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25. palladium metal electroplating baths, including limited
deposition rates and brittleness due to hydrogen em-

brittlement were recently set forth in several papers

presented at The Second AES Symposium On Economic Use
of And Substitution For Precious Metals in The
30. Electronics Industry held on October 5th and 6th, 1982

at Danvers, Mass.
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dep05|t|on rates and brlttleness due to hydrogen em brittlenent. were
"recently set .forth in several papers presented at The Second AES Synp03|um
On Econonic Usé of And Substitution For Precious Metals in The 30. Y
ectronics Industry held on Cctoper 5th and 6th, 1982 at Danvers, Mgga ch
papers were by J. A Abys "A Uni que PaIIadlun1EIectrochen1stry
Characterlstlcs 2. and Fil m Propertigs" and by H'S. Trop and A V.
Si awel eski "Application of BTL Pd Technology to Barrel Plating."” It is

appatent therefore aﬁaitpimrprd, ¥ {eed aﬁjd by H&. aasprai@la.pal | agl um
met al bat hs mhlch e, eds qver a w de range
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substrat es. This|lﬁﬂ!¢¢lﬁ?£ﬁt&ﬁg§"the provi si on of means 10. for

- overcom ng or at | east mi 99 %P%%[ A g{pﬁ]@f ect}?atedcthv&zte LgSl n%e% os

prior palladium netal ele e Thvention alss eha
the provisi&n of elfer Q¢®Eﬁ%ﬂc‘i¢ﬂg Pk bad igm HnQﬂﬁal rBagihs Gd?ﬂﬂhﬁa\tllldn of com

15. ponents to peffididmeleidpst Ml Lenosdt | SPedds RdAY Wd@tﬁng@

various substrates. This inveniion further enaples the prOV|S|on of
~ pal | adi um ani ne co e‘iu’é’ﬁﬁﬂ%u‘ﬁﬁwgee%ﬁ%pﬂ%ﬂqb‘ﬁe Fatdretis 33 peed
deposi tion of ductidép¢s&ténhtanéﬁkietyrﬁmiéuhgtfgﬁgbIy achlevable

This invention enables the provision of mears

10. for overcoming or at least mitigating problems asso-
ciated with using the prior palladium metal electro-
plating baths. _

The invention also enables the provision of elec-
troplating baths with the right combination of com~

15. ponents to permit the efficient deposition of
palladium metal on various substrates.

‘This 'invention further enables the provision
of palladium amine'complex-containing electroplating
baths wherein high speed deposition of ductile palladium

20. metal is readily achievable. ' '

This invention still further enables the pro-
vision of an improved method for plating ductile
palladium metal on a variety of substrates with high
tolerance to metallic impurities such as copper using

25, . these special electroplating baths. _

These and other facets'of the present invention
will become more readily apparent from the following
description of the features thereof.

In accordance with the present invention it

30. ‘has now been found that the efficient high speed depos-
ition of ductile palladium metal can be achieved by
~using, as a source of’the_palladium in the bath, a
palladium amine'complex in combination with at least
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This invention still further enables the pro- vision of an inproved .nethod
for_plating ductile palladiummetal on a variety of substrates w-th high
iarce to metallic inpurities such as copper usihg 25. t hese speci al .

opl ati ng baths. These and ot her facets,of the present invention wll ~
more readily apparent fromthe follow ng description of the featureE‘J
I n accordance with th8.present invention it 30. has now been
found that the efficient high speed depos- ition of ductile palladiumnetal .
can be achieved by using, as a source of the palladiumin the bath, a g
paIIad|un1ﬁﬁvneoégﬁﬁl@ﬁthncéﬁﬁﬁnﬁat$on These pthenshath compensntd her barh

conponent sindhgae &mHSﬁLQﬁtBu@@ﬁﬁ@@?n&ﬁméﬂﬂmﬂdﬁafﬁﬂEW%&m%§u&&hate annnnlum
hal i de salt aIkaI# net al ﬁgroghospha% A and a strgss reduci ng agent.
h hageh ROn2 55

