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[ 0001] Thwoioawes2sé on pertai ns to net hodol ogy for el ectroplratriusgl/waseri al s
over sem conductor substrates. In particular aspects, the invention
pertains to anodes for wutilization in electroplating operations. In other
aspect s, t heéAnasesifor BlectroplatingsOperations,| and Mathaus of Forming Materizls Osast
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el ectropl ati ng apparatus 10 is described with reference to Fig. 1.
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[0003] An anode 16 and a substrate 18 are provided within vessel 12. Anode 16
comprises a metal which is ultimately to be plated along a conductive surface of
substrate 18. In the shown application, substrate 18 has a conductive surface 20. A
power source 22 is provided in electrical connection with anode 16 and substrate 18,
and generates a voltage differential between the anode and the substrate. The voltage
differential causes conductive material to migrate from anode 16, through electrolytic
solution 14, and to conductive surface 20. The conductive material forms a layer 24 of
plated conductive material across the surface 20 of substrate 18.

[0004] The transfer of conductive material from anode 16 to substrate 18 is actually
a series of mass transfer events. Specifically, conductive material is transferred from
anode 16 into electrolyte 14 in a first mass transfer, and subsequently passes from
electrolyte 14 to substrate 18 in a second mass transfer. If a starting concentration of
the condUctive material of anode 16 within electrolyte 14 is low, a significant amount of
material from anode 16 can be transferred into electrolyte 14 to establish an equilibrium

between electrolyte 14 and anode 186 prior to effective transfer of the anode material to
1



246 PCT/US01/ 44055 substrate 18. Such can effectively cause waste
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t en) (Al ate" refers to any supporting structure,
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for exanpl %m%bHﬂﬂdﬁUWa@,rin&Qﬁp& "out not limited to, bulk semiconductive materials

such as a semiconductive wafer (either alone or in assemblies comprising other

materials thereon), and semiconductive material layers (either alone or in assemblies

comprising other materials). The term "substrate” refers to any supporting structure,

including, but not limited to, the semiconductive substrates described above.

[0007] Substrate 52 can comprise, for example, a monocrystalline silicon wafer

having various insulative and conductive materials formed thereover. Additionally,

substrate 52 can comprise numerous circuit components (not shown), which are

together incorporated into an integrated circuit.

[0008] A conductive material 54 is formed over substrate 52, and can constitute a

wiring layer in electrical connection with circuitry (not shown) associated with substrate

52. Conductive material 54 can comprise, for example, aluminum and/or copper.

[0009] An insulative material 56 is formed over conductive material 54. Insulative

material 56 is patterned to have an opening 58 extending therethrough. Conductive
2



[0009] An insulative material 56 is formed over conductive material 54.
Insulative material 56 is patterned to have an openi ng 58 extendi ng

t her et hr owgh3/o@meduct i ve 2 WO 03/ 044246 PCT/ US01/ 44055 naeCenisal/s40890 and 62
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The i nvent} i ngl ud anogdes for electroplating baths. In particul ar
aspects, %r}%gm?i%%tggnsa?ﬁg sga% ity of at |east 99.99% and conprise one or

more of sil[@@1] gdaterialnb468, 62 ahd Gdicambe ¢arraddiby rmigrels Methods | inclsding| der

conposi ti ¢ anodes, can, for . exanpl conprise .at |eas 9. 995%
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[ 0013] Th)ém?m'ﬁ\‘?g%t It H??“'&'ﬁé%reg?{%i? 82"533’33 ??e‘{%lﬁ’? & '@Fé‘é’gg %leiqcﬁﬁﬁ'a% erials
over - seniroatedals buer santsonducts suliafds. DESCRI PTI ON OF THE DRAW NGS [ 0014]
Preferred enbodi mnents of the invention are described below with reference
to the foll ow ng acconpanying drawi ngs. [0015] Fig. 1 is a diagranmatic,

cr oss- sectSUWMMARM O T01E INVENTIONart el ectropl ati ng appar at us.

[0012] The invention includes anodes for electroplating baths. In particular aspects,
the anodes have a purity of at least 99.99%, and comprise one or more of silver, gold,
nickel, chromium, cobalt, copper or various solder compositions. The anodes can, for
example, comprise at least 99.995% copper/phosphorus alloy, by weight: or at least
99.995% nickel and sulfur, by weight. As another example, the anodes can comprise at
least 99.9995% copper, by weight; or at least 99.999% of a solder composition, by
weight.

[0013] The invention also encompasses methods of electroplating materials over
semiconductor substrates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Preferred embodiments of the invention are described below with reference
to the following accompanying drawings.

[0015]  Fig. 1 is a diagrammatic, cross-sectional view of a prior art electroplating
apparatus.

[0016] Fig. 2 is a diagrammatic, cross-sectional, fragmentary view of a prior art
semiconductor wafer fragment.



[0016] Fig. 2 is a diagrammatic, cross-sectional, fragmentary view of a
prior art sem conductor wafer fragnment. 3 WO 03/044246 PCT/ USO1/ 44055
[0017] Fiwyo 03/0#e4@ di agrammatic, isonmetric view of a bil | @CTAISOE44055
prelimnary processing step of a method of the present invention for
formng an anode. [0018] Fig. 4 is a view of a blank formed fromthe Fig. 3
billet. [0Q9®7]IFi Fig.B is= dagrasoratic;isametriewienf ofenilldiet alplr@linﬁnamipndcesang be

utilized i of esent invention for
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conpositional and physical properties relative to prior art anode
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L | oLl BRRSah oy BRI Bla Bl e e b £ o
phosphor uspurity wéthrthe mrm'anuatﬂers’@bdyo rean four norespzodtin géicyipmadpectshedt 1000
DO eyt B or Y5l o8Bl St 8B LGB, ), BEDGR: BRBMeRC PP
even at I e@d). 7N. The copper/ phosphor us alloy can alternatively be
b b e S AR e
Thi s fi | mmaterigler siece alpha ppdickeacan baseverelysietrimnertsl to isemicandwotdr as a filter
by - constructions. Accordingly, a preferred composition will have less than 3 ppb of

uranium and less than 3 ppb of thorium; and preferably will have less than 3 ppb total of

uranium and thorium; more preferably less than 1 ppb total of uranium and thorium, and

yet more preferably less than 0.5 ppb total of uranium and thorium.

[0023] In further aspects, an anode material of the present invention can comprise

at least 99.995%, by weight, (4N5) of copper/phosphorus alloy, with the phosphorus

concentration preferably being from about 200 ppm to about 1000 ppm, by weight; such

as, for example, from about 200 ppm to about 600 ppm, by weight. The

copper/phosphorus alloy can have a purity of 5N, 6N, and even at least 7N. The

copper/phosphorus alioy can alternatively be referred to as phosphorus-doped copper.

