~

1

a uni versal | ead-free soldering material for use in

sol deri ng el ectroni c conponents, and particularly relates to an
Sn- Ag-Bi | ead-free soldering naterial. DESCRI PTI ON
OF THE PRI OR ART Ceneral ly, each of soldering
materials has Uginy $K10 PSEA - SR 50 mﬁgm@ MOrE¥eragli t abl e for
t he application field. Inthe usual soldering materials, t he
mel ting terrperature and solidification tenperature ranges are

| nportant. " That is, a soldering material which is

sel ect ed IELDrom.EmchNWEgggg@se has to have a | ow nelting

t enperature
t he

FI EILD OF -THE | NVENTI ON

- application field.

‘have a high melting temperature range,
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to the extent that damages shoul d not be caused to

. adj acent t enflze appresesdnsinventpant sceldtes hbo, a atingéverbel
conpletlon of the soldering,

hi gh melting tenb@i@tﬁreeraﬁgéde§émmuum4¢ﬁ$§iineﬁor

have
soldering

has to
use

t he sol dered materi al
in
electronic components, and particularly relates to an Sn-

Ag-Bi lead-free soldering material.

DESCRIPTION OF THE PRIOR ART

Generally, each of soldering materials has
unique préperties so as for it to be suitable for the
In the usual soldering materials, the
melting temperature and solidification temperature ranges
are important. '

That is,
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
| so that the joined
state would be thermally stable.

Further, soldering materials are generally
composed of composition systéms in which eutectic reactions
occur. ‘Therefore, if a soldering material has a special
composition other than the relevant eutectic composition,

a liquidus line at which the solidification begins after

a soldering material which is selected

invention relates to
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state “woul d be thermal |y stable. Furt her, sol deri ng

matgrials are generally conposed of conposition systens in
whi ch eutectic reactions occur. Therefore, if a soldering
mat eri al has a speci al . conposition other than the rel evant
eutectic conposition, a liquidus line at which the
solidification begins after - t he

sol dering is cr%@%éﬂéﬁlﬁ@ tihe dréduiel m@%w%ﬁ@q@ﬁd K&@éeax%'@ﬁ;

together, and then, a solidus |line at which the solidi ation is
conpleted is r cae1dd phadehiexidieitiugydtiiersol idhid i€ on d esPEidis! I Einenge

of the special conposition. If the solidification tenperature range is
| arge, the sol mthifchcatheonsdlidifscdteian himedompletddaiss reaekiedg this
phenomenon may occur. - Ther ef or e, it is inportant that the

sol deri ng conpodietingn tdieo dal i catiom tenperativie atdnge tehpehat speciahge
as far as possible. A soldering material having a small solidification
t enper at ur e rang@mm-agedfs the sekidbiication deemprrature rgpnge is

conti nuous sol deri ng. . . .
large, the solldlflcatlon time is lengthened, and a

shrinking phenomenon. may occur. Therefore, it is
important that thé soldering composition should have a
small solidification temperature range as far as possible.

" A soldering material having a small solidification
temperature range is advantageous for a stepwise soldering
during a continuous soldering.

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

However, lead is a non-decomposed metal, and if
lead is once ingested by a human body, it is not
discharged but nccumulated in the 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
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One of "the conventional soldering materials having the above descri bed
properties is the Sn-Pb series alloy. This soldering alloy is superior in
the various nechanical and physical properties, and therefore, it is

wi dely used in structures such as plunbings and heat exchangers, and in

t he general electronic conmponents. However, lead is a _
non- deconposed netal, and if Jlead is once ingested by a human body,

it is not disghpésRfnabed tR€Capr ated in the human body. For
exanple, the Center for Di sease Control of the United States reports

that, if the |ead concenpaptiomariyne bl adb exegedstlionad/ dl soldering
becones fatal. Particularly, the |ead accunmul ation causes a

deterioration méteriaks!syelnces S08n-S0FWraard 70Sn-30PMd canhdle ukled ihead
wast e _ 3 contam nates the soil.
Particularly, widée tempexfittimenalrangegl der¢omptitnte i -stranghmechanical
50Sn-50Pb and 70Sn-30Pb can be used in a wde tenperature_range,.

