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whi ch i dnvérdion dsadescribexhin gherpodcedurdoat Examplet 8:itiwas thpreiom pogsibiti tb ideterminefwhetbetiiadidevi ny |
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addi t i ogeMaifediopyjodide. Thi s fi ndi al so indicates that a surface effect is
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XPS can analyze as-plated surfaces to determine composition to a depth of about 2 nm (20 A)
{angstroms) or about 8-10 atomic layers. XPS analysis of plated surfaces showed the presence of iodide on
the order of about 10 atomic percent in this 2 nm (20 A) surface thickness when 15 ppm or more of iodide

O
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Anot her: key property of surface-active agents, aside fromtheir degree of
hydr ophobi city, which could hav d effect on their conpetition

wi th iodide, would be the charg%@ﬁ%ﬁ%’ogﬂrface- active noiety; a
positively-charged active noiety mght neutralize the iodide effect by
creati Rgs g,ggmgik;th@ghﬂpet ween itself and the palladiumion for iodide. 30

Si nce t hivgnig s anghRiRedaA AotBimirdt comBasfionsowithin § AGR (EEXFihickHess; R\e8ing0&c@btely 0di de
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from bSYef i& 'ﬁ?? 9?&“98?”??535@'9?'8 rifigsy 18 Ingtease e rledumgstent Haat e.
XPS an \7agtings; and jo (sl 'h ocﬁ"%P et ermi nation of the binding energy for

or bi rons that are renoved 40 fromatons at a surface when the
surfac&wéi%nbar ded with soft X-rays. Binding ener g| es of the emtted

orbital RROTSHikS &ﬁ?:sexb Cd%& bf‘etg% uR'QAtIXnIn a?e'rﬁ ﬁtﬁ@fes Ab6 cBh&P&Rt Dut

al so thee reaﬂ&pd MaP hddl bebr oﬁvenif dﬂal ¥§Sr§ct in the art.
pal LadiryTaisis Gl thah biBdtropibtbd MEa pBreCrfidkbICdbtRA d ébn%ﬁdasndmaesuma& fidiRg
PRES ENprobddy. AR higHdl dhderSaB sroveRis dogpbr doRtBmiRatias acwm selladkonARIgkbIblating baths\ RS it

t her ef Rret fREsSArP tothd Praclios 6 thE iMRNtivh £THA Rickdl-pitied] Surfabes Wefe BRtivVARA By PArfdtin at t he
sur f ac e 26SoluntsCHs G6lutidh of SUBAIE @cid pridbtogalddiyminickel @Il iplatifyd Béth thb nickel Siathg @hd te Of
whet hepalladigh-cickel diny plating islepkavete Canthicteden £ conentional rbtatingdidiedledttodd plating apgara- t he

t hi 125 stus hicspeeds afretatioonanging frerh 400 to 6 ratmed al | oy contai ned only iodide. Figure
3 i's an XPSppladminigkebfalldyowpiing thicknpesesk werd et elB0 iin). arhich yis isefiaisnt tohpermit

as- pl asesurateugompesttion gnalysisiusing pp Enerdy-BispesiveuX-ragnAnalysin JERXA) dechaig® pit g} (25
asf) i peoplprating valtage fop exsiting elertrges of 20 Y rwhich have@gspth labanglysinef@boud dikael4®Binp e ak

for t hef 19800 &+ Bykk ghepicplanalyses eficoaings niha ERXAechaiaye with seprepyiata intarep) sterdards 9

el e r Bp[e vesdite detaming the cansigney of eplladigmmigke! plloy, RorRapitiqnyyith ¥ayiatioa,in T“”S’PtlS’P'Psé{Y

el ect r Bpich ig Wﬂ?ﬁ’dﬁé\t}'@ stabifity RerpRRierehWie fdust-2830. 5 eV). No peak is evident for

i odat e_whi d enr orbital electrons have a binding energy of 624 eV.

The XP. gure 3 is simlar to the profiles obtained in the XPS
analyses |9¥u91?ali daf RattfRY dr ! Bpdsi6 ‘?u Qi alofSllidhSsids by Cd! de
at offs wlﬁ B oz il g Vfa ) éﬂéﬁﬁ B "@ o RSl

| odat epjyfy E Fn@cém% it a‘e@ h tp&lla .Drﬁ @frtam e%’?a{‘sd%Fb?é stt%sé}ﬁecpl at ed
sur f acgsralhi@r. det erm ne corrp05|t|on to a ep of about 2 nm (20

(angstronms) or about 8-10 atom c | ayers. XPS analysis of plated surfaces
shoged the presence of iodide on theagyider of about 10 atom c percent in
this 2 nm (20 A) surface t hi ckness when 15 ppmor nore of iodide 5 EP O
335 683 Bl ions are pdped W>l s can determ ne
conposi tions within Wﬁt? F*"FEO A) ?ﬂb@ﬁ%gglg%\fp'cannot accurately _
differentiate variatlons of tthe conposition within such a thin |ayer. By
ren#ing 0.5 nm (5 [Jerr]) ang §Q®erﬂwt(‘5 A) $HtTybee sur{ace t hrough sputter
renoval , it was seenf that tn¢ 1odpde appf-darg,ﬁ,qmggicm,dgmcentrat ed within 5
the first 1.5 nm (15 A) ;of thickngss, @nthyRehiiedendiaghl at or near the very
surface. Thus, whil g thgynornualized XPY mishhinsditHigage Of | | odi de before
sputter renoval for |t he N nm|(20 B) deptbianwmine dichididéit ofi ¢ % when as little
as 5 nm (5 A was |renmowed, |t he Eodi d¢ TsaamEaRné diskidrias Ebservabl e by XPS
anal ysis for the next 2vmm( 0 A)Fdrop eblarbroingdiéhlaitiom ¢ % Sputter renoval
of 1.5 nm (15 A) of thesurface tayer1enoved 100% of 1he iodide. The fact
that suc r | of the iodide is strong

