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As an electroless palladium plating solution used for industrial applications,
there has heretofore been known, for example, an electroless palladium plating
solution comprising a water-soluble palladium salt, ethylenedianimetetraacetic acid,
ethylenediamine, and sodium hypophosphite, as described in Patent Document 1.
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Moreover, the electroless palladium plating solution disclosed in Patent
Document 2 has a drawback that since phosphorus and/or boron derived from the
hypophosphorous acid compound and/or the boron compound as a reductive
component is contained in a plating film, properties of the palladium plating film
markedly change between before and after heat test.
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Docunent 3 has not only a drawback of poor storage
stability but also a drawback that it is degraded in a
short time in an industrial mass production |ine and
thus has a short duration of l[ife as a plating

30: U: | Pie crcggrgﬁzil%aﬂ{ ﬂ@baﬂ&ﬂ&ﬁjdlséltﬂ@eoqahda?éﬁt W@c@ﬂn@hi $Mas not only
Sol uUt.l O
8 BrattegR of R sfou Bk BBl bihhian A eaR At et 15 dedipded B% short

traetin ahdnvdustriabh mass peoduictiom ihebamditihsie has angHontuduration of life as a

or deposition on other portions than a
gﬁﬁﬁig@bor el ectrodes is likely to be caused in such a

el ect r@ni thepether tard,t the pailadise ylating hsalldipns Aedanding o ePatent
QBCLﬂﬁéﬁtaﬂ'lé‘@ bIBtung@BﬁlﬁOtﬁ”dﬁng Hl&‘?or' é '?@1 hiy YEllBRS eIeHF@lﬁ@ part

are techni cal | ens t hat I ess contr ol
Baving & mlqrowm%%cayaqa paeMmalRys sﬁmsatwg qu?BOSdtrm@b%th% Rqtions

mama a.sCuﬁth@ de@iddeg |§ mkew tPBe icausstNini SULAUS klecttssig paﬁruue to
n has a short durati

| ati
inarkeatyigish Ressibfh B of palguiiia Bamese o AiopURg, Plrther, there
&ebteicbritaloproblemsStiat 4in thitRndss- &miiol iPaiffcuit Recause dalladium

@gggé;;é%{ga@@g@mem e T S LAl O P8e % ha

giplativgtsolbiionbas ashed goratign eflifeDocunent 4: Japanese

Unexanp:éigﬁt B@E&ﬂéntpﬂb‘Ja‘pEﬁééeoﬁxé\lﬂme atdnt Iﬁdb?ggt]on No. Sho 46
2549 Di_scl osure of Invention Problens to be Sol ved by

(191 RZR¢i on The present invention enabl es fornation

of a prétentRbdumtEni? Phstinesd UnkkdinBa Pafht FRBRcaAIdh 8. Sho 62

an el ectroless nickel plating film w thout
&9% 1%&8& he el ectrol ess nickel plating filmas an

under | Ratagt IDd:dumenTBeJqpaeesmPaientllénﬂsllcamn Ho. 2918889 an

el ect rlgét?ﬁtf‘) {)’ﬁ]r}]?rgb | | Lr?ésenlgné&lnﬁ% PP t\@m %Ph%g??] No. Hei 7

excel | en a long i'on O
(199%2) -ahdb49 st abl e dep05| tion rate and is excellent in
sel ective

Disclosure of Invention
Problems to be Solved by the Invention

The present invention enables formation of a pure palladium plating film
having good adhesion directly on an electroless nickel plating film without affecting
the electroless nickel plating film as an underlying film. The present invention
provides an electroless palladium plating solution which has excellent bath stability,
a long duration of bath life and a stable deposition rate and is excellent in selective
deposition properties, and which is capable of obtaining a pure palladium plating film
having small variations in film thickness.