constitute strofeRneetirg partienanecendy axe tyaptul tangolderiBgr Gopper

sol deri ng copper
pipes. However, 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
Agency (OSHA) decided the lead standard for regulating the
lead concentration which is tolerant in the air and in
jobs. This regulation states that the exposure of
employeés to lead should be minimum under a high lead

concentration atmosphere. Thus, in the United States,

heet Has Been Re laced

i Ik



pi pes: However, 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 ated. As exanples of the regulation of the use of lead and
| ead- cont ai ni ng conposi tion, the use of lead in the consuner paint was
totally prohibited in 1978 in the United States, and the U S

Environnent al PrefePChi@n ofgenad ( EPAY-tieubhisfedns riags!l o€ GoSHsi0Pd Tes C
Substance Control Act (TSCA) that there will be a duty of recovering |ead-
containing nmatgrcHibited to Mild hpipe lirde jbéniag,of aRdprsenusel ves
of the United States proposed that a tax of 100-200% be levied for formng
a Pb-cl eanup fundkaddiiy 7@ntainindesoldehingematerial suwasepudisibidati in
Exposure Act (S 729) proposing a total regulation for the use of
industrial |eacthe Fislderelaked), & theugxinbingewatery anduediely Ageficy
(OsHA) decided the |ead standard for regulating the |ead concentration
which is tol eramse nofhelesid gaatainipghpoldering smakegipht ifOF BpEpeses

that the exposure of enployees . to |ead, should be mni ynder a hi gh
| ead concent ratqwlélttrhﬁbggﬁePl‘FHBQ, of pipenbingf (Wap grgfmgénte%. ol

trend is similar in the domestic field.

With the appearance of such regulations against
the use of the soldering lead, lead-free soldering
materials began to be developed. 'U.S Patent 1,778,733
proposes a lead-free soldering material composed of Sn-
Ag(0.05-3%)-Cu0.7-6%). Further, U.S. Patent 4,929,423
proposes a lead-free soldering material composed of a
mixture of .Sn—Bi(0.0B-ZO%)—Ag(O;01-1.5%)—Cu(0.02—1.5%)—
P(0.01%)-rare earth elements.

Besides U.S. Patent 499,452 Al proposes a lead-
free soldering material composed of: 87-97% of Sn, 0.1-3%
of Ag, and 3-7% of Bi. Further, Japanese Patent Laid-
open No. Hei-5-228685 proposes a lead-free soldering
material containing: 92-95.8% of Sn, 3-5% of Ag, and
1.2-3% of Bi. However, the above mentioned lead-free
soldering materiale are high melting temperature soldering
materials, and therefofe, they cannot be used for
soldering electronic components, but are intended to be

" used for special purpeses.

- This-Sheet Has Been Reﬁaced

il



4 the use of lead, particularly the use of 50Sn-50Pb was prohibited to
t he "pi pe |ine joining, and the use of |[|eading containing soldering
materials was prohibited in the field related to the drinking water.
Further, the wuse of |ead containing soldering material for purposes
other than the joining of pipe |lines was prohibited. This trend is
simlar in the donmestic field. Wth the appearance of such

regul ati ons agaigpMMARYNOF 48i® 1RVENTREN SOl dering | ead, | ead-free
soldering nmaterials began to be devel oped. U S Patent 1,778,733

proposes a | ead-free sol dghi ngof@eer i ato COFYASART Oth&8N- above described
Ag( 0. 05-3% -CuO. 7-6% . Further, U S. Patent 4,929,423 proposes a

| ead-free sol dedisgdvantaigels ofinpheedontentional utechwiques, the present
Sn-Bi (O 08-209% - Ag(0.01-1.5%-Cu(0.02-1.5%9- P(0.01%-rare earth el enents.
Besi des Eur opeadnPgngerssdumsied\ optomepeated caxperimentsobddr isindies,
mat eri al conposed of: 87-97%of Sn, 0.1-3% of Ag, and 3-7% of Bi.

Further, Japan@8€ maRs: tPaRFoPaffenthe. Prepestodguemtiasporesed paadthe ee

soldering material cgontaining: .92-95.8%of Sn, 3-5%of Ag, and
experiments and studies. _

Therefore it is the object of the present
invention to provide a universal lead-free soldering
material suitable for soldering electronic components, in
which the composition of the Sn-Ag-Bi lead-free soldering
material is properly controlled, so that the mechanical
strength would be superior over the éonventional Sn-40Pb
soldering material.