|deﬁgegpl{{ﬂ€§£%ﬁ§§£%§£“cfg Piaéﬁéggenhﬁlg‘gt@ ?&?‘ﬂsle outer surface of this 2
nm 20 A) deep surface |ayer analyzed by XPS technique. This indicates that
the iodide is not incorporated into the bulk of the palladium nickel alloy
coatings during electrodeposition. The iodide remains on the surface of the
coatinng as the alloy




coating is electrodeposited where the iodide serves as a ligand bridge to

i ncrease the pall adi um cont ent géﬁﬁggi a+ ngs and to maintainits
constancy. 15 EXAMPLES The foII 6@ i c exanpl es describe the
invention in greater detail. exanpl es were carried out on copper all oy
di sks that had been&lb;-eci-ed—t-e—eem%hmw—pqhew—a{—e—Hhe-a* ments as
practiced in the drBathO®miste di sks were then electroplated with a pure

ni ckel- coating by [apfndcptidtiomnal Nizglg@tons sdith ats@incTaplb@t i Ng pyocess. The

ni ckel under coat {r R\wBrdestratisPPer ¢Qa0igMEs rickbliadmimdfsultad t ai n pal | adi um ni ckel
plégi §9 bat hs, but| sddiursSvinyDdulisheec2Bg! to the practice of the invention.
The™ ni ckel - pl at ed [sAnhemessuiige:e ag¢tsogat ed by i mersion in al20 vol une %

sol uti on of sul f urli Ammaariiuh ldioside:t ¢ Quantityastifficient ko achieNe dasiledpH.pl at i ng. Bot h t he
ni ckel plating ana—tiepatrtadiunr it cker alToy platlng steps were conducted
in a conventional rotating-disk-electrode plating appara- 25 tus at speeds
of rodation rangi pg—from-100Lto—s00—+pm—Hre—pattad-umatekql alloy coating
t hi cknesses were 1. 93?"'{\93?9"}’"'?"60 [err]). which is sufficient tJo permt
accurate conposi t i OoigmpétalsS! S usijng-en "Ener gy- Di spersive X-rlay Anal ysis
(EDXA) techni que Wigdh an accel er 3ts.s@djistddtbygaditon bf NkOHtor HQN ¢l ect rons of 20
kV, which have a W@ﬁusl&tﬂﬁhdﬁy ss00fprebout 1 [err] (40 [err], or 10,000
A.) Balk chem caI aua. yses—of—ToatTgs by the EDXA TECni gue with

appropri e ' nt ith atllacptgn?m%ha?gy %;Eﬁgtsc%%rh gergﬂgseﬁﬁglﬂa%oh@&@ﬁﬁww

pal | adi tod/ Robe? bach Bath Beifd fofnRitted Witk Shel of thehi Ch
s expr 5.195 Y Tdb uaﬁ?e fakuntt 6 doktin§taiteyl @mpdsitiohex@aReR appear in
(Conngr b/ ﬁ Thgtgllo compdsition SARPhaFaretet rbs WioB PPB 5o LA ForlthiePdbe Bikting Bathfahged tirgmOf
te, conpey pal | adi um ni ckel alloys deposited by a process

for mul ated W|th pal | adi um salts obtained froma variety of conmerci al
sources. Plating baths having the samabieonposition were fornmulated with
pal | adi um salts from six different sources as described i n Table 1. 40

Qo el P ggat.'nau g ﬁuo,bgo@%'s.mm e EFE RSP FR o P
a-nm-ne—d-l-e-h-l

Tet r ami P& laride 111 oride 1V
D Di amm{ ne @bedil orilde 590 asf 75 asf 100 asf E
Tet rammi 1e—0T CN| O Leteany™ 550 Am—T | 82x5 Am~2| amnod@me? chllori de The

pl atisag process|conmposition andzgl ati ng condit| onsgasre as|fol lows: 5%
EP O 335] 683 Bl|BatfydChem sitry god conc¢ntratiop: 87320 g/l| frowosalt g
cited in| Taip e N ggzoncentjr at i7ea: 803 g/ | ps nisskel ani’i ne kil fat¢ 5
Sodi um vj nyly sulfongg®: 2.[8 g/B2Amonilzes sul f pt e: 834 50 ¢/ Aftoni um

hydroxi de: v Quntie34 suffijci ers.0t o achieve depired2pH. 10|Pl at187g

Condi ¥i ohs Venpegr at ea4: 66ferr] [prE6 80.2 8.5 {&lj usfed by
addi ti ony o or _FCh ) 15 Speed of disk rotation: 500
rpm Balance, nickel.

— w0
Example 2 (Comparative)

Palladium-nickel alloy coatings were electrodeposited on disks at current densities ranging from 275-
2200 Am=2 (25 to 200 asf) using the bath chemistry and plating conditions set forth below:

Bath Chemistry
Pd concentration: 17.0 g/ as palladous tetrammine dichloride
Ni concentration: 11.0 g/l as nickel ammine chioride
50 Sodium vinyl sulfonate: | 2.8 g/l
Ammonium sulfate: 50 g/
Ammonium hydroxide: Quantity sufficient to achieve desired pH.




Di sks were plated with palladiumnickel alloy coatings at current densities
rangi ng from 275-2200 [err] (2 /sq.ft). fromsix baths of the
conposition cited above, each g%éﬁs%%%?ggfornul ated with one of the six
different palladiumsalts cited in Table |I. The results of coating alloy .
conposi tions anal yses appea{v-n—zg—ta-b-l-e—u—lh-p al | oy conposition
stability parameter [[err] \¢®gtihgfendionsor the s|x plating baths ranged from
13.0 to 18.7. Table Il 25 Terpadatufed) kgted Pd-Ni Al l oy Conposition in
Wi ght % Pd* at Indicated Cyrgent A W% Berr] Run Code

Dersity 25 asf 50 S$peed of rotation’:5 880 rpm 100 asf 275 [err]
550 [err] 82x 5 [err] TO0—Terri—Ss 67.3
;Z) g Results for coating composition analys§s7$3a function of current de}éutyoapHﬁr in Table Il ég Erocess
: hada A Wé‘)é'Pgmo-m parameter of%
77. 4 . 14.3 1V 66. 3
76. A0 79. 8 83. 4 Table li 17.1 V 63.4
75.0 - 82.1 18.7 35 VI 62.4
66. 4 75. 6 S0—2 +F—8—-Not-eyq Bal ance, nickel.