The eIectrBEFé??ﬁEeBﬁ BYHPP Reent stressg;yedueiRF al Iy be operated-
under sl ighgehtsi cThandléctneplatihgrblitlysadf atipiks oindewtiabout 7 to 9. The

. tenperatur 0 t degrees C, while
currgnt deﬁ%?i égﬁggg%Eﬁh asoé%gggié 8%%%% %éi§£k ﬁh g effectively used in

t he 10. pondittensi preferabivitatnacpiliof. from abmhe? teaQure of the

i nventi on, Tﬁéetéh§8£59998'89 @ﬁéhbHEM ﬁézo £RGE1 Prdm SASEET ant , pr ef erabl y

an al kali petal uQr ochem cal honat to mMnimze or_-avoid a plttlng
probt em t ha® ﬁﬂysgedﬁﬁﬁﬁﬁﬁtGPeH le current densities as high

as 3000 ASF (330 ASD) may be effectively used in the
10. practice of the present invention. In another
' feature of the invention, the electropating bath
may also contain a surfactant, preferably an alkali
metal fluorochemical sulphonate, to minimize or avoid
a pltting problem that may be encountered
15. As set forth abeove, one of the principal ingred-
- ients of the electroplating baths is the palladium
amine complex which can be a halide, nitrlte, nitrate,
sulphate, or sulphamate. _ .
Illustrative complexes include the following:
20. | Palladous diamine chloride - Pd(NH,) ,C1,
Palladous diamine dinitrite Pd(NH3)2(N02)2
Palladous tetramine nitrate PA(NH;) 4 (NO,)
Palladous dlamlne ‘sulphate Pd(NH3) ,S0,
The above chloride and dinitrite complexes

2

25. are preferred for the present purposes.
| Other palladium salts which may be used are
dichlorodiamine palladlum and the like.
The palladlum metal in the bath may be

used in amounts ranging from about 10 to 80 g/l,

30. and preferably about 40 to 70 g/1.

| The other four essential electroplating bath
components are ammonium sulphate,'ammonium halide,
an alkali metal pyrophosphate, and a stress reducing
agent. Although the amounts of these components used

35. inthe baths may vary over a wide range, the presence of
each of these components is essential in order to |



15. . As set forth above, one of the pr|n0|pal I ngred- ients of the
electroplatlng baths is the palladlunlan1ne conpl ex whi ch can be a halide,
pitrite, nitrate, sulphate, or sul phamate. |llustrative conpl exes includg A
-he follow ng: 20. Pal | adous -di ami ne chloride - Pd(NH3)2Cl12
| adous diam ne dinitrite Pd(NH3)2(N0O2)2 -Pall adous tetram ne nitratg¢
- Pd(NH3) 4(N0O3) 2 Pal | adous di am ne sul phat.e EQ(NH3)2804 The above chl or
and dinitrite conpl exes 25. are preferred for the present purposes. O her
" pal.kadi um sal ts which may be used are dichlorodi anine pall adi um and the

li ke.. The pall adidﬁ’&ﬂﬁi alhd Addid@midesmtsie Txeedriill @@uﬁﬁ&reaﬁgang from

about 10 to 80 g/ ref erabl y abo t 40 to_70 The .ot her four
essential el ect r&ﬁ?aatt ﬁﬂf 9% %&?5 é“l’ﬁ%’ %ﬁ"n ﬁﬁ'&fi& %&Hﬁoni um

hal i de, an al kal isaietsalop\elsEstosyilyttess. and a stress redUC|ng agent .

Al though the amounts ofpthes g{? eg’{:ltqes w%g%se& isAt Qﬁol&iﬁ;gs 1%y

.over a wide range, the presence hese conponents 1S ess ntlal in
prder to 5S4 at tiAom 1ahoue 39 & 163 94k, and pafersblyn 208 @b@uthat t hree
of these conponemnes &8 sdnmn conducting salts-or electrolytes. Amonium

sul phate may be used inrennunts ram%£¥£éron1a out 20 to 60 q and
preferably from about e ammonium e may be ammonium chlor'ide,

ammonium bromide, or ammonium fluoride. However,

-x'm.'

