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DESCRIPTION

FILM FORMATION METHOD

TECHNICAL FIELD
[0001]
The present disclosure relates to a film formation method, in particular, relates to a

method for forming a film on, for example, a conductor circuit.

BACKGROUND ART
[0002]

Common semiconductor devices include a copper conductor circuit. To almost all
conductor circuits, solder bonding or wire bonding is applied. However, copper is a material
whose surface easily oxidizes, and is therefore unsuitable for solder bonding and wire
bonding. Therefore, a plating film has been formed on a surface of a conductor circuit, and
solder bonding or wire bonding has been applied to the film. As the film to be formed on a
surface of a conductor circuit, a three-layer film (an electroless nickel electroless palladium
immersion gold (ENEPIG) film) comprising nickel, palladium, and gold is known.

[0003]

A nickel film serving as the bottom layer of an ENEPIG film has a thickness of
several micrometers. However, finer patterning of a conductor circuit has been desired, and
a space between wires has been increasingly narrower. Hence, when a thick nickel film is
formed, the risk of a short-circuit between conductor circuits is created. Therefore, an
attempt to form a palladium film directly on a copper surface without providing a nickel film

on the surface has been made (for example, see Patent Document 1). However, it is very
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difficult to form a palladium film directly on a copper surface.
[0004]
Furthermore, a study has been made to provide a catalyst metal on a copper surface

and thereby stably apply palladium plating (for example, see Patent Documents 2 and 3).

CITATION LIST

PATENT DOCUMENT

[0005]
Patent Document 1: Japanese Unexamined Patent Publication No. 2005-317729
Patent Document 2: Pamphlet of WO 2010/004856

Patent Document 3: Japanese Unexamined Patent Publication No. 2013-108180

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0006]

However, conventional methods cannot provide a catalyst metal uniformly on a
copper surface. Accordingly, a palladium film is unevenly provided; copper serving as a
base diffuses in the surface of the film; or palladium itself diffuses in the surface of the film.
This causes deterioration in the solder bondability and the wire bondability of the film,
thereby causing a loss of connection reliability.
[0007]

It is an object of the present disclosure to form a film with high connection

reliability on a surface of, for example, a conductor circuit.

SOLUTION TO THE PROBLEM
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[0008]

An aspect of a film formation method according to the present disclosure
comprises: a catalyst film formation step of forming a catalyst film on a surface of a substrate
by substitution reduction plating; an intermediate film formation step of forming a paliadium-
plating film on the catalyst film; and a surface film formation step of forming a gold plating
film on the palladium-plating film.

[0009]

In one aspect of the film formation method, the catalyst film is a gold film or a
platinum film.
[0010]

In one aspect of the film formation method, the substrate includes a copper circuit.

ADVANTAGES OF THE INVENTION
[0011]
The film formation method according to the present disclosure makes it possible to

form a film with high connection reliability on a surface of, for example, a conductor circuit.

DESCRIPTION OF EMBODIMENTS
[0012]

The film formation method according to the present disclosure comprises a catalyst
film formation step of forming a catalyst film on a surface of a substrate by substitution
reduction plating, an intermediate film formation step of forming a palladium plating film on
the catalyst film, and a surface film formation step of forming a gold plating film on the
palladium plating film.

[0013]
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Unlike substitution plating, in substitution reduction plating, a reducing agent is
contained in a plating bath. In substitution plating, by a substitution reaction between an
object to be plated and a plating metal, the plating metal is deposited on a surface of the object
to be plated. For example, in a case of forming a gold film on a surface of copper by
substitution plating, the copper serving as a base is dissolved and thereby substituted with
gold. Accordingly, the reaction proceeds in a region in which copper is more easily
dissolved, whereas the reaction becomes slow in a region in which copper is less easily
dissolved, and thus, the resultant film is likely to be ununiform. A conductor circuit is, due
to its shape and other factors, likely to have a region in which copper is more easily dissolved
and a region in which copper is less easily dissolved. Thus, it is difficult to form a thin and
uniform plating film by substitution plating. Furthermore, in substitution plating, when a
thicker film is formed, the base is corroded.