The incorporation of phosphorus can aid in the development of a black oxide film on the

anode surface. This film can serve two important functions. First, it can act as a filter by

entrapping impurities in the film. Second, the film can regulate the copper dissolution

rate, and thus maintain the copper in solution at a consistent and desired level. Also,

addition of phosphorus, and/or other alloy elements, can promote grain refinement.



entrapping inpurities in the film Second, the filmcan regul ate the copper
dissolution rate, and thus nmaintain the copper in solution at a consi stent
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el enents, can pronote grain refinenent. 4 WO 03/044246 PCT/ US01/ 44055
[0024] In another aspect, the anode can conprise at |east 99.995% (4N5)

ni ckel  and082d]f urln abytheeagpect, tenahdde qaardonpritant RaSEI. 8055 (MNS) mvkeise SN,

h kel /.sul f Th |
o pr s ant Sy Beibbt ¥odln e GitBed o BomiteR v Eh et B9 A el ghe
and it canptriy pf’théemledsulﬂuabomheamt)ﬂ. f'[tfe_ suﬁfur mr_ei_lz@pntesémltaa@m@mﬁatla? ;E)bn‘ of
b 01 9% . Q4% A - e .nclysion of. sul fur can
be advant B Lol Bi8 ke adf by iahT hE s be Par e ok Birurie

Addi t i onal prgsentite asohtentratian opfmrrrmeutrmoe’/oua laboutro.04% sioy \Mén'gmn Tole t he anode
Addi tion

t han woul d. t he sence of the,s ditign of
sul fur can'nF@'&éﬁ oéis@g{rlpﬁeg a%ygﬁ?%@éﬁd%th chfgﬁﬁa%ng ge Q%U\HPP i
consunpt i oAdditionatlg, tae plititricag pogrestatma s umfé\‘nsalss@liltldr&)fehe %@Ehédﬂ@olﬂug 2b
construction 50 rises ni cke [ t, can be
advant ageol&Hf @ﬁsggs%rlﬁefﬁ?h%)%ﬁ@ ggﬁi (@'@ﬁ% aﬂ%ﬁ'twn Li'raﬂa”é?)’"‘ﬁ qetigal
el ectr ol yt iesistim@eswhiclh santnalie ldm@bwai ccﬁﬁumtlomﬁum\(ﬁal pabes b@é’raﬁtﬁn ;
ni ckel - cont,ai ni terial cont.ai ni a 54 025
ot her as pe}é‘gg’ 'h%g?rh%??ﬁbgﬁfq 2rf°notr%°§ﬁ€gé ICPTBHSSY C%g’eéﬁ%‘géyﬁraqp gf)ond
to a hi gh- piokelf iy carobeladvantayeoss td leave sttfahinesrporfatad \ﬁmﬁ’ﬁiha@eria%s abmﬁj ] )
conpositio avi.n ur i of ,at st _99.99% b ight (4N),. with suc
conposi ti o%e&ﬁ tl?g:,er?aﬁﬁﬂ'éo{)%e dteral Qﬁg?rﬂ?ﬂrg"% E{M%ﬁf’%%'éﬂl@g'@'%up |
consi st ngmaferral 60 toactﬁppencr;ntamlegmbyes Bhver, copper and bi smuth. In f urt her
aspect s can _have a purif. ast 5N,
onbor 7. 10028H 3 otREPRRCs S BVeRG aZoRiobtitn &t of e Sk ileregor
tin, ti n/ tard hlgb-lmantytsoldelr eadposhtndﬂ sudtvay, fortéxanmpid, \aesroddégbémr)o?ltlodn faavmg a .
S|Iver/b|srruth d OPRE! 0026] hos horus can tncl uded in sol der
21 oys. 1 £ U0 Aeest SBSRIR aish AR i YR SRERRAR Bt ost g Po o
concent r at ¢élemeofs detsted fnam tHe §00p pomslstmgaiﬁtlﬁsantlﬁﬁfnyel)eamﬁlleer c@pper anot|) :
concentratj.o f fro reater tha 7 C e
preferred ?'ﬁ&i"ﬁl‘ Ha ﬂé'ﬂ]]eg@ispeoc S e ??recg’ @PB@?“ F‘g"er %&TH%@ O%ﬁ ﬁNmt of
al pha- par t 5K5 eﬁhé@i\ﬁtdrﬁgl rﬂtempl&rysoider tdsmpmmms:ommae afipastigN plﬁl’dl' gf tirk: her ﬁ
are. natur ead wh results in the
eni'ssi on &A/é’ntlrrg‘ gn/|e6§r{|r?%|f le?{}é;PﬁB?r S'R’FF{B§E‘U%§8Q?Q}(}P B¥¥s cannot be
removed fr ¢oo2dje IF&mdphmumgan b@rm:tud'ed tmsdlderediloys. nif phesphsrusslinchidee, it will
| ead-free Itions.are tin/sily | n/ tin/ |Iv r/c er,
bt amut b o Popagy, he B ‘?3’/%838&9“?%@ '8Hc?ﬂ?€ gﬁr‘nﬁb@ PRIPFHED SXRIPS.
conposi ti omsorhc&npahadremfeftdnygdee% thidrad pBmpeBO0 ppch. t he conposi t | on of thorium
It zt g[ el;fer 3&%(#7 m Seim%ﬂe %pzhé%%?e' sc|>I5'erpt>ar te'a((ix’ !flrleg r|n 8%86%% reduc% tﬁg rgtr)nloﬂﬁtd

of alpha~part|cle emitting materials in the composition. Specifically, there are naturally

occurring isotopes of lead whose decay chain results in the emission of an alpha

particle. Furthermore, these lead isotopes cannot be removed from the lead using

conventional refining means. Suitable lead-free compositions are tin/silver, tin/bismuth,

tin/silver/copper, bismuth/silver and tin/copper. The concentration of uranium in such

compositions is preferably less than 3 ppb, and the composition of thorium is preferably

also less than 3 ppb. In particular aspects, a combined total of uranium and thorium is

less than 3 ppb in a solder-composition anode of the present invention. Further, a

preferred anode comprising a solder composition of the present invention will preferabiy

have an alpha count of less than or equal to 0.001 counts/(cm?®hr), more preferably less

than 0.02 counts/(cm?hr), and even more preferably less than 0.002 counts/(cm?hr).

An advantage of eliminating alpha-particle emitters from solder is that alpha particles

can adversely impact performance, primarily in the area known as soft errors. As line
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| ess than 3 ppb in a solder-conposition anode of the present invention.
Further, a preferred anode conprising a solder conposition of the present
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reference tchhe materialsyto indicate that the anode materials preferably have a uniform ‘
composition throughout an entirety of an anode, and that inclusions and precipitates are
finely dispersed. Preferably, inclusions and precipitates will be no more than 10
micrometers in average size. In particular applications, an average length of all
inclusions and precipitates along a maximum dimension of the individual inclusions and
precipitates will be less than or equal to 10 micrometers, more preferably less than 1
micrometer, and; yet more preferably an average length of all inclusions and precipitates
will be less than or equal to one-tenth micrometer.

