;e3eM 7[ 223D4F"5667TI 7DQAJ0 3_MAY 2002 CdNPCSITICN FOR ELECTROPLATI NG
_PALLADI UM ALLOYS AND ELECTROPLATI NG PROCESS USI NG THAT COMPCSI TI ON(ThMaY 2002
application is a continuation-in-part of United States Patent 5

El ectropl ating Pal |l adi um Al l oys And El ectropl ati ng Process Using that
‘ConpOSHASIIOION FoR LIESTROFTRATIING RALDARI UNeAkiQYS AND FESTROPLATINGORROEHSSt BSINGO
baths for the electroplating of %i % QVs, and I1n particular to the
deposition of iron and cobalt al fumin a 15 Electroplating is
a well known process for providing a coating upon a abrasion) or diffusion;
or to i nprREEERENOEI TORELATEDSAPAEICHTIONY. In the i ensure | ow

resi stance, noise free contacts which are reliable over tinme even REFERENCE
TO RELATED APPLTIG& EpPhicAtign iscatomtinuadionah-pdrt oDBhidd Sdies Patepd May 10,
1996 entitled "Conposition for BACKGROUND OF THE I NVENTION 1. Field of the
| nvent i on Appliedtion Genial Nes 081644134 3, filed Mays10ht936 entitle® ! CBepositian for of

Rel ated Art substrate to enhance its appearance; to inprove its resistance
t o cotdr osibdectreplating Gailladiunmdlieys AnddrlectroplatingtRiocess Usirigethatused as
contact materials to 20 under severe environnental conditions which would
degr ade néiamposition,” 2y the sasme dventwrs heseinhei r cost, precious nmetals are
used only where their desirable properties of corrosion resistance or
bondability are needed, and el ectroplating has proven to be an efficient

process t%ApégéiRdc?Uﬁchr,g{,ﬂbllmEam)w}& of a deposit onto a specified area.

1. Field of the Invention

10 This invention relates to baths for the electroplating of palladium alloys,
and in particular to the deposition of iron and cobalt alloys of palladium in a

mixed ligand system and a process therefore.

2. Description of Related Art

15 Electroplating is a well known process for providing a coating upon a
substrate to enhance its appearance; to improve its resistance to corrosion,
abrasion, or diffusion; or to improve and maintain its solderability. In the
electronics industry, precious metals have been used as contact materials to
ensure low resistance, noise free contacts which are reliable over time even

20 under severe environmental conditions which would degrade metals such as
copper. Due to their cost, precious metals are used only where their desirable
properties of corrosion resistance or bondability are needed, and electroplating

has proven to be an efficient process to provide a controlled amount of a deposit

onto a specified area.
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2 , 03 MAY 2002 There are al ways pressures to reduce cost, so palladiumis
often substituted for gold plating. For @onnectors and contacts, 3 AX2M2~
control |l ed degree of hardness and wear resistance is also needed tg ensure
reliabl e operation over many cycles. The base netal is typically copper or
beryl lium copper alloy, Wiich 5 is first plated with 30 to 100 nicroi nches
of nickel to Iimt pinholes and corrosion. Palladium has been plated over

ni ckel to provide a | ow contact resistance , but palladiumalone is

relatively soft . EF EYatl ons b 33 ROy %C es of Icannect O@ operati on
are ant ol pated. Thare B sl REeRUE P|8§ e Epeh3epaliRgimiamtet o t]ne
u§2°ibtx?£‘a¢¥ﬁé€eﬁ§e§§ﬁi€@htt ForsRhE¥iers AHR el Sonu BT HE B0t ="
gﬁﬁét [ enperdnesh é“?t% e“%‘ﬁ%"{:é* KA ﬁ%@%ﬁr?%“ﬁg%@%ﬁ oPEaBR
oot st ance BT Bemaol™s ERanT TPl ep AR oo Ca e B agar G iR

al | er geni Crsmrgpﬁléiéd?ﬁrrt}‘\’@c% #00 Afitrolohe’ oY rﬁ@(e‘t‘?é‘ﬁmrtsﬂnﬁmés%ﬁi &rrosion.
pal | adi um ni ckel alloys may be restricted in sone decorative applications.

Consequent pPyiladiDAT Ragbeen pratedAviep Micketo\Biciiide b 1bw dbptsctdesistanRiee b pl ate
pal I adi umiron or palladiumcobalt to increase the hardness of t he deposi t,

i mprove t healtpdilimt slonems redhtivily sbf inlappicdtionsdvherunany icyclels| affogemiector
effects. 20 For exanple, U S. Patent 4,242,6 180 given to Heppner et al.

di scl oses epgrationsareandicipaded.i Aspai[adh)mtriidgel ladlop snaskases thepbaidnesaldfdde um
and pal |l adium all oys. The palladiumis present as a diglycinate palladium
I conpl exdepesihgndimpravestwearabilly. akloweyes suality rpntegl mgasiyestofteThusaat h
can al so cont a| n 25 conductl ng salts, huffer reagents ..and conmpl exi ng
agent 30 suckrray fluorpsgence/ie ztﬁm@@mﬁﬁh@me&m @%‘PPQ&'&'@thf@%TQP'%‘ieS
nitril otrlgcetl c acid for conrt)l exi n ium netatwl c,inmpurities,