In achieving the above object, the universal
lead-free soldering material has a composition including:

3.1-7% of Ag, 6-30% 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

_ 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 of the universal lead-free soldering material
according to the present invention; and

FIG. 2 is a graphical illustration showing the
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1.2-3% of Bi. However , t he above nentioned | ead-free soldering

materials are high nmelting tenperature soldering materials, and

t her ef ore, they cannot Dbe used for soldering electronic conponents,
but are intended to be wused for special purposes.

5 SUMVARY OF THE | NVENTI ON In order to solve the above

descri bed disadvantages of the conventional techniques, the present

i nventors carri ggeini &PEAt BRoBEPELERENLE athet UgsfPent fOfa 2 MBollBering
propose the present inventioh based on the experinments and studi es.

Therefore it is hdePtdBSt adld t BRe PrASRIErindVaate®ialo #E6vtdEng WY vensal
| ead-free soldering material suitable for soldering el ectronic conponents,

in which the coppesént oinwdnttivn Sn-Ag-Bi | ead-free soldering material is
properly controlled, so that the nechanical strength would be superior
over the conventional Sn-40Pb soldering material. I n achi evi ng
t he above obj ect, t he universal .

DESCRIPTION OF THE PREFERRED EMBODIMENT

First, +the content of Ag in the universal lead-
free soldering material 1may be maintained at 3% by
considering the low melting temperature of the soldering
material, but actually Ag is added in the amount of 3.1%
or more to improve the thermal fatigue characteristics.

However, if the content of Ag is excessive,
the melting temperature of the soldering material is
raised, and therefore, it should be preferable to limit
the content of Ag to 7% or less.

When the ingredient Bi is added into an Sn-Ag
alloy system, e.g., into an Sn-3%Ag alloy system (melting
temperature: 221°C), the ingredient Bi lowers the mélting
temperature and improves the wetability. However, if Bi
is added by less than 6%; the effect is insufficient. If
it is added by 30% or'more, the melting temperature is
lowered, and the wetability is improved, but the
soldering material itself becomes brittle, and the melting
temperature range is widened.

The universal lead-free soldering material of the

present invention constituted as described above may be

manufactured in the air by weighing the raw metallic
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| ead-free soldering material has a conposition including: 3.1-7% of Ag,

6-30% of Bi and a bal ance of Sn. BRI EF DESCRI PTI ON OF THE DRAW NGS

The above object and ot her advantages of the present invention wll
beconme nore apparent by descri bing in detail the preferred enbodi nent of
the present invention wth reference to the attached draw ngs in which:
FIG 1 if ? ggaphical il lustration show ng the sol derability of the

uni versal |ea hderi 1 | gk t

i nvention; and Ha‘i‘:%ri‘al‘i E&G%%% I'S atélregg%?%g# riﬁﬁt SJSIE :‘tgx;[ | ol?l?hovmanngd t%ye
6  mechani cal Rtlings then! A €RBVABLALMALLESA JEr Ufider MEH B | Gdrfd b he
sol deri ng naterl according to the present invention. DESCRI PTI ON OF

TEE PREFFRFEDHENECEhHENEltlng is carkiiedt outhéncthéeatirpf tgeiimpneities,

P verse e -non—metallic materials and alloy melt may react with the
air to form soluble gases such as soluble nitrogen or
soluble oxygen in the soldering alloy. Consequently, the
wetability relative to the base material is lowered so as
to lower the solderability or so as to form voids in the
solder-joint. As a result, the thermal conductivity, the
thermal fatigue and the product reliability may be
aggravated. Therefore, in order to minimize the
impurities or the non-metallic materiais and the soluble
gases which are formed during the melting in the air, and
in order to improve the solderability, the thermal fatigue
and the product reliability, the raw metallic materials
are melted in vacuum or in an inert gas atmosphere, so
that, among the raw metallic materials, particularly the
oxidation of Bi would be inhibited to minimize the
formation of dross.

