éPECIFICATION H-gh. Strength Sol der Alloy 5 Techni cal

Field The present invention relates to a high strength sold Sossie
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all oy the nechanical strength of which was high in our Japanese patent
application No.67552/1993 recently. As for the constituents of the high
strength s BIOP5P4 | oy proposed in the above Japanese patenFCE’msfoﬁsélll on 15
No. 67552/ 1993, the total weight percentage of° Ag and Ge is 0.8 to 7.0 wt.%
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present inve
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invention is characterized in that it conprises : Si of 0.0005 to 0.35 wt.% )
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Sn of 20 to 95 m.% Pb of O to 70 wt.% and Ca of 0 to 0.5 wt. % W
inventors, succeeded in i nproving the mechani cal 5 property SEB@P%’ der
IC

- alloy by addﬁﬂbmﬂﬁﬂﬁs di scl osed in the above Japanese patent
No. 67552/ 1993 '
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related to "high strength sol der alloy". But it has been clarified that
as the soldering tool the rod of which, nade of Cu, is plated with Fe is
used duri n¥¥Q¥8448 sol deri ng work by using the sol dering t ®STHRISHHsent |
Ge added in the solder alloy and Fe with which the soldering tool surface

:Zyglragﬁ_dt Lgéct resulting in %% eaij%f'o%t.' Qé_,.aof % unrer_mvabl_e conpound
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sol dering tool surface.. In order to sol've the problem 15 t EWEﬁD$HFtMBASBEtN

searched the additive nmateri al necessary for enhancing the
strength of the solder alloy and as ¢
addition of Si is effective. It may e nove ?o add high nelting point

metal such as 20 Si (1,414 [err] ) to Sn-Pb solder alloy (eutectic nelting
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High Strength Solder Alloy

Technical Field

The present invention relates to a high strength solder

alloy the mechanical strength of which is high.

Background Technology
We; the applicants, proposed a high strength solder
alloy the mechanical strength of which was high in our

Japanese patent application No.67552/1993 recently.

As for the constituents of the high strength solder'

alloy.proposed in the above Japanese patent application
No.57552/1993, the total weight peréentage of Ag and Ge
is 0.8 to 7.0 wt.% (each of Ag and Ge is bigger than
0 wt.%), which results in the remarkable enhancement of
the_mechanical strength of the solder alloy.

Then, the purpose of the present invention is to propose
a high strength solder alloy the mechanical strength of
which is higher and the wetness property of which is more

excellent.

Disclosure of the Invention
The high strength solder alloy according to the present
invention is characterized in that it combrises : |
Si of 0.0005 to 0.35 wt.%
Ag of 0 to 5.0 wt.%
Sb of 0 to 10.0 wt.%
Bi of 0 to 10.0 wt.$%

This Sheet Has Been R laced
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point : 183 [err] ). But it has been tlarified through man ﬂHﬁ%SHE%%ﬁﬁ%@?EN
that the addition of very small anpunt of Si to the sol der CE

bi*g i nfluence on the solger.ald®ow istics. 25 The~adartiron of S
of 0.0005 to 0.35 m.%béfj‘fn%é %G WX
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ow ng effects. (1) the strength of

the soldered joint whichpgueigtiso 0f0 wt.s
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and Ca of 0 to 0.5 wt.%

We,' inventors, succeeded in improving the mechanical
property of the solder alloy by adding Ge as disclosed in
the above . Japanese patent application No.67552/1993
related to "high strength solder alloy". But it has
been clarified that as the soldering tool the rod of
which, made of Cu, is plated wifh Fe is used during the
soldering wofk by using the soldering tool at present,
Ge added in the solder alloy and Fe with which the
soldering tool surface is plated react resulting in the
easy formation of the unremovable compound layer on the
soldering tool surface. In. order to solve the prpblem,
therefore, we searched the additive material necessary
fof. enhanciﬁg the mechanical strength of the solder
alloy and as a result, we have found that the addition
of Si is éffective.

It may bé novel to add high melting point ﬁetal such as
Si (1,414 °C ) to Sn-Pb solder alloy (eutectic melting
point : 183 € ). But it has been clarified through mapy
investigations that the addition of very small amount of
Si to the solder alloy gives a big influence on thé solder
alloy ch§racteristics.

The addition of Si of 0.0005 to 0.35 wt.% brings the
following effects.

(1) the strength of the soldered joint which consists of
solder alloy including Si is at least two times higher
than that of the conventional one.

