DESCRI PTI ON TI TLE OF THE | NVENTI ON ELECTROLESS PALLADI UM PLATI NG SOLUTI ON
Technical Field The present invention relates to an el ectrol ess
pal | adi um phosphorus alloy plating solution used as a plating solution for
sol dering onto electronic parts or the |like and for w re-bonding.
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thi ckness of Pie slessit m}egﬁsn gélhéés R aﬁ blé&r&lbéggauadmm phEéyhoﬁslaemo tion to
such a t.echni an el ectro es hosp oy plat;j.ng

rus a
Sol ut | ORIARTE Solfitn Bredas Alr el u'g%ﬁ *oaa?l ?ﬁ“ﬂﬁ P ﬁ%cgfewatpﬁatﬁ o Hrlifeen
pr oposedhd for wire-bonlimgever, in a conventional el ectroless
pal I adi um phosphorus all oy plating solution, since plating induction time
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circuit, palladium-unplated portions are likely to result, and further, amount of
dissolved electroless nickel plating film during palladium plating tends to increase to
cause a problem of localized corrosion of nickel.

On the other hand, in an electroless pure palladium plating solution, since a
deposited palladium plating film is crystalline, a gold plating film and a palladium
plating film are more susceptible to thermal diffusion as compared with an electroless
palladium-phosphorus alloy plating film. On account of this, there is a drawback that

wire-bonding properties subsequent to soldering of a high melting point solder are poor.
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Summary of the Invention Problemto be Sol ved by the Invention In
an el ectroless pure palladiumplating solution, since a deposited palladi um
plating filmis crystalline, a gold plating filmand a palladium plating
filmare nore susceptible to thermal diffusion as conpared with an

el ectrol ess pal | adi um phosphorus alloy plating film On account of this,

W re-bondi ng properties subsequent to soldering of a high nelting point

sol der a.?a&eri'tqucumentz Japanhdse UnexAmattidFeltetiPubliea tiirEN6 Bhd g@vent i on to
provide 2&%7?&22 oI ess pal l adium plating sol ution which has a shortened
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i norgani ¢ sul fur conpound sel ected fromthioglycolic acid, thiodiglycolic
aci d, seghinhiTrest i 8iGoand sodium sulfite, wherein a reducing agent

sel ected from hypophosphorous aci d conpounds and a reduci ng agent sel ected
fromformc acid and formates are used in conbination, has an inproved
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the pregeRthidHMERinkPBint solder are gobr.Ot her Words, the present invention
relates to an_el ectiol ess palladiumplating soI ution which conprises 0.001
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t he pal | adi um conpou and the reduci ng agents Since as the

reduci ng agents, a reducing agent selected from hypophosphor ous aci d
conpoundfeanB o Solve chePrableagent sel ected fromformc acid and fornmates are
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Pal | adi um concentrati on of the above-nentioned pall adi um conpound is 0.001
to 0.1 nol/1, preferably 0.005 to 0.05 non. |If the palladium concentration
is lower than 0.001 npl/1, deposition rate is |owered to cause undeposition
of palladium This is wundesirable. If the palladiumconcentration is
hi gher than 0.1 nol/I, stability of the plating solution is inpaired. This
i s undesirable. As the hypophosphorous acid conpound used in the
el ectrol ess palladiumplating solution of the present invention, for
exanpl e, sodi um hypophosphite, potassi um hypophosphite, ammoni um




The am ne conpound is used in an anobunt of 0.01 to 5 nold, preferably 0.03

to 3 nold In the present invention, a known inorganic sulfur
conpound is added in order to inprove stability of a plating bath and
stability of deposition. Specifically, thioglycolic acid,

t hi odi gl ycolic acid, sodiumthiosulfate, sodiumsulfite or the |like may be
ment i oned. The inorganic sul fur conpound is added in an anount of
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known palladium compounds may be mentioned. Specifically, for example, palladium
chloride, palladium acetate, palladium nitrate, palladium sulfate, ammonium
palladium chloride and the like may be mentioned.
Palladium concentration of the above-mentioned palladium compound is 0.001
to 0.1 mol/l, preferably 0.005 to 0.05 mol/l. If the palladium concentration is lower than

0.001 mol/l, deposition rate is lowered to cause undeposition of palladium. This is



Exanpl e 2 pal |l adi um chl ori de0. 01 nom et hyl enedi am ne0. 1 nol/1 sodi um
hypophosphite0. 1 noU sodi um format e0. 005 norn thioglycolic acid0.05 nom pH
of bath7.5 tenperature of bath50t Exanple 3 palladiumchloride0.01 nol/1

et hyl enedi am ne0.1 nol/1 sodi um hypophosphite0.1 nol/1 amoni um
format e0. 005 npl/1 thioglycolic acid0.05 nmaul pH of bath7.5 tenperature of
bat h50C Conparati ve Exanple 1 palladium chloride0.01 nol/1

et hyl engQliasii A& 1A HERWia B dSHEARRAGS RIYhELGiah 0P bin, Ridbafty BRSO

plating solution is impaired. This is undesirable.

