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METALLIC MATERIAL

TECHNICAL FIELD |

The present invention relates to a metallic material provided with a
intermediate layer in which Ni alloy or Cu alloy is plated .on a base metal
consisting of Cu or Cu alloy, and a surface layer in which Sn or Sn alloy is
plated on this intermediate layer. More particularly, the present invention
relates to a metallic material, for electronic components, having superior heat
resistance, soldering properties, resistance to degradation of the éppearance
thereof, and insertion and withdrawal properties when the material is employed

as a contact member.

BACKGROUND ART
In metallic materials for electronic components, many metallic materials
of plated Sn or Sn alloy,. such as for contacts, are employed primarily for
connector contacts for civilian usé and wire harnesses for automobile electrical
systems. However, in Sn or Sn alloy platéd material, interdiffusion progresses
between base metals such as Cu, Ni, etc., and the plating layer at the surface,
whereby many properties such as contact resistance, resistance against thermal
peeling, and soldering properties, degrade over time. That is to say, the
properties degrade by aging. In particular, the degradation is remarkable in the
vicinity of the automobile engine, or the like, since the higher the temperature,
the more this phenomenon is promoted.
In such a situation, the demand for heat resistance in the connector
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material has become more.severe by USCAR, which sets the standards for car
components, established by the three largest automobile manufacturers in ihe
United States. In the severest use condition, heat resistance to normal use at
155C and a maximum allowable 175°C are required. In particular, in
automobile connector materials, demands for heat resistance has become more
severe in Japan, and heat resistance to about 150°C is required.

Moreover, in the case in which thé production base for the connector
manufacturer is moved to other countries, the material is sometimes stored for
long periods, until it is used, after plating. Therefore, plated material in which
each property thereof does not degrade even if the material is stored over long
periods, that 1s, plated material in which aging degradation resistance is high, is
required. quértheiess, degradation in properties of the plated material is
accelerated at high temperatures. Therefore, material in which the degradation
in properties at high temperatures is small will not experience degradation of
each of the properties even if it is stored over long periods. Therefore, a plated
material having high heat resistance is required even in this field.

The above property degradation is eased to a certain extent in the case m
which Cu or Ni is plated as an intermediate layer. However, resistance against
thermal peeling remarkably degrades when the intermediate layer consists of Cu.
When the intermediate layer consisté of Ni; so that Ni may suppress diffusion of
Cu, properties are also improved over the case in which Cu was used; however,
it is not satisfactory from the point of view of soldering properties.
Furthermore, although sealing may be tried as an after-treatment following
plating, each of the properties is not sufficiently improved.
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As a means for suppressing the diffusion of Cu, a means for intervening
Cu-Ni alloy between the base material and the platiﬁg layer at the surface has
been proposed (PCT/US96/19768). However, although increase of contact
resistance .is suppressed in- this technique, aging degradation resistance of
soldering properties is not improved.

In addition, as a problem characteristic of Sn plated material, the Sn
plated material is soft, so that a gas-tight structure is produced when a male pin
is adhered to a female pin employed at a point of contact in a connector.
Therefore; the Sn plated material has a disadvantage in that the insertion force of
the connector is higher than that for a connector consisting of Au plating, etc.

In such a situation, the demand for forming multiple cores in a connector
has recently beéome much more severe with the increasing miniaturization,
weight reduction, and multifunctionalization, not only in automobile
components, .but also in general connectors. However, if the present Sn plated
material is uséd to form multiple cores, the insertion force for the connector
increases. In the assembly process for automobiles in which Sn plated
connectors are mainly used, the connectors are manually connected, so that
increase in the insertion force directly lowers the workability thereof.

As a means of dealing with this problem, the following technique
(Japanese Unexamined Patent Application Publication No. 320668/97) has been
proposed. In this technique, Cu or Ni is plafed as an intermediate layer,
whereby wear resistance of Sn plating or Sn alloy plating at the surface is
reduced, so that insértion and withdrawal properties are improved. According
to this technique, problems with respect to insertion of the connector can be
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avoided; however, the above-mentioned heat resistance, particularly the aging

degradation resistance of solden'ng properties, cannot be prevented.

DISCLOSURE OF INVENTION

It is therefore an object of the presént invention to provide a metallic
material in which aging degradation can be prevented in high- temperature_
environments in the vicinity of autorﬁobile engines, etc., insertion and
withdrawal resistance can be improved, and further more, properties such as
soldering propérties, etc., are not degraded even if the material is stored over
long periods. |

A metallic material according to the present invention is characterized in
that an intenn_ediate layer made of an alloy}:lating consisting of Ni alloy or Cu

“alloy codtains at least one of P in an aﬁomt of 0.05 to 20% by weight and B in
an amount of 0.05 to 20% by weight, aﬁd is provided i(\)n a base mgtal donsisting
of Cu or Cu alloy and a surface layer consisting of én or Sn alloy plating is
further provided on the intermediate layer. Effects and preferable embodiments
of the present invention will be explained. In the following explanation,
“percent” refers to “percent by weight”.

According to a preferred embodiment of the present invention, an
intermediate layer is made of an alloy consisting of P in an amount of 0.05 to
20%, and the balance consisting of Ni and unavoidable impurities, or an alldy
‘consisting of B in an ainount of 0.05 to 20%, and the balance consisting of Ni
and unavoidable impurities. Furthermore, according to another preferred |
embodirdent of the present invention, an intermediate layer is made of an alioy -
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containing P in an amount of 0.05 to 20%, B in an amount of 0.05 to 20%, and
the balance consisting of Ni and unavoidable impurities.

Of the primary metals constituting the intermediate layer, Ni is an
element which can maintain P, B, Cu, Sn, and Zn in the intermediate layer, and
can be alloy-plated with any of the above elements. As another function of Ni,
suppressive effects diffusion of Cu, which is a degrading factor in heat
resistance, may be meniioned. However, in the case in which the intermediate
layer consists of only Ni, degradation of soldering properties after exposure to
high temperature cannot be prevented. It seems that this is due to the inside of
the plating layer being oxidized by the heating. That is to say, since wettability
of Ni oxide fE_')r solder is generally unsatisfactory, it is assumed that soldering
properties are-_loWered by the existence of the Ni oxide when the inside thereof
is oxidized.

In contrast, in the case in which an intermediate layer consists of Ni
alloy containing P and/or B, it is assumed that P and B are diffused toward the
surface by heating, whereby oxidation in the inside and the surface of the
surface layer is prevented, so that degradation of soldering | properties is
suppressed.

Furthermore, it is assumed that P oxide and B oxide films are formed on
the surface by diffusion of P or B and that the insertion and withdrawal
resistance, in the case in which this film is used for a connector, is lowered.
Moreover, an alloy to which P or B is added to Ni is much harder than base
metal and plating of the surface layer. For example, when an alloy in which Ni
contains P in an amount of 1 to 15% is plated, Vickers hardness (Hv) reaches
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about 700. In contrast, hardness of Sn or Sn allo§ plating of the surface layer is
about 10 Hv. Therefore, it is assumed that thin film metal of the surface layer
works as a solid lubricant since hardnesses of the surface layer and the
intermediate layer are remarkably different, whereby insertion and withdrawal
resistance is lowered.

P and B content in the intermediate layér may be decided according to
the heat resistance required; however, effects thereof are insufficient when the
content is under 0.05%. Therefore, it is desirable that the content be preferably
0.5% or more. The upper limit at which these metals can alloy with Ni is 20%,
and it is difficult to contain more P and B than this. It is more desirable for it
to be 15% or :'1_'ess, since tensile stress in the plating film increases and cracks in
the plating are caused when P and B exceed 15%.

According to another preferred embodiment of the present invention, an
intermediate layer is made of an alloy consisting of P in an amount of 0.05 to
20%, at least one of Sn, Cu, and Zn, in a total amount of 10 to 60%, and-the |
balance consisting of Ni and unavoidable impurities, or an alloy consisting of B
in an amount of 0.05 to 20%, at least one of Sn, Cu, and Zn, in a total amount of
10 to 60%, and the balance consisting of Ni and unavoidable impurities.

In the case in which low workability of Ni-P alloy or Ni-B alloy is
supplemented, Cu and Zn are added as additional elements besides P and B.
When the insertion and withdrawal -properties are further improved by.
improving the hardness of the intermediate layer, Sn is added therein, depending
on need_. Effects of each element are not sufficiently demonstrated if the total
content of at least one of Sn, Cu, and.Zn is under 10%. In contrast, the originai
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controlling effect of Ni on diffusion of Cu is insufficient if the total content

thereof exceeds 60%.