surface ac PV@‘%’GH&?'&%&%Q’G ?ﬁ@"l ¥ 8 9N P\r/‘EH’ @ oyi ng
Aomon a. PR RPIRGE 148 P ol E e R@é%ﬁgg'?r?ﬁgagﬁgéa%’é mets Blir e by

and. Jaonon t%etfatr#sé@éﬁt by YRlerhid e BarodionesistandPond Behtaef, 00
work, pal | agbdmcopmetn |§téooy§nwa<e¢apébsuaé§dnér@eﬁrb BropRAied Whlchdffect

el ectrolyte 10 contai n| ng palladiumin the form of [Pd(NH3)4]Cl2. Ammoni um
chl orsle ag¥he persons, so the use of palladium-nickel alloys may be restricted in some
decorative applications. Consequently, there are applications in which it is more
desirable to plate palladium-iron or palladium-cobalt to increase the hardness of
r the deposit, improve the quality control of the deposit and reduce its allergenic
effects.
20
For example, U. S. Patent 4,242,180 given to Heppner et al. discloses a
process and a series of plating baths which deposit palladium and palladium
alloys. The palladium is present as a diglycinate palladium {I complex, using

aminoacetic acid as the sole complexing agent. The bath can also contain

25 conducting salts, buffer reagents, and complexing agents such as



sodi um hydr oxi de were added to adj ust the pHto a value of 10. Cobalt was
added in the formof [Co(NH3)6]Cl2. The wear resistance and internal _str
"of the Pd-Co alloy increased sharply with the increase of the concehd Mh m
of cobalt in the bath. In the latter work, cobalt in the formof a
"pyrophosphat e conpl ex 15 derived from KGCo( P207) 02 was used to | ower the
internal stress in the alloy of the fornmer work. The pyrophosphate

el ectrolyte nore efficiently wets the cathode surface and increases the
current yiethyleoediaminettetrpactéltie adeposnitslotraratie atid for aothpiexiagaeropst al | i ne
above a current density of 1 A/dnR2. The recommended bath al so incl udes

pot assi um pailadjlro spétatlie, imgpunities usoridcechdtive sldystamce sammbime like.c Batres with These
baths were used to study the nechanical properties of the deposits for

vari ous pldasscnige@aﬂdymgmnmjsucnmey niekel, dsilver, dirid ¢cehalt areoginen tyavay oh a
production environnent because they operate in a narrow range of pH and | ow
current des¥dnegle. 4 0 3 MAY 2001 Accordingly, there is a need in the art
for a palladiumalloy plating bath and process which provides bright,
adhereht, and ductil e deposits which are hydrogen-free and are both

cnouch Lydzgsgfén%;é#%s\%ﬁ%'g: ol e antpibgsh el Blcs
'n reel -tol Eealraeda%”‘*n”ﬂ nzasheaetePLPar 8. Ropi. . %?é-ﬁpgtﬁﬁéﬁéﬁﬁé‘t ica
barr ol pl A4S BE AVEERGKEV 7 et BrRE: R R L PLA T e ¢ 12
desi rabl e eqé?%%ﬁﬁﬂéof&%npams §er€ AR e A AR Gol i e@etrwéh ey enpl oy

a 10 nick arrier over base yet not interfere wth'x-ray

f 1 uor gy cenctsinild bana‘dmr}hnﬁlthenﬂrﬁvbfeﬁad(ﬁmwzolmhﬁnhmwmrm ah@ pr esent

invention relates to the electroplating of palladiumalloys in a 15 m xed

| i gand sysdcgdiumAnyidroxsitie weraratidepetoaddigstithefpH to a vaiuebex0.oCobalt W um and a
second ligand functions to forma conplex of another alloying netal and to

bring the aided indhedormef {@d(Nii3)6)Cl20t Bne welas resistameearidoiptergahstress ahd t he
pal I adi um cl oser together relative to the alloying netal electroplatin

reduct i on thetRehCoadl %dcﬁ%egeﬁ?ﬂaﬁmvmmw@cmmﬁﬂsﬁ(Pfriberc@dmemfémlp)@f éﬁbﬁ'gl in
t he presence of 20 the first gand al one. Pall adiumand the allo nmet al

t hus exi stindke @éﬂtl Bythe 'ﬁ/ﬁ?hw@m feobaltin the frmipka Pyrprhesphate ep ?’bpl ating
Lgdiuﬁtslc ﬁg cBerrtyeggi ﬁféé@&%‘})\ﬁadg%ﬁlaé%ﬁ%% Ctlarot Re lnterﬁﬁts %rss ?ﬂe a*]o%/’ \Poul d
the former work. The pyrophosphate electrolyte more efficiently wets the
cathode surface and increases the current yield of the alloy. The deposits
became dull and more crystalline above a current density of 1 A/dm2. The
recommended bath also includes potassium pyrophosphate, ammonium

20  chloride, and ammonium citrate. These baths were used to study the
mechanical properties of the deposits for various plating conditions but they
would be difﬁcdlt to maintain in a production environment because they operate

in a narrow range of pH and low current density.