the use of ammonium chloride is especially preferred.
10. Amounts of the ammonium halide in the bath may vary from
' about 10 to 80 g/1, and preferably from about
20 to 30 g/1.
Tetrapotassium pyrophosphate is the preferred
alkali metal pyrophosphate which can be employed in
15. -formulating'the electroplating baths of this invention.
| _Nebertheless other tetra alkali metal pyrophosphates
such as tetrasodium.pyrophesphate,-ammonium pyrophos~-
phate, and the like mey be used. The tetra alkali metal
pyrophosphate may be used in amounts renging from about
' 20. 20 to 150 g/1, and preferably from about 80 to 100
g/1l, expressed as the trihydrated salt. The use of
electroplating baths containing palladous diamine di-
nitrite and tetrapotassium pyrophosphete is described
~in the U.S. Patent 4,092,225 to Davis, but it has a
25. current density limitation of about 50 ASF (5.5 ASD).
' The fifth essential component of the palladium
electreplating baths of_this invention is a stress
reducing ageni. Preferably, the stress reducing agent
is a derivative of benzene sulpliciiic¢ 'acid; and the |
30, ‘use of o-formyl benzene sulphbnic (OFB) was found to be
| particularly useful in maﬁy operations.



30 to 50 g/1. The amoni um halide may be ammoni um-chl ori de, : ammoni um

yde, or ammonium fluoride. However, the use of ammoniumchloride i's |,
ally preferred. 10. Amounts of the ammoni um halide in the bath may .
yrom about 10 to 80 g/l, and preferably. fromabout 20 to 30 g/l.
Tetrapot assi um pyrophosphate issgthe preferred al kali netal pyrophosphate
whi ch can be enpl oyed in 15. formul ating the el ectroplating baths of this
i nvention. Neverthel ess other tetra alkali metal pyrophosphates such as - .
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conponent 30fed Igeggql I adi um el ect ropI ating bat hs of this invention is a

stress reducing e Prefe the st ducing agent is a
derivative of b tg' ci t%&ﬁi‘i:?o?m’e g‘°&fm8onrrryl benzene
suIphonicaﬂﬁiiﬂcomtaﬁnmmuhenaﬁmgq@jﬂennd asefulsdhulthis a@ky operations.

5. O her i:go%%erde@f%@%h%@e%tos n\My (hrax}ea%.n?(e deleterious.

10. results on the formation of ductile paliadium or the

high rate of deposition that can be achieved herein.
As previously mentioned, one of these other in-
gredients is a surfactant which can minimize or
eliminate any metal pitting problem that may occur in
15. the practice of this invention. Minor amounts of an
anionic fluorochemical wetting'agent or surfactant
such as a blend of potassium_perfluoroaiky1 Sulphf
onates, sold under the trade marks FC-98 and FC-95
by the Minnesota Mining and'Manufaeturing Company,
20. may be employed.to'prevent pitting. ' The amount of
wetting agent or surfactant will generally range from
about 5 to 20 ml/1, preferably from about 7 to
15 ml/1 for the present-purposes. - :
FC-95 and EC-98'are_potassium'perfiuoroalkyl
25. sulphonates,and their use is generally preferred.
Both FC-95 and FC-98 decompose_at*390.degrees_c. In
a 0.1% aqueous'solution FC-95 has a pH of 748, while
- PC~98 has a pH of 6-8. FC-98, whioh'is potassium
perfluorocyclohexyl sulphonate, is slightly
- 30. less surface active and is capable of producing foan
that is less dense and less stable. Both types
have outstanding chemical and thermal stability,
especially in acidic and oxidizing systems. The



enpl oyed i-n the bresent i nvention include, for exanple, saccharin and

~2-buytene-1, 4-di one. I n general, the anount. of stress reduci ng agent us -
enployed will range 5. fromabout 1 to 10 g/l, and preferably from it/
- 3yto 5 g/l. The electroplating baths of this |nvention may al so contain_ ./
ot er I ngredients useful in this art, provided.that they do not have any

del et'eri ous. 10. results on the formatign of ductile palladiumor the

hi gh-rate of deposition that can be achi evéd herei'n.. As previously
mentshoned, one of these other in- gredients is a surfactant which can