[0014]

By contrast, in substitution reduction plating, the same substitution reaction as that
in substitution plating occurs at the initial stage, but, after the reaction, electrons are
autocatalytically released from a reducing agent, whereby the deposition of metal proceeds.
This allows a film with much higher uniformity to be formed, compared to the case of
reduction plating, and the base hardly suffers corrosion.

[0015]

When a thin and uniform catalyst film is formed by substitution reduction plating, a
palladium film to be formed subsequently is dense and uniform, accordingiy. Thus, the
function of the palladium film as a copper diffusion barrier is enhanced, and furthermore, the
palladium film itself is less likely to diffuse. Thus, the diffusion of copper and palladium
into a gold film on the top surface is substantially prevented, and the solder bondability and

the wire bondability can be enhanced.
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[0016]

The catalyst film is only required to be formed uniformly on the surface of copper,
serving as a substrate, by substitution reduction plating, and to have a catalytic activity of
palladium plating. For example, the catalyst film may be a gold film or platinum film. The
catalyst film is preferably platinum because platinum has a higher catalytic activity and allows
the thickness of the film to be thinner. Furthermore, platinum is not easily solid-dissolved
and expected to have a barrier property. From the viewpoint of ease of film formation, the
catalyst film is preferably gold.

[0017]

A catalyst film formation bath adopted to form the catalyst film is a substitution
reduction plating bath, and includes a water-soluble metal compound, a chelating agent, and a
reducing agent. The reducing agent may be selected in accordance with the type of metal to
be formed into the catalyst film. In the case of forming a gold film as the catalyst film, for
example, at least one of a mixture of an amine-based compound and at least one of
formaldehyde or formaldehyde sodium bisulfite, hydrazine, ascorbic acid, or
dimethylamineborane may be used. In the case of forming a platinum film as the catalyst
film, for example, at least one of formic acid, hydrazine, ascorbic acid, or
dimethylamineborane may be used. It should be noted that examples of the ascorbic acid
and the formic acid include those in the form of a salt.

[0018]

As the amine-based compound, a compound of the following Formula (1) or
Formula (2) may be used.

R;-NH-C;Hs-NH-R; ... (1)

R3-(CH2-NH- C;H4-NH-CH3),-Ry ... (2)

where Ry, Ry, R3, and R4 in Formulas (1) and (2) are each -OH, -CH3, -CH,0H, -
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C,H,OH, -CH,N(CH3);, -CH,NH(CH,OH), -CH;NH(C,H4OH), -C,H4sNH(CH,OH), -
C,H4NH(C,H,OH), -CH,N(CH,OH);, -CH,N(CoHsOH),, -CoHsN(CHOH);, or -
CoH4N(C,H,OH)y; all of Ry, Ry, R3, and R4 may be the same or at least some of Ry, R, R,
and Ry may be different; and n is an integer of 1 to 4.

[0019]

Specific examples of the amine-based compound of Formula (1) include N,N'-bis(2-
hydroxyethyl)ethylenediamine (HOCH, CH;)HNCH,CH,NH(CH,;CH,OH)).
[0020]

The concentration of the reducing égent in the catalyst film formation bath may be
appropriately set in accordance with the type of metal to be formed into the catalyst film and
the type of the reducing agent, but, in order to achieve a required plating deposition rate, the
concentration is preferably 0.1 g/L or more, more preferably 0.5 g/L or more. Furthermore,
from the viewpoint of stability of the plating bath, the concentration is preferably 10 g/L or
less, more preferably 5 g/L or less. |
[0021]

The water-soluble metal compound may be selected in accordance with the type of
metal to be formed into the catalyst film. For example, in the case of forming a gold film as
the catalyst film, common metal salts of gold, such as gold cyanide salts, gold chloride salts,
gold sulfite salts, and gold thiosulfate salts, may be used. In the case of forming a platinum
film as the catalyst film, common metal salts of platinum, such as dinitrodiammineplatinum,
chloroplatinates, tetraammine platinum salts, and hexaammine platinum salts, may be used.
These metal compounds may be used singly, or two or more of them may be used in
combination.

[0022]

From the viewpoint of productivity, the concentration of each of metals constituting
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the metal compound in the catalyst film formation bath is preferably 0.1 g/L. or more, more
preferably 0.5 g/ or more. From the viewpoint of stability of the plating bath, the
concentration is preferably 3 g/L or less, more preferably 2 g/L or less.