5 consistent stable alloy conposition rarfging from10%to 95% pal | adiumis
U ~ MAY 2002 acconplished in a wide range of current densities. The b%@Q h@
anenabl e to high or slow speed plating operations. 5 Anmonia or org&ﬁi 1
am nes are used as ligands for the palladium conplex. The second |igand may
be selected fromthe group consisting of nmono-, di-, and tetra-carboxylic
aci ds which include acetic, malonic, glutaric, and

et hyl enedi am ne- %ﬁ@'@ﬁﬁ{' itﬁer@ﬁ?ﬂﬁindtﬁe arfordy bgﬁémgmr@f@{plgﬁw’?g& to

harden the plate Rus "provi g 1 ncreased " wear res ance

el ectrical T | £ di éf@ﬁbﬁ bal g [T will

serve ![O haarq-glgé{%%[g??ﬁ%hnp he g’i@@' gggcri t’e gp@%‘”% daef gg&grﬁwg?a%ausg

th b Feal ' f | trial
ey are bajarsdiiedldny aehathieniehtacd tlecitichBhiicAYablel Ofnd BANPL 1 @

applicatio _ ey may be operated over range ~catho current
densities rgpkuRPalsBal vershfia!l ehduyh dEpdsita farfje 6ﬁ§llbypé&}ﬁb8§ti89§?é‘ﬁ%jﬁgs-
Al l oys containing from 10 to 95 percent 15 palladium nmay be deposite rom

these Bat hgrorh 109k €0 88%WOEAINRIIMAING be anteretiié & bebhigh dpeddnslatthy WHiBEis
metal . In another enbodi nrent of the invention, iron is the alloying netal.

| n al t er natenceunteredimesdidoatek piating opptatioms whicheme dypicalhsfdplatimgr iri di um
is the alloying metal. 20 A process is described for the deposition of
t hese | ayerdectricl ddnadtienaew Epeed plating operationstwiniob aneéxethpdifieddes of
the invention will be better _ ) ' N
rack or barrel plating operations for decorative articles. Additionally, it is
desirable to keep the present contact/connector technology which may employ a
10 nickel barrier over a base metal yet not interfere with x-ray fluorescence quality

control measures.

SUMMARY OF THE INVENTION

The present invention relates to the electroplating of palladium alloys in a
15 mixed ligand system. A first ligand operates to form a complex of palladium and
a second ligand functions to form a complex of another alloying metal and to
bring the electroplating reduction potentials of the alloying metal and the
palladium closer together relative to the alloying metal electroplating reduction
potential and the palladium electroplating reduction potential in the presence of
20  the first ligand alone.
Palladium and the alloying metal thus exist as complexes with different

structures. Since the electroplating reduction potentials of the two metals are

closer together than they would be in the presence the first ligand alone, a



understood wi th consideration of the follkow ng detail ed description of the
preferred enbodi nents. DETAI LED DESCRI PTFTON OF THE PREFERRED EI\/BCD{) W%U@
In order to provide a palladiumplating bath which results in stab

pal | adi um al | oy deposition over a wi de range of current densities, the
‘present invention enploys a mxed |ligand system conprising at |least a first
| igand to conpl ex the palladiumand a second |igand to conplex a selected
al | oyi ng bash netal. The alloying base netal is used to harden the

pal | adi um gemsisient k&ibld Allbyebaieiiontangmsireinall™® tbr95% PpRESEHIRM is
applications and also to |ower the cost in other applications such as

corrosi on pecdraplished iora dédorarige/ef appntadnsities. Theebagcisramenstsigdoitigh
chosen to bring the plating potential of the selected alloying base netal
and the pl et slow speexhplatingadpepatidoresdi um cl oser toget her than they woul d be
in the presence of the first ligand al one. By way of exanple, the base 15
nmetal nay be at |east one of the followng: iron (Fe), cobalt (Co),

rut hengum (Ru), i g 4.0l Ly )e i } i netals, for
exarrplse, iron aﬁ%%b@ﬁ{&@%p%nﬂgg{eﬁzgalrgprnrs%gu%sehé%#sgftogéﬁ%b%“%@g%i ts of

pal | adium nmetal in_known el ectropl ating bat hs such as 20 those which are
Sui tabl e femRlexeThe vacand gand maydhe Belectad Fercied PHPMBSEEgiafal
properties of cobalt and nickel. For exanple, even though nickel and C3
MAY 200Z cebabt, dif, earteietiabearboxylic adies pdvictottichudendtetic, nhalonicpglutarnid,issd and
the structure of their conplexes are different. Nickel has a stable

oxi dat i on étbgfe%eﬁ%mm-ﬂe?raﬁegﬁé gagg}(ﬁﬂ%ddé? f'ﬂﬁé?ﬂd@n&ﬁéﬁi isU et B! fsrdefi2, 2N

+3 which co-exist 1n the platin Ni ckel forns anar conpl exes with

oordi nation r 4 whil |t for : :
coordi atlt%e pqg{é%elayerthds p%o?no u?g ltncré)asrésd wear resistance for electrical contacts.

10  The addition of any base metal from Group VIil will serve to harden palladium.
The baths described herein are useful because they are both chemically and
electrochemically stable enough for industrial applications and they may be
operated over a wide range of cathode current densities making them suitable
for continuous or rack plating operations. Alloys containing from 10 to 95 percent

15  palladium may be deposited from these baths.

In one embodiment of the invention cobalit is the alloying metal.

In another embodiment of the invention, iron is the alloying metal.

In alternative embodiments of the invention, ruthenium, rhodium or iridium
is the alloying metal.