40 Exanpl e 2 (ConphrA® T \feFursat Pengity, (pdnj 1PN Afdy Gomposition 4 er e
el ectrodep03|ted oh di sks at current dIénSWt%Ebs angtwgi f fom 275- 2200 [err]

(25 fo 200 asf) us|T batt e sty "pTiLII ormgi tions set forth
bel ow. 45 Bath Chem %5 Pd corg%entratlonézg OM.’b as pal | adous

tetramm ne dichl or concengratio 11. ) g/fsas ni ckel amm ne
chloride 50 1100 So&um Vi gf ongteigyg2. 819/ Ammoni um

sul fat e: 50 g/| 268pMgni um hagpgr oxi d : 7annt ty swffidient to achieve
destred pH 55 7 ER—0—335—683—Ri—-at-Rg—Corth-eRrs—Fdnper at ur e: 48
C pH: 8.0 Speed of rotation: 500 rpmResults for coating

conpositio al yses as a function of current density appear in Table IIlI.
The prwgﬂ“éi Yy 9% [err] paraneter of 21 4. Table Ill [err] Current

ZDEH% ty (ngad).um-m ﬁ I}/" coéjmbs? xe g%[l%??i@ on dl Pg cu réglt der}é&l 3 Qngn‘?g %131;75;

0 Am™2 (25 to sing the ba and plating conditions Set low:
45.1 g0 AMT )5“ ing %dp ing §°'T1b88 100
68. 7 31
77.0 23. Bath Chemistry
% Pd concentration: 15.0 g/t as palladous tetrammine dichloride
Ni concentration: 7.5 g/l as nickel chloride
"Pyridinium salt™: 0.6 g1
Ammonium chloride: 30 g/
- Ammonium hydroxide: | Quantity sufficient to achieve desired pH.
Plating Conditions
) Temperature: 48°C
pH: 85
Speed of rotation: | 500 rpm

Results for coating composition analyses as a function of current density appear in Table IV. The process
had a A Wt% Pd(mo-zs) of 16.9.

Table IV

50 Am™2 | Current Density (asf) Pd-Ni Alloy Composition
Wt%Pd Wit%Ni

275 25 64.5 355

550 50 72.1 27.9

&5 825 75 77.4 226

1100 100 81.4 18.6

2200 200 84.2 15.8




Exanmpl e 3 (Conparative) 25 Pal | adi um ni ckel alloy coatings were

el ectrodeposited on disks at cur I es ranging from 275- 2200 [err]
(25 to 200 asf) using the bath c#eﬂ%g{j%ésé{and pl ating conditions set forth

bel ow. Bath Chemi stry 30 Pd concentrati on: 15.0 g/l as
pal | ado t dvdli chloride N concentration: 7.5 g/l as nickel
chlori de%rf@% umVégaI t": 0.6 g/1 Amoni um chl ori de: 30 g/l 35

Ammoni um hydreQanhdibiilustrébiRd bén)éflofaUéffethHf @Aide foR additivh @hEpalisdiint et ppificatioh at thag
Condi t i @éhstafky of the composition of electrodeposited palladium-nickel dleyspA isarhple’ f palladous ftatamining H:
8.5 Speeflorab ssipwas puafsd thioGifh dnpmodiasmlikdtion Eyale asaiasiring! eadivp FBliadiummickel @llgyses as
a funct iwere pitedCorf Hiekst atckmiarit tdgnsitipp eamging rromadybd 100VAM Ph@5 o 46k esf) heing 2 bpthr r |

W % [ er efjemtisiry 2fd Sating edndidions Wet3@th below: [err] Current Density
(asf) Pd-Ni Al |l oy Conposition W %d WUN 275 25
64.5 35.55 . 50 (2.1 27.9 55
825 10 o -6 11no 100
81.4 18. 6 @mcentratlon 15.8 8 EP
0 335 683 Bl Exanyl ¥ rati (ggfrf'ﬁ '§°"8'>?5\'ﬂﬂ1°é“'faﬁ ustrates the

beneficial effect o$°df“6b‘1"l! ufietes § 5i89on and pal | adi um sal t [purification on
t he ;:;gnst ancy of t & t| on Bct rodeposi ted pal | adjum ni ckel

al l oys. A sanple df ?ﬂ pwas purified

t hrough one recrystA momFr’r]z rrgaxu;l\ml A Qqﬂr{suﬁmelﬁEUagﬁlb\g eé@hb |1 adi um ni ckel
all oys were plated on disks at current densities rangi ng from 275-1100
[err] (25 to 100 asf) using a bath chem stry and plating conditions set

forth,bel ow. 10 p,atmg@g,ﬁu,tgﬁgam stry Pd concentration: 20
gl NI concentration: 10 —as—A-eker—amnt sul fate Sodi um vi nyl

sul fonate: 2.8 g/l lodide i n Temperature: pm{ 15

Ammoni um sul f at e: 50 g/l gilmg m hy¢l | de Quantity sufficient to
achi eve desired pH. 20 poe e i Pl ati ng Conditions

Tenpesat ur e: [err] pH: 8.5 Speed of rotation: 500 rpm
25 The [The AWt Pdufosk)fdr tHeqarocedsovap8cess was 4. 2. Exanple 5 (Conparative) 30
Pal | adi um ni ckel alloy coatings were el ectrodeposited on disks at current

densi t i dsampin®(Cogpdrativen 275- 1100 [err] (25 to 100 asf) under identical

operating conditions frombaths that were fornulated wth thr
30 Palladium-nickel alloy coatings were electrodeposited on disks at current densmes rangmg from 275-

1100 Am~2 (25 to 100 asf) under identical operating conditions from baths that were formulated with three
different types of nickel salts, an ammine sulfate, a sulfate, and a chloride. The palladium salt, other basic
process chemistry parameters, and plating conditions were identical to those for Example 4. The constancy
of palladium alloy composition for the three different types of nickel salt appear in Table V.