The universal lead-free soldering material of the
present invention which is manufactured in the above
described manner can have various shapes such as ingot/
rectangular, circular and the like. Further, a powder
of spherical particles of various sizes can also be
manufactured. In the case of powder, a suitable flux may

be mixed with the powder to form a solder paste.
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free sol dering material may be A - nta| ned at 3% by considering the |ow

mel ting tenperature of the sol dgj g material, but actually Ag is added
in the anount of 3.1% or nor v&e rove the ther nal fatigue
characteristics. fow < if the content of Ag is excessive,

the nmelting tenperature of t hezsol derlng material is. raised, and

therefore, it should be/preferable tolimt the contxent -of Ag to 7% or

| ess. Wien 't he i ngrlﬁdnmitve&salls1eédeﬂreet@omﬂn@maﬁéﬂlm of the
system e.g., into‘an Sn-3%A\g al l oy system (nelting t enper at ur e:

221[err] Q), t he iptgemhﬁrﬁn&nﬁimenﬂmmmammqtgtredemptr enlyechasda melting
i nproves the wetability. However, if Bi .is added by less than 6% the
ef fect is-1nsufficikemperatire|t sud tabded b@DBOWerngr e, generalel elagtronic
tenperature is |owered, affd the wetability is i npr.oved, but the
sol dering material ¢emROReRERondMbEkaq has,fdnaFrowsBolidificationt Targe sO
range i s w dened. The universal |ead-free soldering material of
the present inverf¥ obOcBhfsBAVAEAIROUF L FIFRIHAR W’Fﬁtlc soldering.

nuf r in the air wei ghi the raw metallic
manuf act ur ed ' eFx?rthe it Rds ?.mprove mechanical strengths compared

with the conventional Sn-Pb solder:i_.ng material.
Now the present invention will be described based
on actual exa_mp_les, but the scope of the present invention

will not be limited by the specific examples.

Example 1
<Inventive example 1>

The metallic ingredients Sn, Ag and Bi were
weighed to the composition shown in Table 1 below. The
| casting was carriéd out by melting the composition in a
vacuum of over 10 torr by using ;@ Vvacuum induction
furnace. For the alloy thus manufactured, the solidus
line temperature and the liquidus line temperature of the
solidification procedure were measured, and the measured

results are shown in Table 1 below. .
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7 mbterials, by nelting themin a pot or crucible, and by agitating them
i n-t'he usual nethod. Under this condition, if the nelting is carried out
in the air, the inpurities, non-netallic materials and alloy nelt may
react with the air to form soluble gases such as sol uble nitrogen or

sol ubl e oxygen in the soldering alloy. Consequently, the wetability
relative to the base nmaterial is lowered so as to |lower the solderability
or so as to formvoids indhgjesqhder-joint. As a result, the thernal
conductivity, the thernmal fatigue and the product reliability my be

aggr avat ed. Ther ef or e, in order to mnimze the inpurities or the
non-netallic™matertralrs an € soluble gases ch are 10 e
nelting in tiga air, agand Bi ordesolddugpidve tempsol denbdpaidiy, 1ile temp,
thermal fatigue and the product reliability, the raw netallic materials

are nelted in vacuumor in an inert gas atnosphere, so that, anong the
raw netal | i c 99&t er 3al9%, |6ad®i cul arly t he208fCdati on of . Bi woul d ®20°C
inhibited to mnimze the formation of dross. The universal

| ead-free soldering material of the present invention which is

manuf actured in the above descri hed manner can have various, shapes such

as ingot, As shown in Table 1, for the inventive material
1, the liquidus line temperature was 220°C, and the
solidus line temperature was 200°C, while the
solidification range was 20°C. Thus it is apparent that

the material is suitable as a universal lead-free soldering

material.

<Inventive example 2>

The raw metallic materials having a composition
as shown in Table 2 below were melted in the air by using
a induction furnace, and casting was carried out. For
the cast alloy after the casting, the solidus 1line
temperature, the liquidus 1line temperature and the
solidification temperature range were measured, and the

measured results are shown in Table 2 below.
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rectangular, circular and the Iike. Further, a powder of spheri cal

particles of various sizes can also be manuf actured. In the case of
powder, a suitable flux may be m xed with the powder to forma sol der
past e. - 8 The

uni versal |lead-free soldering material of the present invention thus

manuf actured not only has a nelting tenperature suitable for wiring

general el ectronggagpapepents, but also has a narrow solidification range
so as to be advantageous for stepwi se automatic soldering. Further, it has
i nproved nechanical strengths-conpared with the conventional Sn-Pb