[0023]

As the chelating agent, a common copper chelating agent may be used. Examples
of the chelating agent include aminocarboxylic acid and polycarboxylic acid. Examples of
the aminocarboxylic acid include glycine, ethylenediaminetetraacetic acid (EDTA),
triethylenediaminetetraacetic acid, glutamic acid, and aspartic acid. Examples of the
polycarboxylic acid include malonic acid, maleic acid, succinic acid, citric acid, and malic
acid. Examples of the aminocarboxylic acid and the polycarboxylic acid include those in the
form of a salt. These compounds may be used singly, or two or more of them may be used
in combination.

[0024]

The concentration of the chelating agent may be appropriately set in accordance
with the type of metal to be formed into the catalyst film and the type of the chelating agent.
For example, in the case of using tetrasodium ethylenediaminetetraacetate as the chelating
agent to form a gold film or a platinum film, the concentration of the chelating agent in the
catalyst film formation bath is, from the viewpoint of productivity, preferably 2 g/L. or more,
more preferably 4 g/ or more. From the viewpoint of stability, the concentration is
preferably 30 g/L or less, more preferably 20 g/L or less.

[0025]

Besides the above-mentioned compounds, the same components as those included
in a common substitution plating bath may be added to the catalyst film formation bath. It
should be noted that components other than a water-soluble metal compound, a chelating

agent, and a reducing agent are options, and therefore such components may not be included.
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[0026]

The pH of the catalyst film formation bath may be appropriately set in accordance
with the type of metal to be formed into the catalyst film and the type of the reducing agent.
From the viewpoint of plating bath stability, the pH of the catalyst film formation bath is
preferably 3 or higher. Furthermore, from the viewpoint of deposition rate, the pH of the
catalyst film formation bath is preferably 10 or lower. In the case where hydrazine or
dimethylamineborane is used as the reducing agent, a comparatively higher pH is more
preferable from the viewpoint of deposition rate. In the case where a compound other than
hydrazine or dimethylamineborane is used as the reducing agent, approximately a neutral pH
(pH 7) is more preferable from the viewpoint of stability. For the adjustment of the pH, an
acid or an alkali may be used. Alternatively, a solution having a buffering action may be
used.

[0027]

The operating temperature, plating time, and the like of the catalyst film formation
bath are selected in accordance with a required thickness of the catalyst film. The operating
temperature is preferably 10°C or higher and preferably 95°C or lower. The plating time is
preferably 5 seconds or longer and preferably 15 minutes or shorter.

[0028]

To form a uniform palladium film, the thickness of the catalyst film to be formed
through the catalyst film formation bath is preferably 0.001 pm or more. Furthermore, from
the viewpoint of productivity, the thickness is preferably 0.5 um or less, more preferably 0.2
pum or less.

[0029]
The substrate on which the catalyst film is formed may be made of copper or an

alloy including copper as a main component. For example, the substrate may be a printed
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circuit board to which an electronic component is to be mounted, a board to which a
semiconductor device is to be mounted, or a conductor circuit provided in, for example, an
electronic component to be mounted. Alternatively, the substrate may be any conductor
circuit to which solder bonding or wire bonding is to be applied.

[0030]

As the intermediate film formation bath adopted to form a palladium plating film
serving as the intermediate film on the catalyst film, a common palladium plating bath may be
used. The palladium plating bath may be a reduction palladium plating bath including a
reducing agent, or may be a substitution palladium plating bath not including a reducing
agent. The use of the reduction palladium plating bath allows a more uniform palladium
film to be formed, and also reduces, for example, corrosion of the catalyst film.

[0031]

From the viewpoint of a barrier property, the thickness of the intermediate film is
preferably 0.05 pm or more. From the viewpoint of productivity, the thickness is preferably
0.5 pm or less, more preferably 0.2 um or less.

[0032]

To enhance crystallinity and improve a barrier property, the intermediate film is
preferably a pure palladium film not containing phosphorus. However, the intermediate film
may be a palladium alloy film as long as a sufficient barrier property is achieved.