mnimze or eli'm pake AN% ey E%ka&khg EﬂeEEogkﬁglhgﬁhaTﬁ logﬁﬂﬁhbﬂatés the

practice of this invention nor anounts an ani oni | uor ochem cal
wetting agent or dir Bdecdesedudn HsSa BRERBtOR: ﬁé?aggpuﬁPpﬁiPPﬁﬁroalkyl

sul ph- onates, SOM@iQ%ﬂ%T§§ﬁ%rt%%@euﬁér6$ EGtﬁBSQBQaEEaQESb!ntEEe&tﬁGeSOta
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. The anount of wet &L&§
to 20 m /|, saref e y:a‘dqwmisouf ih&el@amdehltsf aret hacprpeeategur poses.

FC-95 and FC 98 are QL2 E@ﬁr oroal kyl 25. sul phonat es, and their’
use is generally ;15‘r l%errg’? L%] eIrEl %95 and FC-98 deconpose at 390 degrees

C. In a 0.1% aqueous s@he p¥h ofCthe edeciromletinggbaghs| witd bg frsma pH

of 6-8. FC 98, whndut g Fw@ss?wfe%m W'a%ﬁth 26| shoaaaethes
slightly 30. | ess surface_ active and is éﬁgable of produ ﬁ‘egan1that

is |ess dense andBadds i be speratede PEEASuIRSi R PUEnd
thermal stalid.ity,30 to 80 degrees C., preferably from about 60 to 70

degrees C. Although the tank current densities which
can be effectively used with the baths of this in-
vention may range from about 10 to 200 ASF (1.1 to 22
ASD), somewhat higher current densities are preferred,
15. i.e. from about 180 up to about 200 asr (19 8 to 22
ASD). However, in contrast, a_current density range
- of from about 200-3,000 ASF (22 to 330 ASD) can be
attained by the practice of the present invention in
high speed plating systems. Under the preferred
20. - operating conditions of the present invention the rate
of ductile palladium metal deposition on the subst-
rate may be as high as 6 microns per minute, with
ranges of from about 1 to 25 being readily attained.
_ The baths of this invention can be used in conjun-
25. ction with ‘insoluble platinum, platinum clad, tantalum,
or columbium anodes. In general, rack plating is em-
ployed and workpieces , e.g. box and pin contacts,
printed circuit board contacts, decorative jewellry,
etc, have surfaces of metals such as copper, brass,
- 30. bronze, nickel, Siiver} steel, etc. The palladium
metal, or when desired, palladium metal alloy ductile
deposits are of high quality.



especially in acidic and oxi di zi ng systehs. The 6. rethod of preparing
-t é{perfluoroalkyl.sulphonates is disclosed in U S. Patent 2,519,983 to.

S 's; while a prior art use of such surfactants i'n electro- plating is . *
il trated by U S. Patent 2,750,334 to' Brown. 5. The teachings of thegey
patents are incorporated hereln by reference. The pH of the el ectroplating
baths will be fromabout 7 to 9. preferably fromabout 7 to 8 and the

baths will be operated at tenperatures of from about 10. 30 to 80 degrees
C., preferably from about 60 to 70 de rees C, . Althou the tank currentes
densi ti es whi ch Ed@stropdatdag eﬁF*%l?H@edﬂFﬁ%“bf this in- vention

may range jhiventakalthal@ &%eZQ@lﬁgﬁih? bom@odd tASR:, somewhat higher current
densities are preferred, 15 i rom about 180 up to about 200 ASF

(19.8 to 22 ASD% H%Mev%{ i'n contrast, c% %ur%eg% dgn5|ty range of from
about 200- 3, 000 0 330 ASD) can Qtﬁl &8 by the practice of the
presegt inventi er—tr—htegh speed pl ating r the preferred 20.
-operallng conditi-ons of the present inventi.on the rate of ductile pal | adi um
netal depqgi)t igd) Mtal enpiidst - rate maysgengohigh as 6 nicrons per minute,
W th ranges of fromabouf 1 to 25 being_readily attained. The baths of this

i nvention Eén(yg g i n conjun- 25. SPittheQi t h i nsol ubl e pl ati num
platlnun1qbﬁduﬁgantalun1 or colunblun1amodg§so In general, rack plating is

em (@) OFB 1to10

10. . . L]
(e) K,P,0, | | ZJtolSO

' (£) FC-98 . ' Sto20ml

- (h) Water ' S Remaindex

15. The invention will be more fully understood
by reference to the following 1llustrative
embodlments wherein concentratlons are given in grams
per litre (g/1) unless otherwise indicated.