Further, the present invention provides such an electroless palladium
plating solution that the deposited film obtained therefrom has high crystal density
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which is capable of forming a palladium film having good adhesion directly on an
electroless nickel plating film formed on a circuit or electrodes on an electronic part
having a micro-wiring without pre-treatment for inducing deposition of the palladium
plating film on the electroless nickel plating film.
Effect of the Invention

An electroless palladium plating solution is provided which is capable of
forming a pure palladium plating film having good adhesion directly on an electroless
nickel plating film without pre-treatment such as substituted palladium plating
treatment or the like, and which has excellent bath stability and a long duration of
bath life and high and stable deposition rate and excellent selective deposition
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inorganic palladium salt are separately incorporated at the time of plating bath
preparation, i.e., initial make-up of plating bath, it is difficult to form stable
organopalladium complex.
Accordingly, it is important in the present invention that ethylenediamine as
a ligand (first complexing agent) and the inorganic palladium salt are preliminarily
reacted in a molar ratio of 2 : 1 (in terms of ethylenediamine : palladium) to
synthesize the organopalladium complex.
Since the synthesis of the complex involves high temperature exothermic
reaction, temperature control is required during the synthetic reaction. The
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greatly influence crystallinity, deposition rate, selective deposition properties, and
variations in film thickness during the deposition of palladium.

As the second complexing agent of the present invention, there may be
mentioned, for example, ethylenediaminetetraacetic  acid, disodium
ethylenediaminetetraacetate, dipotassium etylenediaminetetraacetate, diammonium
etylenediaminetetraacetate, citric acid, diammonium citrate, sodium citrate,
potassium citrate, malic acid, ammonium malate, sodium malate, potassium malate,

maleic acid, and oxalic acid.
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acid Oéaéhhgf phosphoric acid or the phosphate and sulfuric acid or the sulfate
which is incorporated in the electroless palladium plating solution of the present
invention preferably has a concentration in a range of 0.005 to 10 mol/l. If the
concentration is lower than 0.005 mol/l, buffering effect cannot be obtained. On the
other hand, if the concentration is higher than 10 mol/l, the component is likely to
remain as a residue on a plating film. This is undesirable.

Further, the electroless palladium plating solution comprises, as an
essential component, formic acid or a formate. Formic acid or the formate exhibits
an effect as a reducing agent.



sul fate have buffering functions in the plating
solution and thus exhibit effects of stabilizing pH
of the plating solution in a range of 4.5 to 7.0.
Since the pH influences the deposition rate of
palladium it is preferred to control the pHwthin a
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rate I'l?'o form a plating film by means of the plating solution of the present
invention, a substrate having catalytic activity on the reductive deposition of the
palladium film is immersed in the plating solution having a temperature within the
above-mentioned range.

A circuit or an electrode of an electronic part with a micro-wiring is made of
a copper foil. In general, an electroless nickel plating film (nickel-phosphorus film) is
formed on such a circuit or an electrode. When palladium plating was applied onto
the electroless nickel plating film using the electroless palladium plating solution of
the present invention, a uniform pure palladium film could be formed on the
electrode in a micro-pattern of 20pm L/S.



realized by appropriately setting the tenperature

W thin the above-nentioned range. Further, in the
plating solution of the present invention, since the
deposition rate of plating filmthe depends on a
concentration of palladiumas well as the tenperature
of the plating solution, the deposition rate of the
plating filmcan also be congrolled by appropriately
setting the palladium concentration. Accordingly, a
thi ckness of the plating filmcan be controlled wth

ease. [HGné %II@M?\QQ kh%t ;br@gerft lidv@htidh \Wﬁ%sdé%(:rlﬁélﬁfuﬂhét ih @Btail with
sol ution of i nvention, a substrate having

Ef‘é%fsm 'focE’?é’E'?l?Ff t“ysrtﬁ’Hldt hesngtads fomeyer, H@[Sé@ﬁ preéﬁntdrpvelnﬁ%n is by
paIne2ak westiictbdtd thel fmlﬁWlﬁ@ Exarﬁplteb &armi thbi ciganges uhd @todifications
Qe mentd on

h
PRV doe B B e onth bl oA Rodtiar R P
fkamhplasmi cro-wiring is made of a copper foil. In

?%H@Bé'ihon SIS t%iéés%&l‘%ﬁuﬂ{ ﬁféﬁ#;%éblﬂgbr‘i‘g)f' I m

or us such a circuit

or an @P@@WW'GT\W@WBQPPM“U% pl ating wADZpplli ed
onto  §ibsdigheshyleHRminételrghcapdtat i ng i | mousi et he

el ectrol ess B?l | adi um plating sol ution of &#ﬁ resent
i nvent $UPHM SUERHE f or m pure pal | adi um fi | m OAR@OHe

for rredprwsphblﬁb add:l ectrode in a mcro- pattelommﬁoIBOpm
Us. 9 | I owing, the present invent on, WI|| be
desc“%oo@:ré g in detail with referenc 1](
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El ectrol ess .Pal | adium Pl ati ng Sol ution (1)