[0033]

As a surface film formation bath adopted to form a gold plating film serving as the
surface film on the intermediate film, a common gold plating bath may be used. The surface
film plating bath may be a substitution reduction gold plating bath including a reducing agent,
or may be a substitution gold plating bath not including a reducing agent. The use of the

substitution reduction gold plating bath allows a more uniform gold plating film to be formed.
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[0034]

From the viewpoint of the solder bondability and the wire bondability, the thickness
of the surface film is preferably 0.05 um or more. From the viewpoint of productivity, the
thickness is preferably 0.5 um or less, more preferably 0.2 um or less.

[0035]

The three-layer film formed in accordance with the film formation method of the
present embodiment is such that copper of the substrate and palladium of the intermediate
film do not easily diffuse in the gold plating film serving as the surface film. Accordingly,
the three-layer film is resistant to oxidizing, and solder wettability is improved, whereby the
solder bondability is improved. Moreover, the bonding property of a golden wire is also
good, and enhanced connection reliability is achieved.

[Examples]
[0036]

Hereinafter, the present invention will be described in detail with reference to
examples. It should be noted that the following examples are merely illustrative and the
present invention is not limited to these examples.

[0037]

<Substrate>

A substrate adopted to form a film thereon was produced by plating a copper-
laminated plate (10 cm % 10 cm with a thickness of 1.0 mm) with copper sulfate.

[0038]

<Measurement of Film Thickness>

The thickness of a film was evaluated using an X-ray ﬂuoresc_ence spectroscopic
analyser (SFT-9550, manufactured by Hitachi High-Technologies Corporation).

[0039]
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<Evaluation of Barrier Property>

The barrier property of a film was evaluated by heating a substrate on which the
film had been formed at 175°C for 16 hours, and thereafter measuring the elementary
composition of a surface of the film. The elementary composition was evaluated by wide-
scanning measurement using an Auger electron spectroscopy apparatus (JAMP-9500F,
manufactured by JEOL Ltd.). The measurement was performed under the conditions of an
accelerating voltage of 10 keV and an electric current value of 4 x 10% A. A case in which
copper and palladium were not detected in the surface of the film was evaluated to be good,
whereas a case in which copper and palladium were detected in the surface of the film was
evaluated to be poor.
[0040]

<Evaluation of Solder Bondability>

Solder bondability was evaluated by ball pull testing at 20 points per condition. A
film was formed on a substrate provided with a solder resist (SR) opening having a diameter
of 0.5 mm, and subsequently, a 0.6-mm solder ball (Sn-3Ag-0.5Cu, SAC305) was mounted
on the SR opening by using a reflow system (TMR-15-22LH, manufactured by TAMURA
CORPORATION) under a heat-treatment condition of 240 °C (peak temperature), and a
ball pull test was conducted using a bond tester (bond tester SERIES4000, manufactured by
DAGE Precision Industries Ltd.) to evaluate a breakage mode of the film. A solder breakage
percentage of 85% or higher was evaluated to be good, whereas a solder breakage percentage
of less than 85% was evaluated to be poor. Evaluation conditions are collectively shown
below.
[0041]

[Measurement Conditions]

Measurement method: ball pull test
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Substrate: ball grid array (BGA) substrate, manufactured by C.Uyemura & Co., Ltd.
(pad diameter: $0.5 mm)

Solder ball: ¢0.6 mm, Sn-3.0Ag-0.5Cu, manufactured by SENJU METAL
INDUSTRY CO., LTD.

Reflow apparatus: TMR-15-22LH, manufactured by TAMURA CORPORATION

Reflow condition: peak temperature of 240°C

Reflow environment: air

Number of times of reflow operation: 1 reflow operation and 5 reflow operations

Flux: 529D-1 (RMA type), manufactured by SENJU METAL INDUSTRY CO.,
LTD.

Test speed: 5000 um/second

Aging after solder mounting: 1 hour
[0042]

<Evaluation of Wire Bondability>

Wire bondability was evaluated by wire pull testing at 20 points per condition. A
substrate on which a film had been formed was heated at 175°C for 16 hours, and thereafter a
gold wire having a diameter of 25 pm was bonded to the heated substrate using a semi-
automatic wire bonder (HB16, manufactured by TPT). The wire was torn off in the vicinity
of a second bonding portion, and the pull strength of the wire was measured using a wire pull
apparatus (bond tester SERIES4000, manufactured by DAGE Precision Industries Ltd). A
pull strength of 8 g or more was evaluated to be good, whereas a pull strength of less than 8 g
was evaluated to be poor. Evaluation conditions are collectively shown below.
[0043]

[Measurement Conditions]

Bonding Capillary: B1014-51-18-12 (PECO)
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Wire: 1 Mil-Gold

Stage temperature: 150°C

Supersonic wave (mW): 250 (first), 250 (second)

Bonding duration (millisecond): 200 (first), 50 (second)

Pull force (gf): 25 (first), 50 (second).