[0034] Among the physical characteristics that can be controlled within an anode
composition utilizing methodology of the present invention are texture and grain size.
Specifically, an average grain size throughout an anode of the present invention will
preferably be less than 100 micrometers, more preferably less than 50 micrometers,
even more preferably less than 10 micrometers, and in particular embodiments less
than 1 micrometer. The average grain size can be determined by standard methods of

the art. In particular aspects of the invention, an average of the maximum dimensions of
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m croneter, and; yet nore preferably an average length of all inclusions
and precipitates wll be less than or equal to one-tenth mcroneter.
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and less particulate in the plating bath. Accordingly, utilization of an appropriate texture
in anodes of the present invention can improve the uniformity of dissolution of the
anodes into a plating bath, which can ultimately both extend the life of the anode and
improve a uniformity of an electroplated film formed from the anode. A uniform, and
substantially random texture can be desired for various anodes, including an anode
consisting essentially of copper, copper/phosphorus, nickel, nickel alloy or nickel/sulfur;
consisting essentially of chromium or chromium alloy; consisting essentially of silver or
silver alloy; or consisting essentially of a solder composition comprising one or more
elements selected from the group consisting of tin, antimony, lead, silver, copper and
bismuth.
[0037] In one aspect, an advantage of texture control in an anode can be described
by considering each grain within a metal object as a crystal with its crystal lattice

oriented in some particular way relative to a reference plane. The reference plane can
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The pat ent RrHRdAf anodes for use in electroplating baths.

[0039] Crystallographic structure can influence the corrosion or dissolution behavior
of a material, as demonstrated by etching a material for metallographic evaluation.
Differently oriented grains will “etch” or be eroded to different degrees. Therefore,
controlling the texture or uniformity of grain orientation of an anode can be
advantageous to uniform dissolution and hence uniform film deposition. Control of the
texture can be done in two exemplary forms — control of dominant texture orientation,
and control of texture intensity.

[0040] The intensity of the texture, or relative fraction of grains that share a common
orientation, can be important for uniform dissolution. If a random texture (low intensity
for any specific texture and a random orientation of grains) is present, then those grains
that are oriented favorably will erode faster, creating a non-uniform surface. There can
be a weak texture present, where one orientation is preferred or more common than

others, but a significant fraction of the grains exhibit an orientation different from this.
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however, indicate that the control of texture would have any application
relative to the formation of anodes for use in electroplating baths.
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[0044] The material of the billet may be utilized in the as-cast form. Alternatively,

the material of billet 100 can be can be thermomechanically processed into the desired

shape of the billet while imparting a desired grain size and texture to the material. Also,

a gradient freeze can be utilized during a casting process. The gradient freeze can form

a columnar microstructure within the material of billet 100. Yet another method of

forming billet 100 is to subject the material of billet 100 to a long term thermal treatment

(such as a long term heating treatment) to form billet 100 as a single crystal.

[0045] Referring to Fig. 4, a blank 101 is illustrated. Blank 101 can be formed by

subjecting billet 100 (Fig. 3) to various thermomechanical processes, such as, for

example, hot-forging, rolling and/or cross-rolling. The thermomechanical processing

has increased the width of the billet to a new width 115, and decreased the length to a

new length 120. A ratio of change in length 120 to length 110, divided by length 110,

corresponds to a reduction ratio of blank 101 relative to billet 100. Preferably such

reduction ratio will be from about 50% up to 90%. The thermomechanical processing
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shape can be used directly as billet 100. Alternatively, one or both of the
ends of the <cast cylindrical shape can be cut to renove cavities or other
def ect s twatodtowp4be associated with the ends prior to utiPCirasvi/ensdf the
cast material as billet 100. Billet 100 has a wdth 105 and a | ength 110.
[0044] The material of the billet may be utilized in the as-cast form
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[0048] The materials produced by the processing described with reference to Figs.

3-5 can be utilized as anodes in electrolytic apparatusses, such as, for example, the

prior art apparatus described with reference to Fig. 1. Further, such materials can be

cut, pressed or rolled to produce powders, pellets, rolled strips or other forms that can

be readily dissolved in a suitable acid to form a pre-charged electrolyte. The pellets and

powders can be referred to as particulate forms of the material. The powder, pellets or

rolled strips can be referred to as metallic materials. Any suitable acid can be utilized

for dissolving the particulates and/or metallic materials. An exemplary acid for

dissolving the metallic materials corresponding to solder-composition-containing anodes

is methyl-sulfonic acid, and an exemplary acid for dissolving copper-composition-

containing anodes is sulfuric acid.

[0049] An anode material of the present invention can be incorporated into an

electrolytic deposition process for forming one or more of the conductive layers shown in
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accor danc e gt 9o 669 RURSANhel P HERL LPfok Ay ARERT IbBA, Yobapd s dr 1Y Of

at least 4 redu I'nc usmhs and particul It can
be desired [P85Hvoi d hlalmangds mﬁfelmntﬁesnmuorptﬁdtmfomrueebumn matalergyde, as t he

i ncl usi ons apd, N4 %b&&h@{/@ﬁh&@%s@ﬁthi eentloﬂ Eéreﬁw@t%{: CEFB?HUE‘HE LRMNJi QP @node
mat eri al durlng ectrofytic deposi
i nhonogenepait e therundcerebtumgmeéaﬂuw b%?wel%rpﬂﬁslqredf pad emtfwl Sl!comdlqoa'rdmcul ar

erbodi Tent Sl @ nbEaHerATEs Mo b EhBGURBLC T8 biciniEhflodicRal i iepost | ed

from an ano conS|st|ng essenti a or co osphorus
[ 0050] Af t eifcuitraganétai(ofien M) rauhdgomdlffamon barelerrh@twae@ thesrerrminﬁed of thad

under-bump metallurgy and the circuitry. The chromium utilized is typically a series of

e

Cr/Cu layers, and such are generally created by evaporation in prior art methods.
However, Cr and Cu can be plated in accordance with methodology of the present
invention to create the Cr/Cu layers.

[0052] After formation of under-bump layer 60, the second under-bump layer 62 can
be formed on layer 60. In particular embodiments, layer 60 will consist essentially of
nickel, or consist essentially of nickel and sulfur; and layer 62 will consist essentially of
silver. Layer 62 can accordingly be deposited from an anode that is at least 4N5 pure in
silver. Alternatively, layer 62 can comprise, consist essentially, of or consist of other
metals in addition to, or alternatively to, silver. For instance, layer 62 can be deposited
from an anode that is at least 4N5 pure in one or more of silver, chromium and copper.

