1 DESCRI PTI ON ELECTROLESS PURE PALLADI UM PLATI NG
SOLUTI ON Technical Field The present invention
relates to an el ectrol ess pure palladium plating
solution. More particularly, it relates to an
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As an electroless palladium plating' solution has heretofore been used in
industrial applications, there has been known an electroless palladium plating solution
comprising a water-soluble palladium salt, ethylenedianimetetraacetic acid,
ethylenediamine, and sodium hypophosphite, as described, for example, in Patent
Document 1.

There has also been known an electroless palladium plating solution
containing, as essential components, at least one member selected from the group
consisting of a palladium compound, ammonia and an amine compound, an organic
compound having divalent sulfur, and at least one member selected from the group
consisting of a hypophosphorous acid compound and a boron hydride compound (see, for

example, Patent Document 2). From these electroless palladium plating solutions, a



consi sting of a hypophosphorous acid conpound and a
boron hydri de conpound (see, for exanple, Patent
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Disclosure of Invention
Problem to be Solved by the Invention

It is an object of the present invention to provide an electroless pure palladium
plating solution which is practicable in an industrial mass production line and which is
capable of forming a stable pure palladium plating film on wirings of highly reliable

finely interconnected electronic parts.



Problemto be Solved by the Invention It is an object
of the present invention to provide an el ectrol ess
pure palladium plating solaution which is practicable
in an industrial mass production line and which is
capabl e of form ng a stable pure palladium plating
filmon wirings of highly reliable finely

i nterconnected el ectronic parts. 3 Mans to Solve the
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function of stably keeping these components in the solution, thereby contributing to
stabilization of the solution.

A concentration of ammonia and{or) the amine compound is 0.0005 to 8
mol/liter, preferably 0.01 to 5 molfliter or higher. When ammonia is used alone, the
concentration is more preferably 0.05 to 1 mol/liter with a view to improving stability of
the plating solution.

When the concentration of ammonia and(for) the amine compound is higher,

stability of the plating solution is more improved. However, if the concentration is in



forms a conplex together with palladi umcontained in
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sodium salt, potassium salt and ammonium salt of these carboxylic acids.

Tn the present invention, it is preferred to use two or more of the
above-mentioned aliphatic carboxylic acids in combination. Specifically, the aliphatic
monocarboxylic acid such as formic acid, and the aliphatic (hydroxycarboxylic acid such
as malic acid, citric acid, gluconic acid, tartaric acid, glycolic acid or lactic acid are
preferably used in combination.

The plating solution has an aliphatic carboxylic acid concentration of 0.005 to 5

mol/liter, preferably 0.01 to I molfliter.



Next, as the aliphatic carboxylic acid and the

wat er - sol ubl e salt thereof which are used in the
present invention, there may be nentioned, aliphatic
nonocar boxylic acids such as formc acid, acetic
acid, propionic acid, butyric acid, isobutyric acid,
valeric acid, and caproic acid, aliphatic
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present invention to soak a substrate catalytic to reductive deposition of a palladium
film in the plating solution in the above-mentioned temperature range. (A plating film
can be formed by means of the plating solution of the present invention by soaking a
substrate catalytic to reductive deposition of a palladium film in the plating solution in
the above-mentioned temperature range. As the above-mentioned catalytic substrate,

there may be mentioned, for example, iron, nickel, cobalt, gold, silver, copper, platinum,
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con{a%‘f‘lln%tlg'ﬂj Qéi%(:\ epg)tog%hog{g] I%H RS ihétife, Wich-FEHADMadiRS hiRHE good

e soa atlng solution to forma
Catiﬁyﬁft ity ityicambp abtaped. sarre manner as in the

abOVﬁief@%h?@%ﬂ dﬂﬁz?tﬁ&ﬂby ithe 9?&?1@%/5011&10%&?% Iplr@‘énh awention is
e 0 e al ytic,,substrate

exgHgh IRE Eubea SRt | e neeellERty pAiEy T tpggties and
wird bendiﬁ@ paipeitons. 'Ofie ﬂlapﬁg kaldiiomf fhi rprdgp;enmmlmf hasithe excellent
proPer%les dgssé%bg@gﬂ) %@ac%r% %&? EJ[ bz?tnprggtlctahgalﬁé §§§@)ﬁamng

rocee ut ocat a I'n consequence,
matehig! fop Watlwﬁgeléqtrqwmrésrwlhah aremmp!é? i haye dygh relabilihs
and excellent in bonding properties can be obtai ned.
Ef fect of the Inventjon The el ectrol ess pall adi um
Besh Made iy Gurves Ot dre Iwenitesent i nvention has

In the following, the present invention will be described in further detail with

reference to Examples.

