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LEAD-FREE SOLDERING MATERIAL HAVING

SUPERIOR SOLDERABILITY

FIELD OF THE iNVENTION

The present invention relates to a lead-free
soldering material used for wiring purposes in electronic
components; Particularly, the present invention relates to
a lead-free soldering material of tin-silver-indium-bismuth

serieé, in which the solderability is superior.

DESCRIPTION OF THE PRIOR ART

Each of soldering materials has unique prqperties
so as for it to be suitable for the application field. In
the usual soldering materials, the melting temperature
and solidificatioq temperature ranges are iﬁportant.

That is, a soldering material which is selected
for a special purpose has to have a low melting temperature
to the extent that damages should not be caused to the
adjacent temperaﬁure—sensitive parts. Further, after the
completién of the soldering, the soldered material has to
have a high melting point range, so that the joined state
would be thermally stable.

Further, soldering materials are generally
composed of composition systems in which eutectic reactions
occur. ‘Therefore, if a soldering material has a special

composition other than the relevant eutectic composition,
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a lead-free soldering material of tin-silver-indiumbisnuth

whi ch the solderability is superior. DESCRI PTI ON OF THE PRI.-OR"ARF #.77 <
Each of soldering materials has unique properties so as for Lt to be -~
suitable for the application field. In the usual soldering mateéerials; =

the nelting tenperature and solidification tenperature ranges are

| nportant.

a speci al purposé has to have a low nelting tenperature to the extent that

That is, a soldering material which is sel ected

damages shoul d not be caused to the adjacent tenperature-sensitive par
Furt her, after ahkiquidus line at which the solidification begins after

the soldering is crossed to make the liquid phase and the
solid phase exist together, and then, a solidus line at
which- the solidification is completed is reached, this
being the solidification temperature range of the special
composition. If the solidification temperature range is
large, the solidification time is lengthened, and
shrihking phenomenon may occur. Therefore, it is
important that the soldering composition should have a
small solidification temperature range as far as possible.
A soldering material having a small solidification
temperature range is advantageous during a continuous
soldering.

Besides, the wetability as againsf the base
material has to be superior, so that the solderability
would be éuperibr, and that the joining strength would be
strong after the soldering.

'lOne of the conventional soldering material having
the above described properties is the Sn-Pb series alloy.
This soldering alloy is superior in the various mechanical

and physical properties, and therefore, it is widely used

in structures such as plumbings and heat exchangers, and

in the general electronic components.
However, the Sn-Pb alloy includes lead which is
a non-decomposed metal, and if lead is once ingested by a

human body, it is not discharged but accumulated in the
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conpl'etion of
mel ti ng point

t he soldering, the soldered material has to have a high

range, so that the joined state would be thernally st abl e.
Furt her, soldering materials are generally conpose . PESFton-
systens in which eutectic reactions occur. Therefore, {ji THI® SHEJSHARMGEEN

material has a special conposition other than the rel evajit _eut BEPLACED

conposition,
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human body. For example, the Center for Disease Control
of the United States reports that, if the lead
concentration in the blood exceeds 10 ug/dl, it becomes
fatal. Particularly, the lead accumulation causes a
deterioration of intelligence in children, and that the
lead waste contaminates the soil.

Particularly, the traditional soldering

materials such as 50Sn-50Pb and 70Sn-30Pb can be used in a

wide temperature range, constitute strong mechanical
connecting portions, and are useful to soldering copper
pipes. However, it was found that lead is dissolved into
the water to adversely affect the humén health in the long
run. Therefore, the use of lead in soldering the pipes
which carry the drinking water began to be regulated.

As examples of the regulation of the use of lead
and lead-containing composition, the use of lead in the
consumer paint was totally prohibited in 1978 in the Uniteq
States, and the U.S. Environmental Protection Agency (EPA)
published a regulation in the Toxic Substance Control Act
(TSCA) that there will be a duty of recovering lead-
containing materials. Further, the House of
Representatives of the United States proposed that a tax of
100-200% be levied for forming a Pb-cleanup fund (HR2479).

Further, the Senate formulated the Lead Exposure Act (S-
729) proposing a total regulation for the use of industrial

lead. Further the U.S. Occupation Security and Health

-
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a liquidus line at which the solidification begins after _the soldering is

crossed to make the |iquid phase and the solid phase  '”r—ff§“§fﬁ§F:*§ﬁT
then, a solidus line at which the solidification is cﬁ?ﬁﬁ@?é'éggHﬁéégﬁ@H
this being the solidification tenperature range of thelspeci LAGED

conposition. If the solidification tenperature range is |arge, t he
solidification tinme 1is |engthened, and shrinki ng phenonenon nmay
occur . - Therefore, it is inmportant that the sol dering

conposition should have a snmall solidification tenperature range as far as

possi ble. A shUerReY n(PFHA krdegided ithe deadhistasgiarsl frgareenlaténperheur e

range i s advant ageous during a conti nuous ) ) .
lead concentration which 1s tolerant in the air and in

jobs. This regulation states that the exposure of
employees to lead should be minimum under a high lead
concentration atmosphere. Thus, in the United States,
the use of lead, particularly the use of 50Sn-50Pb was
prohibited to the pipe line joining, and the use of lead
containing soldering materials was prohibited in the field
related to the drinking water. Further, the use of lead
containing soldering material for purposes other than the
joining of pipe lines was prohibited. This trend is
similar in the domestic field.