{(2) Si causes the enhancement of the wetness property

This Sheet Has Been R
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soldér alloy including .Si 'is at least two times higher than |t S YIERTHAAS BEEN
conventional one. 30 (2) Si causes the enhancenent of tHe_wet BEBSACED

prOP?rty' It e SBbYRErAh D6y Y tthAdt ikl S1¥ V¥ ry YA ant
for the soldering, - In case the solder alloy includes
further very small amount of Pb, the effect of the
enhancement of the wetness property becomes further

5 remarkable. | |

(3) When soldering work is carried out by using a
conventional soldering tool with a rod made of copper
rlated with Fe and solder alloy including Si according to
the present_linvehtion, no chemical compound layer is

10 formed on the surface of the soldering rod although the
soldering work continues for a long time. |

_(4) Because of the effect of strong reducibiliiy of Si
the solder alloy includes, no blow hole exists at the
soldered joint, which results in enhancing the reliability

15 of the soldefed joint.

Thus the addition of Si gives an epochal effect to the
solder alloy resulting from the reducibility of Si. It is .
thought <that as reducible elements which can give a

- reduction efféct to solder alloy Al, Mn, S8i, P, etc. are

20 used norﬁally, but it has been clarified that Al and Mn
can.not give such an effect to it and causes the formation
of unremovable oxide layer at the surface of the soldered
part and that they can not be used practically as a
reducible element.

25 P is already in practical use as an additive element to
solder alioy, but'its reducible_effect is less.than that
of Si. _ _

While the melting point of solder alloy is 183 °C, that
of Si is 1,414°C . Accordingly, in order to add Si to Sn-Pb

30 solder alloy, Ca-Si alloy, such as CaSi, compound the

3 ' This Sheet Has Been Replaced




for the soldering. In case the solder alloy includes furtjepﬂ§ P %BEEN
anount. of Pb, the effect of the enhancement of the wetness praper ' ;
further 5 remgieing pdint Wensidilerd ng, 002 koi SLedsof | thrd Whdly ofiSi) a
conventional soldering tool with a rod nade:-of copper plated with Fe and

sol der all oy isupneﬁempﬁiyeusenxhrtptthls method, Ca remains in solder

alloy together with Si, and cooperates to enhance the
strength of solder alloy, which is remarkable particularly
5 in case the solder alloy inclﬁdes Pb.

It is known that Ca is added to Pb base alloy (Bahn
metal) which is known as a plane bearing alloy for the
purpose of the eénhancement of its strength.

According to the présent invention, Ffor the purpose of

10 the additioﬁ of Si to the solder alloy Ag-Sn eutectic
alloy (Si'4.5 wt.%, Ag 95.5 wt.% ; eutectic temperature
830'13) may be also used as the mother alloy. In this
method, when the additive ratio of Si is 0.001 %, Ag of
0.21 % is included by the solder alloy and contributes to

15 f1ne crystallization of it.

| In the method for adding Si as described above, it is
necessary to raise the melting point to a large extent for
making the alloyf Therefore in case the solder alloy
which includéé lager amount of Sn the boiling point of

20 'which is relativély high, its addition effect is larger.
| The high strength solder alléy according to the present
invention based on this investigation is mainly
characterized in that it comprises Si of 0.0005 to 0.35
wt.%, and next characterized in that as the other elements

25 Ag of 0 to 5.0 wt.%, Sb of 0 to 10.0 wt.%, Bi of 0 to 10.0
wt.%, Sn of 20 to 95 wt.%, Pb of 0 to 70 wt.% and Ca of
0 to 0.5 wt.%.

The effects of the presént invention abstracted from the
above description are as follows :

30 (1) The strength of the soldered joint comprising the

Sheet Has Been Replaced
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the present invention, no chemical ‘conpound I|ayer is [LOTHPSHREY FAS BEEN
the surface of the soldering rod although the sol dering wor _jontﬁﬁﬁkﬁPEQH

a long tinme. gh4heBecaipsy Olyilthe §ifasl ot sidomg rrshst babbhy of Eimebe
sol der alloy includes, no blow hole exists at the soldered joint, which
results in enigherN@hhfe thalti ebmpirigihy ¢he! btonventdondlj sbitier alloy.

(2) Si enhances the wetness property of the solder alloy
which is very important for the soldering. The presence of

5 very small amount of Pb makes this effect remarkable.

(3) When soldering work is carried out by using a -
conventional soldering tool comprising Cu sgldering rod
plated with Fe, no compouhd layer is produced on the
surface of the soldering rod, which makes it possible to

10 be used in a‘clean state for a long time.

(4) As Si to be added has in itself a strong
reducibility property, when soldering wgrk is carried out
by using the solder alloy including Si, the production of
the blow hole_which is otherwise apt to produce at the

15 soldered joinf can be prevented.completely. Even if Si
content is then very small amount such as 0.0005 wt.%, its
addition effect can be recognized definitely.

(5) As from environmental viewpoint Pb-free solder alloy
is required at present, the new soldér alloy including Si

20 according to the present invention contributes to the

development of Sn-low Pb solder alloy.