[0053] Solder layer 64 is subsequently formed over layer 62. Layer 64 can be
formed from an anode that is at least 4N pure in one or more elements selected from

the group consisting of tin, antimony, lead, silver, copper and bismuth.
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subsequent |y under-bunp material 60 is el ectrochem cally deposited on
wiring layer 54. Material 60 can conprise at |east one of silver, nickel,
chr omi umwowmbal£24@nd copper; and can be el ectrochen cal | ycaasori4o6tl from
an anode that is at least 99.995% pure in silver, froman anode that is at
| east 99.995% pure in nickel, or froman anode that is at |[|east 99.995%
pure in ond0@s4]norihegionsiredtion S04enmsd inaccardbade Wittt wptiwdolagyl obthiepeesent [ 0051]
Numer ous 0 = | ng
ot hodol ogaftepan SRIHAERRPAE Bl ¥R oGk rbERe T Mbtc Lol pelfloqthd. 0
as part of[0@$ﬁ§ uﬁd@rmmemwnbed ghovsearaexamplagy piocesses, arctit tsrtotblae

silicon di d@?&o&@ﬁﬁat &l R?%n(’giBF%éc&ﬂﬁ%s@@oﬁq%? SHBSFHén?s fl@daltlgjw”f@ﬁo

chrom um adher es strongl rcult forms a
di f f usi on $recifically mm [t drénstanms, ﬂ@enverﬂlonleecomnahses lamemh@dtrmntm gy and

the circui \E\‘ﬁ K ucﬁha%oﬁg Fr%%r |'I|£édz1%fi elgﬁb&%‘?d &%o@ﬁoﬁ of& rn%a% m?ércon(H’e/cp"

| ayers, are enera Iy rat rt nmet hods.
However , Oclrcmrtd S@acnﬁeaﬂybfdaem\@nw emcoammsdsa@moms Whmm@dennwgydmn’con he

present  AURHEEIE pFAURERR A IACCEARY LY Elcheq [ASR] WAL TIRIGION of

under - bunp secon rived on | ayer
60. In parllayerus &l‘reredﬂpodltecbwaPVDagréEVIB@rmeBis Aa‘nedmtlveﬂmhseadi layenf

ni ckel , SR ?lby %fil“élioﬁvll;XhQ{%é)}Jg%K%ib@B@DS6VHJar el@ﬁ?ol%@sy%eggogi%ox"' .

consi st es%e accor osrted from
an anode t hise buls oha sbmirendudtsr featues isrthersformed VIa/Hlecmronbemmel %poblawepf 62 can

COMPY | 5. GRS STnSSRAF LAl bY ueBlh rBA0S Shod¥ fhAFh atBlahs, b A 1 on

or alt ive Ver st ance ayer ep05|ted
f r om an anm@eemthmtentlsn aandlae:aertdlnglﬁﬁqyaraepuriiy ofad l@arst A6 caraf haviirigvae reduced om um

and COppernum%%ﬁﬁbsiﬁ%ﬁﬁpérﬁé’ﬁét 54 i's subsequently formed over |ayer 62.
or e r

Layer 64 can oM an ariode that is at |east 4N pure in one or
nmor e el enerf0@856el et the advanthgesgefadifizic® highlythung andde andl prarchiargeny, | ead,

silver, CORBF%BEQQ i 5 d%!&%} |nv1ejnt|§prqut{vg4€ ﬁﬁ?rré %Dr%(gé&%aﬁgtﬁglstﬂe Ln%?élsrdé]s érfhe

constructi on A accor dance e prese

i nventi on therprésentiinventiosdcanrimpfaye bektatipe dfe déflanmplediiofytic detim odroipesveor waf er
scal e pack X I

o1 ocesees, A ceflHiployd MepRiROHIA SERSAL) R SRYEn B U S B s 1,
enbodi ment esdiipe aoil$ nssneiater Wiﬂmslectr@}ot&dénosalbhynaﬂmfogmd For instance, the

BRI (e T e s N S T

for electr deposition o nect ically,
the i nventpr@ne@eeoﬂtpatslaasuradmtoc@s‘@wmem #iat the ipegntiooredaompassesubstrate i s

P er 5 HiEeERR RS ARRL R A 0Safiibge s bTHEMERRY LT
| ayer, pr @ﬁ@na@d gxaboplary PocessenySevasaldxempthsy owidificetidng aPdDaria@idds ave
el ect r ol esg.LBROFhLON:

[0058] In one variation, a surface coating can be applied to portions of the anode so
that these portions are not eroded by the electrolyte during plating. One method of
applying such coating is to flame spray the coating on a portion of the anode that is to
be protected. Flame spraying can enable a material which is brittle and/or which has a
much higher melting point than the anode composition to be applied to an anode. The
applied material can then serve as a protective barrier. For example, a relatively inert
metal (such as, for example, Ti) or a ceramic (such as, for example, alumina) could be
flame sprayed on a Cu-comprising anode. In other exemplary applications, other
materials can be flame sprayed on a wide range of anodes to produce a non-erodible
surface layer. Alternatively, another method of applying a protective coating is to
powder coat with a polyethylene coating.