Since Co is contained in a bath and an anode of Ni plating as an .

unavoidable impurity, it is possible that Co in an amount of about 1 to 2% is
mixed in a plating film, depending on Ni salt used for the bath and gréde of the
anode. However, Co in this amount dose not exert large effects on properties
of Ni-P alloy plating and Ni-P-B alloy plating. Therefore, Co as an impurity
can be disregarded. |

It is assumed that P and/or B are diffused at the surface or the inside of a
surface layer plated Sn or Sn alloy by carrying out reflow treatment or aging
treatment afterwards, whereby these elements prevent the inside and the surface
thereof from qxfdizing, so that degradation of soldering properties is suppressed,
i.n the case in which an intermediate. layer is made of Ni alloy containing P
and/or B. |

Therefore, a metallic . material according to anofher preferred
embodiment of the present invention is characterized in that an intermediate
layer consisting of electroplated Ni alloy containing P and/or B in a total amount
of 0.05 to 20% is provided, and a surface layer consisting of Sn or Sn alloy
plating is further provided on the intermediate layer, and P and/or B contained in
the intermediate layer is diffused to the surface in the surface layer by carrying
out reflow treatment and/or heating treatment. In this caée, it is desirable that
the content of P and/or B in the surface layer range from 0.01 to 1% in order to

suitably obtain an antioxidation effect. Furthermore, the intermediate layer can

consist of Ni alloy containing, similarly to the above, P and/or B in a total
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amount_of 0.05 to 20%, and at least one of Sn, Cu, and Zn, in a total amount of
10to 60%.

It is necessary .that the thickness of the intermediate layer be 0.5 um or
more, and more preferably be 1.0 um or more, since the above heat resistant
effect is not obtained when it is under 0.5 um. The upper limit is preferably 3
um or less, since pressing property is lowered when the intermediate layer is too
thin.

The thickness of a diffusion layer formed between the surface layer and
the intermediate layer and consisting mainly of Sn and Cu is preferably 1 um or
less. When it exceeds 1 um, pure Sn or Sn alloy plating layer at the surface
layer is relatively thin and heat resistance is degraded. Grain size constituting
the diffusion l_ayér can be observed by dissolving only the pure plating portion
(deposited Sn or Sn alloy layer) above the diffusion layer using an electrolytic
method and then removing this. In the case in which average grain size of the
diffusion layer exceeds 1 um, when solder wets the surface of the diffusion layer,
the wettable surface area decreases and the soldering property is lowered.
Therefore, it is necessary to have a grain size of 1 um or less in order to improve

wettability of the solder, and it is desirable that it be, more preferably,' 0.8 pm or

less.

It is necessary to have the thicknes§ of the plating layer at the surface
consisting of Sn or Sn alloy be 0.3 um or more since contact resistance cannot
be prevented from degrading when it is under 0.3 um. It is necessary that the

upper limit of thickness be 3 um or less, since insertion and withdrawal

properties are lowered with an increase in thickness. Since a part of the plating
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layer at the surface consisting of Sn or Sn alloy is formed with a diffusion layer
on the intermediate layer and the thickness of the pure plating layer decreases
when reflow treatment is caﬁ:ied out, it is necessary that the thickness of the Sn
plating layer before carrying out the reflow treatment be 0.5 um or more, and
considering productivity, it is desirable that the thickness be 1 to 2 pm.

Furthermore, the thickness ratio of the plating layer at the surface
consisting of the Sn or Sn alloy and the intermediate layer ranges from 1:2 to 1:3
in order to yield the lubrication effect of the metallic thin film, as mentioned
"above.

Moreover, as an effect of the reflow treatment, the following functions
may be mentioned. The above diffusion layer is formed; diffusion of P and B
contained in the intermediate layer toward the surface is enhanced, whereby
oxidation in the inside of the plating layer is prevented; and a protective film of
these oxides is formed on the surface layer. As a means other than the reflow
treatment, aging treatment may be mentioned. For example, P can be also
diffused by carrying out aging treatment at 100°C for 12 hours. When the
diffusion of P or B By .the above reflow treatment is insufficient, the aging
treatment is further carried out, depending on need, whereby properties such as
soldering properties and insertion and withdrawal properties can also be
improved. Alternatively, without carrying out the reflow treatment, P or B can
also be diffused only by the aging treatment.

In the plating layer at the surface, besides Sn or Sn alloy, mainly a solder

plating such as Sn-Pb, and a solder which does not contain Pb, such as Sn-Ag

and SnfBi; can be employed.



As a plating solution for the intermediate layer, NiSO,-NiCL-H,PO,-
H,PHO, type, etc., can be employed in basic Ni-P alloy plating. The H,PO, is
a pH buffer and the H,PHO, controls the P conteﬁt in the plating film by
chaﬁging the addition amount. However, the composition and condition of the
plating bath in each plating in this application can be optionally chosen. Aaan
alloying element besides P, B, Cu, Sn, and Zn can be alloyed by. respectively
adding metal salts such as borane amine complex (as a source which supplies B
in the plating film), CuSO,, SnSO,, and ZnSO, in a required amount. Since Cu
has a higher natural potential than others, a complexing agent is used in the
addition of Cu. Glycine added as a complexing agent forms eutectqids of Ni
and Cu. The complexing agent must be suitably chosen depending on the pH
of the plating _bafh. However, effects of the present invention are not limited at
all by the selection of these conditions.

- As a method for Sn or Sn alloy plating at thei-.;‘ surface, electroplating or
hot dipping may be used. In electroplating, well-kno;vn plating solutions such
as the sulfuric acid type, methanesulfonic acid type, phenolsulfonic acid type,
etc., can be used. By carrying out reflow treatment after the electroplating and
aging treatment thereafter, depending on need, or by carrying out aging
treatment immediately after the electroplating, P and B contained in the
intermediate layer are diffused toward the surface layer with increase in
thickness of the diffusion layer consisting of Ni-Sn, whereby heat resistance and
insertion and Withdrawél properties are improved. As a means for omitting the
aging treatment after the plating, means for containing P and/or B in advance in
the Sn or Sn alloy plating layer at the surface is effectively emplo&ed. In this -
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case, the plating is limited to hot dipping, and P and/or B can be alloyed by
being dissolved in advanée in melted Sn or Sn alloy. |

In the above, the intermediate layer consists of alloy containing Ni;
however, metallic material according to the present invention is satisfactory if
only an alloy layer containing Ni exists under the Sn or Sn alloy plating 1ayer at
the surface. The present invention is effective even if another plating layer
exists between the Ni alloy layer and the base metal consisting of Cu alloy.
Furthermore, in the present invention, an alloy layer containing Cu can be
intervened below the Sn or Sn alloy plating layer at the surface.

That is to say, according to another embodiment of the present invention,
an intermediaf_é layer is made of an alloy consisting of P in an amount of 0.05 to
15%, and the _baiance consisting of Cu and unavoidable impurities, or an alloy
consisting of P in an amount of 0.05 to 15%, at least one of Sn, Ni, and Zn, in a
total amount of 10 to 60%, and the balance consisting of Cu and unavoidable
impurities. Alternatively, an intermediate layer is made of an alloy 6onsisting
of P in an amount of 0.05 to 15%, B in an amount of 0.05 to 15%, and the
balance consisting of Cu and unavoidable impurities, or an alloy consisting of P
in an amount of 0.05 to 15%, B in an amount of 0.05 to 15%, at leaéf one of Sn,
Ni, and Zn, in a total amount of 10 to 60%, and the balance consisting of Cu and
unavoidable impurities. In the following, effects and preferable embodiments
in the case in which an intermediate layer is made of an alloy consisting
primarily of Cu will be explained. |

Cu deposited by electroplating is characterized in that diffusion thereof
toward the Sn plating layer at the surface is slower than that of the Cu contained
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in the base metal. Therefore, soldering properties that Cu alloy is employed as
the intermediate layer thereof are slightly inferier to tl_lat o_f a metallic material
having an interinediate layer consisting primarily of Ni; however, degradation of
properties is less than that in a metallic material not having an intermediate layer.
The intermediate layer or the surface layer contains an active metal such as P
and B, whereby the active metal is diffused toward the surfaee and oxidation of
the inside and the surface thereof is suppressed, so that each property,
particularly the soldering properties, is improved in comparison with the case in
which. the intermediate layer is simply made of Cu.

It is assumed that the oxide film of P and B is formed by the diffusion
thereof toward the surface, as well as a metallic material having an intermediate
layer consisﬁpg- primarily of Ni, whereby this film has lower insertion and
withdrawal resistance when this metailic material is employed as a connector.
Hardness thereof is increased over that of the Cu simple layer since the
intermediate layer is alloyed, whereby thin film metal lubricating effects are also
obtained.