20 A process is described for the deposition of these layers.



5 preferably octahedral conplexes with codrdi nation number 6. Nickel has a
"strong affinity for nitrogen containing |igands and cobalt binds favor&b,}ﬁiZ
to oxygen containing |igands. These different binding affinities d8 e
the major differences in designing electroplating chem stries for

‘pal | adi unt ni ckel and pal | adi um cobalt all oy deposition. 10 To design an

I nproved el ectroplating.,bath,. the electroplatin duction potentials of
certain netals %’P%S%éﬂgﬁ’i’%ref&aﬂveé%’f’i%ﬂo@&?ﬁ%ﬁﬁ%{* ¢ 'B}ﬁe@tf%Pgli”aQ? bﬁH\ESI

el ectrode usi ng ammoni a/ anmoni um sul fate m xture at pH 8.0 as a background
el ect r ol yt eunderetquat with icansidefatiamneofitheifollowingrdetailedwvdescripdiosi afehed 15

el ectropl ating reduction potentials. Cyclic voltammetry was enpl oyed to

measur e t he,gksiedd BpiRIdiM@ntseduction potentials of palladiumand nickel in
an aqueous ammoni a/ anmoni um Pd/ Ni al |l oy el ectropl ati ng system before and

flret |1 gande INCER e SERIPTICRIOE S PREFEs R FlnOBIENTS ) O 25y ™

AJ

nickel were initially 20 determined in the pré;gnt of the first ligand
al one. Next, cyclnierdesta pravide ¢ paladism PRfieg hath adiieh nesidtstinestable
el ectrodeposition reduction potentials of palladium 8 , U S MAV 2002 and

ni ckel in tdmlaammrzina&mbsitiumd%@ruwi@blrramgelcﬁfzmrr@maéhgiﬁesyﬁ]b?r’eaéh?r the
addi ti on of one of severs! second |igands. Again, amonia acted as the

el cat r opt at I BBy s HFATF g & CAP M Bfing et it oand o

ammoni a/ anmoni um Pd/ Co al | oy el ect rogl(ﬂ,i nrg; sg/st en] before and after the
addi tion ofcopmlesithe pallagiun and a second ligand to complex a selected alloying basg

metal. The alloying base metal is used to harden the palladium deposit for
10 increased wear resistance in connector applications and also to lower the cost in
other applications such as corrosion protection or decorative applications. The
second ligand is chosen to bring the plating potential of the selected alloying
base metal and the plating potential of palladium closer together than they
would be in the presence of the first ligand alone. By way of example, the base
15 metal may be at least one of the following: iron (Fe), cobalt (Co), ruthenium (Ru),

rhodium (Rh) and iridium (Ir).

Certain alloying metals, for example, iron and cobait, often do not produce
satisfactory debosits of palladium metal in known electroplating baths such as
20 those which are suitable for nickel. This is based on the difference in the

chemical properties of cobalt and nickel. For example, even though nickel and



di fferent second |igands. Ammnia acted ds the first ligand. The

el ectroplating reduction potentials of palladiumand cobalt were initially
determined in the 10 present of the first |igand al one. Next, cycl(i¥xMAY 2002
voltammetry was enpl oyed to determ ne the el ectrodeposition reduction
‘potential of palladiumand cobalt in the sane ammoni a/ ammoni um Pd/ Ni al | oy
el ectropl ating,systemafter the addj.ti of one of several second |igands.
Agai . Bt 31 BE1AkDorRin fhe ReI9qiG iakle. Y RraRgities anddng sidietire abol e 1
15 TABLE 1 EFFECT OF THE ADDI TION OF A SECOND LI GAND ON THE DEPCSI TI ON
POTENTI AL ttreinedmpiexe axil diffenent. Aliskaithd sUv/is BT Bkidatio SEQRINE-2, | WaANDbIEH Tt
"Acetic AcidMvalonic Acid@utaric AcidGtric

Aci dE( Pd) / (<)t I i e 3 - SE( Pd
PE(Co) 0 of GRoRRgME RS ale g e dT v ey Sa st M e e

SECOND T i Oxal i EDA* YCl NE. EDTA* * .9 0 3, MA Q0Zz
T CANDac; (RIS RERET CamBlaxes Wit Soakiinatiof Ry 8T 4 wigls eptslf formss. o, og
-1. 05E( Pd)/ E( CO) -0.91-0.86-0.91-0.86-0.91-0.86-0.91-0.86-0.91-0. 86

Deposi §i onprefetatly ontahedsal camplexes withveaordimation nembEred Nickeldvasca istnong
potential for palladiumE(N) = reduction potential for nickel 5 E(Co) =

reduction aﬁihﬂgtfbahitrfo@@nmﬂéihidg | sedifd SbdIt Bipd's Tawrsralyeicodigain ne

tetra-acetate Both nickel and cobalt, if plated froma non-conplexi ng
system arEontaining ligands. These different binding affinities determine the major

differences in designing electroplating chemistries for palladium/nickel and
palladium/cobalt alloy deposition.