[0059] In another variation, a compensation can be patterned into an anode to

compensate for an erosion profile. As anode dissolution progresses over the useful
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The bulk of a sem conductor feature is then forned via electrochemcal
deposi tion of copper. The copper can be deposited froman anode forned in
accor dancwowspither present invention, and alccordl ngl ydme?v‘ﬂ]sal/p}ossty of
at | east 4N5, and having a reduced nunber inclusions and particul ates.
[0056] Ampng the advantages of utilizing highly pure anode and pre-charge
mat eri al s Uetimeef thecanede, thavuracessf the haeda devetwps rin@rosion pn@ﬁlGer'ﬁhalaqsmr;; t hat
t he, materjaks, ; I ' ' ' ' g an
el cct ol yt PP Rastdth BRERERE of AFtorles BbortRs Qe 3l 1 ksReL b Bnfl,
conposi t i oApergtien ¢fithe alatingiaftioment yFhesa intlusen butars not l&nitﬁddocﬁbstamﬁ@sog i at ed
wi th el ect ' bt IeS. | Lon has been
descri bed i SpEpERREhy SRolPle R eileRy. piePdRhemict, EHTR UL hy 5 .
under st oodshigidingyand fluit dynarnies iithiorthe oell. efvomiactess will deteryint temissfuhavi ng
nuner ous Mhghib &R ARSI NS 1IdralibP BrorleBbie ridte RSHOARANE Tt WiPSd B
exenpl ary processes. Several "exenplary nodifications and variatrons are
descri bed Heifarmity oDtbe]thin filny heing depesiiedracrass dhe Watse surbacei ﬁgwemnvmeofapﬂm ed
to portions, h : . e t t he
el ectrol yt E“'Q{Srr"?‘%g‘ag?%? ?ﬂg&uﬁga&réél%?vg@%@p%@?%& s@%hsegé'g‘fﬁgtgowss to
f l'ame spr abumHbrosghof adheoanadepibrwhicntheferodien actoally penfarates thedoottbm gideotfect ed.
Fl ame sprayj n : ' ' [ : ' as a
e, P! et 80 A T W led o R b o0 Bica il 2 2
anode. Thethirafipl urdigrmiéyt. ePhee the @rosidreprofilerhae been ideptifisdsiot & spedifio priogess, &or
eXBNPl o, Schfbatle) ol tin nIBb Aol tHporin A8 mGKAIRY e ok Jriy M ¢
anode. | n dirgntrelaiiomshipde yheajats inodti¢hothese arche erodentTnis carshavarihdkeridfiaiak
sprayed on ] - oM ihle rface |layer.
SPr2ed el b ASaRuAROURR oL SR HE SRR Ry S A0S
powder coaadding hvexalpthickoess Mbivh vendd only anfpliy3bé etasicanwotieat tharendtaf e, a
conpensati pg Cgag_ be patterned into an anode to conpensate for an erosion
profile. As anode dissolution progresses over the useful 12 WO 03/044246
PCT/ US01/ 440680] | ilh endther wdriatior "spexidl’; padkegieg of as anade ¢tancbendesihedderel ops an
erosion prgfil: [ ofhl.e LS; ; r :
characteri %E'P%@g gp@@laﬁlﬁéatogg%d(%é1‘ﬂh§ﬁsg'e?|gpﬁgggﬁ§'p %?o an. §°6§L“P'3?ﬁeé%e of the
pl ati ng eqbanshiag ol thelanodes dwingdestalfaiion af therartodgiintd eepdhting readier, whisean
mat eri al , , i ' 1 .SLT current
densi ty, | Sry'er fagacK of fidifet 6 BoRC ol Fhe Belly PRciilioahako 01|
det er mi ne feldcaisiasiire ofldnodes teeoxybem dusingehipping tot dlimirate of tatupe okihiiorbecones
nore pronoge ' ] et L ' e ' I By
deposi ted gﬂgﬁ@ﬂgurﬁt g%vxg rgr%{eféﬂléfr\sfdg?:lgsthlﬁgéHléfﬁnlﬁ)@nf&o%WnE’ ngd?n Eéél&bmﬁ of
anodes may be useful to reduce the amount of oxygen that a high purity anode is

exposed to during shipment, which can reduce oxidation of the anode.

[0061] [n another variation, a roughened texture can be imparted to one or more
surfaces of an anode. Doing so can increase the surface area of a given part, which
can improve the dissolution rate of material from the anode. This may be particularly
advantageous during the initial or burn-in period of an anode, where it is desired to
quickly come to equilibrium in the bath. There are many methods for imparting a
roughened surface to an object. Some textures, such as knurling, may be produced by
machining the object. Other rough surfaces may be produced by bead blasting a
surface, or impinging a surface with an abrasive media. Chemical etching is another
way of roughening a surface.

[0062] Bead blasting is generally very economical, but can have a disadvantage of
embedding pieces of the bead media into an anode surface. This can be particularly
problematic for soft materials, such as solder anodes. One improved method of bead

blasting is fo use dry ice as the blast media. The dry ice will sublime and hence leave
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uniformty that a specific user can tolerate will limt anode |ife. The
second factor is burn-through of a the anode, in which the erosion

actual | y werBosgtes the bottom side of the anode. An abs@ntasof/44vsi eri al
in the surface of the anode can drastically inpact thin filmuniformty.
Once the erosion profile has been identified for a specific process, a

. conpensat 0o fesithei grihe anodie  Tleyanassad!l ghnerbllyibe suitable foause after beadt he anode
surface in J ; l. 3t i oI - 4N bl ¢ de.

Thi s can nogein A oAU JelBab iyl ihaR o SRR kR ashhG

accept abl ewile povientioral bhad media, os Mackining (iswghighuease dilsldrentypisaliyrrehbired to

t hi ckness, 1 i sl i.l.le at the end of the
life cycl e?‘x%égﬁ\ﬂ%%a%aﬁ%?%%’f‘% hﬁ%ﬁ,p%rng’pdggi%ae%vgyggkagi ng of an anode
can be desil@0@3] f dn ansthepyariagiomranodesdan becadt sathaldey ara cogpesscdf greaicagi ng
can reduce | i m [ : i L ation of
the anode P as pUBPOELAS 1gtiRG btbrpived BF-BIAREME NG, O3] Soefl

i mpuriti escamelominatelhigh engrowngtain Gbundspiecwhich pratéragiially ecede ialap@leatrotite e
exposure o des t j LRRI L F t
oxt dat on_ et e ol b et bt T felafofipk 3hGR: Cofbodi @B . ) o
vacuum packaiji thgt luds beendeatedian tbmpasitdralabbee theduelting paintaefdueninet:, andy gen
that a hig ri i S : i i i duce
oxi dat i on” DR el B S THBRRER Sk S A R Siow SO GRS S
can be i nparnusteation ofiz smeall nomber efigraias eghidf then geevadéhe Budling ismoroeatly i ncr ease
the surfac orfd ffén He Fotny Si'ae%{hte’ mdg! @fﬂch Fitd P2 Rnch‘?oétR%uﬁé ?érﬂéb'éédoé‘ rate

of materia rom t he anode. 'S may’ be particularly advantageous during

t he i niti asmel nruber-dfgraies thatihafe appravimdte)y pdralied sides (sict @sain edcrostruatureckl y
conme to equil4.brj ] Tk MBAL . i reing a

r oughened %Ucirfﬂegcréf‘é%b gonéggjcg@waéyﬁgﬁq%@[uﬁ?)és, sém%w&@%ﬁnf%&g@ C%xlgty be
produced byirtualiyciminaig atdaese bf garticulade femation gBpsaifidaty, éke nelymbar pr oduced by

bead bl ast | f f . LRI 0gi i LAas di a.
Chomi cal - eledloRts bATFrudty o ihal'a}aBedih WS sthicudd b3 e
bl asti ng i througharasiby of/thegraio bonondatiab ardwnt ecemalhgraim, folldwsad ty thet sogall of
enbeddi ng pji¢ . i Qi : ang . This can be
particul ar Q?WE'}%S@F%%@%PQ?%&% ?mﬁg%%r'ﬁ%f‘s,l gr‘éyﬁéjééaﬁsbgl‘ der anodes. One
i nproved nd00@4 oflnbeattier vardion anodss tan be madufaciuced wifizingalifferenttmethelisa. The
dry ice w i . PCT, 55 no
resi due on%'ﬂéh{%eggﬁfﬂgg Qgﬁt@e&%ﬂﬁr%ﬁ%@ﬁ%ﬁ%‘yﬁoﬁé@eﬁ%@{@blﬁ(en oerﬁas after
bead bl astietipchis tchexdugleitioee shapedf@naneds materas toox neareet shape aftei desirad i on of
ei t her beagsfleashi RghnetichlinEAMERS LR ALSREANICRTA ThYy pBG Bl deR Wi ch
case oils are typically required 1o be cleane roma surface of the
machi ned pfortybularpartbeasawvell akeshlid parts.