The content of P and B in the intermediate layer can be optionally set in
proportion to required properties; however, it is desirable that it be 0.5% or more,
since the above effects are not sufficiently obtained if the content is under 0.05%
when the intermediate layer is made of alloy consisting primarily of Cu. In the
case in which an intermediate layer is made of alloy consisting primarily of Cu,
limiting the content of P and B to 15%, the plating film is weakened, especially
when the P content exceeds 10%. Therefore, it is desirable that the P content

be 10% or less.
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As another additional element besides P and B, at least one of Sn, Ni,
and Zn can be added in a total amount of 10 to 60%. When the total amount of
of Sn, Ni, and Zn is under 10%, the effects of each element are not demonstrated,
whereas when the total amount exceeds 60%, the value as scrap is lowered.

It is desirable that thickness of the intermediate layer be 0.5 to 3.0 um
and more preferably be 1.0 to 3.0 um, as in the case in which an intermediate
layer is made of alloy consisting primarily of Ni. It is desirable that the
thickness of a diffusion layer consisting mainly of Sn and Cu be formed between
a surface layer and an intermediate layer and be 1 um or less, and it 1s desirable
that the average grain size constituting the diffusion layer be 1.5 um or less and
more preferably be 1.0 um or less. The reasons for these numerical value
ranges are the_ séme as the above. For the same reasons, it is desirable that the
thickness of the Sn or Sn alloy plating layer at the surface be 0.3 to 3.0 um. It
is desirable that the thickness of the Sn plating layer before éarrying out reflow
treatment be 0.5 um or more and more preferably be 1 to 2 um. It is desirable
that the ratio of thickness of the Sn or Sn alloy plating léyer at the surface and
that of the intermediate layer range from 1:2 to 1:3.

Moreover, in the case in which P and/or B is not diffused sufficiently
only by reflow treatment or hot dipping, for example, aging treatment is carried
out at 100°C for 12 hours, depending on need, whereby soldering properties and
insertion and withdrawal properties can be improved. It is also effective for the
aging treatment to be carried out directly after the plating, without carrying out
the reflow treatment. .'

In the plating layer at the surface, besides Sn or Sn alloy, mainly a soldér
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plating such as Sn-Pb, and a solder which does not contain Pb, such as Sn-Ag
and Sn-Bi, can be employed.

As a plating bath for the intermediate layer, a bath to which NaPH,0, is
added to a pyrophosphate type Cu plating bath can be employed in basic Cu-P
alloy plating. Complexing agents are also added in appropriate ratios,
depending on the Cu composition required. However, composition and
condition _of the plating bath in each plating in this application can be optionally
chosen. As an alloying element besides P, B obtained from borane amine
complex, and other elements chosen from suitable metal salts, depending on the
plating bath, can be employed. However, effects of the present invention are
not limited at all by the selection of these conditions.

As a method for Sn or Sn alloy plating at the surface, electroplating or
hot dipping may be used at well-known plating conditions. In the
electroplating, by carrying out reflow treatment after the electroplating, a
diffusion layer is formed, and P and B contained in the intermediate layer are
diffused, whereby heat resistance and insertion and withdrawal properties are
improved.

As a means for omitting the aging treatment after the plating, a means
for containing P and/or B in advance in the Sn or Sn alloy plating layer at the
surface is effectively employed. In this case, the plating is limited to the hot

dipping, and P or B can be alloyed by being dissolved in advance in melted Sn

or Sn alloy.
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BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a drawing explaining evaluation tests for the insertion and

withdrawal properties according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
First Embodiment

Effects of the present invention are specifically explained based on this
embodiment. As a base metal, phosphor bronze (according to Japanese
Industrial Standard C5191) having a thickness of 0.2 mm for the evaluation of
heat resistance, and an oxygen free copper (according to Japanese Industrial
Standard C1020) having a thickness of 0.5 mm for the evaluation of insertion
and withdrawal broperties, which were dégreased and pickled, were employed.
Surface layers of these materials were plated by Sn and reflowed, and these
materials were employed for evaluation.

Plating conditions of a Ni-P type anci types to which Sn, Cu, or Zn were
added thereto are shown in Tables 1 to 4, and plating conditions of a Ni-P-B

type and types to which Sn, Cu, or Zn were added thereto are shown in Tables 5

to 8.
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Table 1

Ni-P Alloy Plating Conditions

Conditions
NiSO, 150 g/L
. . os NiCl, 45 g/L
Plating Solution Composition H.PO, 50g/L
HzPHOg 0.25 -~ IM
Plating Solution Temperature 70°C
Current Density 10 A/dm?
Plating Thickness 2.0 pm
Table 2
Ni-P-Sn Alloy Plating Conditions
Conditions
NiSO, 150 g/L
. . - SnSO, 20g/L
Plating Solution Composition H,PO, 50 gL
; H,PHO, 025~10g/L .
Plating Solution Temperature - 70C
Current Density 10 A/dm?
| Plating Thickness 2.0 um
Table 3 \
Ni-P-Cu Alloy Plating Conditions
Conditions
NiSO, 100 g/L
CuSO, 10 g/L
Plating Solution Composition Glycine 30g/L
H,PO, 25 /L.
HzPHO3 0.25 ~ 10 %
Plating Solution Temperature 25C
Current Density 2 A/dm?
Plating Thickness 2.0 um
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Table 4
Ni-P-Zn Alloy Plating Conditions

- Conditions
NiSO, 150 gL
ZnSO, 20 g/L
Plating Solution Composition Na,SO, 150 /L
H,PO, 40g/L
H,PHO, _ 025~10g/L
Plating Solution Temperature | 70C
Current Density 10 A/dm?
Plating Thickness 2.0 um
Table 5
Ni-P-B Alloy Plating Conditions
: Conditions
NiSO, 150 g/L
NiCl, 45 g/L
50
| Plating Solution Composition I.g;:l;ﬁ;s 0.25 “51%5’_1
Borane
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density 5 A/dm*
Plating Thickness 2.0 um

Table 6
Ni-P-B-Sn Alloy Plating Conditions

Conditions
NiSO, 150 g/L
SnSO, 20 /L
HPO, 50 g/L
Plating Solution Composition H,PHO, 05~10g/L
Borane
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density -3 A/dm?
Plating Thickness 2.0 um
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Table 7

Ni-P-B-Cu Alloy Plating Conditions

Conditions
NiSO, 100 g/L
CuSO, 10g/L
Glycine 30g/L
Plating Solution Composition H,PO, 25g/L
_ H,PHO, 025~10g/L
* Borane .
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 25C
Current Density 2 A/dm?
Plating Thickness 20 pm
Table 8
Ni-P-B-Zn Alloy Plating Conditions
Conditions
NiSQ, 150 g/l
ZnSO, 20g/L
[ Na,S0, 150 g/L
Plating Solution Composition H,PO, 40 g/L
HPHO, _ 025-10g/L
Borane
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density 3 A/dm*
Plating Thickness 2.0 um

The Sn plating conditions of the surface layer are shown in Table 9.
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Table 9

Reflowed Sn Plating Conditions

Conditions
Methane-
sulfonic acid 100 g/L
Plating Solution Composition | Tin Mcthane-
g pos sulfonate 200 g/L
Surfactant 2g/L
Plating Solution Temperature | . 40C
Current Density 10 A/dm?
Reflow Condition _| 260°C, 5s, Quenching at 60°C
Plating Thickness ' 15 ym

Composition of the intermediate layer, thickness and average grain size

of the diffusion layer, and thickness of the surface layer, are shown in Table 10.
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- Table 10

Composition of Intermediate Layer, Thickness of Each Layer, and Average

Grain Size of Diffusion Layer
i . Vera, i Thickness of
Ttermeige | Thicknessof | A8 Grein | S Plating