20,

EXAMPLE I

A series of runs were carried out w1th electro-
platlng baths having the formulations set forth in
Table A. All plating was carried out in a tank at

25. current density of 200 ASF (ZZ-ASD), temperature of 70
degrees C., pH 8, with rapid agitatién and a constant
anode/cathode ratio. The substrate used was copper,.

~and the palladium metal complex was palladosamlne
chlorlde, Pd(NH3)2Cl2 The pH was adjusted with_
NH,OH.
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.degrees C., pH 8, with rapid agitation and a constant anode/cathode«ratlo
@ ubst rate used was copper, and the palladiumnetal conplex was

Bip:

O\

QOsan1ne chloride, [err]. The pH was adjusted with [err]. [ ERR]
he above-data-indicate that in additionto the palladiumnetal conplex:
and anmoni um t'he el ectropl ating baths had to contai'n ammoni um sul phate, a
stress reduci ng agent, and tet% pot assi um pyrophosphate in 5: order to
achieve the desired results n A which was fornulated in accordance:
with the present invention, gave excellent results: ‘a high speed, ductlha
- pal l adium netal deposit. In contrast, the other Runs which did not use

el ectropl ating th al | t he negessar qnen ailed to glve'
satisfactory r @(Aﬁ :ﬂjé)'lﬁ)ate tHat' ryﬁm %%té'l Cect ropl ating -
bat h waspair lepdirwenl mg'ta;il ssmipdeny add Fuidrdninn dhen grleditaopd atingat er :

| %m[)gperga%hs had to conta:gp%ﬁ%gﬁﬂ %ﬁﬂa@eo, a Etredy err]

reducing agent, and tetra-potassium pyrophosphate in
5. ‘order to achieve the desired results. Run A, which'was
formulated in accordance with the present invention,
gave excellent results: a high speed, ductile
palladium metal deposit. In contrast, the other
Runs which did not use electroplating with all of the K
10. necessary components failed to give satisfactory

results.
' EXAMPLE TI
15. _ A palladium.electroplating_bath was prepared
by dissolving the following ingredients in water:
Canponents : Concentration
' g/1
20. P4, as Pd(NH3)2Cl2 | | 70
NH,C1 _ 30
&Pfh. 350 100
OFB - : . 10
25 FC-98 (1 g/1 sol'n) _ 10 mil

The bath was operated at a pH of 9, 70-75
degrees C., and at an achieved current density in the
order of 195 ASF (21.45 ASD}. High speed ductile '

30. palladiumffoils of up to 75 microns were plated
on a copper substrate at a rate of 6 microns per
minute. The foils could be rolled into a cylinder and
deformed into a square. '



.[err]' i . 30 [err] 100 =,

cB .- 10 25. FC-98 (1 g/l sol'n) : cx
10°'m | The bath was oper at ed ‘at a pH of 9, 70-75 degrees C.,. and at Ly
~Achi eved current density in the order of 195 ASF (21.45 ASD) Hi gh &d

duetile -30. pal | adium foils of 'up to 75 mcrons were plated on a copper
substrate at a rate of 6 microns per rithute. The foils could be rolled into

a cylinder and deforned into a square. 10. EXAMPLE 111 Anot her

 eleciroplating bath was prepared by dissolving the follow ng ingredients in
water: 5 Conponent s EXAMPLE IXIncentration g/ | Pd, as
[err] - 60 [err] 50 10. [Jerr]
30 [err]

'FC-98 (1 g/l sol'n)  Another eleftflfﬂplﬁmg bath Has; RRERR%RLs P so

operated at a pHa@issoRfthd teEsHiowihefimirudi efts’ indagitees C. Spot cel |
tests were done with this bath, and current densities up to 3000 ASF (330
ASD) were achleved Good ductil e deposits with a deposition rate up to

‘5 . Components ~ Concentration
(N&g2504 50
0. MO | ol
K'4P207 . 3HéO | _ 100
OFB . _ .5
- FC-98 (1 g/1 sol'm) 10 ml
15. _ This bath was also operated at a pH of 8

and a temperature of about 70-75 degrees c. Spot

cell tests were dohe with this bath, and current

densities up to 3000 ASF (330 ASD) were achieved.