[0065] In another variation, a protective coating can be applied over a portion of the

anode is to protect the entry point of the electrode into the anode. This coating can be

used to prevent erosion of the anode were the anode and electrode connect. Such

corrosion can be particularly problematic as the electrolytic bath is consuming the

anode. If no protective coating were applied, electrical contact could degrade as the

anode erodes.
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[0063] In another variation, anodes can be cast so that they are conposed
of one or a small nunber of grains that have a preferred crystall ographic
texture. BoobB/oeR3s i ng can elimnate high energy grain bokedarsoestoshi ch
preferentially erode in an electrolyte solution. The anode can be cast by
pouring the netal of the anode conposition into a nold that has been

heat ed to @LARM®erature above the nelting point of the netal, and then
cooling the netal slowly fromone side or end of the nold. Slow cooling can
lead to nucle f L: i .
cooling i slﬂnor rré“' %Ho&’é foi? aﬁ?r?é c?rﬁop %Em§ ?tﬁ c?r%mg?ggagfw{%m%n%%}ﬁ? g%ﬁ%%e;rr%gul ts
in a mcrosnd wbereweatdméé%bfahe total Inumbenbiegraios hgvearcominkaut cristalographic

appr oxi mat fbr@%%é%ot@bpes (such grain microstructure is often referred
to as a columar mcrostructure). The columar mcrostructure can
virtually elimnate a cause of particulate formation. Specifically, the

col umar i cr o3he aceds & alzim Ywhergil atyeast S@orvithe tetah notbenef grainaingve the
parti cul at j r on of the grain boundaries
around a S@orﬁﬁx%ﬁﬁys%ogﬁﬁwﬁ@g&rj&% e snaﬂﬁ grain breaking off and form ng

a particulate in an electrolyte sol ution. £0064 I n anot her vari ati on,
anodes can3be niheRaedauefaipint i wheremptdedst ép%rf thestotr dymber Ofrmﬂlnsaév%ﬂleng

t han Cas“@&nﬁ'&ﬁcw% Ilgﬁf%ﬁﬁg&tﬁr%lésyon%r%ﬂ%?' ng. An exenplary nethod is to
ah ano

extrude the shape o material to a near net shape of a desired

anode, and to then cut the material to a desired thickness. This process
can be useft folhe apedee§ ghrimtlswhersingdleash80%AI the ot nYMbpOYEERINE havmbieher

variation, cé}nﬁ’ibﬁTcﬁ&?dllﬁ&ra‘bﬂ%"téﬂﬁre%br@%rﬁsﬂ@ ied over a portion of the anode
is to protect theentry point of the el ectrode into the anode. This coating

can be wused to_prevent erosion of the anode were the anode and eI ectrode
connect. Sbch &B% rBRIGA i Hwherginthe gpmman chyssaliographictexiyrg igd00

el ectrolytic bath is consuming the anode. If no protective coati ng wer e

appl i ed, egect r TR@hnsRN&RIAImCORhErefEE 2@AnH drtfallogfiif ekwees-(116). WO
03/ 044246 PCT/ US01/ 44055 CLAIMS 1. An anode for an el ectroplating bath

conprising_a to e ins therein wher ei n at 25% of
Che total “Funbel P ANGHES! R, BhSCURGAT T Srata GFiIA EXCI BT B 2 one

anot her. 2. The anode of claim 1l wherein at |east 50% of the total nunber
of grains Bave rh@an@dﬂmm\almmsdrﬁﬂ)ﬁwaplhw rhetsl une whsreimtheasonirh@r . 3. The
anode of cl ai n t 75% of the total nunber of grains have
the commfYg %QfalP g@‘?ﬂfﬁﬂ% Oﬁgiture as one another. 4. The anode of claim
1 wherein at |east 90% of the total nunber of grains have the

9. The anode of claim 1 comprising cobalt, and wherein the common

crystallographic texture is (001).

10.  The anode of claim 1 comprising a BCC metal, and wherein the common
crystallographic texture is (110).

11.  The anode of claim 1 comprising chromium, and wherein the common
crystallographic texture is (110).

12. The anode of claim 1 comprising an FCC metal, and wherein the common
crystallographic texture is (111).

13.  The anode of claim 1 comprising copper, and wherein the common
crystallographic texture is (111).

14.  An anode for an electroplating bath comprising an average grain size of less
than 100 micrometers.
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common crystall ographic texture as one another. 5. The anode of claim1
wherein the common crystall ographic texture is (001). 6. The anode of

cl ai m 1 werogiom2thhe comrmon crystal |l ographic texture is (1PQX/USOV4403he anode
of claim1l wherein the conmon crystallographic texture is (111). 8. The
anode of claiml conprising an HCP netal, and wherein the conmon

cryst al | ogt@aphi the emteder ef dlam(1BI0bmpr8ingEmneaveenagtagrain sidecofriess thamPpOi si ng

cobal t, anﬁm\mfg% w the common «crystallographic texture is (001). 10. 'The
anode of claimI conprising a BCC netal, and wherein the common

crystall ographic texture is (110). 11. The anode of claim| conprising
chrom um #&hd mﬂﬁbeehwdetﬁe:laimmmmmisjngtana\@gagﬁmhm sizexefuess than (A10). 12.
The anode 9] ﬁ [ng conprising an FCC netal, and wherein the conmon
crystal | ographi exture is (111). 13. The anode of claim 1l conprising
copper, and V\/ner ein the coomon crystallographic texture is (111). 14. An
anode for &h el ébe ropdeacfiarjmkd ¢onerising an angrage graiorsigpeofdessithasiize of | ess
than 100 mjecroneiers. 15 WO 03/044246 PCT/ US01/44055 15. The anode of
claim 14 conprising an average grain size of less than 50 microneters. 16.
The anode of claim 14 conprising an average grain size of |ess than 10

m cronet er 8. 17Thaheodmeidisins 1 dctaanntising rredpminanthyonereraveef silvgr.doid,si ze of

| ess than de of claim 14 conprising predom nantly
one or mr@ck%ﬁﬁb%\@%&ﬁchrﬁum@ﬁ%@ﬂ cobalt and chrom um by weight. 19. An
anode for an electroplating bath and having an al pha particle em ssion rate
of less than 0An a@@dmfog/ao@@tmpbatmgzbathmd%‘@ma@ncﬂiphﬁ rartisla emipsionrgtesaf

al pha part f less than 0.02 counts/(cnR hr). 21. The
anode of c'eg%ma%ﬂ ﬁg{)/l?ﬂsé/((gﬁl%ar pha particle enmission rate of less than 0.002
counts/(cn2_hr). 22. The anode of claim 19 conprising |less than 3 ppb total
of thorium@nd GPRANRAR of daim tBavingrialgha paricimerussoniste of lags thas §.42han 1

ppb total @urkd@2Hy.and urani um

21. The anode of claim 19 having an alpha particle emission rate of less than 0.002
counts/(cm? hr).

22. The anode of claim 19 comprising less than 3 ppb total of thorium and uranium.
23. The anode of claim 19 comprising less than 1 ppb total of thorium and uranium.

