
provide®osiith Bistahde at 188t BAIVORNS at A5G Qfx@{v'ﬁ@r ﬁ%@mﬁﬁé on

pronoting treatnment conposition of 'c a|n1f, erern
contags npdpar siruqteres thabenhahessadhesion abopoly@Br taxsaabmaterialD0

ppm based on the total parts of said treatnent

conposition. 14. The aqueous, antitarnish and adhesion
19. prirentoated nidierdil 6B oling 08PIIréih @RidhateliAicBinpris e &kRal

sagi d optional electrolyte is selected fromthe group
Selec%’a RO thier gEOY conmisBRg @frdopnen enwer alday, sickel thon,ciltminom, steel,

tainle&! sthe] Hi | £1vacl s ubi g roxide _amgpni um

sainlB el Fitts O 61yBE pibtodhuth, L1 TR Vb5 R R,

condwmars t aadrvogibirmtidnaitieest.on pronoting treat ment
conposition of claim1, wherein said electrolyte

conprises fromabout 1 g/L to about 500 g/L.. The
20. aqURQHgted ﬁ{httér%a@gf‘gléi% 2 it B Rh QIR LG cgz{tlenagtorﬂ%g}d

conposition o
substrate ranges from about 15 to about 500 Angstroms.

21.  The coated material of claim 18, wherein said coating contains from about 25 to

about 1000 of said nodular structures per 16 square microns.

22. The coated material of claim 18, wherein said nodular structures each have an
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.

23.  The coated material of claim 18, comprising a coated substrate.

24.  The substrate of claim 23, comprising an electronic device.
17
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1, wherein said electrolyte conprises fromabout 5 g/L

to about 200 g/L. . The aqueous, antitarnish and
wadhsarmie pronot i ng treat nent conposition of cPkParmsig04/028188

wherein said electrolyte conprises fromabout 10 g/L

25. fag ??%Fs Og/ﬁfgi%é?’.e%q éoﬁn%i eraia%}%% gt‘%ﬂ%?"@gﬁpri si ng

zinc or zinc oxide atons; and nmetal or netal oxide

at sel ected fromthe group consisting of tungsten,
26 mf{}%ﬁ&tﬁﬂﬂla@e%‘@fwlalmi 18k wherej saicbenhangedtddhesiorucnmprises
. ] iron.tin, jndium  sil d
sreatBP AR 1606 oo SMRb ookt omel bty 858 Rab-85°C for
168 rRsloart bR al tHertda@ Shdek i Hﬁﬁ@iﬂﬂ&elﬁ@@od@&ﬁ@e{r ri*orsfio ec.
coating provides a tarnish resistance at [éast for 30

mn at 250 C, and wherein said coating contains

no tructures that enhance adhesi on of a_pol ymer
27. i ogs%}é?q%ocﬁ%{ flémuglg_a matezial cggtga gﬂ%a@;lﬁagplslbgmgqtcgqeﬁpp promoting
coatinf@ofiphisihgithe §Bdsadfi al conprises a material selected

fromthe group consisting of copper, copper alloy,

ni Yeéacting paid makqrighivithien agueasis, anitaxiish esdaditesieh prarhoting

treatl%r'éelﬁgloﬁpégéiggn cgﬂg%@%i um gold, titanium carbon,

rfon Rdtictors, and combi nations ther eof .
20. Thezinomhed material of claim 18, wherein the
thi ckness of said coating on said substrate ranges
f r om abBefel ipns selecigddieom treranp sensinting of lungTthe iansat ed

' i rej i ti.ng.contains .
moly PR e 2ot P kel 1B BBl fp i R eRpgese fons
vanadiem iguy, &oe iorisctimivms, iddiumTos, silaérdonsyaaEsdrabinions Rir8df and

wherein sai d. nodul ar structures each have an average.

| engt h PHOPHY Ay &tr@r/teftﬁ%irﬁ%wtcoetwq%mom wdab ians;
1 mecr : i ] . ' ter) .of
from abou o qarsrenet rog it Sifichuafly Bef TR iEhifn and
ofpagiieg an dlgctric owperit shrogglasaid atathentdamipositon uader cbaditions

. syb e of claim?2 i si, el i
whicl 0t 85 Rl e dStoromonc Bg inecnpid Bpiagaldo form
said riigwiig@bhIeA HithaeR ASELREA ¥nd Afhesidh Brdilét oﬁgﬁg éa'l-sh%keiﬁgaid

.claim, wherein said enhanced adhesion
coating eerges pAlasionode pobimdrdd badimagereskposur e of sai d
coated substrate to 85% RH 80-85C for

28.  The method of claim 27, wherein said material comprises a material selected from
the group consisting of copper, copper alloy, nickel, iron, aluminum, steel, stainless steel,
zin, tin, silver, palladium, gold, titanium, carbon, metallized non-conductors, and

combinations thereof.

29.  The method of claim 27, wherein said conditions comprise temperatures in the

range of from about 100 to about 150°F.

