WD 03/ 025259 PCT/ US01/ 29172 ELECTRODE ATTACHVENT TO ANODE ASSEMBLY 5
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The invention rel ates
to el ectrwploatoeseg? I n particular, the invention rel ates t®carusoanade for

el ectroplating netals onto substrates, and to a nethod of 10 el ectropl ating
metals onto substrates utilizing the anode. DESCRI PTION OF THE RELATED ART
In the production of mcroelectronic devices, a netal nmay be plated onto a
substrate for a variety of purposes. Typically, nmetal is plated onto a
substrate 15 in a cell or reservoir that holds a plating solution which is
a netal ion containing bath for plating the netal onto the substrate
surface. In the manufacture of sem conductor chips, printed circuit boards
and other «circuit conmponents and devices, the conductors of the devices
are el ectropl at ed BEEGHROADE ATACHMENEIPANOBRASSEMBLY n and/ or | ead to
i nprove solderability of the device. The step of electroplating is
typically perfornmed while several sem conductor devices are nounted on a

| ead framme suspended by BACKSROUND CRTHEASIVENROMN aced in an

el ectropl ating bath or before devices have been singulated (i.e, in wafer
form. The bath contains an anode which conducts an 25 el ectrical current

t hat passes FIBL ¢ I\}ead frames to deposit netal on the | eads

of the devi : _ ting, the lead frames are severed and the
i ndi vi dual sEH¥ iaedities rélhtes ty éléctﬁfpﬁatiﬂ?.ﬂﬁrp@ﬁﬁédlar,lh&ﬂv@&i&@é&%ﬁ t66d/ US01/ 29172
The uniformty of the deposited netal is a function of the current density,

the purity ofnodeéorglestrpplgtinmmatatiente subsiates, apd &f a methodwbde. Conposi ti on of

plating 10 electroplating metals onto substrates utilizing the anode.

DESCRIPTION OF THE RELATED ART

In the production of microelectronic devices, a metal may be plated onto a
substrate for a variety of purposes. Typically, metal is plated onto a substrate
15 inacell or reservoir that holds a plating solution which is a metal ion

containing bath for plating the metal onto the substrate surface.

In the manufacture of semiconductor chips, printed circuit boards and other
circuit components and devices, the conductors of the devices are electroplated
20  with a solder material comprising tin and/or lead to improve solderability of
the device. The step of electroplating is typically performed while several
semiconductor devices are mounted on a lead frame suspended by hooks on a
cathode rack placed in an electroplating bath or before devices have been
singulated (i.e, in wafer form). The bath contains an anode which conducts an
25  electrical current that passes to the cathode and lead frames to deposit metal on
the leads of the devices. After electroplating, the lead frames are severed and

the individual semiconductor chips are separated.



bat hs and conditions within the plating bath nust be carefully controlled
to produce deposition of a desired quality of desired netal (s) on a
substrat ewod3lkas9 ng rate, uniformty, and deposit qualityycmasobesiat f ect ed
by a variety of factors. For exanple, anpong the paraneters that may affect
rate, uniformty, and deposit quality of plating are concentration of
chemcals in the plating bath, nature and distribution of electrical
contacts and voltage within the plating system The physical design of an

el ectropl ati C il it hin ystem and
the plating @%rlrﬁ?{%gﬁ%tgp?ﬁ ﬁ%% %&%gé{éga%}&%ﬁlgl@g%%@ﬂlé ﬁwt"{{'gd%f%t?ietr}\lg bat h
conduct s t hepueity o€the plating bathenp ltied purisy sHihetahode. @ochpositionluf platiag) el ectric
field between the anode and the cat hode workpi ece. Durig)glﬁrouti ne plating

oper ations, R&hsemdcPrgppat Vitin shorlaurgsbath Ruisthrowmeetplly sontiodlsdired, and any
anode i mpur 'néerb&?ce'@ os@t%h%f?%}cf‘esﬂ?% Illdnql‘fizltfczjﬁ %?6%§$X%R§d&{é%§ ate. AS the amount

of anode fines 1 ncreases, ey ectroplating continues

and t he @noddatmate) usiorhityDendcdupssingehlity hay daaffected bidgearanbf nues  to
t hi cken. A nunber of problens are associated with anode sl udge. For
exanpl e, t hefagiArdEosxgaple, aapng igharamefess thag may affpctiratet WufoasmEys r opl at i ng

1 20 b ' \; ; . | atd | uti d
the plating SUaPRREr ALy Gl R Akl ph s Bt HEAR BRP 201 e

deposi t uni fiuhlinkdere ankhdisteibligsi of dMctidae canadearsd wlgge dappnge on cel | design
and plating parameters anong other factors. Additionally, the anode
sl udge can bdatingwysiser Ahe ahysigabdesigneofanrelgetrgplating sysiean paxetfecties al and

cont ami nat e | € i . r I ode sl udge
formati (r)i?l) ant n?ﬁiré)ﬁgkggtrﬁgldtg?F@gen?%g%ﬁgﬁlﬁn%g%gﬁcH °§§‘l‘l”hee§£sée ed plating
uniformty that may result, anode maintenance typically is required in

el ectropl ati ng systens. Anode nmai ntenance may i nclude renoval of the anode

from t he celThe anedeimthe platiag batbsondustpibe byrren intpithrplatngcialwpnianda

produces an electric field between the anode and the cathode workpiece.
During routine plating operations, as electroplating proceeds, the anode is

15 consumed, and any anode impurities may generate particles called anode fines.
As the amount of anode fines increases, they form a sludge. As electroplating
continues and the anode continues to be consumed, the anode sludge continues
to thicken. A number of problems are associated with anode sludge. For
example, the anode sludge may cause a voltage drop in the electroplating cell

20  because ions migrate through the sludge to the plating solution and the plating
voltage may rise. A rising plating voltage may effect the deposit uniformity.
The effects of the anode sludge depend on cell design and plating parameters,
among other factors. Additionally, the anode sludge can be incorporated into
the structure of the plated metal and contaminate a workpiece being plated.