As the hypophosphorous acid compound used in the electroless palladium
plating solution of the present invention, for example, sodium hypophosphite,
potassium hypophosphite, ammonium hypophosphite or the like may be mentioned. The
above-mentioned hypophosphorous acid compound acts as a main reducing agent and a
source of phosphorus segregation on a palladium film in palladium deposition reaction,
and concentration thereof is 0.01 to 1 mol/l, preferably 0.05 to 0.7 mol/l. If the
concentration of the hypophosphorous acid compound is lower than 0.01 mol/l,
deposition rate is lowered to cause undeposition of palladium. This is undesirable. If the
concentration of the hypophosphorous acid compound is higher than 1 mol/, stability of
the plating solution is impaired. This is undesirable.

In the next place, as the amine compound used as a complexing agent in the
elelctroless palladium plating solution of the present invention, there may be mentioned
methylamine, dimethylamine, trimethylamine, benzylamine, metylenediamine,
etylenediamine, tetrametylenediamine, dietylenetriamine, EDTA
(etylenediaminetetraacetic acid), sodium etylanediaminetetraacetate,
tetraetylenepentamine or the like. These amine compounds may be used alone or in
combination as a mixture of two or more of them.

The amine compound is used in an amount of 0.01 to 5 mol/l, preferably 0.03 to
3 mol/l.

In the present invention, a known inorganic sulfur compound is added in order
to improve stability of a plating bath and stability of deposition.

Specifically, thioglycolic acid, thiodiglycolic acid, sodium thiosulfate, sodium
sulfite or the like may be mentioned.

The inorganic sulfur compound is added in an amount of 0.01 to 10 mol/l,
preferably 0.03 to 5 mol/l. If the amount is less than 0.01 mol/l, the above-mentioned
effects are unlikely to be obtained. If the amount is more than 10 mol/l, deposition rate
is lowered to cause undeposition of palladium.

Further, into the electroless palladium plating solution of the present
invention, a reducing agent selected from the hypophosphorous acid compounds and a
reducing agent selected form formic acid, sodium formate, potassium formate,
ammonium formate and the like are incorporated in combination.

The above-mentioned formic acid or formate serves to aid the reduction
reaction of the hypophosphorous acid compound as a main reducing agent to prevent

palladium undeposition.



tenperature of bat h60C Conparative Exanple 2 palladium chloride0.01 nol/1
et hyl enedi am ne0. 1 nol Il sodi um hypophosphite0.1 npl/1 thioglycolic

aci d0. 05 moU pH of bath8.0 tenperature of bath60t Conparative Exanple 3
pal | adi um chl ori de0. 01 npl/1 ethyl enediam ne0.1 nmol/1 sodiumformteO.1
nol/1 I pH of bath6.0 1 Itenperature of bath70t , | Conparative Exanple 4
pal I adi um chl ori de0. 01 nol/ 1 et hyl enedi am ne0.1 nol ||

The above-mentioned formic acid or formate is used in an amount of 0.001 to
0.1 mol/l, preferably 0.003 to 0.05 mol/l. If the amount is less than 0.001 mol/l, since
ability to aid the reduction reaction of the hypophosphorous acid compound is poor,
undeposition of palladium is caused. This is undesirable. If the amount is more than 0.1
mol/l, stability of the plating solution is impaired. This is undesirable.

The electroless palladium plating solution of the present invention is generally
used at a temperature of 35 to 80°C. However, it is preferred to use the electroless
palladium plating solution at a temperature of 40 to 70°C. If the plating temperature is
lower than 35°C, deposition rate is lowered. This is practically undesirable. On the other
hand, if the plating temperature is higher than 80°C, stability of the plating solution is
impaired. This is undesirable.

In management of the electroless palladium plating solution of the present
invention, the plating solution is used at a pH of 4.0 to 10.0, preferably 5.0 to 8.0.