With the appearance of such regulations against
the use of soldering lead, lead-free soldering materials
began to be developed. "For example, - U.S. Patent
5,256,370 discloses a lead-free soldering material for use
in joining and sealing electronic components. The lead-
free soldering material of the above mentioned patent
includes 50—92% of Sn, 1-6% of Ag and 4-35% of In, and it
is characterized in that it contains a large amount of
indium in the case of using it in electronic components.
However, indium is expensive, and particularly, if
indium is added by’ 5% or more, the microstructure
contains r-Sn phése. Further, in accordance with the
variation of temperature, the r-Sn phase (hexagonal) 1is
shifted to a B-Sn phase (face centered cubic), with the
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sol deri ng. Besides, the wetability as against the base material
has to be superior, so that the solderability would-be.superior _and that
the joining strength would be strong after the sol def itpgs sHEET HAS BEEN'E Of
t he conventional soldering material having the abov descrnmgkdgbopert es
Is the Sn-Pb series alloy. This soldering alloy is s —the—yardlous
mechani cal and physical properties, and therefore, it |s MAder used I n
structures such as plunbi ngs and heat exchangers, and in the general

el ectroni c conponents. However, the Sn-Pb alloy includes |ead
which is result that the reliability of the soldered portion is

adversely affected.

SUMMARY OF THE INVE;‘NTION

The present invention is intended to overcome the
above described disadvantages of the conventional
techniques.

As a result of a continued study and repeated
experiments, the - present inventors came to propose the
present invention.

Therefore it 1is the object of the present
invention to provide a lead-free soldering material in
which indium and bismuth are compositely added to inhibit
the formation of a r-Sn and to improve the wetability, so
that the soldering material would have a melting point
suitable for wiring electronic components, and that the
solidification temperature range is narrow, the mechanical
properties are superior, and the solderability is
superior.

In achieving the above object, the lead-free
soldering material is composed of in weight %: 3-4% of Ag,

2-5% of In, 6-14% of Bi and a balance of Sn.

BRIEF DESCRIPTION OF THE DRAWINGS
The above object and other advantages of the

present invention will become more apparent by describing
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a nohideponposed netal, and if lead is once ingested by a hunman body,
I's not discharged but accunulated in the

it

37  human body. For exanple, the Center for Disease Conf

_ T
United States reports that, if the |ead concentrai ﬁ#ﬁ’}? Eﬂéi
exceeds 10 [err]g/dl, it beconmes fatal. Partlcularly,f the'' ? ok
aﬁcunuLatlon causes a deterioration of intelligence in children, and
that the

in detail the preferred embodiment of the present invention
with reference to the attached drawings in which:

FIG. 1 is a graphical illustration showing the
solderability for the conventional soldering material and
the soldering material acCording.to the present invention;

FIG. 2 is a photograph of the lead-free soldering
material according'to the present invention; and

FIG. 3 is a graphical illustration showing
mechanical properties of the conventional material and the

soldering material according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The ingredient Ag which is contained in the lead-
free soldering material according to the present invention
performs the role of improving the wetability and the
thermal fatigue property. Its content should be
preferably 3—4'weight % (to be indicated by % below). The
reason is as follows. If its content is less than 3%, the
wetability and the thermal fatigue property is lowered,
while if its content is more than 4%, the melting
temperature is steeply raised, ‘and cannot contribute to
improving the wetability.'

Meanwhile, the ingredient In plays the role of
improving the wetability and lowering the melting
temperature. The reason is as follows. If its content is

less than 2%, it becomes non-effective, while if its
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| ead waste contam nates the soil. Particul arly, Ahe
traditional soldering materials such as 50Sn-50Pb and 7OSn SQPbxcan 557%;& .
used in a wde tenperature range, constitute strong nechanlcahﬂr»u B
connecting portions, and are useful to soldering copper pipes=—=Howewer - :
it was found that lead is dissolved into the water to adversely affect the
human health in the long run. Therefore, the use of |lead in soldering
the pipes which carry the drinking water began to be regul at ed.

As exanpl es of the regul ati on of the use of and | ead- cont ai pnin
conposi tion, tH® CERE OF MOLE Thamed con§uﬁﬁrpg§1ﬁf e (TREne ghﬁlted

In 1978 in the &@%éggructure, with the result that a phase shift occurs

from the r-Sn to p-Sn, thereby lowering the solderability.
Therefore, it is desirable to add the ingredient In in a
range of 2-5%.

Further, the ingredient Bi together with the
ingredient In improves the wetability by inhibiting the
growth of the r-Sn phase in the microstructure. If the
ingredient Bi is édded by 6% or less, its effect is too
meager, while if it is added by 14% or more, it widens
the melting temperature range. Therefore, the content of
Bi shoﬁld be pfeferably limited to 6-14%.