sol dering material. Now the present 1Tnventron wlT be

descri bed based sw actugsy emdnpl eSelbdtist hineciogmpof t Ndguickhentliney eeinpon
will not be limted by the specific exanples. Exanmple 1 <lnventive
exanple 1> A lead-free soldering material having_a conposition

as shown in Table 1 below was nelted in an inert gas (N err]) atnosphere
by using a vacuu?®¥i nddeldon $u¥hace, thelPsure of the inert HBC

at nosphere being maintained at 250-300 mbar. Then casting was carried
out, and for the-cast-alloy —the solids—|in QLU

l'i ne tenperature were neasured, and the neasured results are shown in
Tabl e 1 bel ow.

As shown in Table 2 above, The inventive
material 2 had characteristics suéh that the liquidus line
temperature was 218°C, the solidus line temperature wés
195°C, and the solidification temperature ranée'was 23°C.

Therefore, the material was very much suitable as a

universal lead-free soldering material.

<Inventive example 3>

A lead-free soldering material having a
composition as shown in Taﬁle 3 below was melted in an
inert gas (N,) atmosphere by using a vacuum induction
furnace, the pressure of the inert gas atmosphere being
maintained ét 250-300 m bar. Then casting was carried out,
and for the cast alloy, the solidus line temperature and
the liquidus line temperature were measured, and the

measured results are shown in Table 3 below.

10
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<Tabl e 1> Sn Ag Bi Solidus line tenp. Li qui dus

line tenp. 81.7% 3. 3% 15% 180[err] C

206[err] C As shown in Table 1 above, the inventive material 1
had characteristics such that the liquidus |ine tenperature was 206[err]C,
t he solidus 9 line tenperature

was 180[err]C, and the solidification tenperature range was 26[err]C
Therefore, it wagpgppargpt that the material can be used as a universal

| ead-free soldering material.  <lnventive exanple 2> . A

| ead-free soldering material having a conposition as shown in Table 2
bel ow was manufactured 1n the sane nethod as that of the 1nventive exanple
1, and the solidshicatizkn tenpdrat ur Bokadusehine ederfpr tThicu irduau flamieu tep,
material. The results of the neasured SO|IdIflcatI0n tenperature are shown

in Tabl e 2 bel ow. <Table 2> Sn AQ Bi Sol i dus
line tenp. Liquidus line tenp. 63.2% 6. 8% 30%
138[err]C 81.7%4[3sB%C 15% As18Q%Gn in Table 2 abdR6°C he

i nventive material 2 had characteristics such that the liquidus line
tenperature was 144[err] C_the solidus

As shown in Table 3 above, the inventive
material 3 had characteristics such that the liquidus line
temperature was 206°C, the solidus line temperature was
180°C, and the solidification temperature range was 26°C.

Thereforé, it Wgs-apparent that the material can be used

as a universal lead-free soldering material.

<Inventive example 4>

A lead-free soldering material having a
compositioh as shown in Table 4 below was manufadtured in
the same method as that of the inventive example 3, and
the solidification temperature was measured for the
manufactured material. The results of the measured

solidification'temperature are shown in Table 4 below.
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line tenperature was 138[err]C, and the solidification tenperature range
was .6[err]C. Therefore, it was apparent that the nmaterial can be used as a
uni versal lead-free soldering material. <Conpar ative exanple 1>

A conventional |ead-free soldering material having a conposition as shown
in Table 3 bel ow was manufactured, and then, the solidification

10 tenperature for the manuf act ured al l oy was neasured. The neasured

results are shog@ { bl e 3 bel ow <Tabl e 3> Sn Ag B
Solidus line tenp. rquidus line tenp. 94.5% 3.5% 2%
215[err]C _ 220[err]C As shown in Table 3 above,

the sol dering natertTatr—faving a CONMposSitTOn as SnowT 1 1m Tapte 3 had———
characteristic sggh thaigthe Biqui dusolides IBi@aeHp! € 1M idde] 2ihkCrehpe
solidus line tenperature was 215[err]C, and the solidification tenperature
range was 5[err]C. Therefore, this nmaterial was a high nelting tenperature
| ead-free soldering materi al. <Conpar ative exanple 2>

| ead-free sol der6qg2%mt@r8®l 3% ng a conposil3diC as shown in 144°C

As shown in Table 4 above, the inventive
material 4 had characteristics such that the liquidus line
temperature was 144°C, the solidus line temperature was
138°C, and the solidification temperature range was 6°C.