di chl oM8lfi @%y| enedi ani ne pal | adi um 0. 02 RdSmoll
di sodi disodirh\Hyereehpinospabtet r aacet at e 0. 02 OrGH rhbl/I

sodi uﬁ%‘*ﬁ@b%ﬁ%@ 0.05 nol /1 phosphoric aci %(95[8%'{ gglsll

sodi u 0.1 nol /| Conposition of EI'ect

Pal | adamamoPiuat fongat®ol uti on (2) 0.1 mol/l

EbmBbAfiGHbEALIBA SOEI ARG PalihGEbHIRD(#H2 Mol /|
dichlorodiethylenediamine palladium 0.02 mol/l
citric acid 0.05 mol/l
tripotassium citrate 0.05 mol/l
dipotassium hydrogenphosphate 0.05 mol/l
sulfuric acid 0.05 mol/l
potassium formate 0.1 mol/l

Composition of Electroless Palladium Plating Solution (4)

dinitritediethylenediamine palladium 0.02 mol/l
maleic acid 0.05 mol/l
oxalic acid 0.05 mol/l

sodium formate 0.1 mol/l



citric acid 0.05 nol/1 malic acid 0.05 nol/I

di sodi um hydr ogenphosphate 0.05 nol/1 sulfuric acid

0.05 nol/1  amoniumformate 0.1 nol/l Conposition of

El ectrol ess Pal |l adium Pl ati ng Sol uti on (3)

di chl or odi et hyl enedi am ne pall adium 0.02 nol /1 citric

acid 0.05 nol/Il tripotassiumcitrate 0.05 nol/I

di pot assi um hydr ogenphosphatg 0. 05 nol /I sulfuric

acid 0.05 nol/I potassiumformate 0.1 nol /I

Conposition of Electroless PalladiumPlating Solution

(4) dinitritedi ethyl enedi am ne pal |l adi um 0.02 nol /|
leic.acid 0.05 mol/] . oxalijc 5 nmol/1 sodium

BompasSbofE R as oA eei iy Eleling SHuten Bect rol ess

Pal | addiacatalediethyten8dlantine®palia@jum 0.02 mol/l

di acet di um 0. 02 I
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phosphggd"_gn @xeq 0.05 nol /1 sodium format g ¢& ool /|

nparative | e Conposition of Electroless
Pal I adﬁ’hﬂ?PW"éﬁ@% Sol ution (6) palladi um 85maeld 0. 01

mol /| sfidny ksemaed am ne 0.2 nol /1 sodi um parpeme 0. 3
nol / | '

Comparative Example
Composition of Electroless Palladium Plating Solution (6)

palladium sulfate 0.01 mol/l
ethylenediamine 0.2 mol/l
sodium formate : 0.3 mol/l
potassium dihydrogen phosphate 0.2 mol/l

In Comparative Example, pH of the plating solution was adjusted to 5.8 with
formic acid.

Evaluation Method

Evaluations were carried out by performing electron-microscopic
observation of a (cross-)section of a palladium film and solder spreading test, and
measuring bonding strengths of wire-bondings, deposition rates, variations in film
thickness, and bath stabilities (deposition rates and variations in film thickness at
every MTO (metal turnover)).
Observation of Surface and (Cross-)Section of Palladium Film with Electron
Microscope

Each of glass-epoxy printed wiring boards was subjected to customary
pre-treatment for electroless plating and electrolessly nickel-plated to form an
electroless nickel plating film thereon. Then, a palladium plating film of 0.3um in
thickness was formed further thereon by means of each electroless palladium
plating solution of the present invention, and the resultant was (cross-)sectioned by
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before and after the heat test. In the wire bonding, all wires have a diameter of 25um,
and a ball bonding apparatus (UBB-5-1 Model) was used. Using a pull tester
(UJ-2-46-1C Model), pull strengths were measured.

The electrolytic pure palladium plating solution (trade name: K-pure
palladium, a product of Kojima Chemicals Co., Ltd.) used as the comparative plating
solution is a plating preparation that has been actually used and showed good
results in semiconductor parts which require wire bonding or soldering.

