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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 o~ Cu alloy is plated on ~ 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 inven.tion 

relates to a metallic material, for electronic components, having superior heat 

resistance, soldering properties, resistance to degradation of the appearance 

thereof, and irisertion and withdrawal properties when the material is employed 

as a contact member. 

BACKGROUND ART 

"In metallic m8:terials for electronic components, many metallic materials 

of plated Sn . or Sn alloy, such as for contacts, are employed primarily for 

connector contacts for civilian use and wire harnesses for automobile electrical 

systems. However, in Sn or Sn alloy plated 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 the 

United States. In the severest use condition, heat resistance to normal use at 

155t and a maximum allowable 175t are required. In particular, in 

automobile connector materials, demand~ for heat resistance has become more 

severe in Japan, and heat resistance to about 150t is required. 

Moreover, in the case in which the 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 i~, plated material in which aging degradation resistance is high, is 

required. Nevertheless, 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 haying high heat resistance is required even in this field. 

The above property degradation is eased to a certain extent in the case in 

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 consists 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 se~ing 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 plating 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 characteri_stic 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 ha8 a disadvantage in that the insertion force of 

the connector is higher than that for a connector consisting of Au plating, etc. 

In suc4 a situation, the demand for forming multiple cores in a connector 

has recently become 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 used 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 plated as an intermediate layer, 

whereby wear resistance of Sn plating or Sn alloy plating at the surface is 

reduced, so that insertion 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 soldering properties, cannot be prevented. 

DISCLOSURE OF INVENTION 

It is therefore an object of the present invention to provide a metallic 

material in which aging degradation can be prevented in high temperature 

environments in the vicinity of automobile engines, etc., insertion - and 

withdrawal resistance can be improved, and further more, properties such as 

soldering properties, etc., are not degraded even if the material is stored over 

long periods. -

A met~lic material according to the present invention is characterized in 

' that an intermediate layer made of an alloy plating consisting of Ni alloy or Cu 

alloy contains 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, and is provided ·on a base metal consisting 
\ - . 

of Cu or Cu alloy and a surface layer consisting of Sn 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 alloy 

consisting of B in an amount of 0.05 to 20%, and the balance consisting of Ni 

and unavoidable impurities. Furthermore, according to another preferred 

embodiment of the present invention, an intermediate layer is made of an alloy --
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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 abov~ elements. As another f4oction of Ni, 

suppressive effects diffusion of Cu, which is a degrading factor in heat 

resistance, may be mentioned. 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 f~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 Pin 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 alloy 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 layer 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 difficwt to contain more P and B than this. It is more desirable for it 

to be 15% or ·less, 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 

~ontent of at least one of Sn, Cu, and Zn is under 10%. In contrast, the original 
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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 N~ salt used for the bath and grade 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 

slirface layer plated Sn or Sn alloy by. carrying out reflow treatment or aging 

treatment afte~ards, whereby these elements prevent the inside and the surface 

thereof from oxidizing, so that degradation of soldering properties is suppressed, 

in the case in which an intermediate layer is made of Ni alloy containing P 

and/or B. 

Therefore, a metallic . material according to another 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 case, 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 

7 



amount of 0.05 to 20%, and at least one of Sn, Cu, and Zn, in a total amount of 

10to60%. 

It is necessary that the thickness of the intermediate layer be 0.5 µm or 

more, and more preferably be 1.0 µm or more, since the above heat resistant 

effect is not obtained when it is under O.S µm. The upper limit is preferably 3 

µm 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 µm or 

less. When it exceeds 1 µm, pure Sn or Sn alloy plating layer -at the surface 

layer is relati~ely thin and heat resistance is degraded. Grain size co.nstituting 

the diffusion layer can be observed by dissolving only the pure plating portion 

(deposited Sn or Sn alloy layer) above the diffusion layer using an electrolytic 

meQiod and then removing this. In the case in which average grain size of the 

diffusion layer exceeds 1 µm, 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 µm or less in order to improve 

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

less. 

It is necessary to have the thickness of the plating layer at the surface 

consisting of Sn or Sn alloy be 0.3 µm or more since contact resistance cannot 

be prevented from degrading when it is under 0.3 µm. It is necessary that the 

upper limit of thickness be 3 µm 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 earned out, it is necessary that the thickness of the Sn 

plating layer before carrying out the reflow treatment be 0.5 µm or more, and 

considering productivity, it is desirable th~t the thickness be 1 to 2 µm. 

Furthermore, the thickness ratio of the pla~ng 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 menti~ned. 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 lOO'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 Sn-Bi, can be employed. 
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As a· plating. solution for the intermediate layer, NiS04-Ni02-H3P04-

H2PH03 type, etc., can.be employed in basic Ni-P alloy plating. The H~04 is 

a pH buffer and the H2PH03 controls the P content in the plating film by 

changing the addition amount. However, the composition and condition of the 

plating bath in each plating in this applic~tion can be optionally chosen. Aa an 

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), CuS04, SnS04, and ZnS04 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 eutectoids of Ni 

and Cu. The_ complexing agent must be suitably chosen depending on the pH 

of the plating bath. 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. In electroplating, well-known 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 withdrawal 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 employed. 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 advance ·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 11:0der the Sn or Sn alloy plating layer 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 ~Hoy plating layer at the surface. 