24. The anode of claim 19 comprising less than 0.5 ppb total of thorium and

uranium.

25. The anode of claim 19 comprising one or more of bismuth, silver, tin, lead,
copper, nickel, chromium, and cobalt.

26. An anode for an electroplating bath comprising at least 99.99% of one or more of
silver, gold, nickel, chromium and cobalt, by weight.

27. The anode of claim 26 comprising at least 99.99% silver.
28. The anode of claim 26 comprising at least 99.99% gold.
29. The anode of claim 26 comprising at least 99.99% chromium.

30. The anode of claim 26 comprising at least 99.99% cobalt.
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24. The anode of claim 19 conprising less than 0.5 ppb total of thorium and
uranium 25. The anode of claim 19 conprising one or nore of bisnuth,
silver, twpo,03loeadqs copper, nickel, chromium and cobal t. pEé/USAN44asDde f or
an electroplating bath conprising at |east 99.99% of one or nore of

silver, gold, nickel, chromum and cobalt, by weight. 27. The anode of

clai m 26 cobbri sThRanade E£aimQe coowyrising aéleast 9B99% nickehode of cl ai m 26
conprising at |east 99.99% gold. 29. The anode of claim26 conprising at

| east 99. 99846 chr pha HBde FlailhP8 @ al; i 8. S
99. 99% cobal t. 16 WO 09?/_044%4%% PCT%%B?F}V%S%{S@ %%53@@“3?853”%%??%%6

conpri si ng 9R!d)nigkel. chtpnyympaiidgesalt: 32. The anode of claim 26 conprising at
| east 99.9995% of the one or nore of silver, gold, nickel, chrom um and

cobal t. 33.33Ihe AnPalfocdlofelshth s 2ompASRY Iedsifarl $Bard BEMbiflo B (raniBff afid! 11 on
further conprising |less than 3 parts per billion o

of urani um a{%% I S .
thorium 34Uriefconpsiginadessthan mpags eehbilica ohthoBHMaver age grain size of |ess
than 100 mcroneters. 35. The anode of claim 26 conprising an average

grain size 3. | ebise ddvie diQlaifii26cBARFiSIHE an%@eraﬁ?%rﬁﬁ%ﬁ@ Rless tEnM P

conprising an average grain size of |ess than m croneters. 37. The
anode of clfICAM&eBonpri sing an average grain size of less than 1
m cronmeter. 38. The anode of claim26 conprising at |east 99.995% ni ckel ,

by wei ght. 359. Tiearftieds cRim QbabMpAsSing RRIVERIGE GraiR sPLQ) RES 1 si ze of

| ess than 100 m croneters. 40. The anode of claim 38 conprising an average
grain size BF9ES han 50 micrometers. 41. The anode of claim 38
conprising an average grain size of less than 10 mcronmeters. 42. The

anode of cl38. m 3Ehecantokids iclaim 26 cOMPFSIEG abladkiags igidin 8fzeloPRSs tHaaMol
m cronet er. %30. G;Iihe anode of claim 38 conprising at |east 99.9995% ni ckel .
44. An anod8FVEER el ect ropl ati ng bath conprising at | east 99.999% copper,

by
37. The anode of claim 26 comprising an average grain size of less than 1
micrometer.

38. The anode of claim 26 comprising at least 99.995% nickel, by weight.

39. The anode of claim 38 comprising an average grain size of less than 100
micrometers.

40. The anode of claim 38 comprising an average grain size of less than 50
micrometers.

41. The anode of claim 38 comprising an average grain size of less than 10
micrometers.

42, The anode of claim 38 comprising an average grain size of less than 1
micrometer.

43. The anode of claim 38 comprising at least 99.9995% nickel.

44.  Ananode for an electroplating bath comprising at least 99.999% copper, by
weight.

45. The anode of claim 44 comprising at least 99.9995% copper.
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wei ght. 45. The anode of claim44 conprising at |east 99.9995% copper. 17
WO 03/ 044246 PCT/ USO01/ 44055 46. The anode of claim 44 conprising an

aver age gweiomn/osi2zze of |ess than 100 mcronmeters. 47. ThePamawsel/ofosE! ai m 44
conprising an average grain size of |less than 50 mcroneters. 48. The
anode of claim44 conprising an average grain size of |ess than 10

m cr onmet er 46. 49 Theélapode ofidaiof 44 tampnisidy aroayerage gairesizavtlesgthagriadn si ze of

| ess than i mn%EeOr ter. 50. The anode of claim44 conprising |less than 3
parts per B F°TSR of ur ani um and further conprising |less than 3 parts per
billion of thorium 51. An anode conprising at |east 99.995% by weight,
copper / pho4ghor dhe anbtiepf claisp44 doreprigingian aversgagrairbdizewbidess thah6 phosphor us
concentr at in‘ﬂ@roir%efréom about 200 ppmto about 1000 ppm by weight. 53. The
anode of clarm i conprising an average grain size of |ess than 100

m croneters. 54. The anode of claim51 conprising an average grain size of
| ess than 38. nilbecmede pkclaibbd4 Toropriaingian averagagrairbdize oflpss hiangOan aver age
grain sizegfhgssthan 10 microneters. 56. The anode of claim51
conprising an average grain size of less than 1 mcroneter. 57. An anode
for an electroplating bath conprising at |east 99.995% ni ckel and sulfur,
by wei ght. 488. The aandelef daimcdhacompisingoamavesagr)orfairosizeaabidass ©201 % sul fur to
about 5% sylifddeterPy Wei ght. 59. The anode of claim57 conprising an
average grain size of less than 100 mcroneters. 18 WO 03/044246

PCT/ US01/ 44055 _60. The anode of claim57 conprising an average grain size
of |ess th&R 50 Theiappderet daig 4bcommmiginglassithan3 rerisiner bilicpmfpraniinmgansh

average gr @irthe? béRp@ing 238 tHdhepar per billion of thorium.
51.  An anode comprising at least 99.995%, by weight, copper/phosphorous alloy.