35

Table V
Nickel Salt Type A Wi% Pd(1on—25)
~ w0 Ammine sulfate 4.2
Sulfate 28
Chloride 23
° Example 6

This example illustrates the beneficial effect of iodate ion additions in significantly improving the
constancy of palladium-nickel alloy composition electrodeposited from baths containing sodium vinyl
sulfonate as an organic brightener. All baths were formulated with the same lot of a commercially available
palladium diammine dichloride salt. Palladium-nicke! alloy coatings were electrodeposited onto disks at
current densities ranging from 275-1100 Am~2 (25 to 100 asf) from baths containing 0, 15 and 100 ppm of
iodate ions added as the sodium salt. The basic chemistry and plating conditions were as follows:

50

55



different types of nickel salts an anm ne sulfate, a sulfate, and a _
chloride. The palladiumsalt, t’beé sbq'iﬁ'éi process chem stry paraneters, and
pl ati ng conditions were i dent i &8l ose for Exanple 4. The constancy of
pal | adi um al | oy conposition for the three different types of nickel salt
appear in Tabl e V—35—Fabte—v—N-—ekel—Sat+—Fyrpe—Fer+1—So[err] 40

Ammi ne sul fate | Bath Chemisty s f at e 2.8 Chlgride

2.3 45 Exanpl e § Pddohcentctiond| e i | 120194 dsqiakmivintuambdiscfichioiidel |ef f ect of i odate
i on. addi tions i n |Shigoiceiatatant | y | [1p0 gVasmipké! ammiesdtatancy of |pal | adi um ni ckel
al oy conposi ti on Sdisatvingicelfeoate:t p@.8fgtom bat hs cont ai ni ng godi um vi nyl 50
sul fonate as an qrAyemaniummulfaigat enpS0gAl | baths were fornmul gted with the sane
| ot of a conmer ci|aAmmoniwndiviirgkides b ghantity isuffipient ta aehievedetiredtorli de sal t.

Pal | adi um ni ckel alToy coatings were electrodeposited onto disks at current
densities ranging from 275-1100 [err] (25 to 100 asf) from baths contai ni ng
0, 15 and 100 ppm of i odatje—enrs—agded—as—tHe—sofi um salt. The basic
chenmistry and plating condi i Plptign Congliions ™ o1 | ows| 55 9 EP 0 335 683 B1
Bat h Chem stry Pd concent rlatémperature: 20 | 48a€ phl | adi um di anm ne

di chloride NI concentrati gnpH: 10 g/| &s rascke| amm ne sul fate Sodi um
vinyl sulfonate: 2.8 g/l [APnwadhofdisk sitatiératie500 pm B0 g/ |  Ammoni um hydr oxi de:
gquantity sufficient to achreve desired pH 10 Prati ng Conditions

Te”per@aﬁ”geco osition analysé&s f&cﬁUﬁ' -of current density and iodate ion a&mﬁn meﬁbeﬁfm %b‘l‘é(
rotat inyne sﬁsg Ritio téd&ﬂorPQf”iB&b?d fohsORbaad 8! Wﬁ@ﬁd(%gﬁstﬁulﬁﬁbbrﬂﬁet&fof%w ent
densi twheras] the QVIIE P, RS s51dEIthé bradbsé RitLI00 PP BAbdatelonsaVas Bniyvd.2. The process

Wi t jpout an addition of 1odate ions had a [err] W% [err] stability

paraneter of 16.7; whereas, the [ermableW % [err] for the process with 100
ppm of iodate ions was onIy 4.2. 20 Table VI lodate Ion Addltlon ppm

Pl at ed —WE% Pd 25
CurrentI ? é err]
5502 el [ 76.5
84.6 16.7 15 25 asf 8p. 2 50 asf 100agf4. %
88.0 7.8 30 275 Am300 . 550 Am=—2 8 .1];00Am—2 83.
85.3 ¢.2 *NJQTE: Bagtance ni ckel. 3FgsExanpl e|7 848 s exanglze
illustfates the benef|ici al ggpfect of|iodatsesi on add{tigoto § 78
pal ¥adf um ni cikel pl atfing bath with 83.2 85.3 42

*NOTE:

Balance nickel.

36
Example 7

This example illustrates the beneficial effect of iodate ion addition to a palladium-nickel plating bath with

‘3\/40 no organic brighteners in promoting constancy of alloy composition. Baths were formulated with the same
lot of palladium diammine dichloride that was used in Example 6. Palladium-nickel alloy coatings were
olectrodeposited onto disks at current densities ranging from 275-1100 Am~2 (25 to 100 asf) from baths
containing 15 and 100 ppm of iodate ions added as the sodium salt. The basic bath composition and
operating conditions were as follows:

45
Bath Chemistry
Pd concentration: | 20 g/ as palladium diammine dichloride
Ni concentration: 10 g/l as nickel ammine sulfate
50 Ammonium sulfate: 50 g/
Ammonium hydroxide: | quantity sufficient to achieve desired pH

56
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no organi c brighteners in pronoting constancy of alloy conposition. Baths
were formulated with the sane Igﬁr?%ﬁ%{ﬁﬂ' um di amm ne di chl oride that was
used in Exanple 6. Palladiunmni oatings were el ectrodeposited
onto disks at current densities ranging from 275-1100 [err] (25 to 100 asf)
from bat hs contai ning 15 ang—100-—ppm-oi—-edate—eRs added as the sodi um
salt. The basic bath conpos tPFaBW dgﬂﬂﬂ“‘tﬂﬁeratl ng cornditions were as foll ows:
45 Bath Chemi stry Pd concent rrahpértare: 20 ¢/ lages pgal | adi um di amm ne
dichloride N concentration] pH: 10 g/l as nickel gmm ne sul fate Amoni um
sulfage: 50 g/l 50 Speed of dishABNON xide: quantity
sufficient to achieve desir 683 Bl Plating