That is-to say, according to another embodiment of the present invention, 

an intermediat¢ layer is made of an alloy consisting of P 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%, 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 consisting 

of Pin 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 least 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 ari 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 inferior to that of a metallic material 

having an intermediate 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 surface 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 towar4 the surface, as well as a metallic material having an intermediate 

layer consisting primarily of Ni, whereby this film has lower insertion and· 

withdrawal resistance when this metallic 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 µm 

and more preferably be 1.0 to 3.0 µm, 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 µm or less, and it is desirable 

that the average grain size constituting. the diffusion layer be 1.5 µm or less and 

more prefera~ly be 1.0 µm or less. The reasons for these numerical value 

ranges are the same 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 µm. It 

is desirable that the thickness of the Sn plating layer before carrying out reflow 

treatment be 0.5 µm or more and more preferably be 1 to 2 µm. It is desirable 

that the ratio of thickness of the Sn or Sn alloy plating layer 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 Bis not diffused sufficiently 

only by reflow treatment or hot dipping, for example, aging treatment is carried 

out at lOO°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 solder 
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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 NaPH20 2 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 ~l 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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I 
BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a drawing expl~ing evaluation tests for the insertion and 

withdrawal properties according to the present invention. 

BEST MODE FOR CARRYING OUT nIB 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 ClO~O) 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-P type and 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 

lSO 

Plating Solution Composition 
4S 
so 

Plating Solution Tem 70't 
Current Densi lOA/dm.2 

Plating Thickness 2.0 

Table 2 

Ni-P-Sn Alloy Plating Conditions 
Conditions 

lSO 

Plating Solution Composition 
20 
so 

Plating Solution Temperature 70't 
10A/dm2 

2.0 

Table 3 

Ni-P-Cu Alloy Plating Conditions 
Conditions 

NiSO 100 
CuSO 10 

Plating Solution Composition 30 
25 

Plating Solution Temperature 2S't 
2A/dm2 

2.0 

16 



Table4 

Ni-P-Zn Alloy Plating Conditions 
Conditions 

Plating Solution Composition 

Plating Solution Temperature 
lONdm.2 

2.0 

Table 5 

Ni-P-B Alloy Plating Conditions 
Conditions 

150 
45 
50 

~lating Solution Composition 
Boranc 

imcthylaminc 0.5 - 1.0 g/L 
Co lex 

Plating Solution Temperature sot 
Current Densi 5Ndm2 

Plating Thickness 2.0 

Table 6 

Ni-P-B-Sn Alloy Plating Conditions 

Plating Solution Composition 

Plating Solution Temperature 
Current Densit 
Platin Thickness 

Conditions 
150 
20 
50 

Boranc 
imcthylaminc 0.5 - 1.0 g/L 

Co lex 
sot 

·3Ndm2 

2.0 
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Table 7 

Ni-P-B-Cu Alloy Plating Conditions 

Plating Solution Composition 

Conditions 
NiSO 100 
CuSO 10 

30 
25 

· Boranc 
· cthylaminc 0.5 - 1.0 g/L 

Co lex 

2Ndm2 

2.0 

Table 8 

Ni-P-B-Zn Alloy Plating Conditions 

Plating Solution Composition 

Plating Solution Temperature 

Conditions 
150 
20 
150 
40 

Boranc 
· cthylaminc 0.5 - 1.0 g/L 
Com lex 

sot 
3Ndm2 

2.0 

The Sn plating conditions of the surface layer are shown in Table 9. 
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Table9 

Reflowed Sn Plating Conditions 

Conditions 
Methane- lOOg/L sulfonic acid 

Plating Solution Composition TinMctbanc- 200g/L sulfonate 
Surfactant 22/L 

Plating Solution Temperature 40't 
Current Densitv lONdm.2 

Reflow Condition 260't, Ss, Quenching at 60't 
Plating Thickness 1.5 um 

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 
Thickness of Thickness of 

Average Grain Thickness of 
Intermediate Diffusion Layer Size of Surface Plating 

No. Intermediate Layer Composition Layer Diffusion Laver Laver 
um um 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 1.4 0.6 0.2 0.9 
4 Ni-0.8%P-15.2%Cu 1.6 0.4 0.4 1.1 
5 Ni-4.4%P-15.2%Cu 1.6 0.4 0.4 1.1 
6 Ni-9.2%P-16.1 %Cu 1.4 0.6 0.4 0.9 
7 Ni-1.2%P-15.5%Sn 1.5 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 0.3 1.1 
11 Ni-5.5%P-15.2%Zn 1.6 0.4 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 0.4 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 1.4 0.6 0.3 0.9 
19 Ni-0.8%P-0.4%B-14.4%Sn 1.7 0.3 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 Ni-4.4%P-0.3%B-5.4%Zn 1.6 0.4 0.3 1.1 
24 Ni-9.2%P-1.4%B-5.6%Zn 1.4 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 05 µm, a material 

in which an intermediate layer consisting of Ni having a thickness of 2.0 µm, 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, and change ·in contact resistance thereof were evaluated. The 

evaluating materials were formed 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 eyaluated 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 conta~ resistance was evaluated by measuring the difference between 

contact resistance (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. 
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Table 11 