25
As a result of anode sludge formation and the degradation in plating, such as
degraded plating uniformity that may result, anode maintenance typically is
required in electroplating systems. Anode maintenance may include removal

of the anode from the cell, removal of excess sludge by scraping, etching in a



2 WD 03/ 025259 PCT/ US01/ 29172 suitable solution to renove renai ni ng sl udge
and then be subjecting to one or nore | engthy anode reconditioning steps.
The recomadtooes2eyg steps may |ast for about 5 to about 1@®chasns29172
Impurities may al so form gas bubbles, such as air bubbles, which may
interfere wwth electric field |ines between the anode and 5 the wafer or
wor kpi ece. Interference with the electrical field wthin the

el ectroplating systemmay result in overpotential. The overpotential nay
cause the plating voltage to rise in an erratic manner until the power
supply reachuigbletsolusion te tamsivieaeroaining|stusige anchthes tha subjesting toose ar bance in

the electrical 0 ation caused b a ubbl es,.nay al so eff.ect. t he

ani formty oporgSBRbE e ER R EOn R RS R ERa%! Biot ends 1o be
thinner in th®uf e Mdut 26haGeNImp@itied SaP UM fofin ghs BbERNiucAbs @ gr adi ent of
plating ions may develop in the anode assenbly.  The concentration of

pl ati ng i onsbuhblesbwhivhgheydntssieret with elhetrig fighidinga betvean ihe anlede aidti nity of the
waf er or rkpi ece being .pl ated,. The .concentrati radient may result in
a concentt at éﬁgﬁ” ?floérwoigfflg%in%ﬁ‘ﬁeée’fg "Bgﬁ tﬁ‘?le[f]ﬁ't"ic wﬂg%@f%g‘ecause t he

pl ating vol taearapqhtmgf%ﬁsteméﬁegmﬁinm%&&aﬁ@t. TR ovefpRttnBatmapy af fect not

only uniformty of wafers plated under such conditions, the concentration
gr adi ent naycavaeite phitag vodfagaototrssgén sroenrdtisenamer untd dehpawes suppipl i ance val ue,

[ I ti in shut d f . the platj l|.. The ai . bubbl
oy ot _onl y<Behse & SHdeat R oLes Bl g Bt e S iaCo g ot or ¢
the uni form bkrlon afsddl 5188 bAKIE mIPhiSo LehesAsBrfigopl eciric field has

to bend around the air or €s before the field arrives at the
wor kpi ecH) Télegradepesits. dihe thocknessofiplated filnas tondsf torbedbinperinlthesiegibnel d |i nes

and Broduces, undes aplg el depo unld on i on (i arkprece. 20 To

in the anode assembly. The concentration of plating ions may be high close to
the anode and low in the vicinity of the wafer or workpiece being plated. The
concentration gradient may result in a concentration polarization. The

15 pdlarization may also cause the plating voltage to rise. While the concentration
gradient may affect not only uniformity of wafers plated under such
conditions, the concentration gradient may cause plating voltage to rise and
reach its compliance value, again resulting in shut down of the plating cell.
The air or gas bubbles may not only cause undesirable cell polarization, but

20 méy also distort the uniformity of the plated film. This is because the electric
field has to bend around the air or gas bubbles before the field arrives at the
workpiece. This causes distortion from the preferred parallel field lines and

produces undesirable metal deposit uniformly on the workpiece.

25  To make plating more uniform across the workpiece, it is necessary to produce
a plating bath which is substantially free of extraneous impurities. The
improved solution purity helps to eliminate the concentration gradient,
concentration polarization, and improving plating and the overall operation of

the plating cell. The present invention also makes it possible to dramatically



a plating bath which is substantially free of extraneous inpurities. The

i nproved solution purity helps to elimnate the concentrati on gradient,
concent r awoaa/ops2bar i zati on, and inproving plating and t heporarsai/koioper ati on
of the plating cell. The present invention also nmakes it possible to
dramatically 3 WD 03/025259 PCT/ US01/ 29172 inprove plating cell
productivities. One source of plating bath inpurities is the anode
assenbly. Typically the anode conprises the anode structure itself plus a
metal handle which is used to introduce and maintain the anode in the

pl ati ng sol vimmpave Mopngedll grodudizitigantne sowcsof platingbatlimpisitighisde. A j oi nt
is 5 typical for med i ng. a | der c Qsitlo ho t. ol der
conposi tion tlh¥tag%cferas§e u@& ?Xpllc?ﬁi?yrtg ﬁ%oe&)e%op ar ltslésnt%%?? (fdlégsis[rglgtﬁfed@st% WZ pl ati ng
bath. It woublds Benetd] BshdlaMhechtio uiddxe dhtyodatd achmantanodenbde i thandl e wi t hout
the need for a solder joint. The present invention provides an inproved
anode and hobldéng sodwtinng Typieally che banske istsoldaredrio de anade. Hojodrs according to
the present jnveption are at 10 | eas ne parhed . end.to the hglder. A
rechant oa | SPHETEG R oSiRE R sp et Bas it BREEF LU htBorifef i cont o
i nconsi st ent jt@li@ehds t6 FhtrRBE Aktal impiliRicb atb etk Fachg watll. i X@&uldBeough a hole in
the anode, thus elimnating or reducing the need for a sol der conposition
t her ebet weendesirBbiF e figeds ettachjamaapdd tora kandls withsut theeed faragslder
electroplating a.fretal gn a .substrate. .A substrate be ,arranged in the
el ectropl atif tcgﬁg&‘is?‘?tdﬂv%ﬁan pléol)’?c%@ﬁ? epSst %W%angﬁéldgﬁw% e fromthe
i mproved anogg fedi@e bt A8hodB ahdBold&Y a%&ma%'g% thedtRt MivedtiodBréatour er pl ating
solution onto the substrate. 20 SUWMMARY THE 1 NVENTI ON The i nventi on
provi desltan kasdee barppd end tothe heldep ddnedubisakinint atayllgw| o,

preferential corrosion and intermittent or inconsistent electrical contact.
The barbed end is fixed through a hole in the anode, thus eliminating or

reducing the need for a solder composition therebetween.

15  The present invention also includes methods of electroplating a metal on a
substrate. A substrate may be arranged in the electroplating composition and
current supplied to the substrate from the improved anode, resulting in the

plating of the metal from a purer plating solution onto the substrate.

20
SUMMARY OF THE INVENTION

The invention provides an anode comprising a shaped, substantially solid,
metal body; a metal electrode shaft having one or more barbs projecting
outwardly from a periphery of the shaft at one end of the shaft; the one or more

25  barbs being fixed within the body.