No. | Intermediate Layer Composition Layer Diffusion Layer | .o 00 Layer Layer
pwm pm um um
1 | Ni-1.0%P 1.7 - 0.3 0.2 1.2
2 | Ni-6.4%P 1.5 0.5 0.2 1.0
3 | Ni-11.2%P 14 0.6 0.2 0.9
4 | Ni-0.8%P-15.2%Cu 1.6 0.4 04 1.1
5 | Ni-4.4%P-15.2%Cu 1.6 0.4 04 1.1
6 | Ni-9.2%P-16.1%Cu 14 0.6 04 0.9
7 | Ni-1.2%P-15.5%Sn 15 0.5 0.4 1.0
8 | Ni-6.6%P-15.5%Sn 1.5 0.5 0.4 1.0
9 | Ni-12.2%P-16.0%Sn 1.3 0.7 0.5 0.8
10 | Ni-0.9%P-15.2%Zn 1.6 0.4 03 1.1
11 | Ni-5.5%P-15.2%Zn 1.6 04 0.3 1.1
12 | Ni-10.3%P-15.5%Zn 1.4 0.6 0.4 0.9
13 | Ni-0.8%P-0.25%B 1.7 0.3 0.2 1.2
14 | Ni-5.2%P-0.25%B 1.7 0.3 0.2 1.2
15 | Ni-10.4%P-1.2%B 1.5 0.5 0.3 1.0
16 | Ni-0.7%P-0.4%B-15.2%Cu 1.6 0.4 04 1.1
17 | Ni-4.4%P-0.4%B-15.2%Cu 1.6 0.4 0.4 1.1
18 | Ni-9.2%P-1.2%B-16.1%Cu 14 0.6 0.3 0.9
19 | Ni-0.8%P-0.4%B-14.4%Sn 1.7 03 - 0.5 1.2
20 | Ni-5.2%P-0.4%B-14.4%Sn 1.7 0.3 0.5 1.2
21 | Ni-10.2%P-1.1%B-15.1%Sn 1.5 0.5 0.3 1.0
22 | Ni-0.7%P-0.3%B-5.4%Zn 1.6 0.4 0.3 1.1
23 | Ni4.4%P-0.3%B-5.4%7Zn 1.6 0.4 03 1.1
24 | Ni-9.2%P-1.4%B-5.6%Zn 14 0.6 0.4 0.9

In addition, a material having no intermediate layer, a material in which
an intermediate layer consisting of Cu having a thickness of 0.5 pm, a material
in which an intermediate layer consisting of Ni having a thickness of 2.0 um, a
material in which an intermediate layer consisting of Ni-0.01% P alloy, and a
material in which an intermediate layer consisting of Ni-0.01% B alloy, were
also prepared as comparative materials.

As an evaluation of the heat resistance, after evaluating materials were

heated to 155°C for 16 hours, appearance, soldering properties, existence of
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thermal peeling, aﬂd change in contact resistance thereof were evaluated. The
evaluating materials were fonned in the shapes of male pin and female pin as
shown in Fig. 1. The largest insertion force necessary to insert the male pin in
the female pin was evaluated for the insertion and withdrawal properties.

The soldering properties were evaluated by measuring solder wetting
~ time in the case in which flux is 25% rosin-ethanol, using the meniscograph
method. Plated materials were subjected to cycles of 90° bending, and the
existence of the thermal peeling was evaluated by observing the state of the bent
‘portion thereof by visual observation. The materials in which the male pin is
fitted into the female pin as shown in'Fig. 1, were heated to 155°C for 16 hours,
and the contact resistance was evaluated by measuring the difference between
contact resistgm;,e (electric resistance) value of the heated material and that of
non-heated material. The results are shown in Table 11. Consequently, it was
apparent that materials according to the present invention are superior with

respect to all evaluation criteria.

21



- Table 11

Evaluation of Heat Resistance

OJ Thermal | S¢ldering Properties | Contact Resistance
No. | Intermediate Layer Composition Appt(z:x)an Peering e €] Befors Afer O Before
@ | Heating | Heating | Heating | Heating_
Example '
1 | Ni-1.0%P o) O ) © O O
2 | Ni-6.4%P (@) O O ) O O
3 | Ni-11.2%P ) O @) ) O O
4 | Ni-0.8%P-15.2%Cu (@) O ) (©) O O
5 | Ni-4.4%P-15.2%Cu (@) O ©) ) O O
6 | Ni-9.29%P-16.1%Cu () A O ) O O
7 | Ni-1.2%P-15.5%Sn () A @) ®) O O
8 | Ni-6.6%P-15.5%Sn (@) O @) ©) O O
9 | Ni-12.2%P-16.0%Sn O O [@) [¢] @) O
10 | Ni-0.9%P-15.2%Zn © O ) ©) O O
11 | Ni-5.5%P-15.2%Zn © O @) Q O O
12 | Ni-10.3%P-15.5%Zn O O @) © O O
13 | Ni-0.8%P-0.25%B @) O © o O O
14 | Ni-5.2%P-0.25%B @) O @) @) O O
15 | Ni-10.4%P-1.2%B O O ) ) O O
16 | Ni-0.7%P-0.4%B-15.2%Cu @) O e ) O O
17 | Ni-4.4%P-0.4%B-15.2%Cu O O @) @) O O
18 | Ni-9.2%P-1.2%B-16.1%Cu () A @) ) O O
19 | Ni-0.8%P-0.4%B-14.4%Sn (@) A 0. ) O O
20 | Ni-5.2%P-0.4%B-14.4%Sn O O O . ) O O
21 | Ni-10.2%P-1.1%B-15.1%Sn O O © | O QO O
22 | Ni-0.7%P-0.3%B-5.4%Zn ©) O @) ©) O O
23 | Ni-4.4%P-0.3%B-5.4%Zn ©) O ©) ) O O
24 | Ni-9.2%P-1.4%B-5.6%Zn @) O @) @) O O
Comparative Example '
25 | No Intermediate Layer A O O A O A
26 | Cu O X © O O X
27 | Ni © O @) A O A
28 [ Ni-0.01%P @) O (@) O O A
29 | Ni-0.01%B © O @) O O A

(1) Appearance ©: Glossy appearance, O: Partially haziness, A: Semi-gloss

(2) Thermal Peeling O: No Peeling, A: Partially peeling, X: Peeling over entire surface

(3) Soldering Property ©: Wetting after 1 to 2 seconds, O: Wetting after 2 to 3 seconds,
£\: Wetting after 3 seconds or more, X : No wetting

(4) Contact Resistance O: 10 mQ or less, A: 10~20 m, X : 20 m® or more
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The evaluated results with respect to the insertion and withdrawal
properties thereof are shown in Table 12. Cons_equently, it was apparent that
the insertion force for the terminal is superior to that of the comparative

materials in every type.

Table 12

Evaluation of Insertion and Withdrawal Properties

No. | Intermediate Layer Composition Wi mm"; ;‘; rties
Example
1 Ni-1.0%P O
2 | Ni-6.4%P O
3 Ni-11.2%P O
4 | Ni-0.8%P-15.2%Cu O
5 Ni-4.4%P-15.2%Cu O
6 | Ni-9.2%P-16.1%Cu O
7 | Ni-1.2%P-15.5%Sn O
8 Ni-6.6%P-15.5%Sn O
9 Ni-12.2%P-16.0%Sn O
10 | Ni-0.9%P-15.2%Zn O
11 | Ni-5.5%P-15.2%Zn O
12 | Ni-10.3%P-15.5%Zn O
13 | Ni-0.8%P-0.25%B O
14 | Ni-5.2%P-0.25%B O
15 | Ni-10.4%P-1.2%B O
16 | Ni-0.7%P-0.4%B-15.2%Cu O
17 | Ni-4.4%P-0.4%B-15.2%Cu O
18 | Ni-9.2%P-1.2%B-16.1%Cu O
19 | Ni-0.8%P-0.4%B-14.4%Sn O
20 | Ni-5.2%P-0.4%B-14.4%Sn O
21 | Ni-10.2%P-1.1%B-15.1%Sn O
22 | Ni-0.7%P-0.3%B-5.4%Zn O
23 | Ni-4.4%P-0.3%B-5.4%Zn O
24 | Ni-9.2%P-1.4%B-5.6%Zn O
Comparative Example

25 No Intermediate Layer X
26 |Cu A
27 |Ni X
28 | Ni-0.01%P X
29 | Ni-0.01%B X

Insertion and Withdrawal Properties  O:1.2Norless, A:1.2~14 N, X:1.4 N or more
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Second Embodiment

Next, a second embodiment according to thé present invention is
-explained. As a base metal, phosphor bronze (according to Japanese Industrial
Standard C5191) having a thickness of 0.2 mm for the evaluation of heat
resistance, and an oxygen free copper (according to Japanese Industrial Standard
C1020) having a thickness of 0.5 mm for the evaluation of insertion and
withdrawal properties, which were degreased and pickled, were employed.
Surface layers of these materials were plated by Sn and reflowed, and these
materials were employed for evaluation.

Plating conditions of a Ni-B type and types to which Sn, Cu, or Zn were
added thereto are shown in Tables 13 to 16.

Sn platiﬁg conditions of the surface layer are shown in Table 17.
Composition of the intermediate layer, thickness and average grain size of the
diffusion layer, and thickness of the surface layer, are shown in Table 18. In
addition, a material having no intermediate layer, a material in which an
intermediate layer consisting of Cu having a thickness of 0.5 um, a material in
which an intermediate layer consisting of Ni having a thickness of 2.0 um, a
material in which an intermediate layer consisting of Ni-0.01% P alloy, and a
material in which an intermediate layer consisting of Ni-0.01% B.alloy, were

also prepared as comparative materials.