Condi tion re: &2 o the

f th th f dte as76 nd th the bath
Speed of @ hg&:‘p% tlggrﬁf : fOI:) 2Jsm 5 E | aﬁtrl {fice Egﬂaearbﬁk haithting t he
15 ppm %. in}aiea;gs or g a Bri IIaQ'iha’l & dtabiiibor\tF blbted allby0 pPpPmM
addi twor,0 ns vvas . 8. coat | ngs had a bright, mrror-Ilike

appear ancqy 3 @digiahd Bample® X-rgflﬁﬁo%eiegfbﬁ SPEirBschIST (K198) Wak) @sell rdetedent ianelyze the a

bri ght engiuetructib bf AAdyet Saddidelatoms Bh B iolitbiZsaitace of thé plhtedipafiadiudynided! alerposi ti on.

I n the foline\WraCednidiiED hrilyZes o adbpiihud tofig | 20nh (Z0NA)Sp eabbut @sto AP \atofniPBYersva®Sus ed
to det eGhaydssl a@NEpidale okgiedsetNinCatenis iperdart.UThe sbfface doapesitionfof thediodingsiicitadsinon

t he ot axansoly Bawe deferniifed ¢bl @ Parkin{Einier RLIBLEHON ESRA [Systérh aing Tiaie Muftiglex endiysisque
anal yz e grdgamaTide(RSitoditiosnion/all 2nalyseg Wéle A9 foklpws:about 8 to 10 atomic | ayers. XPS
anal yses are typically expressed in atom c percent. The surface conposition
of the coatings cited in 9 k @284, on a Per ki n- El mer

Phi [efr] 5400 ESCA Systenﬁgdd?‘ﬁ?ﬁadﬁﬂdwa I1"15@r)(lvglx aén]gﬁysi s program The XPS
capdi t ions for all anal y$agpesdwer $ting0! | Qvebo wetpe of [X-ray Radi ati on: My
K (1253.6 eV) 20 Take-off Angle: 45Accel eratipng Voltage: 15 kV
Tube Power Setti ng: 30— atts—Take-of —Amgte: 45 25 The XPS

t echni que onbi ne W|th " utt i ﬁ‘g/l\/ggcreaw% S feRGugdt ONs
oS s yn%ﬂ“ g’g%{ Waﬁ vl &{e}%‘ _&Eﬁgjﬁﬂ éﬁg&gm%slpma%.sgel ow

rgo ns)
the ori rates rr}itliﬁ figé ﬁ s GEHRY 3h SR, Sour
or di narl cor establ I shed rates such as on

[err] (our %‘etho " or [err]. 30 Exarrple 8 This exanpl e shows that the
benefi ci g ect of an iodate ion addition to a palladi umnickel alloy

pl at |=r‘qg n pronoting constancy of a plated alloy conposition is

associ at edrmid dxbmpié) Sholvd thathé SunefRlal stebtay @1 iodafe ibrDatiditien 108 philadiud-nickeh ey plading

bat hs Wk ik ploffatingt Astanty bf 4 pieted alsy domposhibn [sadsiaaizied witll therformationdif @ Hayer ofde
such as igare@dn itie srseeqAldathsl wera thribulatdebithatei sam fok cflpalladiain| depmmineadichlatde syl as

el ect rod.eapal basiples) 4cking ks Palladiommickel tall@Scadtings i wereeslegtradagpsited on alisk FEculre®O

[ er r]%( 2nsites faB@ingatdn) 2151000 BaTh@5 totd0 s irery baths ca@ining 18. oen 1fhrPdeete i ons
added adons ladded asithe sodivar talt. Thl basicchathcchorpistty %ﬁé‘ﬁﬁ"ﬂt@'}i’“‘aﬂ‘ﬁdﬁﬁ atfellays:condi ti ons
were as follows: Bath Chem stry 40 Pd concentrati on:

20 g/l as pal | adi ulnglinadhamisy di chl orl de Ni concent ration: 10 g/l as
nicke), anm ne sul f fte—Arrertm-Stif

"Pd concentration: 20 g/l as palla&'um Mammms dichloride
Ni concentration: 10 g/l as nickel ammine sulfate
Ammonium sulfate: 50 g/l
Ammonium hydroxide: | Quantity sufficient to achieve desired pH
- |
Plating Conditions
Temperature: 48°C
50 pH: 8.5
"Speed rotation: | 500 rpm

The A Wt% Pd100-25) stability factor based on EDXA of bulk alloy coating composition to a depth of 1

5 MM 0,000 A) appears in Table VI.
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Ammoni um hydr oxi de: Quantity sufficient to achieve desired pH 45 Pl ating
Condi ti ons Tenperat ure: [err pH:
8.5 Speed rotation: 500 rpm Th_kpf’ée)ﬁﬁe%%% [err] stability factor based on
EDXA of bulk alloy coating conposition to a depth of 1 55 [err] (10,000 A)
appears in Table VII. 11 EP 0 33%a6&3niB1 TABLE VII 1odide Ion Addition
ppm [err] W% ([err] 15 7.6 30 7.4 100
5.8 The results of XPS ghalyses tre—pped mrmchel alloy surface
conposition to a depth df '@dﬁﬁi“ﬁd‘%""f@ 4 }’é# "hP%tled at a current
densilty of 275 [err] (29 asf.) ae summalized 7en Tablle Vil. Table VIII 15
| odate Addition ppm Ndrmalized0XPS Conpositi7ans of [As-plated Pd-Ni Al l oy
Surface (Atomc % Pd 100 Ni 58 I 15
65.9 27238 1173 30

61.6 The results of XPS anal?&s %f the palladium-nickel! alloy surfacelcjom%osfi’tﬂn to a depth of 21020 A,

66. 710 . disks plated at a current dendityof 276 Am~2 (25 ast.) are summariZed iTaARIVIIE T he above
description and attached drawings illustrate certain enbodi nents of the

present invention, it will be apparembletinat ot her enbodi nents and
rmdlflcatlons may be made that are eqw val ent 25 thereto toone skilled in