The invention also provides an anode comprising a metal electrode shaft and a

shaped, substantially solid metal body cast around one end of the shaft.



metal body; a netal electrode shaft having one or nore barbs projecting
outwardly from a periphery of the shaft at one end of the shaft; the one or
more 25 wars2i269 ng fixed within the body. The inventi onPalrdsopeav: des an
anode conprising a netal electrode shaft and a shaped, substantially solid
nmetal body cast around one end of the shaft. 4 WO 03/025259 PCT/ US01/29172
The invention further provides a nethod for produci ng an anode which
conprises: a) providing a netal electrode shaft having one or nore barbs
projecting 5 outwardly froma periphery of the shaft at one end of the
shaft; b) providing a shaped, substantially solid, netal body; c) fixing
the one or rMHednVatios filrtheopighidesemsihde fovgrbdwing dieanodelwhichhe i nventi on
still further provides a nethod for produci ng an anode which 10 conpri ses:
a) providi ngo8Pisesal el ectrode shaft; b) casting a nolten netal around one

end of the Sa@?g(fviicgﬂgr%?r%%l%gbgtrbgees lhta%ﬁé oﬁ?%?lno}éegbda&g#ﬁ{)kg{i an anode

conprising a y enveloping said e shaft; and 15 c)

subsequenst | youtwamli figm talperiphadef theahaft bconeehd of tHeshafivent i on al so provi des
an electrolytic arrangenent which conprises: a) a vessel containing an
el ectri cal | yo)rsnadiag psbagedusupstapiirilysplid Haetalkdy: of claim 1 in the

i et t:ant) SR biE ol ol D IR oL BOREE i G, Snien ¢
cathode is connéected to an electric circuit.
The invention still further provides a method for producing an anode which
10 cdmprises:
a) providing a metal electrode shaft;
b) éasting a molten metal around one end of the shaft and cooling the molten
metal to thus form an anode comprising a solid metal body enveloping said

end of the shaft; and

15  c¢) subsequently removing the anode from the mold.

The invention also provides an electrolytic arrangement which comprises:
a) a vessel containing an electrically conductive fluid; and
b) the anode of claim 1 in the electrically conductive fluid, which anode is
20  connected to an electric circuit; and
¢) a cathode in the electrically conductive fluid, which cathode is connected to

an electric circuit.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1. shows metal electrode shaft having barbs projecting outwardly from a

periphery. of the shaft at one end of the shaft.



25 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1. shows netal el ectrode shaft
havi ng barbs projecting outwardly froma periphery. of the shaft at one
end of thwoabati2s95 WO 03/ 025259 PCT/ US01/29172 Fig. 2 skrewasamanpde
according to the invention having a netal body and the netal electrode
shaft with the barb end fixed through the side wall of the netal body. 5
Fig 3. is a schematic representation of the anode and a workpi ece wafer
cat hode suspended within an el ectroplating bath. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT 10 Figure 2 shows an anode 2 according to the

i nvention. |Fighdshawsasn modg@@p)orcgng tonflie snveetien havingea mebbedy-dnd the f i xed

t hrough a side |1 8, 0 he tal, bo 4. .1t a . top,edge 8. .an outside
wal | surf acemftfy\lglﬁﬁtﬁodg Sﬁ’%‘%\évt‘thggﬁga%gp&%ﬁ%d %%‘tg?‘%ﬁ%ﬂ&% li gﬁ etrﬂééall ower edge
16 are prefepaly in parallel planes. Although the anode portion 4 has
been shown to have a disc shape, it may have any shape or 15 cross section
suitable for form ng an anode. Such include those which are rectangular,

square, cubig, circular, .oval, trapezgjdal,, wedged,, t.ubul triangul ar,
ring shapgejd, lg’igr3r égg%?CQFmé%%f?BEﬁse’%tﬁ&?Z@é? ?noélleaf“ﬂg@f%kpé‘?ﬁﬁﬁgﬁft hers. They may
be solids or fiRyR ARRLH §&hin2d fiR1BFhERE batReN in Figure 1, the netal

el ectrode 6 conprises a shaft 18 having one or nore barbs 20 projecting
radially outwardly froma periphery of the shaft at one end of the shaft.
In the constructi | fixed ugh the top
edge 8 of the mt%%g?@ﬁ@@ﬁg@ﬁﬁl .agggggb%tmnhéim top edge 8
toward the | ower edge 16 such that the barbs are 25 positioned in the body

4. In the preferred enbodinent, all of the barbs are
10 Figure 2 shows an anode 2 according to the invention. It has a metal body 4

and a metal electrode shaft 6 fixed through a side wall 8 of the metal body 4.

It has a top edge 8, an outside wall surface 12, and a lower edge 16. The upper

edge 8 and the lower edge 16 are preferably in parallel planes. Although the

anode portion 4 has been shown to have a disc shape, it may have any shape or
15  cross section suitable for forming an anode. Such include those which are

rectangular, square, cubic, circular, oval, trapezoidal, wedged, tubular,

triangular, ring shaped, irregular shaped, spherical, cylinders among others.

They may be solids or have apertures.

20  As better-seen in Figure 1, the metal electrode 6 comprises a shaft 18 having
one or more barbs 20 projecting radially outwardly from a periphery of the
shaft at one end of the shaft. In the construction of the anode 2, the barbs 20
are fixed through the top edge 8 of the metal body 4 and extending a distance
through the top edge 8 toward the lower edge 16 such that the barbs are

25  positioned in the bédy 4. In the preferred embodiment, all of the barbs are
within the body of the anode. In one embodiment of the invention, the shaft

portion within the body does not have any barbs.



wi thin the body of the anode. In one enbodi nent of the invention, the shaft
portion within the body does not have any barbs. 6 WO 03/ 025259