Table 13

Ni-B Alloy Plating Conditions

Conditions
NiSO, 280 g/L
NiCl, 20g/L
Plating Solution Composition H,BO, 40 gL
. Borane
Dimethylamine 1~4g/L
. Complex
Plating Solution Temperature 45C
Current Density 10 A/dm®
Plating Thickness 2.0 pm
Table 14
Ni-B-Sn Alloy Plating Conditions
Conditions
NiSO, 280 g/L
NiCl, 20g/L
H,BO, 40 g/L
Plating Solution Composition Borane
Dimethylamine 1~4g/L
: Complex
SnSO, 20g/L
Plating Solution Temperature 45C
Current Density 10 A/dm?
Plating Thickness 2.0 pm
Table 15
Ni-B-Cu Alloy Plating Conditions
Conditions
NiSO, 200 g/L
CuSO, 10g/L
. . Glycine 30g/L
Plating Solution Composition H,BO, 25 g/L
Borane
Dimethylamine 1~4g/L
Complex
Plating Solution Temperature 45C
Current Density 2 A/dm?®
Plating Thickness 20 um
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Table 16
Ni-B-Zn Alloy Plating Conditions

Conditions
. NiSO, 280 g/L
ZnSO, 20g/L
_ Na,SO, 150 /L.
Plating Solution Composition H.BO, 50 g/l
Borane
Dimethylamine ~ 1~4g/L
Complex
Plating Solution Temperature 45C
Current Density 10 A/dm?
Plating Thickness 2.0 um
Table 17
Reflowed Sn Plating Conditions
Conditions
Methane-
| sulfonic acid 100 g/L
Plating Solution Composition | Tin Methane-
£ po sulfonate 200 g/L
[ Surfactant 2gL
Plating Solution Temperature 40C
Current Density 10 A/dm?
Reflow Condition 260C, 5s, Quenching at 60°C
Plating Thickness 1.5 pm

Table 18
Composition of Intermediate Layer, Thickness of Each Layer, and Average
Grain Size of Diffusion Layer

Thickness of Thickness of Avenfge Grain | Thickness 9f
) . Intermediate ver s Size of Surface Plating

No. | Intermediate Layer Composition Layer Diffusion Layer | .o oo Layer Layes
: pm jum pm pm
30 | Ni-1.2%B 1.9 0.5 0.4 11
31 | Ni-2.0%B 1.9 0.6 0.2 1.0
32 | Ni-1.6%B-15.2%Cu 1.8 0.4 0.6 1.3
33 | Ni-2.5%B-16.1%Cu 1.8 0.6 0.4 1.1
34 | Ni-1.2%B-13.5%Sn 19 0.5 0.4 1.1
35 Ni-2.2%B-13.7%S8n 1.8 0.7 0.5 1.0
36 Ni-1.3%B-15.2%Zn 1.9 0.4 0.3 1.2
37 Ni-2.1%B-15.5%Zn 1.8 0.6 0.4 1.1
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Heat resistance, soldering properties, existence of thermal peeling, and
change in contact resistance were evaluated under the same conditions as those
of the first embodiment. The results are shown in Table 19. Consequently, it
was apparent that materials according to the present invention are superior with

respect to all evaluation criteria.

Table 19
Evaluation of Heat Resistance
' Thermal Soldering Properties | Contact Resistance
No. | Intermediate Layer Composition App;:lu)ancJ Peering Ao &) Before Afier ) Belore
% Heating | Heating | Heating | Heating |
Example . :
30 | Ni-1.2%B ©) ®) ©) ) O O
31 | Ni-2.0%B ) O ) ) O O
32 | Ni-1.6%B-15.2%Cu () O ) ©) O @)
33 | Ni-2.5%B-16.1%Cu © A ) ) O O
34 | Ni-1.2%B-13.5%Sn ) O ©) ©) O O
35 | Ni-2.2%B-13.7%Sn (@) O o ©) O O
36 | Ni-1.3%B-15.2%Zn Q O @) ©] O O
37 | Ni-2.1%B-15.5%Zn © O Q Q O @)
Comparative Example
38 | No Intermediate Layer A O © A O A
39 [Cu O X ©) O O X
40 |Ni © O ©) A O A
41 | Ni-0.01%B © ®) ) A O A
(1) Appearance ©:: Glossy appearance, O: Partially haziness, A: Semi-gloss
(2) Thermal Peeling O: No Peeling, A: Partially peeling, X: Peeling over entire surface

(3) Soldering Property ©: Wetting after 1 to 2 seconds, O: Wetting after 2 to 3 seconds,
A: Wetting after 3 seconds or more, X : No wetting
(4) Contact Resistance O: 10 mQ or less, A: 10~20 mL, X : 20 mS or more

The evaluated results with respect to the insertion and withdrawal
properties thereof are shown in Table 20. Consequently, it was apparent that
the insertion force for the terminal is superior to that of the comparative

materials in every type.
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“Table 20

Evaluation of Insertion and Withdrawal Properties

No. | Intermediate Layer Composition Wi th];rsaewn:lo;ri)derﬁ os
Example
30 | Ni-1.2%B O
31 | Ni-2.0%B O
32 | Ni-1.6%B-15.2%Cu _ O
33 | Ni-2.5%B-16.1%Cu O
34 | Ni-1.2%B-13.5%Sn Q-
35 | Ni-2.2%B-13.7%Sn O
36 | Ni-1.3%B-15.2%Zn O
37 | Ni-2.1%B-15.5%Za O
Comparative Example
38 No Intermediate Layer X
39 [Cu A
40 |Ni X
41 | Ni-0.01%B X

Insertiori_ and Withdrawal Properties =~ O:1.2Norless, A:12~14N, X: 1.4 N or more

Third Embodiment

Next, a third embodiment according to the pre’s?ent invention is explained.
As a base metal, phosphor bronze (according to Jal;"zmese Industrial Standard
C5191) having a thicknéss of 0.2 mm for the evaluation of heat resistance, and
an oxygen free copper (according to Japanese Industrial Standard C1020) having
a thickness of 0.5 mm for the evaluation of insertion and withdrawal properties,
which were degreased and pickled, were employed. Surface layers of these
materials were plated by Sn and reflowed, and these materials were employed
for evaluation. Furthermore, the above plated materials were subjected to

phosphate treatment, sealing, or lubrication treatment, and these materials were

also evaluated.
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Plating conditions of a Ni-P-B type and types to which Sn, Cu, or Zn
were added thereto are shown in TaBles 21 to 24. Sn plating conditions of the
surface layer are shown in Table 25. Composition of the intermediate layer,
thickness and average grain size of the diffusion layer, and thickness of the
surface layer, are shown in Table 26. In addition, a material having no
intermediate layer, a material in which an intermediate layer consisting of Cu
having a thickness of 0.5 um, a material in which an intermediate layer
consisting of Ni having a thickness of 2.0 um, and a material in which an
intermediate layer consisting of Ni-0.01% B alloy, were also prepared as
comparative materials. It was confirmed that the contents of P and B in the
reflowed Sn plating portion of each material range from 0.01 to 1% according to
the present inyehtion.

‘The conditions of the phosphate treatment are shown in Table 27.

Table 21
Ni-P-B Alloy Plating Conditions

Conditions
NiSQ, 150 g/lL
NiCl, 45 g/L
. . . H,PO, S0g/L
Plating Solution Composition H,PHO, 5~10g/L
Borane
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 50°C
Current Density - 5 A/dm?
Plating Thickness - 2.0 um
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Table 22

Ni-P-B-Sn Alloy Plating Conditions

Conditions _
NiSO, 150 g/L
SnSO, 20 g/L
H,PO, 50 g/L
Plating Solution Composition H,PHO, 5~10g/1
Borane
Dimethylamine 0.5 ~ 1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density 3 A/dm?
Plating Thickness 2.0 pm
Table 23
Ni-P-B-Cu Alloy Plating Conditions
Conditions
NiSO, 100 g/
CuSO, 10 g/L
Glycine 30g/L
- | Plating Solution Composition H,PO, 25g/L
HzPHO:; 5 ~ 10 g/.L
Borane
Dimethylamine 0.5 ~ 1.0 g/
Complex
Plating Solution Temperature 25C
Current Density 2 A/dm?
Plating Thickness 2.0 um
Table 24
Ni-P-B-Zn Alloy Plating Conditions
Conditions
NiSO, 150 g/L
ZnSO, 20g/L
Nast4 150 &
Plating Solution Composition H,PO, 40g/L
H,PHO, 5~10g/L
Borane
Dimethylamine 0.5 ~ 1.0 g/l
Complex
Plating Solution Temperature 50°C
Current Density .3 A/dm?
Plating Thickness 2.0 pm