10

To design an improved electroplating bath, the electroplating reduction

potentials of certain metals were determined by cyclic voltammetry on the
stationary electrode using ammonia/ammonium sulfate mixture at pH 8.0 as a
background electrolyte. The potentials of the maximum current were considered

15 electroplating reduction potentials. Cyclic voltammetry was employed to
measure the electroplating reduction potentials of palladium and nickel in an
aqueous ammonia/ammonium Pd/Ni alloy electroplating system before and after
the addition of one of several second ligands. Ammonia acted as the first ligand.
The electroplating reduction potentials of palladium and nickel were initially

20  determined in the present of the first ligand alone. Next, cyclic voitammetry was

employed to determine the electrodeposition reduction potentials of palladium



10 deposited at nore anodic potentials than palladium resulting in a
deposit rich in the alloying netal and pgpor in palladium To deposit the
~pal I adi um ni ckel or pall adi unf cobalt alloys, one needs to bring thg s MAY 2002
reduction (plating) potential of the alloying base netal closer to that of
pal | adium The nost common way of doing this is by binding the base
alloying netal which is deposited at the nore anodic 15 potential into
conpl exes and thus, noving the reduction potential of that netal in a

negative, drRBAicRBPA thedmehicdammdhitmMer &ns ealiy dlattrasiating By Steth aRkl te
pl ating, ammonia is nost commonly the ligand for both the palladiumand the

ni ckel an OV L& ] In_a_w.de range
of curren%l Gg{e'tﬁl)as/'? ? fégé Q?tﬁgp%)%rl gélr:é)';(%ﬁganrg%;}jga#h' Bﬁgﬁ%m'lep’oa&ttﬁgﬁsg@e@éﬁter m ned
by the ratio of limting current for both netals and ultimately by the
concent r ati@8Adof metals in solution. Addition of a second 10 U ~ MAY 2002
oxygen containing ligand such as acetate, citrate, etc. does not affect the
pl ati ng pararneters and all oy deposition, as can be seen in Table i above.
Unli ke, nickel, cobalt does not form strong conplexes with ammonia and 5 in
a pal |l adi um cobal t| anmoni a system cobalt is plated preferably producing a
cobal t5rich all C(yycﬂiaoboatahﬂﬁeﬁymarsi@hbl@?eanotnlin@aalréque@miléti@ over the
current density range. As can be seen from Table 1, addition of

oxygen- con¢dictiorgpoiendiatisofpatiadasm arduobaltiic ancammdri@baairheniugn PHACHC,
etc.), which formstrong conplexes wwth cobalt, allows one to bring the
cobal t el edoy @eciropiating dysterobefote pod after the additiohefeinectfrsgvieasnl ng
reduction potential for palladiumcloser to one another_than the?/ were when
no second diffejentiseeend igrndssAnmonia deted asutberfirst ligans. dinefeJectroplating

pal | adi umré: l?c?tlotn S‘ét'e% ialoée fopsailltaidﬁjr;h a-g ucsb’baﬂruérléeinitially determined in the
10 present of the first ligand alone. Next, cyclic voltammetry was employed to
determine the electrodeposition reduction potential of palladium and cobalt in the
same ammonia/ammonium Pd/Ni alloy electroplating system after the addition

of one of several second ligands. Again, ammonia acted as the first ligand. The

results are given in Table 1

15
TABLE 1
EFFECT OF THE ADDITION OF A SECOND LIGAND ON THE DEPOSITION
POTENTIAL OF METALS IN AN AMMONIA/JAMMONIUM SYSTEM
20
SECOND NONE Acetic Acid | Malonic Glutaric Citric Acid
LIGAND ’ Acid Acid
E(Pd)/E(Ni) |-0.98/-1.05 |-0.98/-1.05 |-0.98/-1.05 | -0.98/-1.05 | -0.98/-1.05
E(Pd)/E(Co) | -0.95/-0.70 |-0.9/-0.86 |{-0.9/-0.88 |-0.9/-0.86 |-0.9/-0.86
TABLE 1 (con’t)
| SECOND Tartaric Oxalic | EDA* | GLYCINE | EDTA** |




pal | adi um ni ckel plating sol utions wher e ammonia is the |i gand for both

netal s and addition of other conplexing systems is used nerely to 'quJMM/@UZ
the 15 conductivity of the solution, in the case of a palladiun coba

all oy, the mxed ligand systemis a superior solution for a plating bath.
‘I'n summary, Table 1 shows that, in an ammoni a/ammoni um system t he

el ect r opl gt ecuctot tenttat pattadronmrand—ricketr—tp—a—Pa N
pl ati ng b D t a'd.}d: Ahnrﬁgaenr\tknd I g:\nrl s-—added t the bath

whil e the| potentialsj of pal I ad um and cobalt in a Rd/Co el ectyoplating bath
do get clios@Rd){bdN) h eh0ber thBH/-1:0§anc3 98-4.0xdded. 484-1.06% 4t B8/-TI086
cobalt electroplating potentials nove D 3 MAY 2002 in a negptive |ess
anodi ¢ di I egbd)pEeC Y- 9e0y-6.88t al i 9gp ldegands cpbeayenenallo/sgui  aPbLo a6
Speci fi ¢ examgtesof surtabteTTyganmds—TTctude, but—arenot—+tmted—to6;

carboxylic acidg

der| sareesvestilnc\potas acetate, citrate, malonic
t ?ﬁ é& d, oxalic acid, glycine and
rn ui er it will be understood by the
1t

acid, glutaric ﬁjorb'e? ﬁt'

. . tlon 0
et hyl ene diamn i d“
artisap that th ﬁd}d %s) one second ligand is contenpl ated by
t he disclosure ge ctﬁem cal reactions describing the formation of
pal | adi um and bas_;eh féﬁéﬂamﬁg }a%g@teare shown bel ow. 10 PdA + NH3 (excess) _
[ PA(NH3) 4] A + NH3 (yexcess In equation (1), NH3 can be repl aced by
organic am nes. 15 MA + L" (excess) [ MLx] 2- x" +L"' (excess) +A2' (2) In

equations (1 ) and (.2) the, ani p1beasu|fat halide (FI, C, Br,
1), 20 nitrate, gﬂﬁ?&'ﬁ'F% ghand.c@ r}éﬂqg "(A\erﬂj%é FRIP& BPN-SEMPBIRNNE SYSIER @& i on (2),
Mis an alloying base netal) and nore particularly, one selected fromthe
gr oupl@onsdepiasitgdadt morenanantio plotentials thani patadiurodieswitingdin a deposit rich in
the alloying metal and poor in palladium. To deposit the palladium/nickel or
palladium/cobalt alloys, one needs to bring the reduction (plating) potential of the
alloying base metal closer to that of palladium. The most common way of doing
this is by binding the base alloying metal which is deposited at the more anodic

15 potential into complexes and thus, moving the reduction potential of that metal

in a negative, less anodic direction.