PCT/ US01/®0b3@252Fhe net al body conprises a netal or netal parlwyl/eapabl e of
conducting electricity and dissociating into ionic species under
electrolytic plating conditions. Non-exclusive exanples of such netals
include tin, |ead, copper, 5 alumnum silver, bismuth, indium antinony,
or conbi nations thereof. Preferred body nmetals non-exclusively include tin,
tin-lead alloys, tin-silver- copper alloys, silver-bisnuth alloys, and
conbi nations thereof. In.a nore preferred enbodi nent, the netal body

conpri ses f rmmaételitodyUomprisdstr rattalier M4l oy rapabtt dfrcomladtimgt 0% t o about
100% | ead and still re .preferably an all oy i ch conprises from about 5%
to about 639 ?qt%mar?alg%l%?ﬁlg%mo o eI ARG Shat ¢ 18 and
barbs 20 prefqnaBhy ROABLUSGvEe sc@tlsudEhetalcthlifde GRASR Eopple OF
conducting electricity but not significantly dissociating 1nto’ionic

speci es Sundduminuen, silec} bisthythi mdjuing tantigony rod icombimatiows thérecfiuse t he net al
body to dissocjate into ionic specjes. Non-exclusive exanples of such

metal s i ncl daetered pagd @ﬁsa?scfwarféﬁl,usgvplyva?h,ldepquattﬁnnls%ﬂ alloysttii-8ifierst ai nl ess
steel, gold i i 0 y, the shaft and one
or nore bar b@ngaglg rSilﬂllgéer tﬁ?@%&{ﬁﬁ& étgnedd(%ﬁk?gﬁlfog%]ﬂ{e ef' netal el ectrode 6 nmay
be formed by machining a shaft 18 with a suitable tool, such as a lathe to

provi de one or nore barbs Zl?féiproj ecting radially outwardly Jrom a
peri phery ofInteorgpagferred erabrdimpet, e maid bory pempragey from abewt 8728 net hod of

produci ng sugfy e wBAGh 4 FBmPRbRS0% 3 Ebu S00ATL R YdpE used.  The anode
4 3 fiobuf F0g73 1erd s s

may be produced by providing e neta avi ng one
preferably an alloy which comprises from about 5% to about 63% tin and from

about 37% to about 95% lead.

The shaft 18 and barbs 20 preferably comprise a metal or metal alloy capable
15  of conducting electricity but not significantly dissociating into ionic species
under the electrolytic plating conditions which cause the metal body to
dissociate into ionic species. Non-exclusive examples of such metals include
titanium, copper, silver, platinum, tantalum, stainless steel, gold and
combinations thereof. More preferably, the shaft and one or more barbs

20  comprise nickel plated titanium.

The metal electrode 6 may be formed by machining a shaft 18 with a suitable
tool, such as a lathe to provide one or more barbs 20 projecting radially
outwardly from a periphery of the shaft at one end of the shaft. Any suitable

25  method of producing such a shaft with barbs, such as casting, may be used.

The anode may be produced by providing the metal electrode shaft having one
or more barbs projecting outwardly from a periphery of the shaft at one end of

the shaft; providing a metal body and then fixing the one or more barbs



or nore barbs projecting outwardly froma periphery of the shaft at one end
of the shaft; providing a netal body and then fixing the one or nore barbs
7 WO 03/ O®B2302280/ US01/ 29172 through the netal body. Onecwaysoobs172
assenbling the anode may be by drilling a hole into the netal body and then
pressing the barbed end into the body. However, the preferred nethod is by
casting the body netal around the barbed end of the shaft. 5 One may
produce the anode by providing the netal el ectrode shaft having one or
more barbs; applying a flux conposition to the one or nore barbs; placing

t he barbs of thréughdhewetabbiedy. fdns way ¢hassanebling|the-anege nisg beibytduidlingand t he

electrode in a tin L d;.,casting a | t.e t.al inio, the casting
mol d and coo?f’ﬁlﬁ lf%ﬁﬁ@e%égg%a%tﬁgﬁlp’ieﬁg?%@g%{?reﬁ]eﬁé%gﬁhﬁgo%th subsequent
removi ng of HBGevedNBE refErdl th&tBod Rl - caStifthe BSdy MBtaBbERIhe Badede! | known
to the skilled artisan. In this enbodinent it is preferred that the

sel ecti on ofendweftheshaft. f or the shaft and body is such that they are

conpat i blss for casting one around the other for a true netallurgical bond.
Alternatively the shaft may have its end 15 plated with a nmetal which

easily wets bgt may?ﬁocﬁxla@fﬂe aabdk by BrosRidgthb afdl BRERO shgﬂmhﬁﬁ%ﬁﬁ%ti Pg- I'n
(6] (0]

anot her aspect of "the invention,” there 1s also provided a ne

el ect r opl at i egmareartisparpmdyng A fluatchogesition ioghe ore amnjoreharksnpldeingr e | mer sed
20 in an elegtropl ati.ng,bath,.and _.current flgw fromt anode .to the
cat hode depodt PSR IR HGEoRA IEr f 4kHEH Phene SR Rt B odhons an
el ectrol yticina s %ﬁﬁgﬁﬂﬂd;\"@sﬁﬁ%ﬁﬁ{m%h afefal Tnt¥ BRSQtiZmoORHRLARY an
el ectrically conductive fluid 24. The anode 2 is disposed in the
10 the molten metal to thus form the anode with subsequent removing of the

anode from the mold. Such casting methods are well known to the skilled

artisan. In this embodiment it is preferred that the selection of the metal for

the shaft and body is such that they are compatible for casting one around the

other for a true metallurgical bond. Alternatively the shaft may have its end

15  plated with a metal which easily wets both the shaft and the solid body metals

during casting.

In another aspect of the invention, there is also provided a method of
electroplating a workpiece. A cathode workpiece and the anode are immersed
20  inan electroplating bath, and current flow from the anode to the cathode

deposits the anode material on the workpiece.

Fig. 3 shows an electrolytic arrangement which comprises a vessel 22
containing an electrically conductive fluid 24. The anode 2 is disposed in the

25  electrically conductive fluid. The anode is connected to an electric circuit via
shaft 6. A cathode workpiece 26 is also disposed in the electrically conductive
fluid 24. The cathode 26 is connected to an electric circuit via a suitable

support 28.