EXAMPLE 1
Composition of Plating Solution
palladium chloride 0.05 mol/iter
ethylenediamine 0.03 mol/liter
malic acid 0.05 mol/liter
citric acid 0.05 mol/liter

sodium formate (.30 molfliter



extrenely excellent solution storage stability and is
capabl e of realizing deposition at a |ow tenperature,
and accordingly, it has good workability and keeps
wor ki ng environment in good condition. Further, since
the deposition rate is dependent on the palladium
concentration and the solution tenperature, control of
the plating film thickness is easy. Myeover,.. since
t he SFPAFHEY FPEsRPRESalst ant i al | y free(ifoﬁwbhwr
ﬁonﬁanhmﬁﬁm@ﬂ;mﬁth phosphor ous, boron arlt helliteke
i gh-puri.t al | adi um havi ng good catalytkc actiyjty
can *Y u@ﬂPé?ﬁ%%f The pl ating fiImobtaianc@Jlbya)thet}{‘Ja above
compbmanits@ @:ab bringplibéf thérelaping selntion bwvefit i on i s
extrenmely unlikely to have cracks and has excell ent
sol dering properties and w re-bonding properties. The
EX/VIBLERg sol ution of the present invention has the
CXCEh BRI A PPRh Saldgdooct bed above, and
1gly, 1t has great practical value as a plating
mat &pHadiumghlapidei ous el ectronic parts %%&%WDgP@P
qu@uﬁ@ﬁmﬂmnhaye high reliability. Bestd.0bael/liter
rryin t the Invention In the foll gw t.h
pre§%ﬁ?g? ention will be described inq¥%$%ﬁ%¥wgetail
Wi t hitric @fidr ence t o Exanpl es. EXAVPLE 1 @¥hmokliter on of
Pl at | jon palladium chloride 0. .t er
ethf#gﬁgjﬁéﬁ%%e 0.03 nmol/liter malic gg?gﬁ%#%%l
ol Airiotassiung hydrogerpbpehat05 nol /| iter GHIMaMEdr mat e
O.?%?ﬂ?hJ$ﬂ$ﬁ%.7 dif?diunbh{dro??Pphosphaﬁ@y@mﬂ
no iter sodiumsulfate 0.1 no iter sodiu
hy dPERPHETARIGE D t he above conponenﬁgégg alf ¢ ghe  above
comPbhdigs @Hhsab biing ppi eltthe glasiak wbliuenn t©6.6. 0 EXAVPLE 2
Conposition of Plating Solution palladiumchloride
0.05 nol/liter ethylenedianine 0.03 nol/liter maleic
COMEABADINGS EdMPLE ér

Composition of Plating Solution

palladium chloride 0.05 mol/liter
ethylenediamine (.03 mol/liter
malic acid 0.05 mol/liter
sodium formate 0.30 mol/liter
sodium hydroxide added to the above

components so as to bring pH of the plating solution to 6.0

COMPARATIVE EXAMPLE 2

Composition of Plating Solution

palladium chloride 0.05 molliter
ethylenediamine 0.03 mol/liter

malic acid 0.05 mol/liter

disodivm hydrogenphosphate 0.10 mol/liter

sodium formate 0.30 mol/iter

sodium hydroxide added to the above

components so as to bring pH of the plating solution to 6.0



citric acid 0.05 nol/liter sodiumformate 0.30

mol I'liter dipotassi um hydrogenphosphate 0. 10

nol/liter sodiumsulfate 10 nol/liter potassium

hydr oxi de added to the above conponents so as to

bring pH of the plating solution to 6.0 COVPARATI VE

EXAMPLE 1 Conposition of Plating Solution palladi um

chloride 0.05 nol/liter _ ethyl enediam ne 0, 03 :

mol Mapk @vint pificp boards bovios meepandert coreetplerirednet bl erid
arrdy- 39e FRH/Jr iotmim SiadiishintRY ¥ LXdule ceddededs@nidrg @bavatment and

conponents so as tp bring pH.of t | at i ng sol,uf.i :
theg go @?@tu&i)/p AEOGH EYER egmglly C%’ﬁ'ﬂ%@?t eiei‘%cijiragt?ss Igrlg{ullgg g:olutlon
(phoSphatink ecntpat B tauforma bl delked @l:Qin@ S mohving @rout 5 » m thereon. The