R mot g R S pem o T S R

el ectrgplated on a n nber_ ofPdsubstratles i ncl Ndi ng, bu{ not Iimted to,
el ectri Terigggal s o1 fconnect &g assenblies, prggted cirfuit
boards jand otRgr cirquit sulyglgrates, s wellgs on jewelry anggthe |ike as
decqpatfi ve cqgél ngs. |Clains gg@ 1. An Electrogmti ng bfth for 1pJ3at| ng a

o,
3

coavl ng adi—rla-eteet—at ’“y' Cu ) C: eet-t-teai Y tordactve—substrat e

the bath corrprlsmg a aIIad 15 ts

per il i 8iq fhel ig " a °d dy ‘5‘9‘?? @gs‘?rétfa‘ieﬂﬂ'&l N ﬁ ‘@T Ls?g;z&? ?a %tr
orfs are’ WI in

| udi nté?n lb 3%“ an ifications e mad
132'? hl;als ﬁg tgl g mver?t%’n or ?x %,big% :Oof |od| &E&a %e 7

at d
pal | adl‘ﬂ‘in o e,l’r.né@l:.rcu.& ﬁoa?d% aﬁ&Bﬁ om

. bu n ’an mals of cb H ect r
ni ckel

f
; | as'y rdtive t 1'orid aS
claimedIn c almfggwglasg(r} corrprlsmg an (o)rganl cln rlghtener 5. Abath as

cl ai medgjgjsc! @il m 4 wherein the brightener is sodiumvinyl sulfonate. 6. A
bat h%%as claimed in any one of the preceding clains further conprising
i odi de 4,07 . elebtropfatinge bR dorOflatig RCédatial 61t paidgiiveamigsli Slloy) @n tah coledtrieglly @hductie
| Mer si Ng sigstrath @1 thathGambijsing N yshleziiuiny salt Sa hicker st @nd at least t ot perphibion ofdoda®et h as
cl aimed i non&ny one of the preceding clains, and b) applying plating current
to the bath wherein the plating current is in the range of 110 [err] (10
asf ) %% 02.1@8Mth[ae claime Irdeim 4 ffirtherdnciydingwtchnsitictive saitand having iapHdn P fAnge TP &i n t he
current density is in the range of 275 [err] (25 asf) to
8. A bath as claimed in claim 1 or claim 2 wherein

i. the palladium salt is palladium Il ammine chloride, :

ii. the nickel salt is selected from nickel ammine sulfate, nickel sulfate and nickel chioride.

4.' A bath as claimed in claim 3 further comprising an organic brightener.
5. A bath as claimed in claim 4 wherein the brightener is sodium vinyl sulfonate.
6. A bath as claimed in any one of the preceding claims further comprising iodide ions.

7. A method of electroplating comprising the steps of:
a) immersing an electrically conductive substrate in an electroplating bath as claimed in any one of

the preceding claims, and
b) applying plating current to the bath wherein the plating current is in the range of 110 Am™2 (10

asf) to 1650 Am~2 (150 asf).

50

8. A method as claimed in claim 7 wherein the current density is in the range of 275 Am=2 (25 asf) to

1100 Am—2
55

9. A method as claimed in claim 7 or claim 8 wherein the current density on the conductive substrate
varies by as much as a factor of four.

12



1100 [err] 55 9. A nmethod as clained in claim7 or claim@8 wherein the
current density on the conduct ﬁis%%b%%rﬁte varies by as nmuch as a factor
of four. 12 EP 0 335 683 Bl | odi de lon Addition ppm [err]
W% [err] 15 7.6 30 7.4 100

5.8 The results of XPS anal yses of tigig vpal | adi um ni ckel alloy surface
conposition to a depth of 2 nm20 A on dISkS plated at a current density

of 275 [err] (25 asf.) pre—surrFar—Zed—pP—tabre—v+ Table VIII 15 | odat e
Addition ppm  Nor nal i|zdioxie8 AdYER9 HBIN: | 6‘ﬁ’¥‘%§d“ﬂszﬁb ated Pd-Ni Al l oy
‘Su(face (Atomic % Pd 15 Ni 785 65. 9

22. 8 11.3 3(®0 74 61]6

26.5 11. 8 2mo 10058 66. 7

23.0 TO 3 WhtTe the above description and attached

dr awi ngs Phoss 4rided oty & Qﬂdlﬁrﬁa&aﬁauei subS dBBSERIBH tol 06BM ok 2im 20ta, Wi | |
be app J.i gﬁLo %9 [m (@) TR Muinnabll @G0B ®M. be made that are
equi val ent ereto to one Skl I I ed |n the art. For exanple, conbinations of

i odide and iodate ion additions areagbéom Wi thin the scope of this
i nvention. The aI | oy coat| ngs may be el ectropl ated on a nunber of
subst r ptes——etgetn

1 nal
oF Gt eie o8 BT o Mol XER Canps o of Re-pated PR ALY SIALS (ol ey’ o1 M Al S

substrjates, as well fas on jpewel ry arid t he INike as deforative coatingsg.