25 electrically conductive fluid. The anode is connected to an electric
circuit via shaft 6. A cathode workpiece 26 is also disposed in the

el ectri cawby3ogsrducti ve fluid 24. The cathode 26 is connectrasoi/zvian
electric circuit via a suitable support 28. 8 WD 03/ 025259 PCT/ US01/ 29172
The cat hode wor kpi ece 26 is conveniently a wafer, on which materials, such
as at least one netal or and or at |east one alloy are to be el ectropl at ed.
It may conveniently conprise a material such as sem conductors, ceramcs,
silicon and conbinations thereof. Any cathode which can be plated usi ng
prior art 5 B ¢tathaveyvdrkpicoaited conveaisntly darade, o vvﬂucmheatpmzés,émh anvent i on.
For exanpl e,

ood depo o _be,produced a | es of copper,
ni ckel, iron? tlgel g%‘Pe, mgt@f?:r anﬁiﬁé)‘(‘b@gs? OP‘E%‘&%WE?@ %15 tgﬂp}.ﬁ%cf eI%WaYh t hese bat hs
if relativel é’od%ﬁ@nt?}n&gﬁﬁns@fa mté¥eal @E@@As%eﬁn&neﬁmb@y&%mﬁgc&lmhher tin/lead
al l oy anodes or sepdarate tin anodes and |ead anodes may be used. It should

be noted t haind doeimativos ilteicofl  Fnytdathod® whindhdan tha plasedsusipg priararit ef f ect upon

t he conp |t|o of he deposit, ,and tha s gener al | de irable to
enpl oy a an% RaY %&%@@P&ﬁ‘éﬁf@%ﬁ it h’é?‘?ls “‘b‘%ﬁ??ﬁﬁjﬁﬁg" ?hat desi r ed

in the plateg,q e ¥sits AYROFHELRE u ?Bngu%leg%pe gﬂer nfER¥, Hoaoshg, control | ed

by use of separat nodeés of tin and lead, to whi current’ may be
proporti onedetapﬁtedmst I&Slﬁts)are di3aifiblele etithahese bathis yf nctamdelgtwmaﬂoﬂm@f nmay be

conprised of water and at ast. one ni.c..speci.es referably . an ionic
speci es deri WE@%"?‘%%QW‘@W@S% %@F‘bﬁ‘l“/gﬁd?ﬂ%‘?aﬂfﬂ%@ ?réﬁtéﬂ °4%i cal

plating bat hg, a Qt %ﬂbﬁl eagffgf:r}.xgéd.slt s?@l&&?gﬁof&dm{h@&% poditidndf A0, 608:

Electrodep05|te oys o erent conpositions are especially
val uabl el( n ancdebes sighifrpyleffeet iponshd comhpedition of e dmposat andrthaoft 20 beari ng
contact surfaces for which a 7/93 tin/lead alloy is typically used and

1s generally desirable to employ an anode having a proportion of metals

approximating that desired in the plated alloy. The composition of the deposit

may also be controlled by use of separate anodes of tin and lead, to which the

current may be proportioned appropriately.

15  The electrically conductive fluid may be comprised of water and at least one
fonic species, preferably an ionic species derived from the dissociation of the
anode material. Typical plating baths are known from U.S. patents 4,118, 289
and 4,440,608. Electrodeposited tin/lead alloys of different compositions are
especially valuable in a number of applications including the provision of

20  bearing contact surfaces for which a 7/93 tin/lead alloy is typically used and
the provision of surfaces for soldering such as on printed circuit boards and the
like for which alloys of 60/40 tin/lead are desired. Suitable aqueous acid
plating baths for the electrodeposition of tin/lead alloys comprise about 5 to
80, and preferably about 45 to 65 grams per liter of stannous ion; about 85 to

25 10, and preferably about 35 to 15 grams per liter of lead ion; and at least about
100, and preferably at least about 150, grams per liter of radical selected from
the group consisting of fluoborate, fluosilicate, and sulfamates. When the bath
utilizes the fluoborate radical, as is preferred, it desirably also contains at least

about 50 grams per liter of free fluoboric acid and at least about 10 grams per



the provision of surfaces for soldering such as on printed circuit boards
and the like for which alloys of 60/40 tin/lead are desired. Suitable
aqueous awbpd3/opd2as i ng baths for the el ectrodeposition of tecm/useaebiad | oys
conprise about 5 to 80, and preferably about 45 to 65 grans per l|iter of
stannous ion; about 85 to 25 10, and preferably about 35 to 15 grans per
liter of lead ion; and at | east about 100, and preferably at |east about
150, granms per liter of radical selected from the group consisting of
fluoborate, fluosilicate, and sulfamates. en the bath utilizes the

f1 uobor at e r'ifer diHree bosiciagidy Peeferpblydhe pmoppiqr siagnqusipn Will g¥fesd € at | east

o e St R R i e B

the anmount oim&inaoNeds rangingirdrh abmctéédoﬂﬁlgrd:mmhcuﬂ Amgbswldsirable i n t he

range of about 45 to 65 grans per liter, wt amount qf | ead ranging
from about 3%atuEs afgh @Fné(ﬁ%“%b‘ﬁ thﬁtﬂtélnabI% %&m&é‘@PPQBlF@mq‘eE%ﬂ@roé of the
| nvention i Ssotl&?ﬁqahhgﬁ%?l §5tib{'& dr ({]91';35?5{ dﬁ‘nﬁ%{ QURREENSR /1§ of 5 sol der
havi ng a conpositionat oOr near t eeue nt for tin/lead alloys,

and the nostardahé bl dsirablg eangé ofﬂﬁld)lfsﬁﬁthdbdtlhﬂleM(Bx’ﬁ i itmuebdres? s about 53
to 57 grans of stannous ion per liter and about 27 to 23 grans of |ead ion
per liter. gUR&S pf slepmusien pritier and abgirtaf do Péaraawcpf lgasl IB@P§falﬂtF%f actory,

nust contai iyl ol sashe pAROHE (100G A PRI il SOl kPl digPREAL € radical

preferably e radi ca Aot st an ‘about 150

grams per ||:§}ﬁihtl(ﬁ)1§1ﬁm@p@xalﬁtﬁr §mb|hdob&@tetr@dléhlaprefem$;t thel@isunbsr gr ans per
liter of fluoboric acid and at | east about 10 rans per liter of boric

aci d. Th bathn rastiestl avildppiberiass thaprboyt lﬁ%grgmtsm @b&@phgba@n;hwésu rably

bel ow about 1. o refi ned

0 practic
pept ono as. appriitrt Fof S0 SR ed i B RSP st ol o i Ge range
of cathode cgdap@pr BRNS Botic acid. The bath preferably has a pH of less than about 3

and desirably below about 1. It is'common practice in tin-lead plating to use

refined peptone as an additive.

