1 ELECTROLESS PALLADI UM PLATI NG SOLUTI ON Techni cal
Field The present invention relates to an

el ectrol ess pal |l adium pl ati ng sol ution. More
particularly, it relates to an el ectrol ess palladi um
plating solution capable of directly formng a pure
pal | adi um plating fil m having good adhesi on on an

el ectrol ess nickel plating fllmformed on a circuit,
an electrode or the like of an electronic part having
a mcro-wring wthout affectl ng the el ectrol ess
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chloride, palladiumsulfate, palladiumnitrate,
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3 The chem cal bath preparation disclosed in

Pat ent 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 nass
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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. |



In other words, the present invention relates to

(1) an electroless palladiumplating solution

conpri si ng: a first conpl exing agent, a

second conpl exi ng agent, phosphoric acid or a

phosphate, sulfuric acid or a sulfate, and formc acid

or a formate; the first conpl exi ng agent bei ng

an organopal | adi um conpl ex havi ng et hyl enedi ani ne as a
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pal | adi um As an inorganic palladiumsalt used
in synthesis of the organopal | adi um conpl ex havi ng
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one havi ng nonoval ent ani ons bonded with palladiumis
particularly preferred. I n other words,
pal | adi um (di)chrolide, palladiumnitrate, palladi um



In the present invention, it is inportant to
prelimnarily synthesize the above-nenti oned

or ganopal | adi um conpl ex. If ethyl enediam ne as a

ligand and an inorganic palladiumsalt are separately
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The above-nenti oned phosphor or the phosphate and
sulfuric acid or the sulfate 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 pH
within a range of 5.5 to 6.55 Each of
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Conposition of Electroless PalladiumPlating Solution

(3) dichlorodiethyl enediam ne palladiumcitric acid
temnpEpatass isucontroliecatoebel witbinas sangen dfyidr ogefiBh ddpd édnaperature is

?oWefruthgr? @bd since the complex forming reaction between palladium and
ethymenediamine does not advance well, stable organopalladium complex cannot
be obtained. On the other hand, if the temperature is higher than 55°C, since
bonding ratio (molar ratio) between palladium and ethylenediamine is changed,
stable organopalladium complex cannot be obtained. It is important that the
temperature is surely controlled to form stable organopalladium complex. If the
organopalladium complex is unstable, a problem is caused in plating bath stability.

The organppalladium complex having ethylenediamine as a ligand (first
complexing agent) which is incorporated in the electroless palladium plating solution
of the present invention preferably has a concentration within a range of 0.0001 to
0.5 mol/l in terms of palladium. If the concentration is lower than 0.0001 mol/l, a
deposition rate of a plating film is undesirably low. On the other hand, if the
concentration is higher than 0.5 mol/l, further increase in the deposition rate is not
realized. This is not practically advantageous.

The electroless palladium plating solution comprises, as an essential
component, a chelating agent having a carboxyl group or groups or a salt thereof
and/or a water-soluble aliphatic organic acid or a salt thereof (second complexing
agent). 4 ‘

The above-mentioned second complexing agent preferably has two or
more carboxyl groups in its molecule and may contain a nitrogen atom or no
nitrogen atom in its molecule. It has been confirmed that the second complexing
agent is concerned with the reaction system where palladium is deposited from the
organopalladium complex by reductive reaction by means of a reducing agent to
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.



pot assi um format e Conposition of Electrol ess Pall adi um
Plating Solution (4) di nitritediethylened i am ne

pal | adi um mal eic acid oxalic acid sodiumfornmate 10
Conposition of Electroless PalladiumPlating Solution
(5) di acet at edi et hyl enedi am ne pal | adi um di sodi um

et hyl enedi am netetraacetate citric acid sodiumsulfate
phosphoric acid sodiumformatfe 0.02 nol/1 0.02 nol/1l
0.05 nmol/1 0.05 npl/1 0.05 npl/1 0.1 nol/1

Conpar ati ve Exanpl e
The second complexing agent incorporated in the electroless palladium

plating solution of the present invention preferably has a concentration within a
range of 0.001 to 0.1 mol/l. If the concentration is lower than 0.001 mol/l, effect of the
second complexing agent is not sufficiently exhibited. On the other hand, if the
concentration is higher than 0.1 mol/l, variations in plating film thickness are
undesirably large.

The electroless palladium plating solution of the present invention
comprises, as an 'ess'ential component, phosphoric acid or a phosphate. As
phosphoric acid or the phosphate, there may be mentioned, for example, phosphoric
acid, sodium phosphate, potassium phosphate, disodium hydrogenphosphate,
sodium dihydrogenphosphate, dipotassium hydrogenphosphate, potassium
dihydrogenphosphate, ammonium phosphate, diammonium hydrogenphosphate,
and ammonium dihydrogenphosphate.

Further, the electroless palladium plating solution of the present invention
comprises sulfuric acid or a sulfate as an essential component.

* As sulfuric acid or the sulfate, for example, sulfuric acid, sodium sulfate,
potassium sulfate, and ammonium sulfate may be mentioned.

The above-mentioned phosphor or the phosphate and sulfuric acid or the
sulfate 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 pH within a range of 5.5
to 6.5.