C ai ms[30—% Ay ErEgTTOpl algggd batn [for pl &gl a COptInNg Ofy3
pal | adj um ni %g\ | al lfloy on q;qlsel ectrifcal | y cgnductive|substraig the bath
compyiking agepal | adijum sal tggza ni ckeg salt @r_bd at | epst 15 mts per

I O - '

0 1
T uq \.,| uu |||:u 1 I Al 111 J_ IUI LIICI

i ncludi ng a conductive salt and havi n Hin ther e §

bat h as A ,gpdaqone crestiiey o St ﬁ T e fzét gﬁesqm::&

pal | adY‘{ﬁ'ﬁ'%‘ ' s| d ﬂi o mﬁ% . bd. 3%@03 Aa el s9 .
amﬂ’"ﬂ fl coatags ma %ﬁ gl: num g l al rrEd

nta'%{s'i nHectdr a& gli\ pnn cirtui &Eeﬁl med

in cl a %pp? ) I‘;e " a'
|n pl aly i suf g{e§’|:g gﬁe"kg &ytm,géaws 'sul fonate. 6 A bath as
t é precedi

ng clains further conprising iodide ions.
7 A nﬁd of eI ectropl ating conprising the steps of: a) imersing an
eledrically conductive substrate in an electroplating bath as clained in
any ong Qfy diftGopltRg Beth N8 Hikting EBcoafiigCof YPalladium-nickel alioya pip laly iefegtrigiiy tcontigetivelr r ent
to the babsira @otath dobprisigal palgiivirisak cniickeiSsat Bnd &t deastaisgpartoper rillion[ok jodjte ( 10
asf) to %&RkO [err] (150 asf). 8. A nethod as clainmed in claim?7 wherein the
current density is in the range of 275 [err] (25 asf) to 1100 [err] 55 9. A
met Hbd2.asA sdtreasrsiingdrin daimit riurfierdncluding ia wprBlustivesaliiand havieg 8 ol incthe rapgerpf 7449.0n t he
conductive substrate

3. A bath as claimed in claim 1 or claim 2 wherein
i. the palladium salt is palladium | ammine chloride,
Y ii. the nickel salt is selected from nickel ammine sulfate, nickel sulfate and nickel chloride.

4. A bath as claimed in claim 3 further comprising an organic brightener.

5. Abath as claimed in claim 4 wherein the brightener is sodium vinyl sulfonate.

6. A bath as claimed in any one of the preceding claims further comprising iodide ions.
7. A method of electroplating comprising the steps of:

a) immersing an electrically conductive substrate in an electroplating bath as claimed in any one of
the preceding claims, and

50 b) applying plating current to the bath wherein the plating current is in the range of 110 Am™2 (10
asf) to 1650 Am~2 (150 asf).

8 A method as claimed in claim 7 wherein the current density is in the range of 276 Am™2 (25 asf) to
1100 Am™2

9. A method as claimed in claim 7 or claim 8 wherein the current density on the conductive substrate

varies by as much as a factor of four.
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varies:by as much as a factor of four. EP 0 335 683 B1 10. A nethod
as clained in any one of clains épgagél?&a%erei n the plating current is
applied until the coating conpri irst layer conprising an all oy
of pall adium and ni ckel electroplated on the substrate, and b) a second

layer uggtg n?aﬂJoErag ]claﬁrigbgrkarﬁjt onwcéwsfﬁd:@r @tvhgra.emtal;ra%ﬁg LRSR s GRBRDY Lkl B8

i odi de and pal I 'adi um and ni ckel 11. A nethod as

claimed in aaﬁ'h’fn@ﬂﬁ'yepgorrfbhéﬁd@l aioy&f Padiurt hd HRR6IRieBtroplaBa 5h/ B iitirale, iahd an

el ectrical tyyaRbddad lapsr uptdc2 i idk abMa biHacelsl theHivst @IérOMTsidg libdidd and an alloy of

El gkt g opl at tdamisiumandmickez ur Pl attierung eines GOberzugs aus einer

Pal | adi um Ni ckel - Legi erung auf ein elektrisch |eitendes Substrat, wobei das
Bad unf ait A aiethodPad ¢ladediinmay ane of claimbi7Sleer stivimreimitie sibstrhtssis @m sleciicaliprminal or

| odat - | oneacircilibbddrd. Bad nach Anspruch 1, das auBerdemein | eitendes Sal z
enth~lt und einen pH-Wert imBereich von 7 bis 9 aufweist. & Bad nach

AnsprucPatentsgeprighes pr uch 2, worin 20 i . das Pall adi unsal z

Pal | adi um(I|)-am nchlorid darstel | t, li. das N ckel sal z_ausgewAhl t | st aus
Ni ckel arfi nEleftelatioryqostied |21, Plptiierungneinag; Uberzpas,aus singr Pﬂ'ad'% BE?P"’A‘H‘Q

wel ches weflpiiriesh laitaadescSybsirat aqbel dpfofad Amiatt pin Balladipipspls pin Niskels

Anspruch 415 REBY Ipdat-19887- Auf hel | er Natri unvi nyl sul fonat darstellt. 6. Bad nach

niral & 7 o Gk B Bt R FP A bl bt i on 7

a) Eintauc €s elektrisch |eitenden Substrats in ein

El ektrory_ ag;dneag nad QRf mgﬁr vorausgegangenen AnsprUche, und b)
Anvengen er &g ply Méleﬂaﬁh%ﬁ%%ﬁﬁchfb% dasigsip,Bad, in dem der

Mtler UNQSs hdsNidkbISAIREfeWEHH i3 @l Nidia! Amé@fat(ﬂ&eﬁﬁlfaiuﬁalmck&crﬁcﬁﬂ Am 2 (150 asfl
liegt. 35 & Verfahren nach Anspruch 7, bei demdie Strondichte i mBereich

von 275 4ABal dadiPAmdprugh 3)wichbs mrmr%nbageﬁsoaamumeimgmmm@. Ver f ahren nach
Anspruch 7 oder Anspruch 8, bei demdie Strondichte auf dem el ektrisch

| ei t endeasn Badofath Ardspruch 4 @orini dat AsthedlerINatridmavinyfsalionatrdar$telitar | i ert. 40 10.
Ver f ahren nach ei nem der AnsprUche 7, 8, oder 9, bei dem der

Pl at t i erfunBaitactosineadpe wemsgagangened Anspriiche] awelci@iseweiteritin oditHpoerdenthdtint aSt a) ei ne
erste Schicht, die eine auf das Substrat elektroplattierte Legierung aus

Pal | adi (m Vertahra 2 Elekioplettieryng, uniassengisiie Stufen: b) eine zweite Schicht einer