Best Condition for Working the Invention
We explain the present inventioh below referfing to its
.25 some embodiments.

In an embodiment, CaSi, alloy which includes Si was
added fo soldering alloy comprising Pb of 10 wt.% and Sn
of 90 wt.% so that Si content might be 0.003 wt.%.

We .made a solder line including fat by using soldei‘

30 alloy including Si and performed a tension test (JIS_Z

This Sheet Has Been Replaced

B AT




Thus. the addition of Si gives an epochal effect to the soljaﬂ#§55 ET HAS BEEN
resulting fromthe reducibility of Si. It is thought that _
elements whi chs e Gige) abfeagﬁ?oet@f %Ctr?&cifa?% désf! pPUch! onMa- £dst T,

|

etc.- are 20 used normally,” but
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| ayer at the surface of the sol dered
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higher than the liquid phase line temperature of it, put
it in its melting state for about 30 seconds and then
spread it on the test plate. We measured the area of
the spread solder alloy after the test with a
planimeter.

| Aceording to this test result, while the spread area
for SﬁéPb alloy withoutlany other elements (Sn 90 wt.%, Pb
10 wt.%) is 1.8 cm?, that for the solder alloy including
for this embodiment is 2.2 cm?* which is about 20 %
higher than the former resulting in the improvement of the
spreading property.

Next, by using the above two kinds of alloys, we made
two alloy lines of 1 mm in diameter for test and performed
tension tests for them. According to the test result,
while the tensile strength of Sn-Pb alloy (Sn 90 wt.%, Pb
10 wt.%) is 5.3 kgf/mm?, that of the solde: alloy for the

present invention is 7.8 kgf/mm* which is about 43 %

higher than the former.
Next, we check another embodiment related to the

improvement of the mechanical strength of the soldered

joint including Si. We added Si and Ag to the solder

alloy comprieipg Sn of 63 wt. and Pb of 37 wt.% so that Si
and Ag might become 0.008 wt.% and 1.68 wt.$% respectively.
This is the case in which Si is.added to the solder alloy
in the presence of Ag-Sn eutectic alloy (melting point :
830 C ). We also made a test piece of conventional Sn-Pb

solder alloy (Sn 60 wt.%, Pb 40 wt.%) under the same

condition for comparison. We made an alloy line of 1 mm in

i ed that and Mh can not

6 This Sheet Has Been Replaced
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part.and that they can not be used practically as a reduci TEEN
Pis already in practical use as an additive el ement to sol ol ﬁ?%gir%éé;@%
Ling pobnt—ok

its reduci bl j_eff ct ieﬁfol%sas tg@ﬂ.that of Si. Wiile the nel .
sol der all oy ri rI] c[th S¥-si is [err] . Accordingly, in order to

add Si to Sn- PlAccording to the tension test result for these alloys,
while the tensile strength of the conventional soider

alloy without Si. is 4.2 kgf/mm?, that of the solder alloy

5 including Si for the present invention is 6.8 kgf/mm?

which is about 62 % higher than the former.
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30 :sol der alloy, Ca-Si alloy, such as [err] conpound the
of which is 1,012[err] lower than’that of Si, is preferably

met hod, Ca remains in solder alloy togetdigyzmM th Si, and cooperates to

enhance t he

1. High strength solder alloy characterized in that it

comprises:
Si of 0.0005 to 0.35 wt.%,.
5 Ag of O to 5.0 wt.%,
Sb of 0 to 10.0 wt.%,
Bi of 0 to 10.0 wt.%,
Sn of 20 to 95 wt.%,
Pb of 0 to 70 wt.%,

10 and Ca of 0 to 0.5 wt.%.
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SBréngth of solder alloy, which is remarkable particularly
'sol ders alloy includes Pb. It is known that Ca is added to Pl _
(Bahn netal) which is known as a pl anggde@ad¢qg al |l oy for t he pur pose or the

5‘ iThilE as‘é;f_h;e\s—s EN
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| Stemercsustomn el

enhancenent of its strength. According to the present invention, for the
pur pose of 10 ttige agdicpose 3£ Stheo pruserd dfnvehtﬂunAgsSnt@umtpbee a
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high strength solder alloy which has a stronger mechanical
strength and an excellent wetness property.

The high Strength solder alloy according to the present
invention is characterized in that it comprises Si of

0.0005 to 0.35 wt.%, Ag of 0 to 5.0 wt.%, Sb of 0 to 10.0

‘wt.%, Bi of 0 to 10.0 wt.%, Sn of 20 to 95 wt.%, Pb of 0

to 70 wt.% and Ca of 0 to 0.5 wt.%.