The lead-free soldering material having the above
described composition can be manufactured by casting in the
general method,. that is, by putting the improved raw
ingredients into a pot of crucible, by heating it in the
air and by agitating it. Under this condition, in the
case where the melting is carried out in the air, ~the
impurities in the metals or the non-metallic materials in
the alloy melt may be reacted with the air to form soluble
gases such as soluble nitrogen or soluble oxygen.
Consequently; the wetability is aggravated in the base
material so as to lower the solderability, or to generate
voids in the soldered portion. Therefore, the
wetability, the thermal conductivity, the thermal fatigue

property and the product reliability may be aggravated.
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States, and the U.S. Environnmental Protection Agency (EPA) published a

regulation in the Toxic Substance Control Act (TSCA) that fReEFEWH—e—a= 5
duty of recovering lead- containing materials. Fur t fef IS SHE &WH%SBEENi‘
House of Representatives of the United States proposed thit a t 8% bpED '

100- 200% be levied for formng a Pb-cleanup fund (HR2479). Further, the
Senate fornul ated the Lead Exposure Act (S- 729) proposing a total

regul ation for the use of industrial Ilead. Further the U S. Cccupation
Security and Heal th

Therefore, the present invention improves the
solderability, the thermal fatigue property and the
product reliability by minimizing the soluble gas in the
impurities and in the nonmetallic materials during the
alloy manufacturing in the following manner. That is,
the soldering material according to the present invention
is manufactured by melting the alloy ingredients preferably
in vacuum or under an inert gas atmosphere, so that
particularly the ingredient Bi would be inhibited from
being oxidized, ~ thereby minimizing the formation of
dross.

The lead-free soldering material of the present
invention manufactured in the above described method may be
formed into various shapes such as ingot, rectangular, a
circular and the like. Further, it may be manufactured
in the form of spherical balls of various sizes. Further,

it may be mixed with a proper flux to manufacture it into
a solder paste.

The lead-free soldering material according to the
present invention may be used for soldering electronic.
components. Further, the solidification temperature
range is narrow, and therefore, it is advantageous for
carrying out a stepwise soldering. The lead-free
soldering material of the present invention is not only
sﬁperior in the mechanical strength compared with the

conventional Sn-Pb soldering material, but also superior
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4 Agency (OSHA) decided the |ead standard for regul ating
cqncentration which is tolerant in the air and in |obs.
regul ation states that the exposure of enployees to
m ni rum under a high lead concentration atnosphere. T
States, the use of |ead, particularly the use of 50Sn- 50Pb was
to the pipe line joining, and the use of |ead containing soldering

materials was prohibited in the field related to the drinking water.
Furt her h fol
urther, t eJ%F%ﬁ% Wé%é%lllty and the solderability compared with the

conventional Sn-Ag-In soldering material.
Now the present invention will be described based
on actual examples, but the scope of the present invention

is not limited to the specific examples presented here.

<Example 1>

A soldering composition as shown in Table 1 below
was prepared, and was melted in a induction furnace.
Then casting was made, and for the cast soldering
material, the solidus line and the liquidus line were

measured. The measured results are shown in Table 1 below.
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contai ning sol dering material for purposes other than the joining of pipe
| i.nes was prohibited. This trend is simlar int
Wth the appearance of such regul ati ons against the use f“ﬁ@l%ﬁ?ﬁTﬁgﬂs BEHN I
| ead-free soldering materials began to be devel oped. ___ng?exan%we |
'U.S. Patent 5,256,370 discloses a |ead-free sol dering material Tor-tse=——-
in joining and sealing electronic conmponents. The |l ead- free soldering
mat eri al of the above nentioned patent includes 50-92% of ‘Sn, 1-6% of Ag
and 4-35%of In, and it is characterized in that it contains a |arge
anount of i ndiTahlien *he case of using it in el ectronic. conponents.

Composition unit: weight %

Examples Sn Ag In Bi Solidus Liquidus Solidification

' line temp 1line temp range temp
(°C) (°C) (°C)

Inventive )

example 1 85 3 5 6 191.4 204.5 13.1

Inventive

example 2 84 3 5 8 194 205 11

Inventive

example 3 83 3 5 -9 192 204 12

Inventive

example 4 82 3 5 10 189 202 - 13

Inventive

example 5 80 3 5 12 189 205 16

Inventive

example 6 78 3 5 14 187.5 - 205 17.5

Inventive '

example 7 88.2 3.05 1.98 6.77 199 213 14

Conventional

example 1 87.7 3.2 9.1 - 202.4 207.5 5.1

Conventional :

example 2 77.2 2.8 20 - 178.5 189.1 10.6

As shown in Table 1 above, in the cases of Inventive
examples 1-7 in which Bi is added in the Sn-Ag-In series
soldering composition, the liquidus line temperature is 202-
213°C, the solidus line temperature is 187-199°C, and the
solidification temperature range is 11-17.5°C. These features

are almost similar to those of the Conventional examples 1-2 in
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Howevér, indiumis expensive, and particularly, | f G- tn-Sadded-hy-—-
5% or nore, the mcrostructure contains r-Sn pha$é}ﬂQ3FUFtherb”‘N
in accordance with the variation of tenperature, the r-Sn phasé:ii:

(Eexagonal) is shifted to a [err]-Sn phase (face centered cubrc)“-w;:*
t he 4

which the composition includes Sn, Ag and In, and in which the
liguidus line temperature is 189.1-207.5°C, the solidus-line
temperaturé,is 178.5-202.4°C, and the solidification temperature .

range is 5.1-10.6°C.

<Example 2>

The wetabilities of the conventional material 1 and the
inventive material 7 of Exampie 1 were measured, and the results
are shown in FIG. i.

As shown in FIG. 1, compared with the conventional
example 1 having the composition of Sn-Ag-In, the inventive
example 7 in which Bi is added is superior in the wetability in
time. Conclusively, the inventive example 7 shows superior
solderability compared with the conventional example 1, while
both of the examples are similar in their liquefying temperatures
and solidifying temperatures.