15  The baths are operable over a fairly wide range of cathode current density,
depending upon other factors such as temperature, agitation, etc. More
specifically, the operable range is about 10 to 200 amperes per square foot and
preferably about 20 to 120 amperes per square foot, with a narrower range of
25 to 35 amperes per square foot being most desirable for the production of

20  deposits having a substantially eutectic composition. The plating efficiency is
generally quite high and will range up to about 95 percent under optimum
conditions, based upon the theoretical rate of deposition, and bright deposits of
excellent quality can best be produced at a bath efficiency in excess of 70
pe‘rcent. The applied voltage should be about 0.2 to 5 volts and preferably 0.5

25 to 4 volts.

The baths should be operated at a temperature of at least about 50 °F, and
preferably from about 60 to 90 °F. Operation below about 50 °F tends to be

inefficient and to produce undesirable deposits, whereas temperatures higher

10



dependi ng upon other factors such as tenperature, agitation, etc. Mre
specifically, the operable range is about 10 to 200 anperes per square foot
and prefwpabloyszabout 20 to 120 anperes per square foot, wctrhusal/earz ower
range of 25 to 35 anperes per square foot being nost desirable for the
production of 20 deposits having a substantially eutectic conposition. The
plating efficiency is generally quite high and wll range up to about 95
percent under optinmum conditions, based upon the theoretical rate of
deposition, and bright deposits of excellent quality can best be produced
at a bath efmmamgouBte@ﬂé@gwsepxweﬂorp@frtb@ﬁﬂ IOHNQéh%tﬁmfll‘ééFa\?c?‘Flfiage shoul d
be about 0.2 to

s a d efer bat hs shoul d
be operated tgtpr% utcg ’rrgil engrta ?gé%ct%eg}%o%,?e%u& fﬁﬂh‘%ﬁm{rﬁe erably from
about 60 to §h fs.cobhghatdtan eh@ésgw: 9O skt terdPerkiit AMHA atoudily higef fi ci ent and
to produce undesirabl e deposits, whereas tenperatures higher 10 WO

03/ 025259 PCT/ USOl/29172 t han about 90 F tend to cause oxidation of the

tinion to esta ni c.stat d .t duc r eneral ly
unaccept e?bl e YBHYE apgn lSf rsgﬁbé; ﬁb?btgm%ﬁé’ g %lfomb&g’%pltsg}ﬂ%t 9an excessi ve
rate at tenpgiod sRRphitat ofl&l c?é'&ﬁ"ﬁlrﬁ dHdatirfy S diehedensified sndlesirable to
obtain high quality, un| form deposits and to avoid devel opnent of sl udge

or film andepipataiures mpy bé ghpromcﬂe/hmonen@mei agdtapen HQV@Yﬁhrat ures may be

i nproved by nore.inten agi tation exces h rates of
agitation ar&CEHYE ]Flﬁgfaée%%gc?ﬁﬁgtéoq%symﬁeéﬁa%lggg‘@us @Sﬁg%ly??gsegonsurrptl on of
the bath andei.gROR&ohkih ﬂiddi“’!ﬁel%l@ﬁnd S linRtioddufdansd &irmt at  whi ch

bri ght ness |%cach| eved. IIg\lot only is ag?)?patl oln ofmt heﬁ)gat h itself desirable
but agi t i odensitics hiewkigh hugbtnmys whidyeddfotainy lslaglt@bxnaifrﬁhm@ath uni form

plate and enl@clsbelltl (Peglraeb)ie g&‘tsalgﬁgugrf of t{;'ee ca{tﬁgc%emg)}c be aetnle mglc %Yalrﬁgé Rent

uniform ﬁlate and enabling extension of the range of satisfactory current

density.

15  The process is adapted to still plating and barrel plating apparatus with equal
efﬁcacy, and may be used for strip, wire and connector strip. Use of the bath
and process is particularly significant with respect to connector strip, printed
circuit boards, and the like because of the excellent solderability of the plate
produced. Filtration of the bath is not essential but will normally be beneficial

20  when contamination of the bath is encountered due to air-borne impurities and
carryover from other finishing operations; preferably, it will be effected on a
continuous basis. Various filtering media may be utilized including fabrics,

such as a polypropylene, and other conventional filtering materials.

25  The depletion of the various components of the bath is best corrected by
analysis for the several components on a periodic basis which can be
established for a given facility. To determine the amounts of stannous salt
required, an iodine titration technique may be used; the lead content may be

checked by precipitation with dilute sulfuric acid. Tin-lead alloys are

11



density. 15 The process is adapted to still plating and barrel plating
apparatus with equal efficacy, and may be used for strip, wire and
connect orwetmsiops2séJse of the bath and process is particul &clysei/gniii cant
Wi th respect to connector strip, printed circuit boards, and the |ike
because of the excellent solderability of the plate produced. Filtration
of the bath is not essential but will normally be beneficial 20 when
contam nation of the bath is encountered due to air-borne inpurities and
carryover fromother finishing operations; preferably, it will be effected
on a conti mjcnﬁ@bbi%nxdemirte:cbiughmkwéqsitmcagda@glmﬁowbam 0.2%@d i ncl udi ng

fabrics, sugh a, pal ypropyl en and ..ot her .convent i | fiLhtering

mat eri al s. fg)wﬂgnaléay%iusﬁ%xfprpﬁég %‘qut%eﬁglrﬁ%f%é%gr%y lsd%(r)gf%o%c{?gb%eat h is best
corrected byfnighaldsitast materihlN6r SPMEHAAL re@RAONENt S Oon a periodic basis which
can be established for a given facility. To determ ne the anounts of

stannous salt required, an iodine titration technique nay be used; the

| ead tent hecked b i pitati ith dil | furi id.
Tt oad a1 AR uedidhe BreGH" Giyrateb ebérh Ciapfirestley o e Bl ot 1 3°
deposi ted i nubRifkdngssaR és%ﬁﬁ&?'ofmtég@ﬂ% Bigefifs ORdapediticllydntige about 2 mils

when used in printed and other circuitry to provide a solderable finish, a
contact mat egleatoplatingaf thetsokdgnbumps orsurslat bursp metahlgrgytfor fiw ¢ghiksent i nventi on
has gener al l.icability in .the fie|ld, of uf act uring.and assenbly of
i nt egr at ed Cﬁ?@g?{lgq‘tergﬂa&gbggﬁ f9 l&%\‘?‘i?_rﬁt‘??dtthg&ﬂ%l’rgﬁﬁ# BB’Iegttl?I?ﬂj aﬁsp the sol der
bunps or  undgs,BAKTR fRia Wit a8y efelfrofihtiny sphRtusehe pdckssAh wHigler connect, i t
is to be understood that the present invéntion is also applicable for use
wi th anylCel emthievpigad unitprayypatingt thiskaesd ipdesived AAlthoughhthelanode asdiservi ng a
uni form platjing thickness is desired. Althoua%h Eh? gnod as been

heréin described has a anode, it also find use as any electrode such as a

cathode.