Step (length from the first to the second): 0.700 mm

Measurement method: wire pull testing

Substrate: BGA substrate, manufactured by C.Uyemura & Co., Ltd.

Test speed: 170 um/second
[0044]

<Catalyst Film Formation Bath>

Substitution reduction gold (Au) plating baths 1 to 6, substitution reduction
platinum (Pt) plating baths 1 to 4, a substitution reduction palladium (Pd) plating bath, a
substitution gold (Au) plating bath, a substitution platinum (Pt) plating bath, and a
substitution palladium (Pd) plating bath were used. Table 1 shows the compositions of the
plating baths. It should be noted that the concentration of a metal compound denotes the
concentration of metals included in a bath. As an amine compound, N,N'-bis(2-
hydroxyethyl)ethylenediamine was used.
[0045]

[Table 1]
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Metal Compound Chelating Agent Reducing Agent -
Type Cone. Type Conc. Type Conc. P
Substitution
. Reduction. Potassium | EDTA 10 Formaldehyde Lol 7
Au Plating Dicyanoaurate gL gL Amine ¢f
Bath 1 Compound
Substitution Forrsnoeg;il;erléyde
Reduction Potassium -
Au Plating Dicyanoaurate Lell EDTA 10 /L Blsu!ﬁte gl 7
Bath 2 Amine
Compound
Formaldehyde
Substitution Formaldehyde
Reduction Potassium Sodium
Au Plating Dicyanoaurate gl | EDTA 10g/L Bisulfite el 7
Bath 3 Amine
Compound
Substitution
Reduction Potassium .
Au Plating Dicyanoaurate lgll | EDTA 10gL Hydrazine Ll 9
Bath 4
Substitu:[ion )
ARSdIBl(E:l?icl‘)lg Dii;;fg:ﬁ‘gte 1gL | EDTA | 10gL | Ascorbic Acid | 1gn | 7
Bath 5
Substitution
Reduction Potassium Dimethylamine
Au Plating Dicyanoaurate l¢ll | EDTA 10g/L borane Tell 9
Bath 6
Substitu:cion o ]
%f?,?:ggg Dlmérlggﬁ?rlnmme 1gL | EDTA | 10gL | FormicAcid | 1g1 | 7
Bath 1
Substituj[ion o ]
%f%‘f:ggg Dml;rlggfgrlnmme 1gL | EDTA | 10gL | Hydrazine 1gL | 9
Bath 2
Substitu_tion o )
%ffa‘fﬁffgg Dlmlgrlggﬁxrlrlmme 1gL | EDTA | 10gL | Ascorbic Acid | 1gn | 7
Bath 3
Substitution
Reduction | Dinitrodiammine Dimethylamine
Pt Plating platinum gL | EDTA 10¢/L borane TelL ?
Bath 4
Substitution .
Aué’l?}tling Dilz;z;ss;&r;t e 1glL EDTA 10gL | Not Contained 1gL 7
a
Substitution e . B
Pt Plating Dmlgggﬁiﬁlmme 19 | EDTA | 10gL | Not Contained | 1gL 7
Bath
[0046]
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<Intermediate Film Formation Bath>

A commercially available electroless palladium  plating  solution
(ALTAREA™TPD-21, manufactured by C.Uyemura & Co., Ltd.) was used.

[0047]

<Surface Film Formation Bath>

A commercially available electroless gold plating solution (GOBRIGHT™TWX-
40, manufactured by C.Uyemura & Co., Ltd.) was used.