Each of 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.
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invention, a substrate having catalytic actlwty 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 20pum L/S.
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Pd plating soln. conp. (3) 83.4% 80.5%
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Composition of Electroless Palladium Plating Solution (5)

diacetatediethylenediamine palladium 0.02 mol/l
disodium ethylenediaminetetraacetate 0.02 mol/l
citric acid 0.05 mol/l
sodium sulfate 0.05 mol/l
phosphoric acid 0.05 mol/i
sodium formate 0.1 mol/l

Comparative Example
Composition of Electroless Palladium Plating Solution (6)

palladium sulfate 0.01 molfl
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



82.1% el ectrolytic Pd plating soln. 84.5%81. 0% 82. 4%
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comparative plating solutlon an electrolytic pure palladium plating solution (trade
name: K-pure palladium, a product of Kojima Chemicals Co., Ltd.) was used.
Evaluation was made in accordance with ASTM-B-545. Conditions for soldering was
such that temperature was 225°C and heating time was 30 seconds.

- Bonding Strength of Wire-Bonding

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 was formed
further thereon in a thickness of 0.15um by means of each electroless palladium
plating solution of the present invention to obtain a test piece. As a comparative
plating solution, an electrolytic pure palladium plating solution (trade name: K-pure
palladium, a product of Kojima Chemicals Co., Ltd.) was used. The plated test piece
was subjected to heat test at 180°C for 60 minutes. Wire bonding was performed
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



6.3 aft. 6.5 bef. 6.2 aft, 6.4 bef. 6.3 aft. 6.2 bef.
6.5 aft. 6.5 breakage spot
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measured by a fluorescence X-ray (thin) film thickness meter of SFT 300 model. The
plating operation was performed under such conditions that bath temperature was
70°C and plating time was 5 minutes.
Results of Observation of Crystallinity of Film Surface and Cross-Section of
Electroless Palladidum Plating Film by means of Electron Microscope

Each of the electroless palladium plating films derived from the electroless
palladium plating solutions (1) to (3) had a high crystal density. In the cross-section
observation, each of the electroless nickel plating film and the electroless palladium
plating film was found to form a clear film layer, and no spots in which the electroless
nickel plating film was affected were observed.
Results of Evaluation Based on Solder Spreading Test

Each of test pieces was subjected to pre-treatment for electroless plating
and to electroless nickel plating. Then, using each of the electroless palladium
plating solutions (1) to (3), an electroless palladium plating film was formed thereon
in a thickness of 0.1um, 0.3um or 0.5um. As a comparative test piece, using an
electrolytic pure palladium plating solution, a plating film was formed on the
nickel-plated test piece in a thickness of 0.1um, 0.3um or 0.5um. The electroless
nickel plating film as an underlying film was formed in a thickness of 5um using a
commercially available plating bath. With respect to each of the test pieces, heat test
was carried out at 180°C for 120 minutes.

Soldering temperature was 225°C and soldering time was 30 seconds. The

results are shown in Table 1.

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%




100% 100% 100% 100% 100% 100% 100% 100%

14 eval uati ongood good good good good goodgood good
Resul ts of Eval uation of Deposition Rate, Variations
in Plating Film Thi ckness, and Bath Stability
Deposition rates and variations in plating film

t hi ckness were neasured at every netal turnover. The
results are shown in Table 33(unit: pm. A
fluorescence X-ray (thin) filmthickness neter of

SFT- 3300 nodel produced by Sei ko Instrunments Inc. was
a+lees Pd Tédting sdlrplampn@) sol n. 83.4% 80.5% 82.1%

electrolytic Pd plating soln. 84.5% 81.0% 82.4%

Results of Evaluation of Wire Bonding Strength

Using a lead frame for IC, each of test pieces for evaluation of bonding
strength of wire bonding was prepared. Each of the copper lead frames was
subjected to pre-treatment for electroless plating and electrolessly nickel-plated and
then electrolessly palladium-plated to form an electroless palladium film in a
thickness of 0.15um. As a comparative test piece, a test piece was used which had
been subjected to electrolytic pure palladium plating to form a pure palladium film in
a thickness 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 for 60 minutes. Each of
the test pieces was subjected to wire bonding, and then wire pull strength was
evaluated. The results are shown in Table 2. Average values in the tests repeated
100 times are shown. A bonding device of UBB-5-1 model and a pull tester of
UJ-246-1C model were used.

Table 2
e-less Pd plating soln. e-lytic Pd plating soln.
comp.(1) comp.(2) comp.(3)
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%




0 MO 1.0 MO 2.0 MO 3.0 MIO conp. (1) 0.55(0. 10)
0.54(0.14) 0.53(0.09) 0.51(0.09) com p. (2) 0.53(0.11)
0.52(0.12) 0.53(0.09) 0.51(0.09) conp.(3) 0.53(0.10)
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evaluation good good good good good good good good

Results of Evaluation of Deposition Rate, Variations in Plating Film Thickness, and

Bath Stability

Deposition rates and variations in plating film thickness were measured at
every metal turnover. The results are shown in Table 3 (unit: pm).

A fluorescence X-ray (thin) film thickness meter of SFT-3300 model
produced by Seiko Instruments Inc. was used.

Table 3

plating soln. 0 MTO 1.0 MTO 2.0 MTO 3.0MTO
comp.(1) 0.55(+0.10) 0.54(10. 14) 0.53(%0.09) 0.51(x0.09)
comp.(2) 0.53(20.11) 0.52(x0.12) 0.53(+0.09) 0.51(x0.09)
comp.(3) 0.53(20.10) 0.52(+0.11) 0.50(+0.10) 0.50(x0.11)
comp.(6) 0.43(+0.23) 0.40(t0.24) bath decomp. bath décomp.

It is understood from Table 1 that (the piating 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
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said water-soluble aliphatic organic acid or a salt thereof being at least one

member selected from the group consisting of citric acid, diammonium citrate,
sodium citrate, potassium citrate, malic acid, ammonium malate, sodium malate,

potassium malate, maleic acid, and oxalic acid.

2 The electroless palladium plating ‘solution according to claim 1, which is
capable of forming a palladium film having a 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.