While the present invention has been particularly shown and described with

15  reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be to interpreted to cover the disclosed embodiment, those
alternatives which have been discussed above and all equivalents thereto.

20
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herein descri bed has a anode, it also find use as any el ectrode such as a
cat hode. While the present invention has been particularly shown and

descri bedweioBl2s2ib reference to preferred enbodi nents, it perlusobeoireadi |y
appreci ated by those of ordinary skill in the art that various changes and
nodi fications may be nmade w thout departing fromthe spirit and scope of
the invention. It is intended that the clains be to interpreted to cover

t he di scl osed enbodi nent, those alternatives which have been di scussed
above and all equivalents thereto. 20 12 WD 03/ 025259 PCT/ US01/ 29172 What
is clainmed is: 1. An anode conprising a shaped, substantially solid, netal
body; a net ode shaft having one or nore barbs projecting
outwardly fr agsck. fPfery of the shaft at one end of the shaft; the one
or nore barbs being fixed wthin the body. 2. The anode of claim1 wherein
the shaft conprises a plurality of barbs which 10 are fixed within the
body. 3. Thel. a%mtmdefcompeiisingmShmdeﬁiumtam@lbmelithrmq:t@lrt@dbaa tystahre fi xed

wthint q %’ﬂ fﬁf\ Qé;the bod?é roun gne orf nore barbs. 15 4.
The anode® of SR ha e TG PEoS AT G BHEHE TR &1 de-of t he body
I's absent %er%%@sof the shhft&it a&p@h@ ShSiRbMnt oA eF flofe 64285 R fieQPr i ses

tin, |ead, coppe al um num silver, bisnuth, indium antinony, tin-I|ead
al | oy, tin-swithiarthebpher 20 alloy, silver-bisnmuth alloy, or conbinations
thereof. 6. The anode of claim|l wherein the body conprises from about 0%
to about

2. The anode of claim 1 wherein the shaft comprises a plurality of barbs which

10 are fixed within the body.

3. The anode of claim 1 wherein the one or more barbs are fixed within the

body by casting the body around the one or more barbs.

15 4. The anode of claim 1 wherein the portion of the shaft outside of the body is

absent of barbs.

5. The anode of claim 1 wherein the body comprises tin, lead, copper,
aluminum, silver, bismuth, indium, antimony, tin-lead alloy, tin-silver-copper

20 alloy, silver-bismuth alloy, or combinations thereof.

6. The anode of claim 1 wherein the body comprises from about 0% to about

100% tin and from about 0% to about 100% lead.

25 7. The anode of claim 1 wherein the body comprises from about 5% to about

63% tin and from about 37% to about 95% lead.

8. The anode of claim 1 wherein the shaft and one or more barbs comprise
titanium, copper, silver, platinum, tantalum, stainless steel, gold or

30 combinations thereof.

13



100% tin and from about 0% to about 100% | ead. 25 7. The anode of claiml
wherein the body conprises fromabout 5% to about 63%tin and from about
37% t o abwoto3P29%59 ead. 8. The anode of claim| wherein thecshasbizand one or
nore barbs conprise titanium copper, silver, platinum tantalum
stainless steel, gold or 30 conbinations thereof. 13 WO 03/025259

PCT/ US01/ 29172 9. The anode of claim 1l wherein the shaft and one or nore
barbs conprise nickel plated titanium 5 10. The anode of claiml
conprising a plurality of barbs projecting outwardly from a periphery of
the shaft at one end of the shaft, said barbs being fixed wthin the body

and wherein body c rises fro bout 5% t % ti.n and from
about 37%to§'21§18@f1°é%9}?‘i%e{§dfw§%r 0 e?}éaﬁ dhoeneé) a ?gggﬁgggonﬁép%grg nor e bar bs
conpri se ni cigekel PladEghahiuirani um 10 11. The anode of claim 1 wherein the
body has a solid rectangul ar, square, circular, oval, trapezoidal,
triangular, ring or irregular shape, and either with or wthout apertures
t herei n.

15 A i Sl h d,
substant iar 1 0 SARAR ARG ey MRy B ROE Ml ® 13T

anode of cl afrhinkZeipABHyiof tHeGhaft ABsrR endlof i shER, salibbdrbsemdixeane or  nore
barbs projecting outwardly from a peri phery of the shaft at one end of the

20 shaft, a withwttherbody angd veheirgin therhodsicomprisesdeosm abaup Otdtorabeutddibs. 14. A
et o Lo PERSSELTR RuCIPED DO i B! BB
more barbs comprise nickel plated titanium.
10
11. The anode of claim 1 wherein the body has a solid rectangular, square,

circular, oval, trapezoidal, triangular, ring or irregular shape, and either with or

without apertures therein.

15 12. An anode comprising a metal electrode shaft and a shaped, substantially

solid metal body cast around one end of the shaft.

13. The anode of claim 12 comprising a metal electrode shaft having one or
more barbs projecting outwardly from a periphery of the shaft at one end of the

20  shaft, a substantially solid, metal body cast around the barbs.

14. A method for producing an anode which comprises:
a) providing a metal electrode shaft having one or more barbs projecting
outwardly from a periphery of the shaft at one end of the shaft;
25  b) providing a shaped, substantially solid, metal body;
¢) fixing the one or more barbs throﬁgh the metal body.