30.  The method of claim 27, wherein said electric current ranges from about 2 to about
200 asf.
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168 hr, followed by a thermal shock in approxi mately

260 C solder for 120 sec. 27. A nethod of formng a
worb@reel3e coated with an antitarni sh and adhesPOmWUS2004/028188

pronDting coati ng, conprising the steps of: contacting

er, W t ueo s antltarnlsh and
ﬁggff’ﬁ Eﬁ@w& Phersth it Hiows comptise depagitivs timgs

rang?ﬂgrl?orh‘aﬁ&lt 18 aBbut 200 SecRUEC ed from the group
consi sting of tungsten ions, nolybdenumions, cobalt

ions, nickel ions, zirconiumions, titaniumions,

2. [ ARERRRG ST i o2 SRR solf b o e o gy st
seled@tifromith® Bralp ¥onsiiinglo Sint QLA ZiRPExi80 St BlorfRNidE N

pot assi um or sodi umions; wherein said treatnent
ﬂuol&sﬁso@m acshate, ydiates thaveafatnd comtspativhs tteravfi um  and
passing an electric current through said treatnent
conposi tion under conditions which deposit said
33. anTh¢ methodlof alati 2dhwhirei IAOARY oA cSARde bR ab&ﬁ'odl g/L to
nﬁé al to formsaid naterial coated with sa
abouf, ni sh and adhesi on pronoting coati ng, mhereln
sai d coating enhances adhesion of a polyner to said
material. 28. The nethod of claim 27, wherein said
34. matTha mathod ofiplaing 2%, Whmheaidahetsleibﬁﬁi@deﬁ%mfréﬂ’i% @HRs¥dnding
gon5| g% of c%fg gper aIon, ni ckel , iron,
metal 5lige ﬁ tom the grayngqnsising of migkel sylfse, ammeniumi molybdate,
molyBﬁéﬂlﬁgbkiﬁb }ﬂ)@c’lsguﬂnﬁdeg‘lgo ﬁ‘;‘cﬂ% %%?fahhégl%bwgons thereof:

non- conductor s nailons red
or a metahaudd sef160¢¢dafrmn217q grahp K:emsmstmglocﬂ nmiytdfid acddSueap béide

tenper at.yres in,th e of from about 100 to about
tungsfosEcic %‘ﬁa’ &Faémm?f ﬁ &‘%’@P im27, wherein said
eI ectri c current ranges fromabout 2 to about 200
The met hod of claim 27, wherein said conditions

35 ¢ oﬂ%ﬁrmé@O@I epesim 2 6rwherein said amgalrigns conmriab duom dbcuio5 to about
f cl 27, wh
20. 0@, 1800 GERERER 08 o JHG PR Sl 2Ley e "

fromthe group consisting of zinc sulfate, zinc oxide,

zipnc chloride, zinc
36.  The method of claim 27, wherein said electrolyte is selected from the group

consisting of ammonium sulfate, boric acid, citric acid, gluconic acid, rubidium hydroxide,

ammonium chloride, and combinations thereof.

37.  The method of claim 36, wherein said electrolyte comprises from about 1 g/L to
about 500 g/L.

38.  The method of claim 27, wherein said coating on said substrate has a thickness

ranging from about 15 to about 500 Angstroms.

39. The method of claim 27, wherein coated substrate contains from about 25 to about

1000 of said nodular structures per 16 square microns.
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fl uoborate, zinc acetate, hydrates thereof, and
conbi nations thereof. 33. The nethod of claim?27,

wohersam3sai d zi nc i ons conprise from about 0. RC@IS2(08/028188

40.

about 100 g/L. 34. The nethod of claim 27, wherein
sai.d netal i.ons e derjved froma correspondi ng net al
Safhe gﬂ@ff'@épé 4l 3 Wﬁ@e@rsalﬁpm@a% s&eqivrgs eachhayr an average

leng%% 1Rt @ngPSIRIth 'dﬁbm()’lbﬂﬁc&/%} to%bﬂt?ﬂﬁ%f%,%g 2Iaspect ratio

ot assi um per manganat e, ates thereo

(lengty tebdimaetiernd ftomealoit 1:loto ahowe®: Bl aci d sel ected from

41.
42.

43,

the group consisting of nolybdic acid, tungstic acid,
tungstosilicic acid, and conbi nations thereof. 35. The
NeThogehbd o 8lafth 37, ' ' isd rise
from about 5 to azaﬁﬁag%S%gHﬁggﬁ?Q%a gﬁ&gﬁaFﬁgg?btal
pathemethod aff dlaim ¢4t whereinceidpubstitatoenm@tes Th elenotiodevite.
claim 27, wherein said electrolyte is selected from

t he group consisting of amoni um sul fate, boric acid,

Ci The @ethod f clgint 40 WEerdii sdid subftaa wﬁu%]wgég Rdb#Be/leadframe
moni um chl ori de, and conbi nations thereof. 37. The

a
assepplyhod of clai'm 36, wherein said el ectrolyte conprises

fromabout 1 g/L to about 500 g/L. 38. The nethod of
claim 27, wherein said coating on said substrate has a
t hi ckness rangi ng from about 15 to about 500
Angstroms. 39. The nethod of claim 27, wherein coated
substrate contains from about 25 to about 1000 of said
nodul ar structures per square mcrons.40. The nethod
of claim 27, wherein said nodular structures each have
an average length in the range of from about 0.01
mcron to about 1 mcron, and an aspect ratio (length
to dianeter) of fromabout 1:1 to about 8:1. 4 . The
nmet hod of claim 27, wherein said nmaterial conprises a
substrate. 42. The nethod of claim4 , wherein said
substrate conprises an el ectronic device. 43. The

nmet hod of claim4l, wherein said substrate conprises a
devi ce/ | eadf rane assenbly.
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