Deposition Rate, Variations in Plating Film Thickness, and Bath Stability

0 to 3 MTO (metal turnover) load test was conducted, and deposition rates

and variations in plating film thickness at the times of 0, 1, 2 and 3 MTO were
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el ectrol essly nickel-plated to forman electroless
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RukdhatehhothasTambass nickel plating filmwas
affected were observed. Results of Eval uation Based on
Sol der Spreadi ng Test Each of test pieces was
subjected to pre-treatnment for electroless plating

Table 1

plating film thickness (um) 0.1 0.3 0.5

e-less Pd plating soln. comp. (1) 84.1% 83.0% 81.1%

e-less Pd plating soln. comp. (2) 82.0% 81.0% 80.2%




and to el ectrol ess nickel plating. Then, using each of
the electroless palladium plating solutions (1) to
(3), an electroless palladiumplating filmwas forned
thereon in a thickness of 0.1pm O0.3pmor 0.5pm As a
conparative test piece, using an electrolytic pure
pal | adi um pl ating solution, a plating filmwas forned
on the nickel-plated test pig®ce in a thickness of U
pm O0.3pmor 0.5pm The electroless nickel plating
filmas an underlying filmwas fornmed in a thickness
afle&ny pRtingséin. compres)ci al |y gawaj | abl e gd 84 ng baigh.q9
Wth regpe@? to each gf t he Fg:?épiecesﬁdﬁ%%t tes?b1/6
wWas carriedToutTar T I80C T or 120 MUt es T Sor dering
tleapelytid Pd platng s@R5C and sol @argong ti megne% 30 82.4%
seconds. The results are shown in Table 1. Table 1

beeni subjectédtoselatrahytiatiiung palisidium platipg to BYm @Jusp8iadiyt film in
823nitkAess of 0.15um instead of the electroless palladium plating. With respect to

each of the test pieces, heat test was_carried out.at 180°C far 60_minutes. Each of
fleCtelst Pletbs wakdsubjctted o WireNborithgd Undlthefovide AR strength was

ReG dihtes ark $hoalnudt bonding délice dBopBBBg! Sidoenghd dpulhdesier of
f ach of test pieces for evaluation
Qﬁﬁggh@?ﬁgd&ﬁe{éﬁa?ﬁ of wire bondi ng was prepar ed.

Each of the copper lead frames was subjected to
PLsebreatment for electroless plating and

el ectrol essly nickel-plated and then electrolessly
patt-adrunyptated-to-formmamretectrot-ess—pattadromfiim——
in a thickness of @ d&Pmy pt%ﬁcn%g_sélﬁﬂpar at 1aLiptié Paplating soln.

pi ece, a test %; ecF was used i ch had een subj ected
to el ectrol yti©WFR pal ISR pl at CAEPLS) form a pure

pal-l-adi-um-f++m-i-n

heat test bef. aft. bef. aft. bef. aft. bef. aft.
180°C, 60 min
bonding str.

(9) 6.3 6.5 6.2 6.4 6.3 6.2 6.5 6.5

breakage spot 100% 100% 100% 100% 100% 100% 100% 100%




a thickness of 0.15pminstead of the electroless

pal | adium plating. Wth respect to each of the test
pi eces, heat test was carried out at 180C for 60

m nutes. Each of the test pieces was subjected to
wi re bonding, and then wire pull strength was

eval uated. The results are shown in Table 2. Average
values in the tests repeatedjy 100 ti nes are shown. A
bondi ng device of UBB-5-1 nodel and a pull tester of
UJ-246-1 C nodel were used. Table 2

E-Tess Pa plrating Sorm e TyrT ¢ Pd prating Sorm.
conp. (1) conmp.(2) conp.(3)

BatitStabiity bef. aft. bef. aft. bef. aft. bef. aft.
180C, §0,4Bithvn rates and variations in plating film thickness were measured at

every metal turnover. The resulis are_shown.in Table 3 (unit._ym). - _ __ _ .
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It is understood from Table 1 that (the plating films derived from) the
electroless palladium plating solutions (1) to (3) of the present invention showed
good solder spreading ratios before and after the heat tests, which were comparable
to those of (the plating films derived from) the comparative electrolytic palladium
plating solution. In other words, (the plating films derived from) the electroless
palladium plating solutions (1) to (3) of the present invention were found to have
excellent solderabilities.