30




Table 25
Reflowed Sn Plating Conditions

Conditions
Methane-
sulfonic acid 100 g/L
Plating Solution Composition | Tin Methane-
g po sulfonate 200 g/L
Surfactant 2g/L
Plating Solution Temperature 40°C
Current Density 10 A/dm?
Reflow Condition 260C, 5s, Quenching at 60°C
Plating Thickness 1.5 pm
Table 26

Composition of Intermediate Layer, Thickness of Each Layer, and Average

Grain Size of Diffusion Layer
Concentration| Thickness of | Thickness of [*V°F26° ff‘a“" Thickness of
. . of PorBin | Intermediate | Diffusion e s Surface
No. | Intermediate Layer Composition s urfac‘:: I.a;ner Layer Layer Dlgt;sel:n Plating Layer
%
%) pm pm pm jum
42 | Ni-5.2%P-0.25%B P:0.1,B:0.1 1.8 0.3 0.2 14
43 | Ni-10.4%P-1.2%B P:0.2,B:0.2 1.9 0.5 0.3 1.1
44 | Ni-4.4%P-0.4%B-15.2%Cu | P:0.1,B:0.1 1.7 0.4 0.4 14
45 | Ni-9.2%P-1.2%B-16.1%Cu |P:0.2,B:0.2 1.8 0.6 0.3 1.1
46 | Ni-5.2%P-0.4%B-4.4%Sn | P:0.1,B:0.1 1.7 0.3 0.5 1.0
47 | Ni-10.2%P-1.1%B-5.1%Sn |P:0.2,B:0.2 1.8 0.5 0.3 1.2
48 | Ni-4.4%P-0.3%B-5.4%Zn |P:0.1,B:0.1 1.8 0.4 0.3 1.3
49 | Ni-9.2%P-1.4%B-5.6%Zn {P:0.2,B:0.2 1.9 0.6 0.4 1.0
Table 27
Conditions of Phosphate Treatment
Conditions
. . s Sn (H,PO,), * 2H,0 70 g/

Treating Solution Composition H.PO, S0 gL

Treating Temperature 90°C

Treating Time 10 minutes

Treating Method Electroless Treatment
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Heat fesistance, soldering properties, existence of thermal peeling, and
change in contact resistance were evaluated under the same conditions as those
of the first embodiment. The results are shown in Table 28. 'Consequently,
although some materials were slightly inferior with respect to the contact

resistance, it is apparent that materials according to the present invention are

superior overall.
Table 28
Evaluation of Heat Resistance
Conditions oo | Thermal Solderin%sl;ropenies Contact (I:;sistancc
No. , Peering
Intermediate Layer Composition | Afe™- [ (1) @ | Aler | Before | After | Before
treatment Heating | Heating | Heating | Heating |

Example . .
42 | Ni-5.2%P-0.25%B - ) O o O O O
43-1 | Ni-10.4%P-1.2%B - @) O @) () O A
44 | Ni-4.4%P-0.4%B-152%Cu | - @) O @) ©) O O
45 | Ni-9.2%P-1.2%B-16.1%Cu | — O A @) Q O O
46 | Ni-5.2%P-0.4%B-4.4%Sn - © O ©) ®) O O
47-1 | Ni-10.2%P-1.1%B-5.1%Sn | — () O @) ©) O A
48 | Ni-4.4%P-0.3%B-5.4%Zn - (@) O @) © |. O O
49 | Ni-9.2%P-1.4%B-5.6%Zn - O O @) © O A
43-2 | Ni-10.4%P-1.2%B Sealing | © O @) © O )
43-3 | Ni-10.4%P-1.2%B Libdcation] @ O (@) © O O
434 | Ni-10.4%P-1.2%B Phosphaie | @) O © © O A
47-2 | Ni-10.2%P-1.1%B-5.1%Sn | Sealing| © O (@) (@) O O
47-3 | Ni-10.2%P-1.1%B-5.1%Sn | Sealing| © O ©) O O O
47-4 | Ni-10.2%P-1.1%B-5.1%Sn |FePe| ) O O O O A
Comparative Example T
50 | No Intermediate Layer - A ®) (@) A O A
51 |Cu - O X @) O O X
52 | Ni - @) O ©) A O A
53 | Ni-0.01%P-0.01%B - (@) O O A O A
(1) Appearance ©: Glossy appearance, O: Partially haziness, A: Semi-gloss

(2) Thermal Peeling O: No Peeling, A: Partially peeling, X: Peeling over entire surface

(3) Soldering Property ©: Wetting after 1 to 2 seconds, O: Wetting after 2 to 3 seconds,
A: Wetting after 3 seconds or more, X : No wetting
(4) Contact Resistance O: 10 mQ or less, A: 10~20 mQ, X: 20 mQ or more
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In the sealing and lubrication treatment, liquid marketed for the sealing
of Au plating was applied to the plated material and was -dried by a blower.
The evaluated results with respect to the insertion and withdrawal properties
thereof are shown in Table 29. Consequently, it was apparent that the insertion

force for the terminal is superior to that of the comparative materials in every

type.
Table 29
Evaluation of Insertion and Withdrawal Properties
No, i Conditions Insertion and .
* Intermediate Layer Composition | After-treatment | Withdrawal Properties
Example
42 | Ni-5.2%P-0.25%B - O
43-1 | Ni-10.4%P-1.2%B - O
44 | Ni-4.4%P-0.4%B-15.2%Cu - O
45 | Ni-9.2%P-1.2%B-16.1%Cu - O
46 | Ni-5.2%P-0.4%B-4.4%Sn - O
47-1 | Ni-10.2%P-1.1%B-5.1%Sn - O
48 | Ni-4.4%P-0.3%B-5.4%Zn - @)
49 | Ni-9.2%P-1.4%B-5.6%Zn - O
43-2 | Ni-10.4%P-1.2%B Sealing O
43-3 | Ni-10.4%P-1.2%B Lubrication Treatment O
43-4 | Ni-10.4%P-1.2%B Phosphate Treatment (@)
472 | Ni-10.2%P-1.1%B-5.1%Sn Sealing O
47-3 | Ni-10.2%P-1.1%B-5.1%Sn |Lubrication Treatment [®)
47-4 | Ni-10.2%P-1.1%B-5.1%Sn | Phosphate Treatment O
Comparative Example '
50 No Intermediate Layer - X
51 |Cu - A
52 |[Ni - X
53 | Ni-0.01%P-0.01%B - X

Insertion and Withdrawal Properties ©:0.8 Norless, O:0.8~12N, A:12~14N,
X:1.4 N or more
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Fourth Embodiment

Next, a fourth embodiment according to the present invention is
explained. As a base metal, phosphor bronze (according to Japanese Industrial
Staﬁdard C5191) having a thickness of 0.2 mm for the evaluation of heat
resistance, and an oxygen free copper (according to Japanese Industrial Standard
C1020) having a thickness of 0.5 mm for the evaluation of the insertion and
withdrawal properties, which were degreased and pickled, were employed.
Surface layers of these materials were mainly plated by Sn and ieﬂowed and
those of several materials were plated by hot-dipping, and these materials were
employed for evaluation. The hot-dipping was carried out so that Sn melted at
270°C is plated at a thickness of 2 um.

Plating cbnditions of a Cu-P type and types to which Sn, Ni, or Zn were
added thereto are shown in Tables 30 to 33, and plating conditions of a Cu-P-B
type and types to which Sn, Ni, or Zn were added theréto are shown in Tables 34
to 37. Sn plating conditions of the surface layer Hare shown in Table 38.
Composition of the intermediate layer, thickness and particle size of the
diffusion layer, and thickness of the surface layer, are shown in Table 39. In
addition, a material having no intermediate layer, a material in which an
intermediate layer consisting of Cu having a thickness of 0.5 pm, a material in
which an intermediate layer consisting of Ni having a thickness of 2.0 um, and a
material in which an intermediate layer consisting of Cu-0.01% P alloy, were

also prepared as comparative materials.