_ethyl.enedi,am ne 0,0 [/liter ' ' .
prin e PEP T S har wTBr sl Evautiol Enfl o fion subjected o
platsrdiwhoreioa phtizGeB0embizt Masert oddi7T0in BpdpPk e Gye sgs set to

i C AERE deNShiRE L pldifhg soluti
be5%?%%?%&q@%%%??&%ﬂ?gﬁ%¥55%§gEgéﬁE%%?%fﬁ%%rcuitpboafamllOns
vrefiaed gt randpesnfehemephiee Esrmplergawectyelpal | grid

ar r abieyRen N dhRknQh the plladRhefiliaqatdbjeaaired té examine

customary pretreatnent and then .to plating by.peans
bl G P EHP RS ol FAtes b PO GrReEs S hifFRe0Es of the
plat&@ fillri Oere (nBreERIIONILS adDRi€rént BYy tderd dilim thickhedegheter. The

lﬁéating fiqu%?ving about 5 p mthereon. The print
TSRS P B0Er dS Wer e washed with running water for 1

m nute and then subjected to plating, wherein a
TabRl2t1 NG tenperature was set to be 70C and a plating

time was set to be 5 mnutes, using the

..........................................................................................

sol ut iipRsediRERRAeed hfferEXapfbes angdr Compéeat i \ufter after

Exanplbea%ﬁ prre%g aetﬁ)tnL‘V%l d%l'ys 10days 15days 20days 25days 30 days

Ex.1 0.55 0.54  0.54 0.52 0.56 0.51 0.51
0.12) 0.15) (0.14) 0.11) 0.18) ©.15) 0.13
Ex.2 0.55 054 052 0.52 0.52 0.51 0.51
0.12) (012 @©1p (©11) ©13) 013 012
Comp.Ex.1 0.53 054  0.53 0.51 0.49 0.49 0.45
0.23) 026 025 027 .30  (0.30) (0.33)
Comp.Ex.2 0.55 0.53 0.51 0.53 0.51 0.50 0.49
0.19) 0.19) (©.18 (.21 (0.200 ©23) (0249

bath preparation*: plating bath preparation, i.e., initial make-up of plating bath
In Table 1, the unit of the thicknessesis ¢ m/5 min.
The numerical values are average values, and the numerical values in the

parentheses are values of variations in film thickness.

As a result of the measurement of the deposition rates of the electroless pure



Subsequent |y, thicknesses of the palladiumfilns ware
nmeasured to exanmne plating rates and variations in
filmthickness. In this corthection, the thicknesses of
the plating filnms were neasured with a fluorescent
X-ray micro filmthickness neter. The results are
shown in Table 1. Table 1

fouﬁdf’ that Tn% 'Coin'p‘a;ati\fe' E;campbs,% the val%ues i(ﬂmMiaﬁioﬁk yin afiline rthicfness
after after_after_after ,afte ter at I I

1 i . t
incrgaggdyas e gyt Hierape PR t%z%e%‘”’aﬁ?g“”éé‘“ égg/%%ew Bm a
the maxdmunr. O the other hand,- #t-was found -that in Examples -according- to the

Examples. - Further, .with 1Bspegt g 5thep figalyo injpregnepsie sybgiragqs tested,
evaltafdns 619 sokddrideOprbgartied ard wikbohng Srop@Xiet KedBgarti®d ba), and

good results were ohtained._ _ _ _ _ _ ...

------------------------------ Conp. Ex. 1 0.53 0. 54
0.53 0.51 0.49 0.49 0.45 (0.23) (0.26) (0.25) (0.27)
(0.30) (0.30) (0.33) -cccmmmmmmcmmmaaaoaaao s
S Conp. Ex. 2 0.55 0.53
0.51 0.53 0.51 0.50 0.49 (0.19) (0.19) (0.18) (0.21)

bat h preparation*: plating bath preparation, i.e.,
initial make-up of plating bath In Table 1, the unit
of the thicknesses is y m5 mn. The nunerical values
are average val ues, and the nunerical values in the
par ent heses are val ues of variations in film