Therefore, it was apparent that the material can be used

as a universal lead-free soldering material.

<Comp§rative example 1>

A conventional f;ad—free soldering material
having a composition as shown in Table 5 below was
manufactured, and then, the solidification temperature
for the manufactured alloy was measured. The measured

results are shown in Table 5 below.
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Table'i bel ow was manufactured in the same nethod as that of the
conparative exanple 1, and the neasured val ues are shown in Table 4 bel ow

<Tabl e 4> Sn Ag Bi Solidus line tenp. Li qui dus
line tenp. = 93-93.5% 1.5-2% 5% 211[err]C
223-236[err] C As shown in Table 4 above, the sol dering

mat erial having a conposition as shown in Table 4 had characteristics such
that the liquidus_ljne _tenperature was 223-236[err]C, the solidus line

t enperature was §?§%£?r?t, and the solidification tenperature range
was 12-25[err]C. Therefore, this material was a high nelting tenperature

L.
rmic

| ead- free sol dert+mg—ratert+at= <Conparattve—exante—3
metallic ingredigRts SmyAg a Bi s el g t éhe it
in Table 5 beIom?HThe 22 tingaahs cggé?e out ylﬁgﬁ inéﬁgﬁﬁgﬁ%%%%§§f??§%'
I n a vacuum of over 10-[err] torr by using a vacuum i nduction furnace. For
the alloy thus manuractured, t(he solidus Tine tenperature and tne 11 quldus
| i ne tenperaturegdfsghe3dspii di2gcati on procedzesso®re neasured, angigre
neasured results are shown in Table 5 bel ow. <Table 5> Sn : Ag

Bi Solidus line tenp. Liquidus line tenp. '

As shown in Table 5. above, the soldering
material having a composition as shown in Table 5 had
characteristics such that the liquidus line temperature was
220°¢C, the solidus line temperature was 215°C, and the
solidification tem?erature range was 5°C. Therefore,
this material was a high melting temperature lead-free

soldering material.

<Comparative example 2>

A lead-free soldering material having a
composition as shown in Tablé 6 below was manufactured in
the same method as that of the comparative example 1, and

the méasured values are shown in Table 6 below.

<Table 6>
Sn Ag Bi Solidus line Ligquidus line
temp. temp.
| 93-93.5% 1.5-2% 5% 211°cC 223-236°C
13
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90% ° 3. 9% 6. 1% 200[err] C 220[err] C

As- shown in Table 5, for the conparative material 3, the liquidus |ine
tenmperature was 220[err]C, and the solidus |ine tenperature was 200[err]C,
while the solidification range was 20[err]C. Therefore, this material was
a high nmelting tenperature |ead-free soldering material. <Conparati ve
exanpl e 4> The raw netal l'ic nmaterials having a conposition as

shown in Table 6 bel ow wage gRbdred iinh whB18i 6 bypeeeny a iEﬂECtéd)lrhering
furnace, and casting was carried out. For the cast alloy after the
casting, the sopagegiblinedvEfr &t ¢ofiposition as shown in Table 6 had
12 the liquidus line tenperature and the solidification tenperature range
were mneasured, chattachertisgiveesuchsthats e 1dkmidusnlinkl eefipérautre was

<Tabl e 6> Sn Ag. Bi Solidus line tenp. Liquidus
line tenp. 90%R223-2363C1% the s@lides line tempé®8fuere]@as 211°C, and
218[err]C As shown in Table 6 above, The conparative materia

4 had charact ethet | @9ldgif igadiiome tempeERLUTe neraRaPer Walr e Wa25°C.

218[err]C, the solidus Iline tenperature was 195[err]C, .and the
solidificati on TBREELRTEre rHhge MRkeDLRL VRE, 2 elting temperature

lead-free soldering material.

