(Transl ation) Specification Title of the Invention Sol der, sol der paste and
sol dering net hod Technical Field The present invention relates to a sol der,
a sol der paste and a sol dering net hod us?d in soldering an el ectronic
circuit board. Background Art In recent years, downsizing of an electronic
part and high density nounting of such part have been advanced rapidly in
the technol ogy for nounting an el e¢trtensdapaph)to an electronic circuit
board. As a

Specification
Title of the Invention

Solder, solder paste and soldering method

Technical Field
The present invention relates to a solder, a
solder paste and a soldering method used in soldering an

electronic circuit board.

Background Art

In recent years, downsizing of an electronic
part and high density mounting of such part have been
advanced rapidly in the technology for mounting an
electronic part to an electronic circuit board. As a
result, there has been a rapid and increasing demand for a
solder material to facilitate an advanced bonding and the
l1ike of an electronic part with narrow pitching and
sufficient strength. In addition, while there is a
growing concern to the environment, a move to implement
legal regulations for the disposal of industrial wastes
such as electronic circuit board has been observed.

In the following, one example of a conventional
solder material will be described referring to the
drawings. Fig. 3 shows the microstructure of the
conventional solder alloy and the microstructure at the

bonding interface between the conventional solder material



result, there has been a rapid and increasing demand for a solder materi al
to facilitate an advanced bonding and the |like of an electronic part with
narrow pitching and sufficient strength. In addition, while there is a
growi ng concern to the environnent, a nove to inplenment |egal regulations
for the disposal of industrial wastes such as electronic circuit board has
been observed. In the follow ng, one exa® e of a conventional sol der
material will be described referring to the drawings. Fig. 3 shows the
m crostruct usedod ¢hgpepnvendi onah BOGdes, ahhmyrand tdes MGrdoss ratare at
t he bonding interface between the conventional solder materi al

solid solution with an Sn-rich phase. Numeral 2

designates a B-solid solution with a Pb-rich phase.

Numeral 3 designates an intermetallic compound whose

composition is Cu;Sn. Numeral 4 designates another

intermetallic compound whose composition is CugSng.

Numeral 5 designates a Cu land.

The conventional solder as shown above used to

be an eutectic alloy of Sn and Pb, which is composed of

63% by weight of Sn and 37% by weight of Pb and whose

eutectic point is 183 ‘C. 1In addition, the alloy had a

microstructure where the a-solid solution 1 and the -

solid solution 2 are in the lamellar state. Moreover, the

intermetallic compounds 4 and 5 were formed on the

solder/copper land bonding interface.

In recent years, from the standpoint of

environmental protection, it has been under rapid progress

in the world to regulate the use of lead which is a

poisonous substance contained in the solder material (Sn-

Pb alloy). The conventioconal solder material had a problem

that upon exposure to acid-rain of a waste of a printed

circuit board with soldering of the conventional solder

material, there occurs voluminous elution of the poisonous

substance lead, whose toxicity induces adverse effects on

the human body of neuropathy and the like. The

conventional solder material had also another problem that



-2- and a copper land. In Fig. 3, nuneral 1 designates an a- solid solution
with an Sn-rich phase. Nuneral 2 designates a [err]Thﬁghéemé‘BLéAt}geagkewth a

Pb-rich phase. Numeral 3 designates an internetallic e
conposition is Cu[err]Sn. Nuneral 4 designates anoth wi C
conpound whose conposition is Cu[err]Sn[err]. Nuneral a Cu

| and. The conventional solder as shown ab®ve used to be an eutectic alloy
of Sn and Pb, which is conposed of 63% by wei ght of Sn and 37% by wei ght of

Pb and whosesince it has a lamellar structure in its alloy, the
microstructure is thickened upon exposure to a high-
temperature environment and a slip occurs on the
microstructural interface of the solder upon application
of a force on the solder, inducing crack development
thereon. Moreover, the conventional solder material had
still another problem that at soldering and under the
high-temperature environment, double-layered hard and
fragile intermetallic compounds will grow on the
solder/copper land bonding interface, inducing crack

development on the bonding interface.