t hi ckness. As a result of the neasurenent of the
deposition rates of the electroless pure 9 palladi.um
pl ati ng and thi cknesses of the palladiumfilnms as
descri bed above, it was found that in Conparative
Exanpl es, the values of variations in filmthickness
increased as tinme el apsed after the plating bath
preparation and reached 0.33 u mat the maxi nrum On
the other hand, it was found that in Exanples
according to the present invention, even with | apse
of time after the plating bath preparation, the



deposition rates and the stabilities of the plating

sol utions were excellent, and the variations of the

pal |l adium plating fil ms becanme about hal ves of those

in Conparative Exanples. Further, with respect to the
finely interconnected substrates tested, evaluations

on sol dering properties and W re-bondi ng properties

were carried out, and good results were obtained. 10
CLAIMS 1. In an eleCtrO|eE§ﬁ§§&§ pal | adi um pl ati ng

sol ution conprising an aq sol uti on cont ai ni ng

(a) Q. @0lanl elebirSespidel pAladafm epludbe Bolsicibl @b@prising an agueous

S0 ut%'lloPadl tlle\lrp%ll\(}:\% %x@i t% Hg é?tg@gt%rdo fagg te? ﬁél blng)ahadmm corpround and
(bXc®6dn st 1hgpobTiter alf iap hestst twe aredheys pelected ﬁ$matim group consisting of

ahﬁﬁ cﬁ%o gin‘? &ﬂist Snb h‘?ﬁ Qf 0]6)%)% sgﬂ% ﬁlléﬁTo tﬂé 'a‘ﬁﬂfous solution

er nor ' ses

fuﬁh@%ﬁ@ cpepesesichR@0B o 4 m&m'vf@hosmw(@}d @n@@sa posphate,
and Qo5 kd @6 nofinsel SR Gt éﬂg&oﬁ s At Bor@Rehr comprises

nor eover_conp ri ses ammoni a and/ or am ne_co ound to
an%f&?waavé&mrewwq%p%&m togionm & FRpEY ¥y Pafadi; prmpound to
mdih&is tadthbitiyy 6f thbfeiagrddngiet ﬂi@tsslutmnt he sol ution. 2.

coorkit it B rats P s Pt Stk S20hE R il wheren
th@ﬁhykﬁmedmandnﬁnhﬁenahEmakectroIess pure pal |l adi um
pl at I3n'9h(§(91 )ﬁqﬁg Sgﬁiécggm S[)qaﬁ£§ otﬂﬂf%lon Xﬁ%ﬁfd%é‘m ctieﬁﬁl 1, wherein

aliphatic

th@m&ltl@atlboszarbpwhac peid &n azl iajehetie mamcyﬂwqudc aej gfiphatic
BeardBxyid déhﬁéﬂ e ﬂmrn}:%vc&ﬁk Ox¥biyliceiad. 4. The

electr e al | atln solutlon acco dln
to cl ﬂ’ﬁ clplesafHe P?ﬂfaf 14y Iﬁﬁ‘af‘% B RSSPIERS igcd, vborein
the sliploativ rﬁor&ﬁaﬁoﬁfh(ﬁacidﬂslf&tnﬁc abid ofhefomh &gt r OI ess pure

Il adi | at I di t
\F,)\,f;1 er g’ ?Hén?lﬁfét%glfﬁg U}? pgﬁ?{fﬁ ﬁ)algéﬁlé%%ogg??? ?c%ordén%% ¢laim 3, wherein
theraliptatadhy]oxyicathosykcacd] istrmalicadid caticdeidgtartoiv acidaglugpnic acid,
ghgh¥f£%38rﬂﬁkg?8ﬁ | actic acid. 6. The el ectrol ess pure

sol ution according to claim 3,
vvh er &i Fhe %11P¢‘Eﬁa¥ﬂ rurp gpYedinpolgting seletion pecowsiieg pacclaig 3 wherein
allﬂﬁétiﬁ"bélyé’a@b&yhﬁﬁicﬁl fs Xalifl acilU GEd100i6 a8l thaldic aBidUbadcific acid or
aci.d The el ectrol ess pure pal | adi um plati ng
gh@%ﬂﬁ??ﬂn according to any one of claims 1 to 6,
whergilhe ehetralesppratel pallaBRec plabious tblugioa Glcébrdmgdo ihg one of claims

18 |6| \Qﬂé‘ﬁe'u? th(eh:}ild rh)a%1 Co%{)(t:)a%ﬁgilq}li% acid, and the aliphatic (hydr)oxycarboxylic