Evaluation of Heat Resistance 

Dermal 
Soldering Properties Contact Resistance ,_ 

(3) (4) No. Intermediate Layer Composition --
(1) Peering 

After BcfoJc After Before (2) 
Heatinl! Heatinl! Heatinl! Heatin2 

Example 
1 Ni-1.0%P .@ 0 ©> ©> 0 0 
2 Ni-6.4%P ©> 0 ©> ©> 0 0 
3 Ni-11.2%P ©> 0 ©> ©> 0 0 
4 Ni-0.8%P-15.2%Cu ©> 0 ©> ©> 0 0 
5 Ni-4.4%P-15.2%Cu ©> 0 ©> ©> 0 0 
6 Ni-9.2%P-16.1 %Cu ©> 6 ©> ©> 0 0 
7 Ni-1.2%P-15.5%Sn ©> 6 ©> ©> 0 0 
8 Ni-6.6%P-15.5%Sn ©> 0 ©> ©> 0 0 
9 Ni-12.2%P-16.0%Sn ©> 0 ©> ©> 0 0 
10 Ni-0.9%P-15.2%Zn ©> 0 ©> ©> 0 0 
11 Ni-5.5%P-15.2%Zn ©> 0 ©> ©> 0 0 
12 Ni-10.3%P-15.5%Zn ©> 0 ©> ©> 0 0 
13 Ni-0.8%P-0.25%B ©> 0 ©> ©> 0 0 
14 Ni-5.2%P-0.25%B © 0 © © 0 0 
15 Ni-10.4%P-1.2%B ©> 0 ©> ©> 0 0 
16 Ni-0.7%P-0.4%B-15.2%Cu ©> 0 ©> ©> 0 0 
17 Ni-4.4%P-0.4%B-15.2%Cu o- 0 ©> ©> 0 0 
18 Ni-9.2%P-1.2%B-16.1 %Cu ©> 6 ©> ©> 0 0 
19 Ni-0.8%P-0.4%B-14.4%Sn ©> 6 ©). ©> 0 0 
20 Ni-5.2%P-0.4%B-14.4%Sn ©> 0 o ... ©> 0 0 
21 Ni-10.2%P-1.1 %B-15.1 %Sn ©> 0 ©> '.. ©> 0 0 
22 Ni-0.7%P-0.3%B-5.4%Zn ©> 0 ©> ©> 0 0 
23 Ni-4.4%P-0.3%B-5.4%Zn ©> 0 ©> ©> 0 0 
24 Ni-9.2%P-1.4%B-5.6%Zn ©> 0 ©> ©> 0 0 

Comoarative Examole 
25 No Intermediate Layer 6 0 ©> 6 0 6 
26 Cu 0 x © 0 0 x 
27 Ni © 0 © 6 0 6 
28 Ni-0.01%P © 0 © 0 0 6 
29 Ni-0.01%B © 0 ©> 0 0 6 

(1) Appearance ©: Glossy appearance, 0: Partially haziness, 6: Semi-gloss 
(2) Thermal Peeling 
(3) Soldering Property 

( 4) Contact Resistance 

0: No Peeling, 6: Partially peeling, X: Peeling over entire surface 
©: Wetting after 1 to 2 seconds, 0: Wetting after 2 to 3 seconds, 
6: Wetting after 3 seconds or more, X: No wetting 
0: 10 mQ or less, 6: 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 12. Consequently, 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 Insertion and 
Withdrawal Properties 

Examole 
1 Ni-1.0%P 0 
2 Ni-6.4%P 0 
3 Ni-11.2%P 0 
4 Ni-0.8%P-15.2%Cu 0 
5 Ni-4.4%P-15.2%Cu 0 
6 Ni-9.2%P-16.1 %Cu 0 
7 Ni-1.2%P-15.5%Sn 0 
8 Ni-6.6%P-15.5%Sn 0 
9 Ni-12.2%P-16.0%Sn 0 
10 Ni-0.9%P-15.2%Zn 0 
11 Ni-5.5%P-15.2%Zn 0 
12 Ni-10.3%P-15.5%Zn 0 
13 Ni-0.8%P-0.25%B 0 
14 Ni-5.2%P-0.25%B 0 
15 Ni-10.4%P-1.2%B 0 
16 Ni-0. 7%P-0.4%B-15.2%Cu 0 
17 Ni-4.4%P-0.4%B-15.2%Cu 0 
18 Ni-9.2%P-1.2%B-16.1 %Cu 0 
19 Ni-0.8%P-0.4%B-14.4%Sn 0 
20 Ni-5.2%P-0.4%B-14.4%Sn 0 
21 Ni-10.2%P-1.1 %B-15.1 %Sn 0 
22 Ni-0.7%P-0.3%B-5.4%Zn 0 
23 Ni-4.4%P-0.3%B-5.4%Zn 0 
24 Ni-9.2%P-1.4%B-5.6%Zn 0 