Disclosure of the Invention

In view of the above-mentioned problems, the
present invention is aimed at a provision of a solder
which is free from lead, has a pulverized alloy structure
and develops no cracks thereon.

The present invention is also aimed at a
provision of a solder which has been suppressed with
respect to the growth of intermetallic compounds on the
solder/copper land bonding interface and is excellent in
the high temperature resistance.

The present invention further provides a solder
paste using such solder, and a soldering method using the
solder paste.

The present invention provides a solder
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eutectic point is 183 C. In addition, the alloy had a mcrostructure where
the a-solid solution 1 and the [err]- solid sol utiggsaeffif delh B4 amel | ar

state. Moreover, the internetallic conpounds 4 and on the
sol der/ copper | and bonding interface. In recent yea I ﬂ ’”E Ht andpoi nt
of environnental protection, it has been under rapi i Wllt he worl d

to regul ate the use of |ead which is a pa-sonous substance contained in the
sol der material (Sn- Pb alloy). The conventional solder nmaterial had a

probl em t hate i SXRGSUI @ O ACH UrtRidif GAg A 9asd e18f e psf NBedarkd rswli t
board wth sol dering of the conventional solder material, there occurs
vol um nous efot i the Ofesbe poi sonous
The present invention aléo provides a solder
comprising 2.0 to 3.5 wt% of Ag, 5 to 18 wt% of Bi and
further at least one element selected from the group
consisting of 0.1 to 1.5 wt% of In, 0.1 to 0.7 wt®% of Cu
and 0.1 to 10 wt% of Zn, along with Sn for the rest.
The solder paste in accérdance with the present
'
invention is composed of a powder of the above-mentioned
solder and a flux.

Herein, the flux is composed of at least rosin,

an activator, a thixotropic agent and a solvent.

Brief Explanation of the Drawings

Fig. 1 is a chart showing a reflow profile of
one example in accordance with the present invention.

Fig. 2 is a picture showing a microstructure of
a solder alloy of one example in accordance with the
present invention.

Fig. 3 is a picture showing the microstructure
of the conventional solder alloy and the microstructure on

the solder/copper land bonding interface.

Best Mode for Embodying the Invention
The lead-free solder in accordance with the

present invention whose essential component is Sn further
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substance | ead, whose toxicity induces adverse effects on the hunan body of
neur opathy and the |ike. The conventional sol der mater] aI ha Op po%he
probl em t hat -1- (Transl ation of the substitution p e" ep““
speci fication (pages 3-7)) The present invention is als I IH
provi sion of a solder which has been suppressed with re owt h
of internetallic conpounds on the sol der/scopper |and bonding interface and
is excellent in

includes 2.0 to 3.5 wt% of Ag and 5 to 18 wt% of Bi.

By an addition of Ag, it is possible to obtain a
solder with a fine microstructure which is excellent in
heat resistance, such as resistance against thermal
embrittleness. When the content of Ag is below 2.0 wt%, a
sufficient improving effect on the heat resistance is not
obtained. In addition, when the content of Ag is over 3.5
wt%, the resultant alloy shows an abrupt elevation in its
melting point. In order that an alloy for solder paste
can have a preferable melting point of 220 °C or less, the
upper limit of Ag contained in the alloy should be 3.5
wt$. Therefore, an Ag content of 2.0 to 3.5 wt% is
suited.

In addition, by an addition of Bi, it is
possible to lower the melting point of the resultant
solder thereby improve the wettability thereof. When the
content of Bi is below 5 wt%, it is impossible to have the
above-mentioned effect sufficiently. Furthermore, when
the content of Bi is over 18 wt%, it is impossible for the
resultant alloy to have a satisfactory soldering strength.
Therefore, a preferred content of Bi is 5 to 18 wt%.

The solder in accordance with the present
invention further includes at least one element selected
from the group consisting of 0.1 to 1.5 wt% of In, 0.1 to
0.7 wt% of Cu and 0.1 to 10 wt% of Zn.