Good ductile deposits with a deposition rate up to
20. 25 microns/minute were obtained.



207 25 mcrons/ mnute were obtained. 11. EXAMPLE |V Conponents

ewttation g/l Pd, as [err] 60 [err] . ’

iﬁi] | 305  [err] ’ SR
: o 5 FC-98. (1 g/l -sol ' n) 10

m Cu as [err] 2 0100 - The bat h was -/

operated at a pHof 7.5 70 C:llcur- rent density of 200 ASF (22 ASD). A

ductile foil of 25 mcrons thick was obtained wi'th no codeposition of ;

copper. The foregoing data reveal that the palladium 15. el ectropl ating

bat hs of this invention peEXA¥PEEIV) gh speed deposition of ductile

~pal | adium netal at high current densities, i.e. up to about 200 ASF (22
ASD) in a tank apd 3000 ASF (330 ASD) or ct"l rgcrler spot cell. 1In
addi tion, t he datGQOBRNCE %t the bath 20. Q?? ™l erant to copper,
‘ni ckel, iron and gol d. _
Pd, as PdCNH3)2C12 _ ' 60
(NH, ) ,S0, 50
NH,C1 | | 30
5. K4P207 . 3H,0 100
OFB ' 5
FC-98 (1 g/1 sol'n) . 10 ml
Cu, as CuSO4 . 5H,0 ' 2
10. The bath was-operated‘at a pH of'7.5, 7o°c., cur-

rent density of 200 ASF (22 ASD). A ductile foil of
25 microns thick was obtained with no codeposition
of copper. | : |
The foregoing data reveal that the palladlum'
15. . electroplatlng-baths of this invention permit the hlgh'
' speed deposition of ductile palladium metal at high
.current densities, i.e. up to about 200 ASF (22 ASD)
in a tank and 3000 ASF (330 ASD) or higher in a
spot cell. In addition,the data show that the bath
20. is highly tolerant to copper, nickel, iron and
gold. | . -




1&. CLAIMS : 1. - +A hi gh speed bath for the electro- deposition of ductlie

pal |, adi um net-al conpr|5|ng pal | adi. Hornlof a pall adi um
: canpl ex, ammoni um sul phate, anmoni. mmlmlmﬁiu u“ ml al i met al
p ophosphate and a stress reducing*agentt A bat-h as clai nmed

onprising from40 to 80 g/l paIIadlun1ne£%l 10. - - 3.
as claimed in daiml or 2 conprising from to 90 g/l anmmoni um sul phate.
4, -~ A bath as claimed in daiml, 2 or 3 conprising from10 to 70 g/l
amdrium hal i de. 15, 5. ‘A bath as clainmed in any one of Clainms 1 to 4
conpri sing from 20584802 g/| alkali netal pyrophosphate. 20. 6.
A bath as clained in any one of Clains 1 to 5 which al so contalnsla nlgor
amount of an anionic flu roche surfact.an as claimed in
any one of Claims 1 25. £ %1§§%?ef%e? b%ﬁﬁ'%éﬁeﬁﬁe %E%é%%ﬁkali met al
per f 1 uor o-al kyl Suﬁphgﬁét§°n8°f du¢tbb¢hp@blad£mmmmbtmlamqmprmsiﬁg<d SIWB 1A.
to 7 wherein the | § C .
bath as clained in angbgﬂgﬁg%ég§%lﬁ% to %ﬂkﬁ%#@%dﬂﬁhe péf?a UM ani ne
conpl ex i s pal | adi GAPEI&%r n@WRPRLWR jeulphate, ammonium halide, an alkali

5. - metal pyrophosphate and a stress reducing agent.