Comnarative Examole 
25 No Intermediate Layer x 
26 Cu .6. 
27 Ni x 
28 Ni-0.01%P x 
29 Ni-0.01%B x 

Insertion and Withdrawal Properties 0: 1.2 N or less, .6.: 1.2 - 1.4 N, X: 1.4. Nor more 
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Second Embodiment 

Next, a second embodiment according to the 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 (a~rding 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 13to16. 

Sn plating 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 µm, a material in 

which an intermediate layer consisting of Ni having a thickness of 2.0 µm, a 

material in which aii 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. 
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Table 13 

Ni-B Alloy Plating Conditions 

Plating Solution Composition 

Plating Solution Temperature 
Current Densi 
Plating Thickness 

Conditions 

20 
40 

. Borane 
· ethylamine 

- Com lex 
1-4g/L 

4St 
lOA/dm.2 

2.0 

Table 14· 

Ni-B-Sn Alloy Plating Conditions 

Conditions 
NiSO 280 
Nia 20 
HBO 40 

Plating Solution Composition Borane 

Plating Solution Temperature 

• ethylamine 
Com lex 

1-4g/L 

4St 
lOA/dm.2 

2.0 

Table 15 

Ni-B-Cu Alloy Plating Conditions 

Plating Solution Composition 

Plating Solution Temperature 
Current Densi 
Plating Thickness 

25 

Conditions 
NiSO 200 
CuSO 10 

Borane 
• ethylamine 
Com lex 

4St 

30 
25 

1-4g/L 

2A/dm.2 
2.0 



Table 16 

Ni-B-Zn Alloy Plating Conditions 

Plating Solution Composition 

Plating Solution Temperature 
Current Densit 
Plating Thickness 

Conditions 
280 
20 

50 
Borane 

• ethylamine 
Com lex 

1-4g/L 

4St 
10A/dm2 

2.0 

Table 17 

Reflowed Sn Plating Conditions 

Conditions 
Methane-

lOOg/L sulfonic acid 
Plating Solution Composition Tm MethaJie- 200g/L sulfonate 

Surfactant 22/L 
Plating Solution Temperature 40t 
Current Density 10Ndm2 

Reflow Condition 260t, Ss, Quenching at 60t 
Plating Thickness 1.5 um 

Table 18 

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

Grain Size of Diffusion Layer 
Thickness of Thickness of Average Grain Thickness of 

No. 
Intermediate Diffusion Layer Size of Surface Plating Intermediate Layer Composition Layer Diffusion Layer Layer 

um um um um 
30 Ni-1.2%B 1.9 0.5 0.4 1.1 
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 1.9 o.s 0.4 1.1 
35 Ni-2.2%B-13.7%Sn 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 cont3:ct 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 ~earancc Peering 
(3) (4) 

(1) 
(2) After Before After Before 

Heatin2 Heatin2 Heatin2 Heatin2 
Example 

30 Ni-1.2%B @ 0 @ @ 0 0 
31 Ni-2.0%B @ 0 @ @ 0 0 
32 Ni-1.6%B-15.2%Cu @ 0 @ @ 0 0 
33 Ni-2.5%8-16.1 %Cu @ 6. @ @ 0 0 
34 Ni-1.2%B-13.5%Sn @ 0 @ @ 0 0 
35 Ni-2.2%B-13. 7%Sn @ 0 @ @ 0 0 
36 Ni-1.3%B-15.2%Zn @ 0 @ @ 0 0 
·37 Ni-2.1 %B-15.5%Zn @ 0 @ @ 0 0 

Comparative Example 
38 No Intermediate Layer 6. 0 @ 6. 0 6. 
39 Cu 0 x @ 0 0 x 
40 Ni @ 0 @ 6. 0 6. 
41 Ni-0.01%B @ 0 @ 6. 0 6. 

(1) Appearance @:Glossy appearance, 0: Partially haziness, 6.: Semi-gloss 
(2) Thermal Peeling 
(3) Soldering Property 

(4) Contact Resistance 

0: No Peeling, 6.: Partially peeling, X: Peeling over entire surface 
@: Wetting after 1 to 2 seconds, 0: Wetting after 2 to 3 seconds, 
6.: Wetting after 3 seconds or more, X : No wetting 
0: 10 mQ or less, 6.: 10-20 mQ, X: 20 mQ 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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Table20 