An addition of Cu suppresses the growth of
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the high tenperature resistance. The present invent| further prow des a
sol der paste using such solder, and a soldering netho sB Ider
paste. The present invention provides a solder conpri W e%%of
Ag, 5to 18 wt%of Bi and Sn for the rest. The presen

provi des a solder conprising 2.0 to 3.5 wt%of Ag, 5 to 18 and

further at |east one elenent selected fr-8nthe group conS|st|ng of 0.1to
1.5 wt%of Inand 0.1 to 0.7 wt% of Cu, along with Sn for the rest. The

sol der past e;hBesfcfalaneecHnbBuhBE BHESRA! solder/copper land bonding
interface thereby improving the strength on the bonding
interface. A Cu content below Q.l wt% does not produce
such effect for an alloy. In addition, when the content
is over 0.7 wt%, the resultant alloy becomes hard and
fragile. Accordingly, a preferred content of Cu is 0.1 to
0.7 wt%.

In improves the expansion and the heat
resistance such as resistance against thermal
embrittleness of an alloy. A content of In below 0.1 wt%
does not produce such effects for an alloy. In addition,
when the content is over 1.5 wt%, the resultant alloy is
impaired for its mechanical strength. Accordingly, a
preferred content of In is 0.1 to 1.5 wt%.

An addition of Zn causes pulverization of the
microstructure of the resultant alloy and improves its
strength. An Sn-Ag alloy carries a fine microstructure in
which intermetallic compounds of Sn and Ag are studded in
the form of needle-like crystals. Upon growth of such
needle-like crystals, the alloy becomes fragile. Addition
of Zn suppresses the growth of the above-mentioned needle-
like crystals. A content of Zn below 0.1 wt% does not
produce such effect. In addition, when the content is
over 10 wt%, the excess Zn reacts with a flux, making the
resultant paste viscous, which impairs the long-term stock

of the paste as a solder paste. A suitable content of Zn
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i nvention is conposed of a powder of the above-nentioned solder and a fl ux.
Herein, the flux is conposed of at |east rosin, an activator, a thixotropic
agent and a solvent. Brief Explanation of the Draw ngs -2- Fig. 1is a
chart showing a reflow profile of one exanple in accordance with the
present invention. Fig. 2 is a picture showng a mcrostructure of a sol der
al l oy of one exanple in accordance with the

is 0.1 to 10 wt%.

The solder paste in accordance with the present
invention is prepared by adding a flux to a powder of the
above-mentioned soclder so as to make a paste. The flux is
composed essentially of about 30 to 70 wt% of solids, such
as rosin for imparting fluidity and viscosity to the
paste, a small amount of an activator, a thixotropic agent
for keeping the shape and a viscosity improver which is
added if occasion demands, and about 70 to 30 wt% of a
solvent.

The flux used in the present invention is not
limited to a particular one. Whether the reflow
atmosphere is the air or nitrogen atmosphere, those fluxes
of RA type with a relatively high activity and those
fluxes of RMA type with a relatively low activity which
require no rinsing are usable. Of those, RMA type fluxes
for use in the air are suited.

The soldering method in accordance with the
present invention by a reflow soldering technigque using
the above-mentioned solder paste is characterized in that
immediately after a passage of a soldering object with the
solder paste through an area showing a peak temperature in
a reflow furnace, it is cooled at a cooling rate of about
10 ‘C/sec or more.