In the case of palladium/nickel alloy plating, ammonia is most commonly
the ligand for both the palladium and the nickel and provides a stable alloy
20  composition if plated in a wide range of current densities. The percent of metals
in the alloy may be determined by the ratio of limiting current for both metals and

ultimately by the concentration of metals in solution. Addition of a second



I ridium 12 U 3 MAY 2002 ammonia is the&ligand for palladium and, L-is
the ligand for the alloying base netal which |igand may be sel ect enganm
the group consisting of mono-, di-, and tetra-carboxylic acids connonly
known as acetic, malonic, gl ut aric, or ethylenediam ne-tetraacetic acids.
“The 5 concentration of the ligand in the bath depends upon the
concentration of the alloying base netal salt in the bath. It is

advant ageo@¥Y9€n CRBtaiIAg é'ﬁ?ﬂgtﬁll@ﬁ st agaiata, icHeae, ¢ts. does vat affepktheapiating
greater than the concentration of the base netal salt in the bath. The

al | oyi ng basesmeterb spanslRYtdeidsitibnd egarathshepeen IMTabld PypeQaposi tion to be
deposited (10%to 95% Pd by weight). In one enbodi nent of 10 the present

i nvention, the concentration of the alloying base netal salt is about 0.01
to about 1 notes per liter and the concentration of the second ligand is
about 0.04 to am,i( 2 nples per liter g?fd t he concentration of the second

ligand is in excHiiéeohickale cebak 8pes sot %FtrPMCQNW%WBBs?énW@ﬂ@ aBdl t .
15 The bath may be prepared by m xing a selected alloying base netal salt

wi th a5sol ist agallatiunifeobalyantmbniarsysteraf catral( @)platledq)raferably prlueing aati o,
foll owed by the addition of palladiumam no conpl ex. The nol ar

Coane, PRt Sl it V8 v ARy Bl o
Ib;{n ht gtn:joinﬁgn@ghwll’g% \%g gan e250e0e2n F ome'Pahglnce atdrc]ieilo%uc]; oe)Eylgn &5 tg?nlu%g Of the
ligands such as carboxylic acids (malonic, glutaric, etc.), which form strong
complexes with cobalt, allows one to bring the cobalt electroplating reduction
10 potential and the electroplating reduction potential for palladium closer to one
another than they were when no second ligand was added and provide a
superior system for palladium/cobalt alloy deposition. Thus, unlike
palladium/nickel plating solutions where ammonia is the ligand for both metals
and addition of other complexing systems is used merely to improve the
15 conductivity of the solution, in the case of a palladium/cobalt alloy, the mixed

ligand system is a superior solution for a plating bath.

In summary, Table 1 shows that, in an ammonia/ammonium system, the
electroplating reduction potentials of palladium and nickel in a Pd/Ni plating bath
20 do not change when a second ligand is added to the bath while the potentials of
palladium and cobalt in a Pd/Co electroplating bath do get closer together when

certain ligands are added to the bath. The cobalt electroplating potentials move



appropriate and well known reagents suchjjas amoni um salts can be added.
Ammonium salts (typically sulfate, fluoride, chloride, bromde, iodide)
nitrate, nitrite, acetate, phosphate and sul fanate)at a concentrati g MAY 2002
ranging from0.01 M5 to 2.0 Mare used for this purpose. The pH of the
‘bath is adjusted to range from3 to 10 by addi ng ammoni um hydr oxi de or a
strong acid such as H2S04. The tenperature of the bath and typical current
densities are given in the follow ng exanples. The 10 anode naterial nay be
pl at i num oin @Inegative debstanagic difectivre Pixygengoptaiviegdigamdatdre lganesallynvent i ve
bath or solution is used involves the follow ng steps: (a) applying through
t he el ect r optahlen$petific exaroplesof sydabletligapdsaneude Sbutrare riat limitachid,
dependent on the. type of process (e.g. rack or continuous) via a cathode

di sposed i e2mexylit acids @nethRir dafiyativgs Fuchesiasetriei eitrate, dnalenic agidobj ect
whose exposed surface portions are to be plated with a palladiumalloy for
a time suf@utansmecidoclfisaridptansnis agid exalisacd. Qlysine angathylene dapune adi um

?'n'vgﬁf% 3%6{%%?39% Sﬁ-f&{é\%ﬁ@ﬁi}uggﬁmﬁﬁﬁﬁfﬁéa%? %{sﬁ’i_ﬁgg shebi ¢ iﬁ“t
f?ﬁ?ﬂ’eﬁsi reehE She BeEaRa iGod R hiEtbBiad b 3he BRI Refen nvent ?oﬁf’lt %ké’ﬁe
rom the PEREREnUATRLET A MeddiBiAr SUTRRRAEN of sARSELE] SR EEe Tl | oY

fractions aré grven in perc e conce
complexes are shown below:

10 PdA + NH3 (excess) = [Pd(NH3)4]JA + NH3 (excess)
(1)

In equation (1), NH, can be replaced by organic amines.