Evaluation of Insertion and Withdrawal Properties 

No. Intermediate Layer Composition Insertion and 
Withdrawal Properties 

Examole 
30 Ni-1.2%B 0 
31 Ni-2.0%B 0 
32 Ni-1.6%B-15.2%Cu 0 
33 Ni-2.5%B-16.1 %Cu 0 
34 Ni-1.2%B-13.5%Sn 0 
35 Ni-2.2%B-13.7%Sn 0 
36 Ni-1.3%B-15.2%Zn 0 
37 Ni-2.1 %B-15.5%Zn 0 

Comoarative Example 
38 No Intermediate Layer x 
39 Cu D. 
40 Ni x 
41 Ni-0.01%B x 

Insertion and Withdrawal Properties 0: 1.2 Nor less, D.: 1.2 - 1.4 N, X: 1.4 N or more 

Third Embodiment 

Next, a third embodiment according to the 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. Furthermore, the above plated materials were subjected to 

phosphate treatment, sealing, or lubrication treatment, and these materiaJs 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 µm, a material in which an intermediate layer 

consisting of Ni having a thickness of 2.0 µm, 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 p~ating portion of each material range from 0.01 to 1 % according to 

the present invention. 

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

Table 21 

Ni-P-B Alloy Plating Conditions 

Conditions 
150 
45 
50 

Plating Solution Composition 
Borane 

imethylamine 0.5 - 1.0 g/L 
Com lex 

Plating Solution Temperature sot 
5A/dm2 

2.0 
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· Table 22 

Ni-P-B-Sn Alloy Plating Conditions 
Conditions 

Plating Solution Composition 
Borane 

• thylamine O.S - 1.0 g/L 
Com lex 

Plating Solution Temperature sot 
3Ndm.2 

2.0 

Table 23 

Ni-P-B-Cu Alloy Plating Conditions 
Conditions 

NiSO 100 
CuSO 10 

30 
Plating Solution Composition 25 

Borane 
· ethylamine O.S - 1.0 g/L 
Co lex 

Plating Solution Temperature 25t 
Current Densi 2Ndm.2 

Plating Thickness 2.0 

Table24 

Ni-P-B-Zn Alloy Plating Conditions 
Conditions 

lSO 
20 

Plating Solution Composition 

Borane 
imethylamine O.S - 1.0 g/L 

Com lex 
Plating Solution Temperature sot 
Current Densi .3Ndm2 

Plating Thickness 2.0 m 
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Table25 

Reflowed Sn Plating Conditions· 

Conditions 
Methane- 100g/L sulfonic acid 

Plating Solution Composition 'fin Methane- 200g/L sulfonate 
Surfactant 22/L 

Plating Solution Temperature 40't 
Current Densitv 10Ndm2 

Reflow Condition 260't, Ss, Quenching at 60't 
Plating Thickness 1.5um 

Table26 

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

Grain Size of Diffusion Layer 

Concentration 1bickness of 1bickness of ~verageGrm 1bickness of Size of 
No. Intermediaie Layer Composition ofPorBin Intermediate Diffusion Diffusion Surface 

Surface Layer Layer Layer 
Laver 

Plating Layer 
(%) 

um um um um 
42 Ni-5.2%P-0.25%B P:0.1,B:0.1 1.8 0.3 0.2 1.4 
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 1.4 
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 

Table27 

Conditions of Phosphate Treatment 

Conditions 

Treating Solution Composition 
Sn <H.,P04'h • 2H20 70g/L 

HJ>OA 502/L 
Treating Temperature 90't 
Treatin2 Time 10minutes 
Treatin2 Method Electroless Treatment 
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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 28. Consequently, 

although some materials were slightly inferior with respect to the contact 

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

superior overall. 

Table28 

Evaluation of Heat Resistance 

Conditions 1hcrmal 
Soldering Properties Contact Resistance 

(3) {4) No. --
(1) Peering 

Intermediate Layer Composition ir::;nt (2) After Before After Before 
Heatin2 Heatin2 HeatinP Heatin2 

Examole 
42 Ni-5.2%P-0.25%B - 0 0 © 0 0 0 

43-1 Ni-10.4%P-1.2%B - © 0 © 0 0 .6. 
44 Ni-4.4%P-0.4%B-15.2%Cu - © 0 © © 0 0 
45 Ni-9.2%P-1.2%B-16.1 %Cu - 0 .6. © © 0 0 
46 Ni-5.2%P-0.4%B-4.4%Sn - 0 0 © © 0 0 

47-1 Ni-10.2%P-1.1 %B-5.1 %Sn - 0 0 © © 0 .6. 
48 Ni-4.4%P-0.3%B-5.4%Zn - © 0 © © 0 0 
49 Ni-9.2%P-1.4%B-5.6%Zn - 0 0 © © 0 .6. 