The reason is as follows. That is, as shown in the
photograph of FIG. 2 in which the microstructure is viewed, the
AgzSn precipitates are more uniform in the lead-free soldering
material of the present invention, with the result that the

wetability is superior.

<Example 3>
In order to compare the properties of the lead-free
soldering material with the conventional Sn-Pb soldering

material, the mechanical properties were comparatively measured

11
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resuff that the reliability of the soldered portion is _
SUMVARY OF THE | NVENTI ON The present invention: tF'mrggndgﬂthBEEN

overconme the above described disadvantages of t he COnvemmm@m@ED

t echni ques.

experinents,' the present inventors cane to propose the preserit invention.
Therefore it is the object of the present invention to provide a |ead-free

adversely affected.. . .

As a result of a continued study and Fepeated

soldering material in

for both the inventive example 2 and an Sn—40Pb soldering alloy,
and the measured results are shown in FIG. 3.

As shown in FIG. 3, the inventive example 2 shows a
superior tensile strength compared with the conventional Sn-40Pb
soldering alloy. This means that the lead-free soldering
material of the present invention is superior in the joining
strength over the conventional Sn-Pb soldering materials.

According to the present invention as described above,
the lead-free soldering material of the present invention is
superior in the méchanical strength over the conventional Sn-Pb
soldering materials. | Furﬁher, after the soldering, the final
joining strength is far more superior compared with the existing
ones. Further, since it does not éontain lead, the working
environment can be improved. Particularly, the wetability‘of
the lead-free soldering material according to the present
invention is superior over the conventional Sn-Ag-In lead-free
soldering material, while the former shows similar levels of
melting temperature and solidification temperature ranges

compared with the latter.
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whi ch i ndi um and bisnuth are conpositely added to inhibit the formation of
a-r-Sn and to inprove the wetability, so that the sol deri erial would
have a nelting point suitable for .wiring electronic conpo t

el ting p i nTaiS siand thato,
the solidification tenperature range is narrow, the mechdyical ReEpiacy:: |

properties are superior, and the solderability is %uperFor———— ——Jj
I n achi eving the above .object, the lead-free soldering material is )
conposed of in weight % 3-4%of Ag, 2-5%of In, 6-14% of Bi and a bal ance

of Sn. QELEEBDESCRIPTICN OF THE DRAW NGS

1. A lead-free soldering material having a superior
solderability, comprising a composition including in weight %:

3-4% of Ag, 2-5% of In, 6-14% of Bi and a balance of Sn.

2. The lead-free soldering material as claimed in
claim 1, wherein the composition includes in weight %: 3-4% of

Ag, 2-3% of In, 6-7% of Bi and a balance of Sn.

3. The lead-free soldering'material as claimed in
claim 1, wherein the composition includes in weight %: 3-4% of

Ag, 4-5% of 1In, 7-10% of Bi and a balance of Sn.

4, A lead-free soldering material having a superior
solderability, characterized in that:

the soldering material has a solidus line temperature

of 202-213°C, and a liquidus line temperature of 187-199°C, and

the soldering material contains Ag, In, Bi and Sn.
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The above obj ect and ot her advantages of the present inventign will becone

nore apparent by descri bi ng. : '
detail the preferred enbodi nent of the present invention w tih réT°£§?THiﬁ§EENW
t he attached draw ngs in which: : FIG 1 is a graphi

i llustration showing the solderability for the conventional solderlng
-material and the soldering nmaterial according to the presént invention;

ABSTRACT OF THE DISCIOSURE

A lead-free soldering material for soldering wires of
electronic parts is disclosed. The lead-free soldering'méterial
is composed of in weight %: 3-4% of Ag, 2-5% of In, 6-14% of
Bi and a balance of Sn, and the soldering material shows a

superior solderability.

[ ————
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FIG 2 is a photograph of the lead-free soldering material according to

the present invention; and ~ FIG 3 is a graphical

illustration showing mechanical properties of the conventional. _material

and the soldering material according to the present inventio .nﬂQ“T;fF?=======
DESCRI PTI ON OF THE PREFERRED EMBODI MENT The i ngredjfent - A§ahiH#AS BEEN
Is contained in the lead- free soldering nmaterial according’ i o1
invention perforns the role of inproving the wetability and the therm
fatigue property. Its content should be preferably 3-4 weight %
(to be indicated by % bel ow). The

18
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EVP ~Inventive example(7)
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reagoﬁ is as follows. If its content is less than 3% the wetability and

the thernmal fatigue property is |lowered, while if it

contribute to
ingredient In
the nelting

LAY LY L] mouTqY
t han 4% the nmelting tenperature is steeply raised, || Th3SHERRGIAS BEEN
i nproving the wetability. Meaghwhi | SERLACED
plays the role of inproving the wetabilTty and Towerin
tenperature. The reason is as follows. |If its content is
it becones non-effective, while if its

| ess than 2%

100 _ —— 200
N:Yield strength
@: Tensile strength
80 1160
[J: elongation
< o
o | )
> 60} — 120 2
Lo _6.
K 2
S 40 | 180 &
N
20 2 4 40
Sn-40Pb Invention example(2)
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7 contept i»s nore than 5% _
mcrastructure, with the result that a phase shift occurp
[err]-Sn, thereby |owering the solderability.

to add the ingredient

r-Sn phases are formed in the

Ther ef or g
Inin a range of 2-5%

ingredient Bi together with the ingredient In inproves

" e

inhibiting the growh of the r-Sn phaselin the mcrostructure.

ingredient Bi is added by 6% or |ess, iTs effect is too

LEAD-FREE SOLDERING MATERIAL HAVING

SUPERIOR SOLDERABILITY

FIELD OF THE INVENTION

The present invention relates to a lead-free
soldering material used for wiring purposes in electronic
components. Particularly, the present invention relates to
a lead-free soldering material of tin-silver-indium-bismuth
series,

in which the solderability is superior.