This Sheet Has Been R fi
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/aIon Si

( 4.5 w.% Ag 95.5 w.% ; eutectic tenperature 830 I

al so used as the nother alloy. In this nmethod, when the adﬁﬁ@ﬁbﬁ“ﬁ@?¥%¢§¥
Si is 0.001 % Ag of 0.21 %is incl ol der alloy and contri butes
to 15 fine crystallization of it. ggﬁgéﬁégéﬁigﬁ
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High Strength Solder Alloy '

Technical Field
The present invention relates to a high strength solder

alloy the mechanical strength of which is high.

Background Technology

We, the applicants, proposed a high strength solder
alloy the mechanical strength of which was high in our
Japanese patent application No.67552/1993 recently.

As for the constituents of the high strength solder
alloy proposed in the above Japanese patent application
No.67552/1993, the total weight peféentage of Ag and Ge
is 0.8 to 7.0 wt.% (each of Ag and Ge is bigger than
0 wt.3%), which results in the remarkable enhancement of
the mechanical strength oflthe solder alloy.

Then, the purpose of the present invention is to propose
a high strength solder alloy the mechanical strength of
which is higher and the wetness property of which is more

excellent.

Disclosure of the Invention
The high strength solder alloy according to the present
invention is characterized in that it comprises :
Si of 0.001 to 0.35 wt.%

the total of Ag,Sb,Bi,Ca of 1.0 to 20.0 wt.%

Pb of 1.0 to 50.0 wt.%

and Sn of the rest.

-
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heet Has Been Replaced 1 , ,
L

T |

for adding Si as descri bed
I S necessary to raise the melting point to a | arge extent for-
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maki ng the all oy.

Therefore in case the solder alloy which includes |ager

anbunt ‘of Sn the boiling point of 20 which is relatively hi gRgp|i EEM@

effect is larger.

i nvention based on this I nvestigation S
that it conprises Si of 0.0005 to 0.35 wt.% and next characterized in that

as the other
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el ement s

The high strength solder alloy according to t e prggéﬂkff

mai nly characterized in

We, inventors, succeeded in improving the mechanical

property of the solder alloy by adding Ge as disclosed in

the above Japanese patent application No.67552/1993

related to "high strength solder alloy". But it has

been clarified that as the soldering tool the rod of

which, made of Cu, is plated with Fe is used during the

soldering work by using the soldering tool at present,

Ge added in the solder alloy and

Fe with which the

soldering tool surface is plated react resulting in the

easy formation of the unremovable compound layer on the

soldering tool surface. In order to

solve the problen,

therefore, we searched the additive material necessary

for enhancing the mechanical strength of the solder

alloy and as a result, we have found that the addition

of - Si is effective.

It may be novel to add high melting

point metal such as

Si (1,414 C) to Sn-Pb solder alloy (eutectic melting

point : 183 ‘C ). But it has been clarified through many

investigations that the addition of very small amount of

Si to the solder alloy gives a big influence on the solder

alloy characteristics.
The addition of Si of 0.001 to O

following effects.

.35 wt.% brings the

(1) the strength of the soldered joint which consists of

solder alloy including Si is at least two times higher

than that of the conventional one.

(2) §Si causes the enhancement of the wetness property

T
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25 Ag of 0 to 5.0 wt.% Sb of 0 to 10.0 wt.% Bi of O to 10.0pep
200to 95 wt.% Pb of 0 to 70 w. %andCaof 0Oto 0.5 w.% The ewm.[o?HEET

Lpe P esent bRLSB L Pnt RE16Y, LROTYENF A0 e {8l thotR LRl o
for the soldering. In case the solder alloy includes
fu:ther very small amount of Pb, the effect of the
enhancement of the wetness property becomes further

5 remarkable.

(3) When soldering work is carried out by using a
conventional soldering tool with a rod made of copper
plated with Fe and solder alloy including Si according to
the present invention, no chemical compound layer is

10 formed on the surface of the soldering rod although the
soldering work continues for a long time.

(4) Because of thé effect of strong reducibility of Si
the solder alloy includes, no blow hole exists at the
soldered joint, which results in enhancing the reliability

15 of the soldered joint.

Thus the addition of Si gives an epochal effect to the
solder alloy resulting from the reducibility of Si. It is
thought that as reducible elements which can give a
reduction effect to solder alloy Al, Mn, Si, P, etc. are

20 wused normally, but it has been clarified that Al and Mn
can not give such an effect to it and causes the formation
of unremovable oxide layer at the surface of the soldered
part and that they can not be used practically as a
reducible element.

25 P is already in practical use as an additive element to
solder alloy, but its reducible effect is less than that
of Si.