43-2 Ni-10.4%P-1.2%B Sealing © 0 © © 0 0 
43-3 Ni-10.4%P-1.2%B Lubrication © 0 © © 0 0 neatment 

43-4 Ni-10.4%P-1.2%B Phosphate © 0 © © 0 .6. 'ncatment 

47-2 Ni-10.2%P-1.1 %B-5.1 %Sn Sealing © 0 © 0 0 0 
47-3 Ni-10.2%P-1.1 %B-5.1 %Sn Sealing © 0 0 0 0 0 
47-4 Ni-10.2%P-1.1 %B-5.1 %Sn Phosphate © 0 © © 0 .6. 'Ii'eatmenl 

Com1>arative Exanmle 
50 No Intermediate Layer - .6. 0 © .6. 0 .6. 
51 Cu - 0 x © 0 0 x 
52 Ni - © 0 © .6. 0 .6. 
53 Ni-0.01 %P-0.01 %B - © 0 © .6. 0 .6. 

(1) Appearance ©:Glossy appearance, 0: Partially haziness, .6.: Semi•gloss 
(2) Thermal Peeling 
(3) Soldering Property 

(4) Contact Resistance 

0: No Peeling, .6.: Partially peeling, X : Peeling over entire surface 
©: Wetting after 1 to 2 seconds, 0: Wetting after 2 to 3 seconds, 
.6.: Wetting after 3 seconds or more, X: No wetting 
0: 10 mO or less, .6.: 10-20 mO, X: 20 mC 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. Conditions Insertion and 
Intermediate Laver Comoosition After-treatment Withdrawal Pmnerlies 

Exaniple 
42 Ni-5.2%P-0.25%B - 0 

43-1 Ni-10.4%P-1.2%B - 0 
44 Ni-4.4%P-0.4%B-15.2%Cu - 0 
45 Ni-9.2%P-1.2%B-16.1 %Cu - 0 
46 Ni-5.2%P-0.4%B-4.4%Sn - 0 

47-1 Ni-10.2%P-1.1 %B-5.1 %Sn - 0 
48 Ni-4.4%P-0.3%B-5.4%Zn - 0 
49 Ni-92%P-1.4%B-5.6%Zn - 0 

43-2 Ni-10.4%P-1.2%B Sealing 0 
43-3 Ni-10.4%P-1.2%B Lubrication Treatment 0 
43-4 Ni-10.4%P-1.2%B Phosphate Treatment © 
47-2 Ni-10.2%P-1.1 %B-5.1 %Sn Sealing 0 
47-3 Ni-10.2%P-1.1 %B-5.1 %Sn Lubrication Treatment 0 
47-4 Ni-10.2%P-1.1 %B-5.1 %Sn Phosphate Treatment © 

Comoarative Examole 
50 No Intermediate Layer - x 
51 Cu - !:::. 
52 Ni - x 
53 Ni-0.01 %P-0.01 %B - x 

Insertion and Withdrawal Properties ©: 0.8 Nor less, 0: 0.8-1.2 N, !:::.: 1.2-1.4 N, 
X: 1.4Normore 
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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 

Standard C5191) having a thickness of 0.2 mm for the evaluation of heat 

resistance, and an oxygen free copper (ac~rding 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 reflowed 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 

270t is plat~d at a thickness of 2 µm. 

Plating conditions 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 thereto are shown in Tables 34 
\ 

to 37. Sn plating conditions of the surface layer are 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 µm, a material in 

which an intermediate layer consisting of Ni having a thickness of 2.0 µm, and a 

material in which an intermediate layer consisting of Cu-0.01 % P alloy, were 

also prepared as comparative materials. 
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Table 30 

Cu-P Alloy Plating Conditions 

Conditions 

350g/L 

Plating Solution Temperature 70't 
SA/dm.2 
2.0 

Table 31 

Cu-P-Sn Alloy Plating Conditions 

Conditions 

350g/L 

80g/L 

Plating Solution Composition 20 
12 

20g/L 

10-20 
Plating Solution Temperature 70"C 

SA/dm.2 
2.0 

Table 32 

Cu-P-Ni Alloy Plating Conditions 

Conditions 

350g/L 

Plating Solution Composition 
80g/L 

Plating Solution Temperature 
SA/dm.2 
2.0 
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Table 33 

Cu-P-Zn Alloy Plating Conditions 
Conditions 

350g/L 

Plating Solution Composition 
80g/L 

1Afdm2 

2.0 

Table 34 

Cu-P-B Alloy Plating Conditions 
Conditions 

350g/L 

80g/L 

Plating Solution Composition 

Borane 
imethylamine 0.5 -1.0 g/L 

lex 
Plating Solution Temperature sot 

5Ndm2 

2.0 
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Table 35 

Cu-P-B-Sn Alloy Plating Conditions 

Conditions 
Potassium 350g/L - . 

hate 
Copper 80g/L - hate 

11n 20g/L p hate 
Plating Solution Composition - K.Sn011 202/L 

KN011 122/L 
NaPH:i02 10-20g/L 

Borane 
IDimetbylamine 0.5-1.0g/L 

Comolcx 
Plating Solution Tumperature sot 
Current Densitv 3Ndm2 

Plating Thickness 2.0um 

Table36 

Cu-P-B-Ni Alloy Plating Conditions 

Conditions 

3SOg/L 

80 g.IL 

Plating Solution Composition 

0.5 -1.0 g/L 

Plating Solution Tumperature sot 
Current Densi SA/dm2 

Plating Thickness 2.0 
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Table 37 