15. The method of claim 14 comprising a plurality of barbs projecting
outwardly from a periphery of the shaft at one end of the shaft, said barbs

14



outwardly froma periphery of the shaft at one end of the shaft; 25 b)
provi di ng a shaped, substantially solid, netal body; c¢) fixing the one or
nor e bar bwotobeszgh t he netal body. 15. The nmet hod of cl ai mcTAISoopqar: si ng a
plurality of barbs projecting outwardly froma periphery of the shaft at
one end of the shaft, said barbs 14 WO 03/025259 PCT/ US01/ 29172 being
fixed within the body and wherein the body conprises fromabout 5%to
about 63%tin and from about 37%to about 95% | ead; and mherein t he shaft
and one or nore barbs,congblse ni ckel plated titanium 16. A nethod for

pr oduci ng anb%l‘r*ﬁ)ﬁéedmlﬂéiﬁ bastyiagd gvherey tfﬁ?r"@@}’éﬁnﬁg“?ésﬁ@flh@bo& é@tPode shaft;
b) casting g‘f Bfﬂ tliﬁea%'ﬁlfro% ML MG, ﬁﬂ&t%% lggd %nﬁ‘%g?e'}gtth‘é%ﬂ%ﬁ ng the

mol ten net rman anode conp

envel opi ng Szaidobnee;mdqc@é birbe cahpiide; mcaaeﬂplmdci)taxﬁmbsequent ly renovi ng t he
anode fromthe nold. 17. The net hod of claim 16 which conprises: a)
providing a netal el ectrode shaft pl aci ng one end of the el ectrode

into a f|5xt ufbeAn% th%b fngﬁ‘ghu ohé(wc}} C%cf)%ﬂ‘g’“ts e end of the el ectrode

V\nthlntheflxturglnto 'ng a nolten metal into the

casting nol da)a}ﬂ@w&h@alrﬂ@alté]&tﬂmkmﬁmt metal to thus form an anode conprising
a solid netal body envel oping said end of the shaft; and 20 f)

subsequent | ybaaiing sigolteremaisbaeurd onf eeolites thaft and codting themedanof cl ai m 16
whi ch conpri g MER to thus form an anode comprising a solid metal body enveloping said

end of the shaft; and

10 c) subsequently removing the anode from the mold.

17. The method of claim 16 which comprises:
a) providing a metal electrode shaft;
b) placing one end of the electrode into a fixture;

15  c¢) placing the fixture and the end of the electrode within the fixture into a
casting mold;
d) casting a molten metal into the casting mold and cooling the molten metal
to thus form an anode comprising a solid metal body enveloping said end of
the shaft; and

20  f) subsequently removing the anode from the mold.

18. The method of claim 16 which comprises:
a) providing a metal electrode shaft;
b) applying a flux composition to one end of the shaft;
25  c¢) placing the flux applied end of the electrode into a fixture;
d) placing the fixture and the flux applied end of the electrode into a casting

mold;

15



a) providing a netal electrode shaft; b) applying a flux conposition to one
end of the shaft; 25 c) placing the flux applied end of the electrode into
a fixturewyodpop2sci ng the fixture and the flux applied enegcefusbheiet ectrode
into a casting nold; 15 WO 03/025259 PCT/US01/29172 e) casting a nolten
metal into the casting nold and cooling the nolten netal to thus form an
anode conprising a solid netal body envel oping the flux applied end of the
shaft; and f) subsequently renoving the anode fromthe nold. 5 19. The

t hod of claim.16 wh in the f | i d of f
Tor 6 bar bs. 15 G088 e s ERIdRy b SoREE poff gy ARG 002 04 o
the shaft, wRiCR Rk af‘?éde%hﬁ)ri@ﬁl"gtélssoﬁﬂ%eftdpwdy Wiveliping the flardpplicl0 20. The

met hod of claim 16 conprising a plurality of barbs projecting outwardly
from a peri ghédoythefshaftendhaft at one end of the shaft, said barbs being
fixed within the body and wherein bqd nprises fromabout 5%to
about 63%tif}15“§’ﬁ%flqefl ANYE ?%Q%r}g%ﬁfg@@adlead; and wherein the shaft
and one @r nore barbs conprise nickel plated titanium 15 21. The anode
produced by the nethod of claim16. 22. The anode produced by the nethod
of claim 17.19. ZBe 2thodlé caimdé virotintedlunapplied enst ofdbe grafidiaaone 18. 24. The
ﬁg? ﬂgdp{)? dgfcggmﬁ%gér%?pr@j’écﬁﬁg ogrwa(%éﬁlfrngniL z? 'perip2h5ei'y (-)rtl}ﬁesna?tda o E%‘dj g d by the

the shaft, which one or more barbs are fixed within the body.

10 20. The method of claim 16 comprising a plurality of barbs projecting
outwardly from a periphery of the shaft at one end of the shaft, said barbs
being fixed within the body and wherein the body comprises from about 5% to
about 63% tin and from about 37% to about 95% lead; and wherein the shaft
and one or more barbs comprise nickel plated titanium.

15
21. The anode produced by the method of claim 16.

22. The anode produced by the method of claim 17.
20  23. The anode produced by the method of claim 18.
24. The anode produced by the method of claim 19.
25. The anode produced by the method of claim 20.
25
26. An electrolytic arrangement which comprises:
a) a vessel containing an electrically conductive fluid; and

b) the anode of claim 1 in the electrically conductive fluid, which anode is

connected to an electric circuit; and

16



25 26. An electrolytic arrangenent which conprises: a) a vessel containing
an electrically conductive fluid; and b) the anode of claim1l in the

el ect ri cawbysoensucti ve fluid, which anode is connected taTarsogb@|eiric
circuit; and 16 WD 03/ 025259 PCT/ US01/29172 <c¢) a cathode in the
electrically conductive fluid, which cathode is connected to an electric
circuit. 27. The electrolytic arrangenent of claim26 wherein the
electrically 5 conductive fluid conprises water and at | east one ionic.
species. 28. The el ectrol yti.c arrangenment .of .cl.ai 6 .wherei.n,t he

el ectricall ) aEﬁhﬂ%‘t"it{}%elF‘FtUF%]g’cC@Hg%i%syggluécﬁ which %?rﬁ]é & d§ qingeted %/Oed from the
anode mat er i gloecrkifdit. The el ectrolytic arrangement of claim 26 wherein

t he cat hode conprises a material selected fromthe group consisting of

sem conductors, ceram cs, silicon and conbinations thereof. 17

27. The electrolytic arrangement of claim 26 wherein the electrically

5  conductive fluid comprises water and at least one ionic species.

28. The electrolytic arrangement of claim 26 wherein the electrically

conductive fluid comprises an ionic species derived from the anode material.

10 29. The electrolytic arrangement of claim 26 wherein the cathode comprises a
material selected from the group consisting of semiconductors, ceramics,

silicon and combinations thereof.
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