15

MA + L™(excess) = [MLx]*™ +L™(excess) +A%
(2)
In equations (1) and (2) the anion A may be a sulfate, halide (F!, Cl, Br, 1),

20 nitrate, nitrite, acetate, phosphate or sulfamate.

In equation (2), M is an alloying base metal, and more particularly, one
selected from the group consisting of iron, cobalt, ruthenium, rhodium and

iridium;



are nolar and the abbreviated terns for chem cal synbols are consi stent
with the discussion and definitions above for equations (1) and (2). 15 0
~3 MAY 2002 Exanple 1 An electroplating bath for a 70Pd130Co al | oy fGrMAK il
speed plating which is typical of reel-to-reel type continuous feeding for
"el ectroni c conponents such as connector contacts which are typically nickel
pl ated beryllium copper. This 5 bath produces bright, hydrogen-free ductile
deposits with a Knoop hardness of 550 to 650 KHN50. Approximtely 72
Anp-sec, was applied to the bath to obtain 1 Nmthick deposits. 10

Pd(NH3) 4] CI Z; véremgnial]s theQigg®dMop paladidot, andD. 17 M NH4) Cl 0. 38 Mral oni ¢
acid 0.6 MH7t 0915 Tenperature35 to 65 deg. CCurrent density50 to 700

mAl cn2Exanpl e AR @eaglanarbpiid dlidad bhee nﬁ’etﬁpWNé’hqsﬁé[rgm% eﬁ%%@fﬁdweed

plating which is20 typical for rack nounted article

where[ Pd] ,= 0.19 MC0oSO, ;. .'[.Col,= 0.08,MN 04; 0. 38 | utaric aci do.3 M5

pH8 to 9 TO[8 fﬁ%%%%?ﬁ?ﬂs'@eﬂ %’Bmzf’god’e%ﬁ' P tainiersgoy) @8 OMIBRENy 10 to
100 mA/ cnR 17 Exanple 3 An electroplating bath for a 50Pd/50Co alloy for

hi gh speednomat asgceliRdpalasjcjgiaaric wicetbylepediamineletrmaceticaeids)The [ Co] =

0.35 M5 CH3COO(NH4); 0.2 Mmalonic acid 0.2 M pH 7t09 Tenperature 45 to 65

deg. G CurdopEnftafien oy tHdligendROthedatidepenBs AifdnethéAibreeAFLfiOR bRthég bat h
for a 90Pd/ 10Co all oy for high speed plating(Pd(NH3)4] (NO3)2where [Pd] =

0 32 Vool o e 7 b R RRUAS0A K SRR o e
ligand is at least the same or greater than the concentration of the base metal
salt in the bath. The alloying base metal concentration depends upon the alloy
composition to be deposited (10% to 95% Pd by weight). In one embodiment of
10 the present invention, the concentration of the alloying base metal salt is about
0.01 to about 1 moles per liter and the concentration of the second ligand is

about 0.04 to about 2 moles per liter and the concentration of the second ligand

is in excess of the concentration of the alloying base metal sait.

15 The bath may be prepared by mixing a selected alloying base metal salt
with a solution of the ligand from equation (2) in a stoichiometric ratio, followed
by the addition of palladium-amino complex. The molar concentration of the
palladium salt in the bath ranges from 0.01 to greater than 0.5 moles per liter
where the upper range is based on solubility limitations.

20



Changes and nodifications in the specifically described enbodi nents can be
carried out. For exanple, based upon thel3t eaching herein, it woul dDQeMAY %PUZ
appreciated that in the various Exanples 1-4, other alloying netals coul

al so be used to plate Pd alloys including but not limted to Fe, Ir, Rh and
"Ru. The 18 plating solution taught herein could also be used in plating
applications and processes having | ow current efficiencies (such as strike
bat hs), low netal concentrations as well as | ow pH values. It is understood
that the additi j : besi des the
first ligand cogpﬁg@gggé%eﬂggtégeggggftn”; ?ﬁ‘@d%’gdog%wgéﬁ i'oh. The

i nvention may be ot herwi se practiced by one skilled in the art, in addition
to the spedPRioBrials welkisiaws reREaNth SHEh A ammogiymsaliasants sgfad, S
CLAIMED IS 1. An aqueous palladiumalloy electroplating bath consisting of:
a nmetal coAsimoningm saltefiypieblly soifate, fhadride]ichioriid, bromide) godideahitraté, um

el ectropl ating reduction potential and an alloying netal salt selected from

the group gigtel §éét§%,%‘hﬁ%;ﬁlé aﬁé"shﬁalﬁa@ni@b)bfﬁ o%alehﬁag&ﬂég}g%igg flh QYO8

metal el ectroplating reduction potential, and a m xe system said

m xed Ligan watem comprisi.ng a first ligand selected fromthe group
consi s%i ngok'adﬁr%ﬁi”é,e ﬂ{ﬁ'gg,%um%'nes, pol yam nes and their derivatives,

said first ligand present in an anmnount effective to forma conplex with
said palladiumsalt and a second |igand selected fromthe group consisting
of an acetate, a citrate, malonic acid, glutaric acid, citric acid,