If the pH of the plating solution is lower than 4.0, stability of complex of
palladium with the amine compound is lowered. This is undesirable. On the other hand,
if the pH of the plating solution is higher than 10, although stability of the complex of
palladium with the amine compound is improved, reducing abilities of the
hypophosphorous acid compound as a main reducing agent and formic acid or the
formate which is used in combination therewith are increased, and hence stability of the
plating solution is impaired. This is undesirable. In this connection, adjustment of the
pH of the plating solution may be performed in accordance with a common method
using an acid aqueous solution such as an aqueous solution of sulfuric acid or
phosphoric acid or an alkaline aqueous solution such as an aqueous solution of sodium
hydroxide.

In the following, the present invention will be described further in detail by
means of Examples. However, the present invention is by no means restricted to the

Examples, so long as the description is covered by the gist thereof.

Example 1

palladium chloride 0.01 mol/l
ethylenediamine 0.1 moiN
sodium hypophosphite 0.1 mol/1
sodium formate 0.005 mol/1
pH of bath 7.5

temperature of bath 50C



sodi um hypophosphite0.1 nol/1 di net hyl am ne borane0. 005 nol/1 thioglycolic
aci d0.05 nol/1 pH of bath7.5 tenperature of bath50t Conparative Exanple 5
pal | adi um chl ori de0. 01 nolt! ethyl enedi am ne0.1 niol/1 sodium

hypophosphi te0. 1 nom tri nmet hyl am ne borane0. 005 nol/1 pH of bath7.5
tenperature of bat h50C Eval uati on Met hods The above-listed

el ectrol ess palladium plating solutions of Exanples and Conparative

Exanpl es wer egphgppred. Each of test pieces was subjected to electroless
ni ckel plating /| electroless palladiumplating / electroless gold plating.
Conpar i son TeBtladipmehlogidei ed out in %@E@P%nce with the fol | owing

eval uati on netfigtmediiffing esults are showpian Table 1. Solution Stability
Test @10%- t:lgak,g:bg in whic ach of the palladiumplating

sol uti ons had*BeeH PBREFRES | merset” P94 constant tenperature bath

el evated to 98ddivm fexsaate ne sol uti on s0.6di mblly. Depositability Test

On a printed gﬂigéig'oﬁicgggrd provi ded %&?m% h conducti on and i ndependent
fine el ectrodes, out p mof an el ectroless nickel plating filmwas
formed. AfterPHpEbasyl t ant was subj e6®ed to water washing step for 90

seconds, it Wesmpadivesbeshtho el ectrojpass pal |l adium plating. State of
formation of the palladiumplating filmwas exam ned. Sol der Wettability

Example 3

palladium chloride 0.01 mol1
ethylenediamine 0.1 mol/1
sodium hypophosphite 0.1 mol/
ammonium formate 0.005 mol/1
thioglycolic acid 0.05 mol/l
pH of bath 7.5
temperature of bath 50°C
Comparative Example 1

palladium chloride 0.01 mol1l
ethylenediamine 0.1 mol/
sodium hypophosphite 0.1 mol/l
pH of bath 8.0
temperature of bath 60°C
Comparative Example 2

palladium chloride 0.01 molll
ethylenediamine 0.1 molll
sodium hypophosphite 0.1 mol/l
thioglycolic acid 0.05 mol/l
pH of bath 8.0
temperature of bath 60°C
Comparative Example 3

palladium chloride 0.01 moli/
ethylenediamine 0.1 mol/ll



Onto a copper plate of 25 x 25 nmm el ectrol ess nickel plating (3

el ectroless palladiumplating (0.1g m and el ectrol ess gold plating (0 08
m were applied. Solder wettability was exam ned using a high nelting point
sol der. Wre-Bonding Properties Each of test pieces for evaluation
was subjected to platings (plating conditions were the sane as the above)
and subjected to reflow under the sanme conditions as in the plating of a

hi gh nelting peditdn fohater . Then, bondy pgndes carried out using a gold wire

to examne wr ng strength properties. In this case,
eval uation wagﬁc‘g?’?a‘ed out using el echPol ess ni ckel plating (5 ain) /

el ectrol ess g&dmpgrhiaire nfb4th. 5 p n) as7@Cstandard. [Table 1] bath stability
deposition rate ( p. mmn) Pd depositability solder wettability
Wi re-bondi ng properties Exanple 1 deconposed 5 lu.s after 0.15 good good

good Exanpl e Lompawativedxamidednposed even 30 hrs after 0.12

palladium chloride 0.01 mol/1
ethylenediamine 0.1 mol/1
sodium hypophosphite 0.1 mol/l
dimethylamine borane 0.005 mol/l
thioglycolic acid 0.05 mol/1
pH of bath 7.5
temperature of bath 50C
Comparative Example 5

palladium chloride 0.01 mol/l
ethylenediamine 0.1 mo¥l
sodium hypophosphite 0.1 mol/l
trimethylamine borane 0.005 mol/l
pH of bath 7.5
temperature of bath 50°C