34



Table 30

Cu-P Alloy Plating Conditions

Conditions
Potassium
Pyrophosphate 350 g/L
Co,
Plating Solution Composition |pyrophesphate S0 &/
KNO, 12 gL
. NﬂPHzOz 10 ~ 20 g/la
Plating Solution Temperature 70°C
- | Current Density 5 A/dm?
Plating Thickness 2.0 um
Table 31
Cu-P-Sn Alloy Plating Conditions
' Conditions
Potassium
Pyrophosphate 350 g/L
Copper
. Pyrophosphate 80 g/L
Plating Solution Composition [ K;SnO, 20 g/L
KNO, 12g/L
Tin 20g/L
Pyrophosphate
Plating Solution Temperature 70C
Current Density 5 A/dm?
Plating Thickness 2.0 um
Table 32
Cu-P-Ni Alloy Plating Conditions
Conditions
Potassinm
Pyrophosphate 350 gL
Copper 80
Plating Solution Composition ~|Eyrophosphate gL
NiSO, ’ 20 g/
KNO, - 12g/L
NaPH,0, _ 10~20g/L
Plating Solution Temperature 60C
Current Density 5 A/dm?
Plating Thickness 2.0 um
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Table 33
Cu-P-Zn Alldy Plating Conditions

Conditions
Potassium
Pyrophosphate 350 g/lL
e o pyiege | 808
Plating Solution Composition ~[Eyrophosphate
: ZnSO, 10g/L
__KNO, 12g/L
NaPH,0, 10~20g/L
Plating Solution Temperature 60°C
Current Density 1 A/dm?
Plating Thickness 2.0 um
Table 34
Cu-P-B Alloy Plating Conditions
Conditions
Potassium
Pyrophosphate 350 g/L
Copper
Pyrophosphate 80 g/L
Plating Solution Composition KNO, 12g/L
NaPH,0, 10~20g/L
Borane
Dimethylamine 0.5 ~1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density 5 A/dm?
Plating Thickness 2.0 um
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Table 35

Cu-P-B-Sn Alloy Plating Conditions

Conditions
Potassium
Pyrophosphate 350g/L
Copper
Pyrophosphate 80 g/L
Tin
. .. Pyrophosphate 20 gL
Plating Solution Composition [~ sn0, 20g/L
KNO, 12 g/
NaPH,O, 10~20g/L
Borane
Dimethylamine 0.5 ~1.0 g/L
Complex
Plating Solution Temperature 50C
Current Density 3 A/dm?
Plating Thickness 2.0 pm
Table 36
Cu-P-B-Ni Alloy Plating Conditions
Conditions
Potassium
Pyrophosphate 350 g/L
Copper
Pyrophosphate 80 g/L
Plating Solution Composition ll:lbsl(o): i‘g ﬁ
NaPH.O, 10~20g/L
Borane
Dimethylamine 0.5 ~1.0 g/L.
Complex
Plating Solution Temperature 50C
Current Density 5 A/dm?
Plating Thickness 2.0 pm
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- Table 37

Cu-P-B-Zn Alloy Plating Conditions

- Conditions
Potassium
Pyrophosphate 350 g/L
Copper
Pyrophosphate 80 g/L
1
Plating Solution Composition ' Zlggg: lg gLL
NaPH,0O, 20/
Borane
Dimethylamine 05¢g/L
Complex
Plating Solution Temperature 50C
Current Density 3 A/dm?
Plating Thickness 2.0 um
Table 38
Reflowed Sn Plating Conditions
) Conditions
Methane-
) sulfonic acid 100 g/L
Plating Solution Composition | Tin Methane-
& P sulfonate 200 g/L
Surfactant 2g/L
Plating Solution Temperature 40T
Current Density 10 A/dm*
Reflow Condition 260°C, 5s, Quenching at 60°C
Plating Thickness 1.5 um
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Table 39
Composition of Intermediate Layer, Thickness of Each Layer, and Average
Grain Size of Diffusion Layer

Thickness of | Thickness of [*"*a8® O™ hickness of
i Intermediate | Diffusion eer o Surface
No. | Intermediate Layer Composition ;l:m Layer Layer Dﬁf:;s::n Plating Layer

- um pm pm pm
54 | Cu-1.0%P Reflow 1.7 0.4 1.2 1.2
55 | Cu-2.5%P Reflow 1.5 0.5 1.2 1.0
56 | Cu-5.5%P Reflow 14 0.6 1.0 0.9
57 | Cu-1.0%P-13.0%Ni Reflow 1.6 0.4 1.4 1.1
58 | Cu-2.4%P-13.2%Ni Reflow 1.6 04 14 1.1
59 | Cu-6.6%P-13.1%Ni Reflow 14 0.6 1.2 0.9
60 | Cu-1.2%P-15.5%Sn Reflow 1.5 0.5 1.1 1.0
61 Cu-2.4%P-15.5%Sn Reflow 1.5 0.5 1.0 1.0
62 | Cu-5.7%P-16.0%Sn Reflow 1.3 0.7 1.3 0.8
63 | Cu-1.1%P-15.2%Zn Reflow 1.6 0.4 1.3 1.1
64 | Cu-2.5%P-15.2%Zn Reflow 1.6 0.4 1.3 1.1
65 | Cu-5.7%P-15.5%Zn Reflow 14 0.6 1.2 0.9
66 | Cu-0.8%P-0.25%B Reflow 1.7 0.3 1.2 1.2
67 | Cu-2.5%P-0.25%B Reflow 1.7 0.3 1.2 1.2
68 | Cu-5.5%P-1.2%B Reflow 1.5 0.5 1.3 1.0
69 | Cu-1.1%P-0.4%B-13.2%Ni | Reflow 1.6 0.4 14 1.1
70 | Cu-3.1%P-0.4%B-13.2%Ni | Reflow 1.6 0.4 " 14 1.1
71 | Cu-6.6%P-1.2%B-13.1%Ni | Reflow 14 0.6 1.3 0.9
72 | Cu-0.8%P-0.4%B-14.4%Sn | Reflow 1.7 0.3 15 1.2
73 | Cu-2.4%P-0.4%B-14.4%Sn | Reflow 1.7 0.3 1.5 1.2
74 | Cu-5.5%P-1.1%B-15.1%Sn | Reflow 15 0.5 1.3 1.0
75 | Cu-0.7%P-0.3%B-15.4%Zn | Reflow 1.6 0.4 1.3 1.1
76 | Cu-2.2%P-0.3%B-15.4%Zn| Reflow 1.6 0.4 1.3 1.1
77 | Cu-5.5%P-1.4%B-15.6%Zn | Reflow 14 0.6 14 0.9
78 | Cu-1.0%P [Hot Dipping] 17 0.4 1.2 1.7
79 | Cu-2.5%P [Hot Dippin: 1.5 0.5 1.2 1.5
80 | Cu-5.5%P {Hot Dippin: 14 0.6 1.0 1.4

Heat resistance, soldering properties, existence of thermal peeling, and
change in contact resistance were evaluated under the same conditions as those
of the first embodiment. The results are shown in Table 40. Consequently, it

was apparent that materials according to the present invention were superior

with respect to all evaluation criteria.
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Evaluation of Heat Resistance

Table 40

Soldering Properties | Contact Resistance
o . Appearancq Thermal A) @
No. | Intermediate Layer Composition @ Pe:zr;ng Afier Before After Before
Heatin, Heati Heating | Heating |
Example
54 | Cu-1.0%P © A © © O O
55 | Cu-2.5%P (@) A (@) © O O
56 | Cu-5.5%P © X © ©) O O
57 | Cu-1.0%P-13.0%Ni @) O @] O O O
58 | Cu-2.4%P-13.2%Ni O O @] () O O
59 | Cu-6.6%P-13.1%Ni @] A (@) (@) O O
60 | Cu-1.2%P-15.5%Sn O O (@) (@) O O
61 | Cu-2.4%P-15.5%Sn (@) A (@) © @) O
62 | Cu-5.7%P-16.0%Sn (@) A O @) O O
63 | Cu-1.1%P-15.2%Zn O O ©) ) O O
64 | Cu-2.5%P-15.2%Zn @) O O ) O O
65 | Cu-5.7%P-15.5%Zn (@] O (@] ) O @)
66 | Cu-0.8%P-0.25%B O A (@) O O O
67 | Cu-2.5%P-0.25%B (@) A (@) O O O
68 | Cu-5.5%P-1.2%B (@) X ) O O O
69 | Cu-1.1%P-0.4%B-13.2%Ni B O © © O O
70 | Cu-3.1%P-0.4%B-13.2%Ni [¢) O (@) ©) O O
71 | Cu-6.6%P-1.2%B-13.1%Ni @) A @) © O O
72 | Cu-0.8%P-0.4%B-14.4%Sn Q A Q- © O O
73 | Cu-2.4%P-0.4%B-14.4%Sn (@) A 0. (@] O O
74 | Cu-5.5%P-1.1%B-15.1%Sn (@) A @ .| © | O O
75 | Cu-0.7%P-0.3%B-15.4%Zn (@) O Q @) O O
76 | Cu-2.2%P-0.3%B-15.4%Zn O O (@) Q O O
77 | Cu-5.5%P-1.4%B-15.6%Zn (@] O © @] O O
78 | Cu-1.0%P @) A @) © O O
79 | Cu-2.5%P @) A (@) @) O O
80 | Cu-5.5%P O | X () Q O O
Comparative Example '
81 | No Intermediate Layer A O Q A O A
82 |[Cu O X O O @) X
8 |Ni © O (@) A O A
84 | Cu-0.01%P O X (@) O O X
(1) Appearance ©: Glossy appearance, O: Partially haziness, 2\: Semi-gloss
(2) Thermal Peeling O: No Peeling, A: Partially peeling, X: Peeling over entire surface
(3) Soldering Property ©: Wetting after 1 to 2 seconds, O: Wetting after 2 to 3 seconds,
A Wetting after 3 seconds or more, X : No wetting
(4) Contact Resistance QO: 10 mQ or less, A:10~20 mQ, X : 20 mQ or more
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The evaluated results with respect to the insertion and withdrawal
properties thereof are shown in Table 41. Consequently, it was apparent that
the insertion force for the terminal is superior to that of the comparative

materials in every type.
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| ) _ Table 41
Evaluation of Insertion and Withdrawal Properties