It is understood from Table 2 that (the plating films derived from) the
electroless palladium plating solutions (1) to (3) of the present invention showed
good wire bonding properties before and after the heat tests, which were



plating soln. 0 MTO 1.0 MO 2.0 MIO 3.0 MIO

---------------------------- 15 - conp.(2) 0.53(0.11)
0.52(0.12) 0.53(0.09) 0.51(0.09)

tomparable to those of (the platinzq' films-derived from) the tomparative electrolytic
conp. (3) 0, .10) 0.5 éo. 113 0, 502)0._10) 0. é)QO&]#
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andhexqellentiin§ath stallitder i ved from) the electroless

pal | adi um plating solutions (1) to (3) of the present

i nventi on showed good wire bonding properties before

and after the heat tests, which were 15 conparable to
those of (the plating filnms derived fron the

conparative electrolytic palladiumplating solution.

In other words, (the plating filns derived fron) the

el ectrol ess pal |l adium plating solutions (1) to (3) of

the present invention were found to have excellent

W re bonding properties. It is understood from Table 3
that the el ectroless palladiumplating solutions (1)

to (3) provided plating filnms having small variations

in plating filmthickness and showed stable

deposition rates even at 3 MIO, and that the

el ectrol ess pal ladium plating solutions of the

present invention were not deconposed even after 3 MIO



al t hough the plating solution (conposition (6)) of
Conparative Exanple 1 was deconposed after | MO It

is understood fromthe foregoing that the el ectrol ess

pal | adi um plating solution of the present invention

I's capable of providing plating filns having

extrenely small variations in plating filmthickness

and is stable in deposition ygate and excellent in

bath stability. 16 CLAIMS 1. An el ectrol ess pall adi um
plating solution conprising: a first conpl exing agent,
aLafgend conpl exi ng agent, phosphoric acid or a
phosphate, sulfuric acid or a sulfate, and formc acid

or a formate; said first conpl exing agent being an
¢rmeréaﬁiblb§éiwmmmmbmg mmidhgconqinbmbenedi am ne as a

| i gand q cted m t he group consi st ng.o

di ol of S GORPIESREHORR!, Aeesans GaBising sosht, BosBhori acid or a
gdhosphatet eulfwnbrapldemeajswfatm ang &dringoiacidroran tbrmate;

d' acet 9&;& q‘lr@tt Q \JP&%? Hh agaae%cheﬁ.lzglt ' &gbn@%ﬁlﬁdléﬁc Q&leex having

rrgl exi ng agen
oﬁs}ﬂamlr@r AR ohga@ds@lnd tsnl@p@@f f@nv/fbe @roup consisting  of

%ﬁ@FOQ@hﬁmeﬁiléﬁthh%‘éllé‘duﬁﬁga&hlﬁlt@&étﬂyleﬁecﬂatﬁﬂet palladium and
her eof sal d _chel at1 ng agent havi ng carboxyl ‘groups

S?CQaEeQ!qthX'WW'"%QP' UMt hyl enedi ami net et raacetic
aci d ogai@ see6hdiCoMPplekingdagrit aFIgUM cﬁlélatmg)rag@ﬁt ABVIRG i darboxyl

bt bF < S5E erSF lplih e Weist R LR 7 Bhale SonGc ARG 2sal thereof,
szfa'd ecdﬂei.atin‘lg o!agelhte lpvingp g:arbsxy;l;t graypef ari ta i fsal'acthéreof being
gﬂh?ﬁﬂ?&\éhﬁm ?étHa@Et?c acid 895 Q%iﬁhté'ﬁﬂt ? oﬁggigﬁséél’trﬁr an_ammonium
citrate, m§I I'C aclid, anmoni um mal & 8 sodi um nal at e,

pajt therdofirAaithwalee solnbledliphafis erganin @cighila saltdbeigof being gk least

Sh@HJn%&%@IeE%' fRshh @B gﬂo@b'd&ﬁséﬁﬂd%ﬁ é?tﬂc 3O aHinfBohiOm citrate,
claim1, whi is ca form ng pal | adi um fi

i1m
sedjim FitRied P%taﬁ%gmo‘ﬂpﬂﬁr adlie \acish a&?’ﬂ“@ﬂ'%t%‘??s SOH|URk é‘?a'ate
pbtasding rhalhtd) maldiesci®and oxalicstid. or el ectrodes on an
el ectronic part having a mcro-wiring wthout
pre-treatnent for inducing deposition of the palladium
pl Bie elgctrélesspaliadiunepletieg solofi@sscaordikgeto gaiat il nghith istcapable

of forming a palladium film having good adhesion directly on an electroless nickel
plating film formed on a circuit or electrodes on an electronic part having a
micro-wiring without pre-treatment for inducing deposition of the palladium plating
film on the electroless nickel plating film.