Di ckesobi s 78 Eintavehenreinge elelirisch rigitgeden Sybtirats ia elanEleitrppiatiprungghed PEHRPUAY ei ne
Legi er ung ad’é"aFf&PiPa&%‘?“BM’ifﬁﬂc’Nr't‘!ﬁel enthalt. 11 X ahr en nac m der
Anspr Uche 7,8 hor guicias Bad, iy dam %Sr?'a&PE’R?stWbﬁ 'ﬂgb‘gﬁl ur
oder eine Scﬂgf‘i“t a@%f‘sﬁcf’éﬁ%‘fsgl'“f“t 2RIe&Endl cat | ons 1. Bain de d6p8t '

pal | o8 O el é@ﬁns TRt o 00 48 SRl T oo B o AP g i 1 100
conprenantun sel e paI | adi um un sel de ni ckel et au nmoins 55 15

parti es goajeflhbh hah ﬂsﬂr-ﬁiiﬂS? L Rhpruckt 8, 57 udh AR SHdmbignté SRR e(l'e?(ﬁ'lb&rlen?enden
CO”Drena“ts Strd? UM S0 Vil wichim G6H ElGE ShifieRt ayant un pH conpris entre 7 et

40
10. Verfahren nach einem der Ansprliche 7, 8, oder 9, bei dem der Plattierungsstrom angewendet wird, bis

der Uberzug folgendes umfast
a) eine erste Schicht, die eine auf das Substrat elekiroplattierte Legierung aus Palladium und Nickel

enthilt, und
45 b) eine zweite Schicht einer Dicke bis zu 2 um auf der Oberfl&iche der ersten Schicht, die lodid und
eine Legierung aus Palladium und Nickel enthiit.

11. Verfahren nach einem der Anspriiche 7,8,9 oder 10, bei dem das Substrat einen elekirischer AbschiuB
oder eine Schalttafol darstelit.
50
Revendications

1. Bain do dép6t électrolytique pour le plaquage d'un revétement d'alliage de palladium-nickel sur un
substrat conducteur I'électricité, le bain comprenant un sel de palladium, un sel de nickel et au moins
85 15 parties par million d'ions iodate.

2, Bain selon la revendication 1, comprenant de plus un sel conducteur et ayant un pH compris entre 7 et
9.
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9.- 13 * C L M * EP 0 335 683 B1 3 Bain selon les

revendi cations 1 ou 2, dans lo e sel de palladiumest |le chlorure
de palladium (I11) amne, (ii) iﬂgeﬂs%as(%%; 411| ckel est choisi parm le sulfate
de nickel amne, le sulfate de nickel et le chlorure de - ni ckel . 4.

Bai n sgl Qinlsdiod BY RISHaEAbRL 0w, d&REL&Nant de plus un agent |ustrant

or gani que. (|)59s§€bﬂa||§&ﬁn998tie&:hlbﬁ alediumQn) athinedans | oquel |'agent |ustrant

organi que gisie doPde/niékBl esbéolsigarthide §lfiats G6l hioksl andifle, o sulidé Bo SiekoDs Id chibnee de

guel conquenigies revendi cations pr~cddentes, conprenant de plus des ions

| odure. 7. Proc~d6 pour r-~aliser un ddp8t electrolytique, conprenant |es

et apesa.deBain(salpn lamveridmam 3(campreparib 9¢ plast uncegend ivsvantiorgaigng un bai n de ddp8t

6l ectrol ytique suivant 'une quel con- que des revendications prdodentes, et

1t 5. Baip)selarplelréveniidation 4cdans legusliagent lusteanporganiaugyest layinglsulionata de sqdidfuel | a

densite du courant so trouve dans |a gamme de 110 a 1650 Am2 (10 & 150

ANW2o 6 fBgin sgion N"@G'@?ém"%’e F’@ﬁfe‘fead'?aé%ﬁfﬁcé‘&t“% ﬁ°"TP'°’l§5Pr1’§ Plug derdPns|iodu@ensi t e de

courant est dans de 275 & 1100 AnP ( 100 asf). 20 '~ 9.

Proc~d& e Fr°é‘s’é?"é?ié‘ﬂHf@éf'?%"ﬂ'gt'q?e-(ﬁ’ﬂm%m"qﬂ%?élgdt é?ia o] ytl]qa densit6 de cour ant
I

sur le subéa? F%{‘t‘”%‘rﬂn‘ﬁb%“l%ﬂ'rat qpagyclaur fans,un bain s '"ﬂﬂ?a%“

Proc6d6 di cat |
C{)(J(r;%m i 3: hg; §d§ e Fu ! Bar ec?ané Fég e!l B%nsﬁé dtiscf‘og}é%gsla é’g@g\?ﬁésgﬁg ﬁ e
conpr end Ufte pr em ere ouc corrp enant un aI | i age de pal |l adi um et de

ni ckel g é%ﬁé’s %‘oﬁ G f %n)ﬂ:dtlglp? r@ﬁg loqiel 1a bidhsBs-tRdoli@it est@and IR harkfié s £6QAB0 Couche
5

ayant ju% 4pal ssour a surface de la prem bre couche
conpg onant de I|odure et un all | age de pall adiumet de nickel. 30 11.

ProC~dg, FR4cBH doloH kR reNeRdicaBoHd TCouths Sank 934861 donbité@acourant Sur 19 substral Condatasus

| equel | gafedimitacidur Akt jusGea quetré.~m t 6 dl ectrique ou une plaque de circuits.
35 40 45 50 55 14

10. Procédé selon I'une quelconque des revendications 7, 8 ou 9, dans lequel le courant de plaquage est
25 appliqué jusqu'au moment ol le revétement comprend:
(a) une premidre couche comprenant un alliage de palladium et de nickel déposé électrolytiquement

sur le substrat, et
(b) une seconde couche ayant jusqu'a 2 um d'épaisseur 2 la surface de la premitre couche

comprenant de I'iodure et un alliage de palladium et de nickel.

30
11. Procédé selon I'une quelconque des revendications 7, 8, 9 ou 10, dans lequel le substrat est une

extrémité électrique ou une plaque de circuits.
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