[0048]

(Example 1)

Prior to the formation of a film, a substrate was subject to degreasing, soft etching,
and pickling. The degreasing was performed at 50°C for 5 minutes by using a commercially
available cleaning liquid (ACL-007, manufactured by C.Uyemura & Co., Ltd). The soft
etching was performed at 30°C for 1 minute by using a 100 g/L sodium persulfate solution.
The pickling was performed at room temperature for 1 minute by using a 10% sulfuric acid.
[0049]

Using the substitution reduction gold plating bath 1 as the catalyst film formation
bath, a gold catalyst film was formed. The temperature of the catalyst film formation bath
was 80°C, and plating time was 2 minutes. Subsequently, an palladium intermediate film
was formed using the intermediate film formation bath. The temperature of the intermediate
film formation bath was 55°C, and plating time was 5 minutes. Subsequently, a gold surface
film was formed using the surface film formation bath. The temperature of the surface film
formation bath was 78°C, and plating time was 10 minutes.

[0050]
The obtained catalyst film had a film thickness of 0.01 um. The obtained

intermediate film had a film thickness of 0.1 pm. The obtained surface film had a film
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thickness of 0.1 pm.
[0051]

Copper and palladium were not detected in the surface of a resultant film, and thus
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0052]

(Example 2)

A film was formed in the same manner as in Example 1, except that the substitution
reduction gold plating bath 2 was used as the catalyst film formation bath.

[0053]

The obtained catalyst film had a film thickness of 0.01 um. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 pm.

[0054]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0055]

(Example 3)

A film was formed in the same manner as in Example 1, except that the substitution
reduction gold plating bath 3 was used as the catalyst film formation bath.

[0056]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained

intermediate film had a film thickness of 0.1 um. The obtained surface film had a film

thickness of 0.1 pm.
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[0057]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0058]

(Example 4)

A film was formed in the same manner as in Example 1, except that the substitution
reduction gold plating bath 4 was used as the catalyst film formation bath.

[0059]

The obtained catalyst film had a film thickness of 0.01 um. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 um,

[0060]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0061]

(Example 5)

A film was formed in the same manner as in Example 1, except that the substitution
reduction gold plating bath 5 was used as the catalyst film formation bath.

[0062]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 um.

[0063]
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Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0064]

(Example 6)

A film was formed in the same manner as in Example 1, except that the substitution
reduction gold plating bath 6 was used as the catalyst film formation bath.

[0065]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 pm.

[0066]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0067]

(Example 7)

Using the substitution reduction platinum plating bath 1 as the catalyst film
formation bath, a platinum catalyst film was formed. The temperature of the catalyst film
formation bath was 50°C, and plating time was 2 minutes. An intermediate film and a
surface film were formed in the same manner as in Example 1.

[0068]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained

intermediate film had a film thickness of 0.1 pm. The obtained surface film had a film

thickness of 0.1 um.
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[0069]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0070]

(Example 8)

A film was formed in the same manner as in Example 7, except that the substitution
reduction platinum plating bath 2 was used as the catalyst film formation bath.

[0071]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 um.

[0072]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0073]

(Example 9)

A film was formed in the same manner as in Example 7, except that the substitution
reduction platinum plating bath 3 was used as the catalyst film formation bath.

[0074]

| The obtained catalyst film had a film thickness of 0.01 um. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 pum.

[0075]
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Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0076]

(Example 10)

A film was formed in the same manner as in Example 7, except that the substitution
reduction platinum plating bath 4 was used as the catalyst film formation bath.

[0077]

The obtained catalyst film had a film thickness of 0.01 pm. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 pm.

[0078]

Copper and palladium were not detected in the surface of a resultant film, and hence
the film had a good barrier property. Furthermore, the resultant film had good solder
bondability and good wire bondability.

[0079]

(Comparative Example 1)

A film was formed in the same manner as in Example 1, except that the substitution
gold plating bath was used as the catalyst film formation bath.

[0080]

The obtained catalyst film had a film thickness of 0.01 um. The obtained
intermediate film had a film thickness of 0.1 ym. The obtained surface film had a film
thickness of 0.1 pm.

[0081]

Copper and palladium were detected in the surface of a resultant film.
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Furthermore, the resultant film had poor solder bondability and poor wire bondability.
[0082]

(Comparative Example 2)

A film was formed in the same manner as in Example 7, except that the substitution
platinum plating bath was used as the catalyst film formation bath.

[0083]

The obtained catalyst film had a film thickness of 0.01 um. The obtained
intermediate film had a film thickness of 0.1 um. The obtained surface film had a film
thickness of 0.1 pm.