Example 2

The invehtive material 2 which was composed of
Sn-3.1%Ag-6.9%Bi, énd the comparative material 3 which was
composed of Sn-3.5%Ag-4.5%Bi, -weré melted in the air by
using a induction furnace, and then, casting was carried
out. For the cast alloys, the wetability was measured,
and the measured results are shown in FIG. 1.

As shown in FIG. 1, the inventive material 2
was superior in the wetability over the comparative
material 3, thereby showing a superior solderability.

In order to see the mechanical properties for the
conventional soldering material and the lead-free soldering
material - according to the present invention, a
conventional soldering material composed of Sn-40Pb and the
inventive material 2 were measured as to their mechanical
properties. The measured results are shown in FIG. 2.

As shown in FIG. 2, the inventive material 2 was

extremely superior in the tensile strength over the

14
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The Jﬁventive material 1 which was conposed of Sn-3.3% Ag-15%Bi, the
conparative material 3 which was conposed of Sn-3.1%Ag-6.9%Bi, and the
conparative material '5 which was conposed of Sn-3.5%Ag-4.5%8i, were nelted
in the air by using a induction furnace, and then, casting was carried
out. For the cast alloys, the wetability was neasured, and the neasured
results are shown in FIG 1. : As shown in FIG 1, the inventive
material 1 was UpRidnddnbll MRat¥piaPi!ity blggeeERaraldy e Lha! e imd) 3
and 5, thereby_shomﬁnglé sgper?or sofderagﬁﬁﬁ{y. Sge _ I'n order to
see the mechani GgJin3mRpatiredgthos £t ife CREBENM Y Ho1 oIy nBGeFRRE bRl tped
the |l ead-free soldering material according to the present” invention, a

conventional solgi®ident MaiventdlonC dBpeuperdbrSn- 40Pb and t he
13 inventive material 1 were nmeasured as to their nechanical properties.

The neasured results areshasm ibe FHeé@én 2in the above degeribednexamplés, 2,
the inventive material 1 was extrenely superior in the tensile strength
over the conventthendleathifirdenl solderinggeatenial reccording ko §he nprgsent
strength of the |ead-free soldering material of the present invention is
superi or. inventioxs igaRuperiesnip the aaahand cids PrrpegtaRgnpyves thee
lead-free soldering materi.al accordiggsto the present invention is

superior in the CORYEHMHARAL SRRt FRLUSTERTt METETAPnt | oMAFhsths, result

sol dering nate“éﬂdt\Méhg tEgadffree soldering material of the present
invention is superior in the £final joining strength.
Further, since there is contained no lead, the working
environment is improved. Further, the nmelting
temperature is low, and the solidification temperature
range is narrowv. Therefore, the lead-free soldering
material according to the present invention is more
suitable for soidering general electronic components
compared with ~the conventional Sn-Ag-Bi high melting

temperature lead-free soldering materials.
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result” that the |ead-free soldering material of the present invention is
superior in the final joining strength. Further, since there is contained
no |l ead, the working environnent is inproved. Further, the nelting
tenperature-is low, and the solidification tenperature range i s narrow.
Therefore, the |lead-free soldering material according to the present
I nvention is nore suitable for soldering general electronic conponents
conpared with tQﬁ1 aggnventional Sn-Ag-Bi high nelting tenperature |ead-free
ial's.

sol dering mater Claim 1. A universal |ead-free

sol der material consisting of 3.1 - 7% of Ag, 15-30% of Bi and a
bal ance of Sn, the solder material being in the formof one of a
paste, a powder, a cast shape andufdivweffal lead-frbe sodldenihyerf®terial

| ead-free solder material as clainmed in claim 1, further consisting

of 6-7 % of Ag, cdmpiikimig Bi composiltdloandmaifuddmg: 3.1-7% of Ag, 6-30%

of Bi and a balance of Sn.

2. The universal lead-free soldering material
as claimed in claim 1, wherein the composition includes:

6-7% of Ag, 29-30% of Bi and a balance of Sn.

3. The universal lead-free soldering material
as claimed in claim 1, wherein the composition includes:

3.1-4% of Ag, 6-7% of Bi and a balance of Sn.

4. A universal lead-free soldering material,
characterized in that:

the material has a solidus line temperature of
138-200°C; and a liquidus line temperature of 144-220°C;
and

the material is composed of Ag, Bi and Sn.
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