While the melting point of solder alloy is 183 °C , that
of Si is 1,414%3. Accordingly, in order to add Si to Sn-Pb

30 solder alloy, Ca-Si alloy, such as CaSi, compound the
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THI S SHEET HAS BEEN REPLACED_ s_oI der alloy w t_h Si init is at &m@%ﬂﬁ'[

ti mes higher than that conpr|5|ng t he conventional sol der al
enhances them&?%Eggsp in %ywﬁ hh?ssgtgi5 %Jlggwer than that of Si,
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is preferably used. 1In this method, Ca remains in solder

alloy together with Si, and cooperates to enhance the
strength of solder alloy, which is remarkable particularly
in case the solder alloy includes Pb.

It is known that Ca is added to Pb base alloy (Bahn
metal) which is known as a plane bearing alloy for the
purpose of the enhancement of its strength.

According to the present invention, for the purpose of
the addition of Si to the solder alloy Ag-Sn eutectic
alloy (Si 4.5 wt.%, Ag 95.5 wt.% ; eutectic temperéture
830 C ) may be also used as the mother alloy. In this
method, when the additive ratio of Si is 0.001 %, Ag of
0.21 % is included by the solder alloy and contributes to
fine crystallization of it. '

In the method for adding Si as described above, it is
necessary to raise the melting point to a large extent for
making the alloy. Therefore in case the solder alloy
which includes lager amount of Sn the boiling point of
which is relatively high, its addition effect is larger.

The high strength solder alloy according to the present
invention based on this investigation is mainly

characterized in that it comprises Si of 0.001 to 0.35

wt.%, and next characterized in that as the other elements

the total of Ag,Sb,Bi,Ca of 1.0 to 20.0 wt.%, Pb of 1.0

to 50.0 wt.%, and Sn of the rest.

The effects of the present invention abstracted from the
above description are as follows :

(1) The strength of the soldered joint comprising the
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which is very inportant for the soldering. The presence of 5 v | |
anount of Pb mekes this effect remarkable. (3) When solderlng ag%iiEEMENTSHEET

od prated wAaleRE AELEE I By cTA| Sty bHuc HfeRRe TS JFTeR |
sol dering rO%lgmfmmet%Aé é’o‘%«?;?f%’éﬁxé OtHeO é’&n&&%’iéﬂhf‘ £$f&‘&séf‘£c?yf or a

l ong tine.
(2) Si enhances the wetness property of the solder alloy

which is very important for the soldering. The presence of
5 wvery small amount of Pb makes this effect remarkable.

(3) When soldéring wofk is carried out by using a
conventional soldering tool comprising Cu soldering rod
plated with Fe, no compound layer is produced on the
surface of the soldering rod, which makes it possible to

10 be used in a clean state for a long time.

(4) As S8i to be added has in itself a strong
reducibility property, when soldering work is carried out
by using the solder alloy including Si, the production of
the blow hole which is otherwise apt to produce at the

15 soldered joint_can be prevented completely. Even if Si
content is thén very small amount such as 0.001 wt.%,
its addition effect can be recognized definitely.

(5) As from environmental viewpoint Pb-free solder alloy
is required at present, the new solder alloy including Si

20 according to the present invention contributes to the

development of Sn-low Pb solder alloy.

Best Condition for Working the Invention
We explain the present invention below referring to its
25 some embodiments.

In an embodiment, CaSi, alloy which includes Si was
added to soldering alloy comprising Pb of 10 wt.% and Sn
of 90 wt.% so that Si content might be 0.003 wt.%.

We made a solder line including fat by using solder

30 alloy including Si and performed a tension test (JIS Z

vosnamt
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(4 As S to be added has in itself a strong reducilyjl
prbperfy, mhen sol dering mnrk Is carried out by ysing t he soIS&bUﬁﬁMﬁNTSHEET
rol U, S ol B PRRNCHL NG N DI Soke ol e e Wt dfhato; o
cont Egtriaio;%bfg‘é ?ééﬁiﬁl eli;ED‘é'%t SUeBmPar8tA28° WMich LS &FdEsT @ eff ect
higher than the liquid phase line temperature of it, put
it in its melting state for about 30 seconds and then
5 spread it on the test plate. We measured the area of
the spread solder alloy after the test with a -
planimeter.

According to this test result, while the sbread area
for Sn-Pb alloy without any other elements (Sn 90 wt.%, Pb

10 10 wt.%) is 1.8 cm?, that for the solder alloy including
for this embodiment is 2.2 cm? which is about 20 %
‘higher than the former resulting in the.improvement of the
spreading property.

Next, by using the above two kinds of alloys, we made

15 two alloy lines of 1 mm in diameter for test and performed
tension tests for them. According to the test result,.
while the tensile strength of Sn-Pb alloy (Sn 90 wt.%, Pb
10 wt.%) is 5.3 kgf/mm?, that of the solder alloy for the
present invention is 7.8 kgf/mm? which is about 43 %

20 higher than the former.