The present invention melts the solder at a peak

temperature of 240 to 250 "C of a reflow furnace. And, in

‘ THIS SHEET 435 BEEN |
g REPLACED |

This Sheet Has Been Replaced

RO




present invention.
conventi onal
bondi ng interface. Best Modde for
sol der in accordance with the present

is Sn further includes 2.0 to 3.5 wt%of Ag and 5 to 18 wt% of Bi.
it is possible to obtain_g.solder with a fine
i n heat

addi tion of Ag,
m crostructure which is excell ent

Fig. 3 is a picture showing the mcrostructure of the
sol der alloy and the mcrostructure on the sol der/ copper

| and
Enbodyi ng the I nvention The | ead-free
i nventi on whose essential conponent
By an

resi stance, such as resistance

agai nst ¢ her i, (TG} 4AES o1 AEN HBeGONLER: a0LcAg ikg LS ABnEiBate @

sufficient inprovin ect on the

t resistance 1Is

before suppresses the growth of intermetallic compounds

such as AgsSn, CusSn, CugSng and the like,

and disperses Ag5;Sn,

and pulverizes

thereby improving the mechanical

strength and heat resistance at the joint.

In the following,

the present invention will be

described by way of examples.

Table 1 lists the compositions of the solders in

accordance with Examples 1 to 5 and Comparative Examples 1

and 2,

THIS SHEET

and the characteristics of those solders.
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obt ai ned. In addition, when the content of Ag is over 3.5 w% the
resultant alloy shows an abrupt elevation in its nelting point. In order

that an alloy for sol der paste can have a preferable néf Repigced 20
[err]C or less, the upper Iimt of Ag contained in the I Iii H e 3.5
wt% Therefore, an Ag content of 2.0 to 3.5 wt%is suit I n, by

an addition of Bi, it is -3- possible 4%l ower the nelting point of the
resul t ant
Q
0
e
~ o
o 82
g M 0
SO0l ©v w © Lo TR o . o
0 0wl O 0 o) 0 0 0 o
o S o] O o) 0 0 0 0 @
EnHl O O O ® O B m
fa]
o P
g o
o GA
g U W
g NN O O ™~ m Tg] [ (42} Q
QO P XM . . . * . . »
Mm 0~ — 4 . —~ — r—
By
ps}
Cal
—
Q
@
ﬁ [#)] [0} L I~ n
9] oe o] [s0] (o)} [e ] o <t ()
= -~ | ™ 0 0 ee} el ©
o)} \O o~ — m (o)}
g ~ O O o O
- P N (9] N N N
P oo~ | 1 1 i 1
~d 0]l O 9~ N~ © o m
i O Q. ~f (@] @0 w0 [e)} N o8}
0 SO~ ~N [aa! i =t (] ™~ —~
,_.{
Q Q ~
© Ry (]
£
o
~ N Te] Y]
a0
IS
= a
~ an ] i 4
o]
3 5 n Tol
Hl o o o
0]
0
o & o 0 0
= m O i - -1 ~
0
0
n Te}
S o)) . .
3 < ™ o m ™ o) ™
—
0
0]
L PP PP P P
(/)] (41 1] 0 [4)] 4] /3]
g o )] 0 )] Q ¢ ]
w{ 4 g ¥ ¥ N H H
Q Q 1 1 Q T e .
@ o 0 © O © THIS SuErT L
ra ¢ o d -—& s o ra * SQHEEL: HAS BE
e 2 g 2 g "Gu8 9. (. BEPLACED
a d @ @ « £>a gp>@© e
% x ] X X O X L
el M B B [Mo OPH- OPHN




sol der thereby inprove the wettability thereof. When the content of Bi is
below 5 wt% it is inpossible to have the above-nenti oned effect
sufficiently. Furthernore, when the content of Bi is over 18 w% it is

i mpossible for the resultant alloy to have a satisfactory sol dering
strength. Therefore, a preferred content of Bi is 5 to 18 w% The sol der

I n accordance with the present inventioriliodrther includes at |east one

el enent selected fromthe group consisting of 0.1 to 1.5 w%of In and 0.1
to 0.7 wt%of Cu. An aodiltvieny @loi@tss e e rinitiedr Ot Rkhefrmait ernetal lic
conpounds on the sol der/copper | and bonding interface thereby inproving the
strength on thelbetdi 6§ the respective solders.

For evaluating the wettability, bonding strength
and thermal shock test of the solders, various solder
pastes were prepared by mixing each of the powders of the
respective solders (each mean particle size: about 30 to
40 pm) with the below-mentioned flux at a weight ratio of
9:1. Here, a flux of the RMA type for use in air reflow

which has the composition shown in Table 2 was used.