Cu-P-B-Zn Alloy Plating Conditions 

Conditions 

350g/L 

80g/L 

10 
Plating Solution Composition 12 

20 

0.5 g/L 

sot 
3Ndm.2 

2.0 

Table 38 

Reflowed Sn Plating Conditions 

Conditions 
Methane- lOOg/L sulfonic acid 

Plating Solution Composition 1in Methane-
sulfonate 200g/L 

Surfactant 2g/L 
Plating Solution Temperature 40t 
Current Densitv 10Ndm2 

Reflow Condition 260t, Ss, Quencbiru!: at 60t 
Platin2 Thickness 1.Sum 
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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 
!Average Grain 1bickness of Size of 

Plating Intermediate Diffusion Diffusion Surface No. Intermediate Layer Composition Layer Plating Layer Method Layer Laver 
um um um um 

54 Cu-1.0%P Re flow 1.7 0.4 1.2 1.2 
55 Cu-2.5%P Reflow 15 0.5 1.2 1.0 
56 Cu-5.5%P Re flow 1.4 0.6 1.0 0.9 
57 Cu-1.0%P-13.0%Ni Re flow 1~6 0.4 1.4 1.1 
58 Cu-2.4%P-13.2%Ni Re flow 1.6 0.4 1.4 1.1 
59 Cu-6.6%P-13.1 %Ni Re flow 1.4 0.6 1.2 0.9 
60 Cu-1.2%P-15.5%Sn Re flow 1.5 05 1.1 1.0 
61 Cu-2.4%P-15.5%Sn Reflow 15 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 1.4 0.6 1.2 0.9 
66 Cu-0.8%P-0.25%B Reflow 1.7 03 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 Re:O.ow 1.5 0.5 1.3 1.0 
69 Cu-1.1 %P-0.4%B-13.2%Ni Reflow 1.6 0.4 1.4 1.1 
70 Cu-3.1 %P-0.4%B-13.2%Ni Re:O.ow 1.6 0.4 . 1.4 1.1 
71 Cu-6.6%P-1.2%B-13.1 %Ni Re:O.ow 1.4 0.6 1.3 0.9 
72 Cu-0.8%P-0.4%B-14.4%Sn Reflow 1.7 0.3 1.5 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 Re:O.ow 1.5 0.5 1.3 1.0 
75 Cu-0.7%P-0.3%B-15.4%Zn Re:O.ow 1.6 0.4 1.3 1.1 
76 Cu-2.2%P-03%B-15.4%Zn Refl.ow 1.6 0.4 1.3 1.1 
77 Cu-5.5%P-1.4%B-15.6%Zn Re:O.ow 1.4 0.6 1.4 0.9 
78 Cu-1.0%P HotDiooini 1.7 0.4 1.2 1.7 
79 Cu-2.5%P !Hot Diooin.11 1.5 0.5 1.2 1.5 
80 Cu-5.5%P HotDinnini; 1.4 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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Table40 

Evaluation of Heat Resistance 

Thermal 
Soldering Propellics Contact Resistance 

No. Intermediate layer Composition ~earana Peering 
(3} (4) 

(1) (2) After Before After Before 
Heatin2 Heatin2 Heating Heatine: 

Examole 
54 Cu-1.0%P 0 .6. 0 0 0 0 
55 Cu-2.5%P 0 .6. 0 0 0 0 
56 Cu-5.5%P 0 x 0 0 0 0 
57 Cu-1.0%P-13.0%Ni 0 0 0 0 0 0 
58 Cu-2.4%P-13.2%Ni 0 0 0 0 0 0 
59 Cu-6.6%P-13.1 %Ni 0 .6. 0 0 0 0 
60 Cu-1.2%P-1S.S%Sn 0 0 0 0 0 0 
61 Cu-2.4%P-15.5%Sn 0 .6. 0 0 0 0 
62 Cu-5.7%P-16.0%Sn 0 .6. 0 0 0 0 
63 Cu-1.1 %P-1S.2%Zn © 0 © © 0 0 
64 Cu-2.S%P-15.2%Zn 0 0 © © 0 0 
65 Cu-5.7%P-1S.S%Zn 0 0 © © 0 0 
66 Cu-0.8%P-0.25%B 0 .6. 0 0 0 0 
67 Cu-2.5_%P-0.25%B 0 .6. 0 0 0 0 
68 Cu-5.5%P-1.2%B © x © © 0 0 
69 Cu-1.1 %P-0.4%B-13.2%Ni o· 0 © 0 0 0 
70 Cu-3.1 %P-0.4%B-13.2%Ni © 0 @ @ 0 0 
71 Cu-6.6%P-1.2%B-13.1%Ni @ .6. @ 0 0 0 
72 Cu-0.8%P-0.4%B-14.4%Sn @ .6. ©>· 0 0 0 
73 Cu-2.4%P-0.4%B-14.4%Sn @ .6. @ ... © 0 0 
74 Cu-5.5%P-1.l %B-15.1 %Sn @ .6. @\ @ 0 0 
75 Cu-0.7%P-0.3%B-15.4%Zn @ 0 @ @ 0 0 
76 Cu-2.2%P-0.3%B-15.4%Zn 0 0 @ @ 0 0 
77 Cu-5.5%P-1.4%B-15.6%Zn @ 0 @ @ 0 0 
78 Cu-1.0%P © .6. @ © 0 0 
79 Cu-2.5%P 0 .6. 0 @ 0 0 
80 Cu-S.5%P @ x @ @ 0 0 