2. A bath as claimed in Claim 1 comprisihg-
from 40 to 80 g/l palladium metal.

10. 3. A bath as claimed in Claim 1 or 2
comprising from 20 to 90 g/l -ammonium sulphate.

4. A bath as claimed in Claim 1, 2 or 3
comprising from 10 to 70 g/l ammonium halide.

15. :
5. ° A bath as claimed in any one of
Claims 1 to 4 comprising from 20 to 150 g/l alkali
metal pyrophosphate.
20. - 6. A bath as claimed in any one of Claims 1

to 5'whiéh also contains a minor amount of an
anionic fluorochemical surfactant.

_ 7. A bath as cla.imed in any one of Claims 1
25. to 6 wherein the surfactant is an alkali metal
"perfluoro-alkyl sulphonate.

8. A bath as claimed in any one of Claims 1
to 7 wherein the ammonium halide is ammonium chloride.

30. ' . A bath as claimed in any one of Claims 1
to 8 wherein the palladium amine complex is palladium
diamine chloride.

ne ..



13. 10-: A bath as clained in any ogg_gi_glngg_;_LQ_Qf wherein the stress .
r cithg agent is a derivative of benzene sul phonic acid. 11. _ A bath.’as |-

d-in any one of lains 1 to 10 wherein t pzene sul phonic acid 3
tive is o-fornyl benzene sul phonicmlmnm’im A net hod of Y,
odepositing high speed 10. ducttif MR el -

on a netallic
“substrate which conprises i nmk3sing the substrate in an electro- plating
bath as clained in any one of clains 1 to 11 and passing current between-
the substrate and a bath el ectrode. 15, 13.. A nethod as clainmed in d aief
12, wherein tLe Hath id Bath 3% etatmedy tn (3py ong of Gladshdd as cl ai ned
in Caimlgooy, ktherdin thaheteéss t hedbaddy i sgatit aid embyetvateived from 50
to 80 C 15f. A net hod q%%Clained in Claim212, 13 or 14, wherein the bath
i s oper at edf PORZTRF r ENFPRRRLT ¢ 34 of from10 to 3000 ASP (1.1 to 330

ASD). 16. A nmethod for el ectrodepositing high speed ductile palladiumon

a Betallic substypate wi 0NPId 56 'éﬂ$§s' _ : j N an
el ectroplatin b%.?h ovwer%%&-é g%). a pﬂné\n th |_né‘§5ﬁeéﬁr€né§ej®6fféﬁsgn% 7to09, a

t enper at ur€o o}Ofvherein t thgoPergpre sSEPhemir Acif rdgrivatikva y of from 10
to 3000 ASEs(odfdripl BEnAERY ; shisheheetd@maating bath conprising an
aqueous . ' - . .
12. A method of electrodepositing high speed

10. ductile palladium on a metallic substrate which
comprises immersing the subst:ate in an electro-_
plating bath as claimed in any one of claims 1 to
11 and passing current betwéen the substrate and a
bath electrode.
15. _

13.. A method as claimed in Claim 12, wherein

.&é bath is at a pH of from 7 to 9.

14. A method as claimed in Claim 12 or 13,
wherein the bath is at a temperature of from _
50 to 80°C. | :

20.

15. A method as claimed in Claim 12, 13 or
_ _ 14, wherein the bath is operated at a current density
25 of from 10 to 3000 ASF (1.1 to 330 ASD).

- 16. A method for electrodepositing high speed
- ductile palladium on a metallic substrate which
comprises immersing the substrate in an electroplating
bath.operated'at'a PH within the range of froﬁ-7
to 9, a temperature of from 50 to 80 degrees C., and a
current density of from 10 to 3000 ASF (1.1 to 330
ASD); the electroplating bath comprising an aqueous



‘14, sol ution havi ng the fol | owi ng corrponerTf'ST’W |
no cpux .