Evaluation Methods

The above-listed electroless palladium plating solutions of Examples and

Comparative Examples were prepared. Each of test pieces was subjected to electroless

nickel plating / electroless palladium plating / electroless gold plating. Comparison

Tests were carried out in accordance with the following evaluation methods. The results

are shown in Table 1.
Solution Stability Test

A 100ml!-beaker in which each of the palladium plating solutions had been

poured was immersed in a constant temperature bath elevated to 90°C to examine

solution stability.

Depositability Test

On a printed circuit board provided with both conduction and independent fine

electrodes, about 3 u m of an electroless nickel plating film was formed. After the

resultant was subjected to water washing step for 90 seconds, it was subjected to



good good good Exanpl e 3 remai ned undeconposed even 30 hrs after 0.12 good
good good Conparative Exanple 1 deconposed 2 hrs after 0.035 undeposition
occurred good good Conparative Exanple 2 deconposed 5 hrs after 0.04
undeposi ti on occurred good good

electroless palladium plating. State of formation of the palladium plating film was

examined.

Solder Wettability
Onto a copper plate of 25 x 25 mm, electroless nickel plating (3 z m), electroless

palladium plating (0.1 z m) and electroless gold plating (0.08 1 m) were applied. Solder

wettability was examined using a high melting point solder.

Wire-Bonding Properties
Each of test pieces for evaluation was subjected to platings (plating conditions

were the same as the above) and subjected to reflow under the same conditions as in the

plating of a high melting point solder. Then, bonding was carried out using a gold wire

to examine wire-bonding strength properties.

In this case, evaluation was carried out using electroless nickel plating (5 x m) /

electroless gold plating (0.5 » m) as a standard.

[Table 1]
bath stability | deposition | Pd solder w‘ire-bonding
rate depositability | wettability | properties
(12 m/min)
Example 1 decomposed 5 0.15 good good good
hrs after
Example 2 remained 0.12 good good good
undecomposed
even 30 hrs
after
Example 3 remained 0.12 good good good
undecomposed
even 30 hrs
after
Comparative | decomposed 2 0.035 undeposition good good
Example 1 hrs after occurred
Comparative | decomposed 5 0.04 undeposition good good
Example 2 hrs after occurred
Comparative | remained 0.5 good good good
Example 3 undecomposed
even 30 hrs
after




Conpar ati ve Exanple 3 renai ned undeconposed even 30 hrs after 0.5 good good
good Conparative Exanple 4 deconposed during heating could not be neasured
coul d not be neasured could not be neasured could not be neasured
Conpar ati ve Exanple 5 deconposed during heating could not be neasured

Comparative | decomposed could not | could not be | could not | could notbe

Example 4 during be measured be measured
heating measured measured

Comparative | decomposed could not | could not be | could not | could notbe

Example 5 during be measured be measured
heating measured measured

From the above results, it is found that since each of the electroless palladium
plating solutions of Examples of the present invention uses a hypophosphorous acid
compound as a primary reducing agent and formic acid or a formate as a secondary
reducing agent, the palladium plating film is compact and thus good wire-bbnding
properties were obtained even after the reflow of the high melting point solder.

On the other hand, in Comparative Examples 1 and 2 where a
hypophosphorous acid compound was used but no formic acid or a formate was used,
although wire-bonding properties were good, bath stability was poor and deposition rate
was low and thus palladium undeposition phenomenon occurred at ihdependent
electrode portions.

Further, in Comparative Example 3 where sodium formate was used but no
hypophosphorous acid compound was used, although bath stability was good and no
insufficiency in Pd deposition was caused, wire-bonding properties were poor.

In Comparative Examples 4 and 5, bath stability was poor and both solder

wettability and wire-bonding properties could not be measured.