[0084]

Copper and palladium were detected in the surface of a resultant film.
Furthermore, the resultant film had poor solder bondability and poor wire bondability.

[0085]

Tables 2 to 4 collectively show the film formation conditions and the evaluation
results of each of the examples and the comparative examples. As shown in Tables 2 to 4, it
was observed that the catalyst films formed by substitution reduction plating had good solder
bondability and good wire bondability.

[0086]

[Table 2]
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Example 1 | Example 2 | Example 3 | Example 4 | Example 5 | Example 6
Catalyst Substitution | Substitution | Substitution | Substitution | Substitution | Substitution
Film Reduction Reduction Reduction Reduction Reduction Reduction
Formation Au Plating AuPlating | AuPlating Au Plating Au Plating Au Plating
Bath Bath 1 Bath 2 Bath 3 Bath 4 Bath 5 Bath 6
Integ?li?late Reduction | Reduction | Reduction | Reduction | Reduction | Reduction
Formation Pd Plating | Pd Plating | Pd Plating | Pd Plating | Pd Plating | Pd Plating
Bath Bath Bath Bath Bath Bath Bath
Surface Substitution | Substitution | Substitution | Substitution | Substitution | Substitution
Film Reduction Reduction Reduction Reduction Reduction Reduction
Formation Au Plating Au Plating Au Plating Au Plating Au Plating Au Plating
Bath Bath Bath Bath Bath Bath Bath
Barrier Good Good Good Good Good Good
Property
Solder
Bondability Good Good Good Good Good Good
Wire
Bondability Good Good Good Good Good Good
[0087]
[Table 3]
Example 7 Example 8 Example 9 Example 10
. Substitution Substitution Substitution Substitution
Fg?r?all%/isc;[nF]gglh Reduction Pt Reduction Pt Reduction Pt Reduction Pt
Plating Bath 1 Plating Bath 2 Plating Bath 3 Plating Bath 4
Filf:rtlelr:lggg?[tii n Reduction Pd Reduction Pd Reduction Pd Reduction Pd
Bath Plating Bath Plating Bath Plating Bath Plating Bath
. Substitution Substitution Substitution Substitution
F(?ll'lrilf;g(enfgr;[h Reduction Au Reduction Au Reduction Au Reduction Au
Plating Bath Plating Bath Plating Bath Plating Bath
Barrier Property Good Good Good Good
Solder
Bondability Good Good Good Good
Wire
Bondability Good Good Good Good
5 [0088]
[Table 4]
U17-015
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Comparative Example 1

Comparative Example 2

Catalyst Film Formation Bath

Substitution Au Plating Bath

Substitution Pt Plating Bath

Intermediate Film Formation
Bath

Reduction Pd Plating Bath

Reduction Pd Plating Bath

Surface Film Formation Bath

Substitution Reduction Au

Substitution Reduction Au

Plating Bath Plating Bath
Barrier Property Poor Poor
Solder Bondability Poor Poor
Wire Bondability Poor Poor

INDUSTRIAL APPLICABILITY

[0089]

The film formation method according to the present disclosure is capable of

forming a film with high connection reliability, and is thus useful as a method for forming a

film on a surface of, for example, a conductor circuit.
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CLAIMS

1. A film formation method, comprising the steps of:

forming a catalyst film on a surface of a substrate by substitution reduction plating;
forming a palladium plating film as an intermediate film on the catalyst film; and
forming a gold plating film as a surface film on the palladium plating film,

wherein the catalyst film is a platinum film.

2. The film formation method of claim 1, wherein the substrate includes a copper circuit.

3. The film formation method of claim 1 or 2, wherein the step of forming the catalyst film
is conducted by using a substitution reduction plating bath including a water-soluble metal

compound, a chelating agent, and a reducing agent.

4. The film formation method of claim 3, wherein

the catalyst film is a platinum film,

the water-soluble metal compound is at least one of dinitrodiammineplatinum,
chloroplatinates, tetraammine platinum salts, or hexaammine platinum salts, and

the reducing agent is at least one of formic acid, hydrazine, ascorbic acid, or

dimethylamineborane.

5. The film formation method of any one of claims 1 to 4, wherein the palladium plating

film is a pure palladium film not including phosphorus.
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