tartaric acid, PhelpHoPhethathtipdjistsd fNtahge BOMCBMNE WY adding
et hyl enedi am netetraacetate) said second |igand present in an anount

o] oot v AR yRBRbE ord iR iR, 8B, 2 flrhob el Sips ¢

al l oyi ng ne ing re ron p I n a negative, |les
anodic, direction relative saj.d alloying netal electroplating reduction
pot enti al t?q{ﬁtad’gptfyp ﬁE@eﬂi 8@'&?'&? Aregivengatle g‘?’lﬂwng Exafes| gb?r opl ati ng
bath of claim1, wherein the concentration of said alloying netal salt is
from 0 01 anode material ay belplatirum r platinizedtitanipnat i ng bath of claim 1,
wherein the concentration of said second ligand is from0.04 to 2.0 noles

per litre. 4. The electroplating bath of claim1l, wherein the pH thereof is
from3.0 to 10.0. 5. The electroplating bath of claim1l, wherein the

tenperature thefgopidhgBroBLEs HFHNREA HESAVERRM bt H¥bIfRiEUseEs Cel si us.

involves the following steps:
(a) applying through the electroplating bath a current density greater
15 than 10 mA/cm? dependent on the type of process (e.g. rack or continuous) via a

cathode disposed in the plating bath, and

(b)  maintaining in said bath an object whose exposed surface portions
are to be plated with a palladium alloy for a time sufficient to develop upon the
exposed surface portions a palladium alloy layer of desired thickness.

20
EXAMPLES



0 3 MAY 2002 20 6. The el ectropl ating baHh of claim1, wherein a cathode.is
di sposed therein and a current density greater than 10mA/ cmz is mai n]\[dﬁl {md

- at said cathode. 7. The electroplating bath of claim1l wherein sai 8

pal | adium salt creates a palladiumion concentration therein greater than
0.01 noles per litre. 8. The electroplating bath of claim1 wherein said
first ligand is anmoni a pr.esent in an amoni a/ anmonium salt m xture wherein

the concentration of Tﬁél&egennﬂvumuaalstfunnesahélraclt@:czterdow aéfbféhdéatbhhés from
0.01 to 2.0 noles per litre. .AA?2A.A .AY.A2 A .A AFI

Al @A, { 2. fh@vitdBpéSific A32mpleroN@Re preferred embcdlmerts Oxher
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10AA! W$S$§W dfrell- fbd@éWyfe 5&&%u@fe§éﬂ% Electronic components such
as connector contacts which are typically nickel plated beryllium copper. This
5 bath produces bright, hydrogen-free ductile deposits with a Knoop hardness of
550 to 650 KHNSO.
Approximately 72 Amp-sec. was applied to the bath to obtain 1 pm thick

deposits.

10 Pd(NH3)4]Cl,; where [Pd]=0.38 M
CoCl,; [Co]=0.17 M
(NH4)CI 0.38 M
malonic acid 06 M
pH 7t09

15 Temperature 35to 65 deg. C
Current density 50 to 700 mA/cm?
Example 2

An electroplating bath for a 70Pd/30Co alloy for low speed plating which is

20  typical for rack mounted articles.

[Pd(NH3)4]SO,; where [Pd] = 0.19 M
CoSO,, ‘ [Co]=0.08 M
(NH4)SO,; 0.38 M
glutaric acid 03 M

25 pH 8to 9
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Current density 10 to 100 mA/cm?
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Co(CH,COO0),; [Co]=0.35M
5  CH,COO(NH4); 0.2 M
malonic acid 02 M
pH 7t09
Temperature 45t0 65 deg. C
Current density 50 to 500 mA/cm?
10
Example 4
An electroplating bath for a 90Pd/10Co alloy for high speed plating
[PA(NH3)4}(NO,), where [Pd]= 0.38 M
CoSO,; [Coj=0.06 M
15  (NH4)CI; 0.38 M
EDTA 0.25M
pH 7t09
Temperature 45 to 65 deg. C
Current density 300 to 700 mA/cm?
20

Changes and modifications in the specifically described embodiments can
be carried out. For example, based upon the teaching herein, it would be
appreciated that in the various Examples 1-4, other alloying metals could also be

used to plate Pd alloys including but not limited to Fe, Ir, Rhand Ru. The
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a mixed ligand system, said mixed ligand system comprising a first ligand
selected from the group consisting of ammonia, amines, diamines, polyamines
and their derivatives, said first ligand present in an amount effective to form a
complex with said palladium salt and a second ligand selected from the group
consisting of an acetate, a citrate, malonic acid, glutaric acid, citric acid, tartaric
acid, oxalic acid, ethylenediamine, glycine and ethylenediaminetetraacetate, said
second ligand present in an amount effective to form a complex with said alloying
metal salt to bring said alloying metal electroplating reduction potential in a
negative, less anodic, direction relative to said alloying metal electroplating
reduction potential in the presence of said first ligand alone.

2. The electroplating bath of claim 1, wherein the concentration of said
alloying metal salt is from 0.01 to 1.0 moles per litre.

3. The electroplating bath of claim 1, wherein the concentration of said second
ligand is from 0.04 to 2.0 moles per litre.

4. The electroplating bath of claim 1, wherein the pH thereof is from 3.0 to
10.0. '
5. The electroplating bath of claim 1, wherein the temperature thereof is

maintained between about 25 and 65 degrees Celsius.
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