DESCRIPTION OF THE PRIOR ART

Each of soldering materials has unique properties
so as for it to be suitable for thé application field. In
the usual soldering materials, the melting temperature
and solidification temperature ranges are important.

That is, a soldering material which is selected
for a special purpose has to have a low melting temperature
to the extent that damages should not be caused to the
after the

adjacent temperature-sensitive parts. Further,

completion of the soldering, the soldered material has to
have a high melting point range, so that the joined state
would be thermally stable.

Further, soldering materials are generally
composed of composition systems in-which eutectic reactions

occur. if a soldering material has a special

de e

Therefore,'

composition other than the relevant eutectic compdsitién%:
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meager, while if it is added by 14%or nore, it widens the nelting

tenperature range. Therefore, the content of Bi should b*‘“fﬁF%LQQLxr,.EET
limted to 6-14% The | ead-free sol dering mat ef{i BE-HaA G t Ba

above described conposition can be manufactured by castifg in t@q@“@éﬂ% al
met hod, that is, by putting the inprowged raw ingredi EIFt@m?R{' Pt oE

crucible, by heating it in the air.and by agitating it. “Onmder this
condi tion, in the case where the nelting is carried out in the air,

the inpurities, i dhﬁ‘ tal s or,. the. non-et I*i .paterials in_the_alloy

melt” may be rezactlerl wﬁl{wgetﬁieéeaiért t"gt%f%?rﬁ 1é%l% .Jé&lﬁ%‘i%mgh%e%]sn%o?ﬂb‘?%

‘nitrogen or SQHIL ISy is crossed to make the liquid phase and the
solid phase exist together, and then, a solidus line at

which the solidification is completed is reached, this

being the solidification temperature range of the special

composition. If the solidification temperature range is
large, the solidification time is lengthened, - and
shrinking phenomenon may occur. Therefore, it is

important that the soldering composition should have a
small solidification temperature range as far as possible.
A soldering material having a small solidification
temperature range is advantageous' during a continuous-
soldering.

Besides, the wetability as against the base
material has to be superior, so that the solderability
would be superior, and that the joining strength would be
strong after the soldering.

One of the conventional soldering material having
the above described properties is the Sn-Pb series alloy.
This soldering alloy is superior in the various mechanical
and physical properties; and therefore, it is widely used
in structures such as plumbings and heat exchangers, and
in the general electronic components.

However, the Sn-Pb alloy includes lead which is
a non-decomposed metal, and if lead is once ingested by a

human body, it is not discharged but accumulated in the
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Consequently,. the wetability is aggravated in the base
| ower the solderability, or to generate voids in the
Ther’ef or e, the wetability, the thermal conductivity,

Therefore, the present invgntion i nproves the sorder
the thermal fatigue property and the =
hﬁman body. For example, the Center for Disease Contrdl
of +the United States reports that, if the lead
concentration in the blood exceeds 10 ug/dl, it becomes
fatal. Particularly, the lead accumulation causes a
deterioration of intelligence in children, and that the
lead waste contaminates the soil.

Particularly, + the traditional soldering
materials such as 50Sn-50Pb and 70Sn-30Pb can be used in a
wide temperature range, constitute strong mechanical
connecting portions, .and are useful to soldering copper
pipes. Hoﬁever, it was found that lead is dissolved into
the water to adversely affect the human health in the long
run. Therefore, the use of lead in soldering the pipes
which carry the drinking water began to be regulated.

As examples of the regulation of the use of lead
and lead-containing composition, the use of lead in the
consumer paint was totally prohibited in 1978 in the United
States, and the U.S. Environmental Protection Agency (EPA)
published a regulation in the Toxic Substance Control Act
(TSCA) that there will be a duty of recovering lead-
containing materials. Further, the House of
Representatives of the United States proposed that a tax of
100-200% be levied for forming a Pb-cleanup fund (HR2479).

Further, the Senate formulated the Lead Exposure Act (S-
729) proposing a total regulation for the use of industrial

lead. Further the U.S. Occupation Security and Health
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fatigue property and the product reliability may be ag 1 e hoeiiieiniinn,
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pr oduct reliability by minimzing the soluble gas in the inpurities and in
the nonnetallic materials during the alloy manufacturi gﬁ%ﬁﬁ e T oft
t

manner . That is, the soldering material according to

i nvention is

vacuum or under an inert gas atnosphere, so that par

I ngredi ent Bi

mnimzing the formati on of dross.

mat erial of t
met hod may be
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woul d be inhibited from beé.ng oxidized, thereby
The | ead-free sol dering

g R S T e S e 5
lead concentration which is £olerant in the air and in
jobs. This regulation states that the exposure of
empléyees to lead should be minimum under a high lead
concentration atmosphere. Thus, in the United States,
the use of lead, particularly the use of 50Sn-50Pb was
prohibited to the pipe line joining, and the use of lead
containing soldering materials was prohibited in the field
related to the drinking water. Further, the use of lead
containing soldering material for purposes other than.the
joining of pipe lines was prohibited. This trend is
similar in the domestic field.