Industrial Applicability

The electroless palladium plating solution is excellent in solder wettability and
wire-bonding properties and hence has high applicability to a board soldered with a
high melting point solder.



could not be neasured could not be measured could not be neasured

From the above results, it is found that since each of the el ectrol ess

pal | adi um pl ating sol utions of Exanples of the present invention uses a
hypophosphor ous aci d conpound as a primary reducing agent and formc acid
or a formate as a secondary reduci ng agent, the palladiumplating filmis
conpact and thus good w re-bondi ng properties were obtained even after the
reflow of the high nmelting point solder. On the other hand, in Conparative
Exanpl es Glaighd 2 where a hypophosphorous acid conpound was used but no
formc acid or a formate was used, although w re-bonding properties were
good, bat( 4% gegiojepspafiadium platingselrtiengaigrisingmpalladiam faebqugdy 28 Aene hus

pal | adi urgompeROM ihdrnicRIBRRBRPEUN AECddICRE agémsl m&a@ mﬁ@pﬁos@{og&ﬁ a@ger t
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portions. Fur.t her, arativ

was used BAPAPIAPREIHETHR ‘gﬁﬁ‘g? et wacxﬂégmefgl@ﬂ are iR ERFHPIBELh

st abi Ib| tyasmsecg@mgag%ndsarwpallaauﬁfcbmp@nayemgrn@d depmsmt saﬁfhn\/lﬁescoﬁ@flﬁﬂd |
Wi re- on 50 es. were es and 5,
et b ot aele S ogabh 55 HRte B R srenebnd sine DT F Grhar s B BRt
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el ectrol eS%/lgﬁelréba% A piirtllnn%lu% lé;[ice L }nsso er1 rentl.esa d-wire 1r\{vet tability
and wi r e-bom yroe RLE NG OREREE™, p%op |carb|VY|ty(%0ga board
sol der ed paoriettiea h| gh rrel ting point sol der. CI aims (1) An electroless

pal | adi um pl ating solution conprising a palladi um conbound, an am ne
conmpound, an inorganic sulfur conpound and reduci ng agents, wherein
hypophosphorous aci d or ghosphorou aci d conpound and formc acid or

form c adPdlheskpietpirgs %“édl\!l@é tipgsoduwsind pesarding to eaimg I whereig s naladiient | sai d

pal | adi urgomBHRA W e BEMAE nfnBd selec@bdlfmmiké ouﬁ&hgstﬁ%wsauﬁmmmeﬂdebel ng 0.05
- 5nmol/ 1, said inorganic¢ sul fur conpound Dei ng sai d
gma

hy pophos R 2 Biepepdiun 8itwty: EP“G@S‘“SUlﬁateE)ﬁ%li gyiogivphieride adiaingr £ or i ¢
aci d congauinbghige0. 001 - 0.1 nol/ 1, thereby obtaining plating solution
excellent in soldering properties and wire bonding properties. (2) The

el ectorol ess pall adium plating solution according to claim1l1, wherein the
pal | adi um conpound is one or nore nenbers selected fromthe group

consi st i @) THe efpatrdias palmloiﬁlmmmgl a)lutp)alal:cafﬂmgl’fb alaiat Biveherefitthd anlnelconipotiidais e,

pal I adi um sul f at e i um chl or IIadlum

di ni trat &°°(3y* ‘ﬂ%glg%rf %eiﬂ’ grpé’gls ?)gﬂ‘pac(ﬁ’flﬂsfﬂnﬁ Pgrflftﬁﬂa@(?? d{’}fl%ﬁﬁ 8brding to
claim1l, tmﬂnethﬂamme fenzyimire, menimlennddlmns: ahdenpdiamine getraprtiglesedimingct ed from
the grou et n trimet hyl am ne,
benzylaaaﬁghéaééﬁqgenedqgkn&mﬁ Iﬁmr%ﬁg %}SOIu etranethylenedinine,
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et hyl anedi am net eraacet ate, and tetraet hyl enepentam ne. (4) The el ectrol ess
pal I adi um pl ati ng sol ution according to claim11, wherein a pH val ue thereof
is 4.0 to 10.0. g5 The el ectrol ess pal | adium pl ati ng sol ution accordi ng

t o cl ai m@), Theiskeetenless palledipelating padution ascepiingte clgim 1,gvhg@m a pH value thereof is

4.0 to 10.0.

(5) The electroless palladium plating solution according to claim 1, wherein a temperature thereof is
35to0 80 °C.
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