Comparative Example 
81 No Intermediate Layer .6. 0 @ .6. 0 .6. 
82 Cu 0 x @ 0 0 x 
83 Ni © 0 © .6. 0 .6. 
84 Cu-0.01%P 0 x © 0 0 x 

(1) Appearance @: Glossy appearance, 0: Partially haziness, .6.: Semi-gloss 
(2) Thermal Peeling 
(3) Soldering Property 

(4) Contact Resistance 

0: No Peeling, .6.: Partially peeling, X: Peeling over entire surface 
@: Wetting after 1 to 2 seconds, 0: Wetting after 2 to 3 seconds, 
.6.: Wetting after 3 seconds or more, X: No wetting 
0: 10 mQ or Jess, .6.: 10-20 mQ, X: 20 mQ or more 
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The evaluated results with respect to the irisertion 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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Table41 
.. 

Evaluation o.f Insertion and Withdrawal Properties 
.. . 

No. Intermediate Layer Composition 
Insertion and 

Withdrawal Properties 

Example 
S4 Cu-1.0%P 0 
SS Cu-2.S%P 0 
S6 Cu-S.S%P 0 
S7 Cu-1.0%P-13.0%Ni 0 
S8 Cu-2.4%P-13.2%Ni 0 
S9 Cu-6.6%P-13.1 %Ni 0 
60 Cu-1.2%P-1S.S%Sn ·o 
61 Cu-2.4%P-1S.S%Sn 0 
62 Cu-5.7%P-16.0%Sn 0 
63 Cu-1.1 %P-1S.2%Zn 0 
64 Cu-2.S%P-1S.2%Zn 0 
65 Cu-S.7%P-1S.5%Zn 0 
66 Cu-0.8%P-0.25%B 0 
67 Cu-2.S%P-0.25%B 0 
68 Cu-S.S%P-1.2%B 0 
69 Cu-1.1 %P-0.4%B-13.2%Ni 0 
70 Cu-3.1 %P-0.4%B-13.2%Ni 0 
71 Cu-6.6%P-1.2%B-13.1 %Ni 0 
72 Cu-0.8%P-0.4%B-14.4%Sn 0 
73 Cu-2.4%P-0.4%B-14.4%Sn 0 
74 Cu-S.5%P-1.1 %B-15.1 %Sn 0 
7S Cu-0.7%P-0.3%B-1S.4%Zn 0 
76 Cu-2.2%P-0.3%B-15.4%Zn 0 
77 Cu-S.5%P-1.4%B-1S.6%Zn 0 
78 Cu-1.0%P 0 
79 Cu-2.S%P 0 
80 Cu-S.S%P 0 

Comoarati.ve Examole 
81 No Intermediate Layer x 
82 Cu ~ 

83 Ni x 
84 Cu-0.01%P x 

Insertion and Withdrawal Properties 0: 1.2 Nor less, ~: 1.2-1.4 N, X: 1.4 Nor 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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CIAIMS: . I Ill/If /Ill~,,, 11~1H1111 

1. A metallic material comprising 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, whe~ein said intermediate layer of alloy­

plating consists of Ni alloy or Cu alloy including 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 intermediate 

layer is made· of an alloy consisting of P in an amount of 0.05 to 20% by 

weight, and t~e 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 Pin 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 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. 

6. A metallic material as recited ~ 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 le~st 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 alloy 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, wberein 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 material as recited in claim 1, wherein said intermediate 

layer is made of an eiectroplated 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 amount of 0.05 to 0.5% by weight. 

12. A met~lic material as recited in claim 8, wherein a film consisting of 

organic phosphorous 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 bas 

a thickness of 0.3 to 3 µm. 

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

layer has a thickne~s of 0.5 to 3 µm. 

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, w~ich is formed between said surface 

layer and said intermediate layer, has a thickness of 1 µm or less, and 

average grain size constituting said diffusion layer is 1 µm 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 O.~ to 2 mol/L, or said material is subjected to an electrolytic 

treatment in a solution as an anode, after said reflow treatment or after said 

heating treatment. 

19. A process of manufacture for a metallic material 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 Pin 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 intermediate 

layer is made of an alloy consisting o_f Pin an amount of 0.05 to 15% by 

weight, 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 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 

weight, B in ~an amount of 0.05 to 15% by 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. 

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 µm or less, and 

average grain size constituting said diffusion layer is 1.5 µm o~ 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 weig~t 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 Sil 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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