Next, we check another embodiment related +to the
improvement of the mechanical strength of the soldered
joint including Si. We added Si and Ag to the solder
alloy comprising Sn of 63 wt. and Pb of 37 wt.% so that Si

25 and Ag might become 0.008 wt.% and 1.68 wt.% respectively.
This is the case in which Si is added to the solder alloy
in the presence of Ag-Sn eutectic alloy (melting point :
830 C ). We also made a test piece of conventional Sn-Pb
solder alloy (Sn 60 wt.%, Pb 40 wt.%) under the same

30 condition for comparison. We made an alloy line of 1 mm in
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(5) As fromenvironnental viewpoint Pb-free solder alloy is reqH'red at
present, the new solder alloy including Si 20 according to the ﬂgEMENTsHEEr
i nvention contributes_to the devel opnent of Sn-low Pb sol der alloy. Best
Condi ti on f oRiaPekeRgEPReeRAeREIBH- e expl ain the present invention bel ow

referring to ikgcggdfgget%m%ﬁgr@%ﬁgion test result for these alloys,

while the tensile strength of the conventional solder
alloy without Si is 4.2 kgf/mm?, that of the solder alloy
5 including Si for the present invention is 6.8 kgf/mm?

which is about 62 % higher than the former.
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In_an_enbodineht, [err] alloy which includes Si was added to sol dering

al l oy conprising Pb of 10 wt.% and Sn of 90 w.% so that Si contf

be 0.003 wt.% W nade a solder line in%#ﬂgffg fat by using soldeﬁﬂgghgﬁbE§HfET
including Si and perforned a tension te

1. High strength solder alloy characterized in that it
comprises:
Si of 0.001 to 0.35 wt.%,
5 the total of Ag,Sb,Bi,Ca of 1.0 to 20.0 wt.$%,

Pb of 1.0 to 50.0 wt.$%,

and Sn of the rest.
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-3197-1986) by using it. W put the test piece on a test pl , |
at a tenperature which is 40 to 50 [err] higher than the nﬂtﬁé‘cgﬁgbidﬁﬂfﬁ
tenmperature of it, put it inits nelting state for about 30 seconds and

then 5 spread it on the test plate. SHECAERCATEANt he area of the spread
solder alloy after the test wth a '

High Strength Solder Alloy

5 Technical Field
The present invention relates to a high strength solder

alloy the mechanical strength of which is high.

Background Technology
10 We, the applicants, proposed a high strength solder
alloy the mecha_nical strength of which was high in our
Japanese patent application No.67552/1993 recently.
As for the constituenfs of the high strength solder
alloy proposed in the above'Japanese patent application
15 No.67552/1993, the total weight pe;centage of Ag and Ge
is 0.8 to 7.0 wt.% (each of Ag and Ge _is bigger than
0 wt.%), which results in the remarkable enhancement of
the mechanical strength of the solder alloy.
Then, the purpose of the present invention is to propose
20 a high strength solder alloy the mechanical strength of
which is higher and'the wetness property of which is more

excellent.

ﬁisclosure of the Invention
25 The high strength solder alloy according to the present
invention is charécterized in that it comprises :
Si of 0.0005 to 0.008 wt.%
Ag of 0 to 5.0 wt.%
_ Sb of 0 to 10.0 wt.%
30 - - Bi of 0 to 10.0 wt.%
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'pI ani‘meter. According to this test result, while the spread area for Sn-Pb

all oy without any other elements (Sn 90 wt.% Pb 10 10 wWHEPPACEMENTSSHEET 1,
that for the solder alloy including for this enbodinment is 2.2 cn2 which is

about 20 % hi gher than $meof o2ekor@BWEi%g in the inprovenent of the
spreadi ng property.
Pb of 0 to 70 wt.%

and Ca of 0 to 0.5 wt.%
We, inventors, succeeded in improving the mechanical
5 property of the solder alloy by adding Ge as disclosed in
the above Japanese patent application No.67552/1993
related to "high strength solder élloy“. But it has
been clarified that as the soldering tool the rod of
which, made of Cu, is plated with Fe is used during the
10 soldering work by using the soldering tool at present,
Ge added in the solder alloy and Fe with which the
soldering tool surface is plated react resulting in the
easy formation of the unremovable compound layer on -the
soldering tool surface. In order to solve the problem,
15 therefore, we searched the additive material necessary
for enhancing the mechanical strength of the solder
alloy and as a result, we have found that the addition
of Si is effective.
It may be novel to add high melting point metal such as
20 Si (1,414 C) to Sn-Pb solder alloy (eutectic melting
point : 183 °C ). But it has been clarified through many
investigations that the addition of very small amount of
Si to the solder alloy gives a big influence on the solder
alloy characteristics.
25 The addition of Si of 0.0005 to 0.008 wt.% brings the
following effects.
(1) the strength of the soldered joint which consists of
solder alloy including Si is at least two times higher
than that of the conventional one. |