With the appearance of such regulations against
the use of soldering lead, lead-free soldering materials
began; to be developed. For example, . U}S. Patent
5,256,370 discloses a lead-free soldering material for use
in joining and sealing electronic components. The lead-
free soldering material of the above mentioned patent
includes 50-92% of Sn, 1-6% of Ag and 4-35% of In, and it
is characterized in that it contains a large amount of
indium in the case of using it in electronic components.
However, indium is expensive, and particularly, if
indium is added by 5% or more, . the microstructure
contains r-Sn phase. Further, in accordance with the
variation of temperature, the r-Sn phase (hexagonal) is

shifted to a B-Sn phase (face centered cubic), with the

A “
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circular and - the |ike. Further, it may be nmanufact urpa—a—the=ot
spherical balls of various sizes. Further, it may be xﬁ@ch ?E?Tﬁﬁﬁﬁﬂr
fluX to manufacture it into a solder paste. The | ead-

sol dering material according to the present invention %mm&heZd&é@Qﬁé@ng ;
sol dering el ectronic conponents. Fur gher, the sol FeFFeaErFoT
tenperature range is narrow, and therefore, it is advantageous for
carrying out a stepw se soldering. The lead-free Sﬁ|derlﬂg ca
material of t S I nyention .i s .nqt__onl uper i i n the mechanj ca
strength corrpg(rgggﬁ\%i te‘%%af%e%ﬁgorﬁfgﬁ‘tai% aHtYSn‘?%bt o%‘?f‘i%r%t BPFLLODL S 3] so

superi or

2-5% of In,

adversely affected.

SUMMARY OF THE INVENTION

The present invention is intended to overcome the

above described disadvantages. of the conventional
techniques.

As a result of a continued study and repeated
experiments, the present inﬁentors came to propose the

present invention.

Therefore it is the object of the present
invention to provide a lead-free soldering material in
which indium and bismuth are compositely added to inhibit

the formation of a r-Sn and to improve the wetability, so
that the soldering material would have a melting point

suitable for wiring electronic components, and that the

solidification temperature range is narrow, the mechanical

properties are superior, and the solderability is

superior.
In achieving the above object, the lead-free
soldering material is composed of in weight %: 3-4% of Ag,

6-14% of Bi and a balance of Sn.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and other advantages of the

present invention will become more apparent by describing

-5
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REPLACEMVENT SHEET 9 in the
sol derability conpared with the conventional Sn-Ag-In s
Now t he present invention will be described based on actgl
the scope of the present invention is not limted to thédisps
presented here. <Exanpl e 1> 6

in detail the preferred embodiment of the present invention
with reference to the attached drawings in which:

FIG. 1 is a graphical illustration showing the
solderability for the conventional soldering material and
the soldering material according to the present invention;

FIG. 2 is a photograph of the lead-free soldering
material according to the present invention; and

FIG. 3 is a graphical illustration showing
mechanical properties of the conventional material and the

soldering material according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The ingredient Ag which is contained in the lead-
free soldering material according to the present invention
performs the role of improving the wetability and the
thermal fatigue property. Its content should be
preferably 3-4 weight % (to be indicated.by % below). The
reason is as follows. If its content is less than 3%, the
wetability and the thermal fatigue property is lowered,
while if its content is more than 4%, the melting
temperature is steeply raised, and cannot contribute to
improving the wetability.

Meanwhile, the ingredient In plays the role of
improving the wetability and 1lowering the melting
temperature. The reason is as follows. If its content is

less than 2%, it becomes non-effective, while if its

© . ~ et



A sol.dering conposition as shown in Table 1 below was pr?
melted in a induction furnace. Then casting was nade, |
the solidus line and the-liq 'SM§ Ilhe'Meﬁgm
measured. The neasured results are shown in Table 1 belo 4
<Table 1> ] 7

cast’

10

soldering material,

for the

Hﬁ’érﬁfixzcemmdsm

content is more than 5%, r-Sn phases are formed in the
microstructure, with the result that a phase shift occurs
from the r-Sn to B-Sn, thereby lowering the solderability.
Therefore, it is desirable to add the ingredient In in a
range of 2-5%.

Further, the ingredient Bi together with the
ingredient In improves the wetability by inhibiting the
growth of the r-Sn phase in the microstructure. If the
ingredient Bi is added by 6% or less, its effect is too
meager, while if it is added by 14% or more, it widens
the melting temperature range. Therefore, the content of
Bi should be preferably limited to 6-14%.