No. | Intermediate Layer Composition i 'i";',;‘; e
Example

54 Cu-1.0%P

55 | Cu-2.5%P

56 | Cu-5.5%P

57 | Cu-1.0%P-13.0%Ni
58 | Cu-2.4%P-13.2%Ni
59 | Cu-6.6%P-13.1%Ni
60 | Cu-1.2%P-15.5%Sn
61 Cu-2.4%P-15.5%Sn
62 | Cu-5.7%P-16.0%Sn

63 | Cu-1.1%P-15.2%Zn
64 | Cu-2.5%P-15.2%Zn
65 | Cu-5.7%P-15.5%Zn
66 | Cu-0.8%P-0.25%B
67 | Cu-2.5%P-0.25%B
68 | Cu-5.5%P-1.2%B

69 | Cu-1.1%P-0.4%B-13.2%Ni
70 | Cu-3.1%P-0.4%B-13.2%Ni
71 | Cu-6.6%P-1.2%B-13.1%Ni
72 | Cu-0.8%P-0.4%B-14.4%Sn
73 | Cu-2.4%P-0.4%B-14.4%Sn
74 | Cu-5.5%P-1.1%B-15.1%Sn
75 | Cu-0.7%P-0.3%B-15.4%Zn
76 | Cu-2.2%P-0.3%B-15.4%Zn
77 | Cu-5.5%P-1.4%B-15.6%Zn

0|0]0]0|0]0|0|0|0]0]0}0]0|0|0]0]0|0[0]0|0|0[0|O|0[0|O

78 Cu-1.0%P
79 Cu-2.5%P
80 Cu-5.5%P
Comparative Example
81 No Intermediate Layer X
82 |Cu A
83 Ni X
84 Cu-0.01%P X

Insertion and Withdrawal Properties ~ (O:1.2Norless, A:1.2~14N, X:1.4 N or more

As described above, according to the present invention, a material can be
provided in which the heat resistance and the insertion and withdrawal

properties are simultaneously satisfactory.
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1. A metallic material éompﬁsing an intermediate layer on a base metal
consisting of Cu or Cu alloy, and a surface layer consisting of Sn or Sn alloy
plated on said intermediate layer, wherein said intermediate layer of alloy-
plating consists of Ni alloy or Cu alloy inclﬁding at least one of P in an amount

of 0.05 to 20% by weight and B in an amount of 0.05 to 20% by weight.

2. A metallic material as recited in claim 1, wherein said intérmediatc
layer is made of an alloy consis_tiﬂg of P in an amount of 0.05 to 20% by

weight, and the balance consisting of Ni and unavoidable impurities.

3. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of P in an amount of 0.05 to 20% by
weight, at least one of Sn, Cu, and Zn, in a total amount of 10 to 60% by

weight, and the balance consisting of Ni and unavoidable impurities.

4, A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of P in an amount of 0.05 to 20% by
weight, B in_ an amount of 0.05 to 20% by weight, and the balance

consisting of Ni and unavoidable impurities.

5. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of P in an amount of 0.05 to 20% by
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weight, B in an amount of 0.05 to 20% by weight, at léast one of Sn, Cu,
and Zn, in a total amount of 10 to 60% by weight, and the balance

consisting of Ni and unavoidable impurities.

6. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of B in an amount of 0.05 to 20% by

weight, and the balance consisting of Ni and unavoidable impurities.

7. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of B in an amount of 0.05 to 20% by
weight, at least one of Sn, Cu, and Zn, in a total amount of 10 to 60% by

weight, and the‘ balance consisting of Ni and unavoidable impurities.

8. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an electroplated Ni all'oy containing P and/or B in a total
amount of 0.05 to 20% by weight, and P and/or B content in said surface
layer is increased in a total amount of 0.01 to 1% by weight by carrying

out a reflow treatment after forming said surface layer.

9. A metallic material as recited in claim 1, wherein said intermediate
layer is made of a Ni alloy containing P and/or B in a total amount of 0.05

to 20% by weight, and at least one of Sn, Cu, and Zn, in a total amount of

10 to 60% by weight.
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10. A metallic xﬂaterial as recited in claim 1, wherein said intermediate
layer is made of an electroplated Ni alloy' “containing P and/or B in a total
amount of 0.05 to 20% by weight, and P and/or B contained in said
intermediate layer is diffused toward a surface of said Sn or Sn alloy
plating layer by carrying out a reflow treatment and/or a heating treatment

after forming said surface layer.

11. A metallic material as recited in claim 1, wherein said Sn or Sn alloy

‘plating layer contains C in an amdul_lt of 0.05 to 0.5% by weight.

12. A met}elllic material as recited in claim 8, wherein a film consisting of
organic phospﬁorous compound or inorganic phosphorous compound is

formed after said reflow treatment or after said heating treatment.

13. A metallic material as recited in claim 1, wherein said surface layer has

a thickness of 0.3 to 3 um.

14. A metallic material as recited in claim 1, wherein said intermediate

layer has a thickness of 0.5 to 3 um.
15. A metallic material as recited in claim 1, wherein said surface layer is

a plating film in which an electroplated Sn or Sn alloy is subjected to a

reflow treatment.
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16. A metallic material as recited in claim 1, wherein an aging treatment is

carried out after said plating or after a reflow treatment.

17. A metallic material as recited in claim 1, wherein a diffusion layer
consisting primarily of Sn and Ni, which is formed between said surface
layer and said intermediate layer, has a thickness of 1 um or less, and

average grain size constituting said diffusion layer is 1 um or less.

18. A process of manufacture for a metallic material recited in claim 12,
wherein said material is dipped in a solution containing phosphate ions in an
amount of 0;1_1 to 2 mol/L, or said material is subjected_ to an electrolytic
treatment in a sélution as an anode, after said reflow treatment or after said
heating treatment.
2.

19. A prdcess of manufacture for a metallic maierial recited in claim 10,
wherein a sealing and/or a lubrication treatment is carried out after said

reflow treatment or after said heating treatment.

20. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy containing P in an amount of 0.05 to 15% by

weight, and the balance consisting of Cu and unavoidable impurities.

21. A metallic material as recited in claim 1, wherein said intermediate
layer is made of an alloy consisting of P in an amount of 0.05 to 15% by
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weight, at least-one of Sn, Ni, and Zn, in a total amount of 10 to 60% by

weight, and the balance consisting of Cu and unavoidable impurities.

22. A metallic material as recited in claim 1, wherein said interﬁlediate
layer is made of an alloy consisting of P in an amount of 0.05 to 15% by
Wéight, B in an amount of 0.05 to 15% by weight, and the balance

consisting of Cu and unavoidable impurities.

23. A metallic material as recitéd in claim 1, wherein said intermediate
layer is made of an alloy consistixig of P.in an amount of 0.05 to 15% by
weight, B in "_an amount of 0.05 to 15% by weight, at least one of Sn, Ni,
and Zn, in a total amount 6f 10 to 60% by weight, and the balance

consisting of Cu and unavoidable impurities.

24. A metallic material as recited in claim 20, wherein a diffusion layer
consisting primarily of Sn and Cu, which is formed between said surface
layer and said intermediate layer, has a thickness of 1 pum or less, and

average grain size constituting said diffuéion layer is 1.5 pm or less.
25. A metallic material as recited in claim 20, wherein P and/or B is |

contained an amount of 0.05 to 1% by weight in said Sn or Sn alloy layer,

respectively.
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26. A metallic material as reeited in claim 21, wherein said Sn or Sn alloy

layer is subjected to a Sn hot dipping method.
27. A terminal and a connector having superior heat resistance, aging

resistance, and insertion and withdrawal properties, wherein a contact is made of

metallic material as recited in claim 1.
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