30 (2) Si causes the enhancement of the wetness property
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Next, by using the above two kinds of alloys, we made 15 two RS
of 1 mmin dianeter for test and performed tension tests for twﬁ“m SHEET,

According to the test result, while the tensile strength of Sn-Pb alloy (Sn
90 wt.% Pb @b Hheypolder AXloy¥ |parkicularlviewhirhedsy Vexy f YpPeEEant esent

'nvention 1sed: 8 ehe Mdof8eflng® 2PRH ikl 2he S0fhet "A1bY° {RE1Rdes
further very small amount 0of Pb, the effect of the
enhancement of the wetness property becomes further

5 remarkable.

(3) When soidering work is carried out by using a
conventional soldering tool with a rod made of copper
plated with Fe and solder alloy including Si according to
the present invention, no chemical compound layer is

10 formed on the surface of the soldering rod although the
soldering work continues for a long time.

(4) Because of the effect of strong reducibility of Si
the solder alloy includes, no blow hole exists at the
soldered joint, which results in enhancing the reliability

15 of the soldered .joint.

Thus the addition of Si gives an epochal effect to the
solder alloy resulting ffom the reducibility of Si. It is
thought that as reducible elemehts which can give a
reduction effect to solder alloy Al, Mn, Si, P, etc. are

20 used normally, but it has been clarified that Al and Mn
can not give such an effect to it and causes the formation

'of unremovable oxide layer at the surface of the soldered
part and that they can not be used practically as a
reducible element.

25 P is already in practical use as an additive element to
solder alloy, but its reducible effect is less than that
of Si.

While the-melting point of solder alloy is 183 < , that
of Si is 1,414°C . Accordingly, in order to add Si to Sn-Pb

30 solder alloy, Ca-Si alloy, such as CaSi, compound the
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Next ; we check another enbodiment related to the inprovement REPLAOEMENT SHEET

mechani cal strength of the sol dered joint including Si ve added Si and
Ag to the solder alloy conprising Sn of % sq . that Si
25 and Ag nimeltiegopeintoof whichahd 1.932ww %JPU@HeEFPUeF?atTﬁFsSFs t he
case in which Si i's added to the sol er all n resence_of

eutectic al |b§ ?:ﬁgf?rﬁslgo}zﬁ?d. his megi/lod, Ea ains in sof‘ger

alloy together with Si, and cooperates to enhance the
strength of solder alloy, which is remarkable particularly
5 in case the solder alloy includes Pb.

It is known that Ca is added to Pb base alloy (Bahn
metal) which is known as a plane bearing alloy for the
purpose of the enhancement of its strength.

According to the present invention, for the purpose of

10 the addition of Si to the solder alloy Ag-Sn eutecfic
alloy (Si 4.5 wt.%, Ag 95.5 wt.% ; eutectic temperature
830 C ) may be also used as the mother alloy. In this
| method, when the additive ratio of Si is 0.001 %, Ag of
0.21 % is included by the solder alloy and contributes to
15 fine crystallization of it.
In the method for adding Si as described above, it is
' necessary to raise the melting pdint to a large extent for
making the alloy. Therefore in case the. solder alloy
which includes lager amount of Sn the boiling point of
20 wh;ch is relatively high, its addition effect is larger.

The high strength solder alloy according to the present
invention based on this investigation is mainly
characterized in that it comprises Si of 0.0005 to 0.008
wt.%, and next characterized in that as the other elements

25 Ag of O to'5.0 wt.%, Sb of 0 to 10.0 wt.%, Bi of 0 to 10.0
wt.%, Sn of 20 to 95 wt.%, Pb of 0 to 70 wt.% and Ca of
0 to 0.5 wt.%. |

The effects of the present invention abstracted from the

above description are as follows :

30 (1) The strength of the soldered Jjoint comprising the
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830 ferr] ). W also nade a test piece of conventional Sn- PB M(}ﬁMENENSIﬁET
(Sn 60 wt.% Pb 40 w.% under the sane 30 condition for c Egarlson. We

made an alloy line of 1 nmin This Sheet Has Been Repl aced
solder alloy with Si in it is at least about 2 times
higher than that comprising the conventional solder alloy.

(2) Si enhances the wetness property of the solder alloy
which is very important for the soldering. The presence of

5 very small amount of Pb makes this effect reﬁarkable.

(3) When soldering work is carried out by using a
conventional soldering tool comprising Cu soldering rod
plated with Fe, no compound layer is produced on the
surface of the soldering rod, which makes it possible to

10 be used in a clean state for a long time.