52. The anode of claim 51 wherein the phosphorus concentration is from about 200
ppm to about 1000 ppm, by weight.

53. The anode of claim 51 comprising an average grain size of less than 100
micrometers.

54. The anode of claim 51 comprising an average grain size of less than 50
micrometers.

55. The anode of claim 51 comprising an average grain size of less than 10
micrometers.

56. The anode of claim 51 comprising an average grain size of less than 1
micrometer.

57. An anode for an electroplating bath comprising at least 99.995% nickel and
sulfur, by weight.

58. The anode of claim 57 comprising from about 0.01% sulfur to about 5% sulfur,
by weight.

59.  The anode of claim 57 comprising an average grain size of less than 100
micrometers.
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m croneters. 62. The anode of claim57 conprising an average grain size of
|l ess than 1 mcroneter. 63. An anode for an electroplating bath conprising
a sol der woreposi2é on having a purity of at |east 99. 999%pPChyuSoriqgbi ; said
sol der composition conprising one or nore elenents selected fromthe group
consisting of tin, antinony, |ead, silver, copper and bisnmuth. 64. The
anode of cl%f-m eBheangsie ofidaimpT cemprising agravieragsi grainsizel afdsssttham530

m cr omet er s;mid®émetéRe anode of claim 63 conprising an average grain size of
|l ess than 10 mcronmeters. 66. The anode of claim 63 conprising an average
grain size of less than 5 microneters. 67. The anode of claim 63

conpri si ng &h avBiegrocgrdickingi57copiprising aintayarage grainsizemétass th®810 The anode
of cl ai m 63measmétess Ng at | east 99. 9995% sol der. 69. The anode of claim 63
conprising less than 3 parts per billion of uranium and further

conpri sing #SSS +han 3 parts per billion of thorium 70. The anode of claim
63 conpri si at 1h&apadeqy clpig &y icomprising anrayeragswsainfsizel ofilessddamher ei n t he
sol der conp@rtdmé&Br.conprises tin and antinony. 72. The anode of claim 63
wherein the sol der conposition conprises tin and lead. 73. The anode of
claim 63 whegrein the sol der conposition conprises tin and silver. 74. The

anode of cl%m &¥ Phap Rleckeplaling kathseaptisiohaselder cerarosition hayingver and
copper. 19 p@nDS R4bt:69.86TY%USPEALR5id szmerzbﬁpaaﬁﬁﬁc%pr@@ SRSt Hbigr ei n
bi smut h. i e anode of

t he sol de\rMﬁiongosi tion cg)g?rl ses silver and _ )

cl ai m 63 wEPBPHS SRIECSH| s thedirper Fensiiting ohtin.iapEimony.rieath siespemper amy. A
nmet hod of f¢mutRg naterials over a sem conductor substrate, conprising:
provi ding a sem conduct or substrate havi.ng a wiring |ayer thereon;

el ectrol yt :§4al Y d?osi ti n%_ at | east one of silver and nickel over the
wiring |aydtt an{'eqN%fleof G §3 Gepwesing anaveraoasraine@e of Iess than 38 | east
99. 995% purrmiciomedédsver; and any ni ckel being deposited from an anode that
is either at |east 99.995% pure in nickel, or at |east 99.995% pure in

ni ckel and | with the sylfur hein resent to a concentration
65 uere anode otf claim g compﬁsmg gn %verage grain size of less than 10

micrometers.

66. The anode of claim 63 comprising an average grain size of less than 5
micrometers.

67. The anode of claim 63 comprising an average grain size of less than 1
micrometer.

68.  The anode of claim 63 comprising at least 99.9995% solder.

69. The anode of claim 63 comprising less than 3 parts per billion of uranium, and
further comprising less than 3 parts per billion of thorium.

70. The anode of claim 63 comprising at least 99.999% tin.

71. The anode of claim 63 wherein the solder composition comprises tin and
antimony.

72. The anode of claim 63 wherein the solder composition comprises tin and lead.
73. The anode of claim 63 wherein the solder composition comprises tin and silver.

74. The anode of claim 63 wherein the solder composition comprises tin, silver and
copper.
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of fromabout 0.01 %to about 5% by weight; and form ng a sol der over the
at least one of silver and nickel. 78. The method of claim 77 wherein the
wiring | ayeroonpsi ses copper, and is formed by el ectrol pCTasdeposs tion
utilizing an anode that is either at |east 99.999% copper, by weight, or
at | east 99.995% copper/ phosphorous alloy, with the phosphorus
concentrati®n beiheganods el dlati 63 rereipiherssldes sampesian gymprises siveirghd.  79.
The net hod gdm@hai m 77 wherein the solder is formed by electrolytic
deposition utilizing an anode that conprlses a sol der conposition having a
purity of at |east 99.999% bg sai d sol der conposition conprising
one or nor € Sel erﬂ\?t%"ogéloéé‘?@HG Whél’ﬁ"’dH@9@'%&0@(39%?1@11¢01‘gpf6981hnﬁnd&nppe’mny
| ead, silver, copper and bismuth. 80. The nethod of claim 77 wherein the

el ectrol yti7g. deposietricaros kst Mgl W8EA sér'?nﬁ:onmhét Mbk@é&@feqnliﬁ}%m
el ectrolytic deposition occurs in a bath, and ath'isinitia y char ged

with metallic mayeyidinga Steﬁﬁ‘ionﬁ%toéﬁ‘#b%’ﬁted%awf@a%wlrgg lmesdasseene in nickel, or
at least 99. 99%6dndl céll'y débéglﬁrlw% Qﬂgas?lHnEWf si bAd Eﬂﬁel%%lf i‘HE \nﬁﬁ&lg)i@rr esent

to a concentration o from abou to about

met hod of A@iSHYeF Pejigciepprsitacona ?@@FP@@P ihai is aldges 9$ 9%51%f|0<blf¢rm siveryend amer
the wiri ngudkav&rng aégﬁ)sﬂé@ﬁbhOAWéﬂdaeQ%%éﬁﬂé?'&t %%%93995% pg.%% %;591 gg 3 our e

bath|5|n|t|allg ged with particul ates are at
in silver. lerst99 95% pure in nickel and sulfur, with the sulfur belng present to a concentration
of from about 0.01% to about 5%, by weight; and

forming a solder over the at least one of silver and nickel.

78. The method of claim 77 wherein the wiring layer comprises copper, and is
formed by electrolytic deposition utilizing an anode that is either at least 99.999%
copper, by weight, or at least 99.995% copper/phosphorous alloy, with the phosphorus
concentration being from about 200 ppm to about 1000 ppm, by weight.

79. The method of claim 77 wherein the solder is formed by electrolytic deposition
utilizing an anode that comprises a solder composition having a purity of at least
99.999%, by weight; said solder composition comprising one or more elements selected
from the group consisting of tin, antimony, lead, silver, copper and bismuth.

80. The method of claim 77 wherein the electrolytic deposition forms nickel over the
wiring layer; the electrolytic deposition occurs in a bath, and the bath is initially charged
with metallic materials that are either at least 99.995% pure in nickel, or at least
99.995% pure in nickel and sulfur, with the sulfur being present to a concentration of
from about 0.01% to about 5%, by weight.

81. The method of claim 77 wherein the electrolytic deposition forms silver over the
wiring layer; the electrolytic deposition occurs in a bath, and the bath is initially charged
with particulates that are at least 99.995% pure in silver.
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