The lead-free soldering material ha&ing the above
described composition can be manufactured by casting in the
general method, that is, by putting the improved raw
ingredients into a pot or crucible, by heating it in the
air and by agitating it. Under this condition, in the
case where the melting is carried out in the air, the
impurities in the metals or the non-metallic materials in
the alloy melt may be reacted with the air to form soluble
gaées such as soluble nitrogen or soluble oxygen.
Consequently, the wetability is aggravated in the base
material so as to lower the solderability, or to generate
voids in the. soldered portion. Therefore, the
wetability, the thermal conductivity, the thermal fatigue

property and the product reliability may be aggravated.
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Conposition unit:

(ferr]©

9gHAY. 1035

([err]C) ([err]C) Inventive exal

wei ght % Exanpl es Sn Ag In Bi QEHLAGEMENL%LEEJU

Solidification line tenp lilpe tem% range te
oHF

6 191. 4~

194
204

204.5 13.1 Inventive exanple &

12 Inventive exanple 4 882 3 5 10 189

13 Inventive exanple 5 80 3 5 12 189 205

| nventi ve

Therefore, the present 1nventlon improves the
solderability, the thermal fatigue property and the
product reliability by minimizing the soluble gas in the
impurities and in the nonmetallic materials during the
alloy manufacturing in the following manner. That is,
the soldering material according to the present invention
is manufactured by melting the alloy ingredients preferably
in vacuum or under an inert gas atmosphere, so thaﬁ
particularly the ingredient Bi would be inhibited from
being oxidized, thereby minimizing the formation of
dross. |

The lead-free soldering material of the present
invention manufactured in the above described method may be
formed into various shapes such as ingot, rectangqular, a
circular and the like. Further, it may be manufactured
in the form of spherical balls of various sizes. Further,

it may be mixed with a proper flux to manufactufe it into
a solder paste. |

The lead-free soldering material according to the
present invention may be used for soldering electronic
components. Further, the solidification temperature
range is narrow, and therefore, it is advantageous for
carrying out a stepwise soldering. The lead-free
soldering material of the present invention is not only
superior in the mechanical strength compared with the

conventional Sn-Pb soldering material, but also superior

19
20
16

8-
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205 11 Inventive exanple 3 83 3 5 9

2
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exanpl e 6. 78 3 5 14 187.5 205

HEPLRCRNENT SHEET

exanple 7 88.2 3.05 1.98 6.77 199 - .213 \
exanple 1 87.7 3.2 9.1 - 202. 4 207.5 5.1 _Conventiona
exanple 2 77.2 2.8 20 -  178.5 189. 1 | T 2.9, MAY. 1956,
As shown in Table 1 above, in the cases _of Inventive éxanplke b
which Bi is added in the Sn-Ag-In seri ek sol deri ng conposition, t he

liquidus line tenperature is 202- 213[err]C,  the solidus |ine
tenperature i - $ﬁ # ' nd the solidification tenperature range
is 11-17.5[err|é§%éL %gég éiﬁ%uékéithe sSfadfliiff Y compared with the
conventional Sn-Ag-In soldering material.
Now the present invention will be described based

on actual examples, but the scope of the present invention

is not limited to the specific examples presented here.

<Example 1>

A soldering composition as shown in Table 1 below
was prepared, and was melted in a induction furnace.
Then casting was made, - and for the cast soldering
material, the solidus line and the liquidus line were

measured. The measured results are shown in Table 1 below.

et



are alnost simlar to those of the Conventional exanples 1-2 in
10 ! éﬂ?@ﬁJEET
11  which the conposition includes Sn, Ag and In, and in

liquidus line tenperature is 189.1-207.5[err]C, t he sol ﬁ; l;?E.HAY
tenperature is 178.5-202.4[err]C, and the solidification he

is 5.1-10.6[err] C A0

<Table 1>
Composition unit: weight $%

Examples Sn Ag In Bi Solidus Liquidus Solidification

. line temp 1line temp range temp

(°C) (°C) (°C)

Inventive
example 1 85 3 5 6 191.4 204.5 13.1
Inventive
example 2 84 3 5 8 194 205 11
Inventive
example 3 83 3 5 9 192 204 12
Inventive
example 4 82 3 5 10 189 202 13
Inventive ,
example 5 80 3 5 12 189 205 16
Inventive
example 6 78 3 5 14 187.5 205 17.5
Inventive
example 7 88.2 3.05 1.98 6.77 199 213 14
Conventional
example 1 87.7 3.2 9.1 - 202.4 207.5 5.1
Conventional : ’
example 2 77.2 2.8 20 - 178.5 189.1 10.6

As shown in Table 1 above, in the cases of Inventive
‘examples " 1-7 in which Bi is added in the Sn-Ag-In series
soldering composition, the liquidus line temperature is 202-
213°C, the solidus line temperature is 137—199°C, and the
solidification temperature range is 11-17.5°C. These features

are almost similar to those of the Conventional examples 1-2 in

+10- ) . ret



<Exanpl.e 2> - The wetabilities of the conventj Jeterial 1 an
the inventive material 7 of Exanple 1 were neasured, #ngesidengSVF SSEER'
shown in FIG 1. ' As shown in FIG 1, conpgred with the

conventional exanple 1 having the conposition of Sn-Af-pdie.. 72 Sn#AYNEBHti|ve
exanple 7 in which Bi is added is superior in the wet alizty— ' _
Concl usi vel vy, the inventive exanpl e 7 Hhows superior solderability

conpared with the conventional exanple 1, while both of the exanples are

simlar in their liquefyin e ratures and solidifying tenperatures.
which theqcom%osgtgogpsncludes Sn, Ag and Ig, gLndrE; which the

({2 =

liquidus line temperature is 189.1-207.5°C, the solidus line
temperature is 178.5-202.4°C, and the solidification temperature

range is 5.1-10.6°C.

<Example 2>

The wetabilities of the conventional material 1 and the
inventive material 7 of Example 1 were measured, and the results
are shown in FIG. 1.