(4) As Si to be added has in itself a strong
reducibility property, when soldering work is carried out
b& using the solder alloy including Si, the production of
the blow hole which is ofherwise apt to produce at the

15 soldered joint can be prevented completely. Even if Si
éontent is then very small amount such as 0.0005 wt.%, its
addition effect can be recognized definitely.

(5) As from envirénmental viewpoint Pb-free solder alloy
is required at present, the new solder alloy including Si

20 according to the present .invention contributes to the

development of Sn-low Pb solder alloy.

Best Condition for Working the Invention
We explain the present invention below referring to its
25 some embodiments.

In an embodiment, CaSi. alloy which includes Si was
added to soldering alloy comprising Pb of 10 wt.% and Sn
of 90 wt.% so that Si content might be 6.003 wt.%.

. We made a solder 1line including fat by using solder

30 alloy including Si and performed a tension test (JIS Z
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di aneter for each alloy. Accarding to the tension test resuItHEBkAﬁﬁNE@B'SHEET
alloys, while the tensile strength of the conventional solder alloy wthout

Cnvent | on 1 & SOTTEI8E B CHSLB9 B0 W2 B bHEr LN RIRSS (it , EEBE
plate, heated it at a temperature which is 40 to 50 <
higher than the liquid phase line temperature of it, put
it in its melting state for about 30 seconds and then

5 spread it on the test plate. We measured the area of
the spread solder alloy after the test with a
planimeter.

According to this test result, while the spread area
for Sn-Pb alloy without any other elements (Sn 90 wt.%, Pb

10 10 wt.%) is 1.8 cm?, that for the solder alloy including
for this embodiment is 2.2 cm? which is about 20 %
higher than the former resulting in the improvement of the
spreading property. . |

Next, by using the above two kinds of alloys, we made

15 two alloy lines of 1 mm in diameter for test and performed
tension tests for them. According to the test resuit,
while the tensile strength of Sn-Pb alloy (Sn 90 wt.%, Pb
lb wt.%) is 5.3 kgf/mm?, that of the solder alloy for the
present invention is 7.8 kgf/mmz which is about 43 %

20 higher than the former.

Next, we check another embodiment related to the
improvement of the mechanical strength of the soldered
joint including Si. We added Si and Ag to the solder
alloy comprising Sn of 63 wt. and Pb of 37 wt.% so that Si

25 and Ag might become 0.008 wt.?% and 1.68 wt.?¥ respectively.

This is the case in which Si is added to the solder alloy

in the presence of Ag-Sn eutectic alloy (melting point :
830 °C ). We also made a test piece of conventional Sn-Pb
solder alloy (Sn 60 wt.%, Pb 40 wt.%) uhder the same

30 condition for comparison. We made an alloy line of 1 mm in
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diameter for each alloy.

According to the tension test result for these alloys,
while the tensilé strength of the ctonventional solder
alloy without Si is 4.2 kgf/mm?, that of the solder alloy
including -Si for the present invention is 6.8 kgf/mm?

which is about 62 $ higher than the former.
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CLAIM 1. High strength solder alloy characterized in that it conprises: Si
of 0.0005 to 0.35 wt.% 5 Ag of 0 to 5.dE CEMEN%SHEET

0 to 10.0 w.% Bi of O to 10.0 wt.%
CLAIM

1. High strength solder alloy characterized in that it

comprises:

Si of 0.0005 to 0.008 wt.%,

5 Ag of 0 to 5.0 wt.%,
Sbof O to 10.0 wt.%,
Bi of O to 10.0 wt.%,
Sn of 20 to 95 wt.%,
Pb of O to 70 wt.%,
10 and Ca of 0 to 0.5 wt.%.
i5
20
25
30
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to 95 w.% Pb of O
to 0.5 w.% 15 20 25

ABSTRA

The purpose of the present invention is to propose a
high strength solder alloy which has a stronger mechanical
s.trength and an excellent wetness property.

The high strength solder alloy according to the present
invention is characterized in that it comprises Si of
0.0005 to 0.008 wt.%, Ag of 0 to 5.0 wt.%, Sb of 0 to
10.0 wt.%, Bi of 0 to 10.0 wt.%, Sn of 20 to 95 wt.%,
Pb of Oto 70 wt.% and Ca of 0 to 0.5 wt.%.
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ABSTRACT
The purpose of the present invention is to propose a

high strength solder alloy which has a stronger mechanical

'strength and an excellent wetne§s property.-

The high strength solder alloy according to the present
invention is characterized in that it comprises Si of
0.0005 to 0.008 wt.%, Ag of O to 5.0 wt.3, Sb of 0 to
10;0 wt.%, Bi of 0 to 10.0 wt.%, Sn of 20 to 95 wt.%,
Pb of Oto 70 wt.% and Ca of 0 to 0.5 wt.%.
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