Concenit r at i on g/l 5 (a) Palladiumnetal, as the
40 to 60 (b) Terr] ' (! ]!mﬁm
“20 to 30 (d) alkali nmetal pyrophosphihe e) stress

‘duci ng agent -3 t'o : A nethod as clalned in any one of dains
12 to 16 - wherein o] e t n Reh€strom 7 to 9. 15.
.18. . A nethod ag&? gﬂggdha%Qﬁﬂ Eg%efg1leb§§gse?§§?o 17 wherein the
tqugrature of- the bath is fron1about 60 to [err]. A et hod as
clarnmed-in any one of Coaponerd@s 12 to 18, mhereoncehErauionnt density is
from 180 3000 ASF (19.8 to 330 ASD). 20. A net hodgAdd clai med in any one
~of Clainms 12 to 19, wherern—the—substrate is sel ectedt—From25. copper,

ni ckel, brags, iron, gold, and alloys thereof. 21. A-nethod as clainmed in
_ Cla|n116 mherel@a;Q@lgﬁﬁhﬁqﬂgglaqgngxgonplex i s pal |l adous ami-ne chlori de.
. 30. 22. mugsaﬁhaié&g]_@ Claim 160e0 b Wherein the
_'palladous am ne is palladous amine nitrite A nmet hod as
claimed in Clalnﬁﬁggkg %ﬁiﬁ ' :i)b°%% :
(c) NH,CL : 20 to 30
(@) alkali metal pyrophosphate 80 to 100
10. (e) stress reducing agent 3to5

17. A method as claimed in any one of
Claims 12 to 16 wherein the pH of the electro-
-plating bath is from 7 to 9. -

15. '18. A method as claimed in any one of Claims
12 to 17, wherein the temperature of the bath is
from about 60 to 70°C.

19. A method as claimed in any.one_of'Claims
20. 12 to 18, wherein the current density is from 180
3000 ASF (19.8 to 330 ASD).

20. A method as claimed in any one of Claims
12 to 19, wherein the substrate is selected from -
25. - copper, nickel, brass, iron, gold, and alloys -thereof.

21. Afmethod as claimed in Claim 16, wherein
‘the palladous amine complex is palladous amine
chloride. -

30. 22. A method as claimed in Claim 16 or 21,
wherein the palladous amine complex is palladous
amine nitrite. '

23. A method as cAYimed in Claim 16, 21 or
35. 22, wherein the stress reducing agent is a derivative



sul phe

- 21 to 24 wherein the bath al so contai

&ag sul phoni s acid. "24. A ne
%) he benzene sulphonlc acid derivative 5.

' acid. 25. %A nethod as cl Tm\mmm\mm or any-

mherein'the-stress reduci ng agent .is a derlvatlve

15.

of .

aim 16, -21; 22 or"
is o-fornyl -benzene

one of d ai

ti-pitting anount of a

~-ani oni ¢ fluoro: 10. chemical surfactantt 26. 5 A nmethod as clained in

Claim 16 or. any one of Clains 21 to 26, wherein the alkali

nmet al

pyr o-

B
&

23

"

phosphate i's tetrapotassi um pyrophpsphate. 15. 28. An el ectroplating baﬁh
substantially as herein described with reference to any one of Exanples IA

1, 11l and 1V. 20. 29. A nmethod of electroplating substantially .
as herei n desbenbenewstbphehiceackdto any one of Exanples IA I, |1l and
1V. 30. An article whenever electroplated by a 25. bat h as. clained in

any one of Clains 1 to 15 and 28 and/ or bz a method as.clainmed in any one
n

of Clainms 16 t 0247y and method as claimed
or 23 wherein the benzene sulphonic acid derivative

5.

10.

15.

20.

25.

Claim 16, 21, 22
is o-formyl-benzene sulphonic acid.

25, A method as claimed in Claim 16 or any-

one of Claims 21 to 24 wherein the bath also contains

a minoX, anti-pitting amount of an anionic fluoro-
chemical surfactant.

26. A method as claimed in Claim 16 or any one

of Claims 21 to 26, wherein the alkali metal pyro-
phosphate is tetrapotassium pyrophosphate.

28. An electroplating bath substantially as
herein described with reference to any one of
'Examples IA, II, III and IV.

29. A method of electroplating substarntially
as herein described with reference to any one
of Examples IA, II, III and IV.

30. An article whenever electroplated by a
bath as claimed in any one of Claims 1 to 15 and
28 and/or by a method as claimed in any one of
Claims 16 to 27 and 29.