As shown in FIG. 1, compared with the conventional
example 1 having the composition of Sn-Ag-In, the inventive
example 7 in which Bi is added is superior iﬁ the wetability iﬁ
time. Conclusively, the inventive example 7 shows superior
solderability compared with the conventional example 1, while
both of the examples are similar in their liquefying temperatures
and solidifying temperatures.

The reason is as follows. That is, as shown in the
photograph of FIG. 2 in which the microstructure is viewed, the
Ag;Sn precipitates are more uniform in the lead-free soldering
material of the present invention, with the result that the

wetability is superior.

<Example 3>
In order to compare the properties of the lead-free
soldering material with the conventional Sn-Pb soldering

material, the mechanical properties were comparatively measured

33 ) — et



The r.eason is as fol lrows. That is, as shown in the photograph of FIG 2
i n which the mcrostructure is viewed, the Ag3Sn precip
uniformin the |lead-free soldering nmaterial of the prese.tREPhAQEMENISHEET

with the result that the wetability is superior. <Exa 5

In order to conpare the properties of the |ead-free sold”ruMQ Jﬁt@ﬁiéﬁ ----------

with the conventional Sn-Pb soldering mdferial, the nechafiFear~properties
wer e conparatlvely measur ed

for both the inventive example 2 and an Sn-40Pb soldering alloy,
and the measured results are shown in FIG. 3.

As shown in FIG. 3, the inventive example 2 shows a
superior tensile strength compared with the conventional Sn-40Pb
soldering alloy. This means that the lead-free soldering
material of the present invention is superior in the joining
strength over the conventional Sn-Pb séldering materials.

According to the present invention as described above,
the lead-free soldering material of the present invention is
superior in the mechanical strength over the conventional Sn-Pb
soldering materials. Further, after the soldering, the final
joihing étrength is far more superior compared with the existing
ones. Further, since it does not contain lead, the working-
environment can be improved. Particularly, the wetability of
the lead-free soldering material according to the preseﬂt
invention is superior over the conventional Sn-Ag-In lead-free
soldering material, while the former shows similar levels of
melting temperature and solidification temperature ranges

compared with the latter.
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I nventive exanple 2 and an Sn-40Pb soldering alloy, a
results are shown in FIG 3. As shown in FlI
exanple 2 shows a superior tensile strength conpared bhiat: heg @on\ﬂniggﬁ i
Sn-40Pb sol dering all oy. This nmeans that the |ead-f =SokdertAge—. o o)
material of the present invention is supdrior in the joining strength over
‘the conventional Sn-Pb soldering materials. According to the
present invention as described above, the |ead-free soldering material of
the presentClizdfention is

3, the inventiv

1. A lead-free soldering material having a superior
solderability, comprising a composition including in weight %:

3-4% of Ag, 2-5% of In, 6-14% of Bi and a balance of Sn.

2. The lead-free soldering material as claimed in
claim 1, wherein the composition includes in weight %: 3-4% of

Ag, 2-3% of In, 6-7% of Bi and a balance of Sn.

3. The lead-free soldering material as claimed in
claim 1, wherein the composition includes in weight %: 3-4% of

Ag, 4-5% of In, 7-10% of Bi and a balance of Sn.

4. A lead-free soldering material having a superior
solderability, characterized in that:

the soldering material has a solidus line temperature
of 202-213°C, and a liquidus line temperature of 187-199°C, and

the soldering material contains Ag, In, Bi and Sn.

=



lsuperlor A the nechanjcal strengih over. thel;'ﬁgﬁﬂ;i?5'
Prater atss Eur ther  Caf Bertither sotderlng ‘he<final

far nore superior conpared with the existing ones.
does ‘not contain lead, the working environnment can be |nprOVeﬁ: S
Particularly, the metability of the lead-free soldering materi al i
according to the present |nvent|on I's swperior over the conventional
Sn-Ag-1n | ead-free soldering mer shows simlar
level s of nelting tenperature gia—sc Aper at ure ranges
conpared with the latter. VING SUPERIOR “SOLDERABILITY
ABSTRACT OF THE DISCLOSURE
A lead-free soldering material for soldering wires of
electronic parts is disclosed. The lead-free soldering material
is composed of in weight %: 3-4% of Ag, 2-5% of In, 6-14% of
Bi and a balance of Sn, and the soldering material shows a
superior solderability- (as illustrated in Fig.1 of the Drawings).
— T et



I Caim. - 1. A lead-free soldering naterlal havi ng a superi or
sol derabi-lity, conprising a conposition including i %-of Ag,
2-5%of In, 6-14%of Bi and a bal ance of Sn. REPLACEMENTNBHERBd: f r ee
soldering material as claimed in claim1, wherein {he corrrposMA\,or\ggsnci udes

in weight % 3-4% of _ 1 L_D ﬁ
DRAWINGS
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Ag, 2-3%of In, 6-7%of Bi and a bal ance of Sn. 3. The
| ead-free soldering material as clained in claim1, wherein the
conposition includes in weight % 3-4%of Ag, 4- st A

a bal ance of Sn. 4. A lead-free sol eﬁﬁmcmmsk hav ng a
superior solderability, characterized in that: gfing
material has a solidus line tenperature 2of 202-2] i qui dus
line tenperature of 187-199[err]C, and Sere—sotder =mg- mat er i al
contains Ag, In, Bi and Sn.
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