Table 2
Solvent Diethylene glycol-2-| 40 wt$%
ethylhexyl ether
Rosin Gum rosin 55 wt%
Activator Diphenylguanidine 1 wt$
hydrobromide
Thixotropic | Caster oil 4 wt%
agent

Wettability was evaluated as follows. First, a
certain amount of each of the above-mentioned solder
pastes was printed on a copper plate. In an assumption
that the solder paste thus printed has a real spherical
shape on the copper plate, the diameter of the sphere is

defined as D. Next, upon heating the copper plate to 240



interface. A Cu content below 0.1 w % does not produce such effect for an
alloy. In addition, when the content is over 0.7 W% the resultant all oy
beconmes hard and fragile. Accordingly, a preferred content of Cuis 0.1 to
0.7 wt% In inproves the expansion and the heat resistance such as

resi stance against thermal enbrittleness of an alloy. A content of In bel ow
0.1 wt % does not produce such effects fenlan alloy. In addition, when the
content is over 1.5 W% the resultant alloy is inpaired for its nechani cal
strength. Actoy dingl yoldeprphetsetds copieal ofetnthse oppéd BldtaMmnile

wetting it. The height of the solder paste measured
during this process is defined as H.

The wettability of the solder paste is
represented by 100 x (D-H)/D (%); the higher the wvalue,
the better the wettability.

The bonding strength was evaluated as follows.
After printing each of the solder pastes on a board, an
electronic part QFP (quad flat package) with a lead
terminal pitch of 0.5 mm was mounted on the board using a
placement equipment in order to adhere the QFP to the
board by passing it through a reflow furnace having the
reflow profile as shown in Fig. 1. The QFP and the board
were preheated in the reflow furnace at 160 ‘C and
immediately after they passed through an area showing a
peak temperature of 240 aC, they were cooled at a cooling
rate of 15 =C/sec using a blower. The lead terminal of
the QFP which was adhered to the board in this way was
hooked and pulled on at an angle of 45" to the board in
order to measure the strength upon dissection of the lead
terminal from the joint between the lead terminal and the
board. The result represents the bonding strength.

Thermal shock resistance was evaluated by the
presence or absence of cracks on the joint after repeating
500 cycles of operation each comprising preliminary

retention of a board to which an electronic part has been



-4- The sol der paste in accordance with the present invention is prepared
by adding a flux to a powder of the above-nentioned solder so as to nake a
paste. The flux is conposed essentially of about 30 to 70 wt % of solids,
such as rosin for inparting fluidity and viscosity to the paste, a small
amount of an activator, a thixotropic agent for keeping the shape and a
viscosity inprover which is added if oceagi-on demands, and about 70 to 30
wt % of a solvent. The flux used in the present invention is not

adhered in the aforementioned manner for 30 min at -40 °C,
followed by retention for 5 min at room temperature and
for 30 min at 80 ‘C, respectively.

As is evident from Table 1, the solder in
accordance with the present invention has a melting point
of 220 C or less which is suited for the reflow soldering
technique, and thus it permits soldering at a temperature
which does not injure electronic parts. In addition, the
solder paste using the solder in accordance with the
present invention shows satisfactory wettability to
metallic copper, eliminating impairment of the bonding
strength due to poor wettability. Furthermore, the joint
finished with the reflow soldering technique using this
solder paste is sufficiently strong and manifests
excellent heat resistance, such as no crack development
upon thermal shock test where a cold-hot retention cycle
is repeated.

And, Fig. 2 shows the microstructure of the
solder alloy in accordance with the present invention at
about 1,000 magnifications. Numeral 6 designates an
intermetallic compound Ag,Sn which is a deposition in the
alloy. As is apparent from the comparison with Fig. 3,
the intermetallic compound shows a fine distribution in
Fig. 2. This gives a joint which is less likely to change
with time and manifests excellent heat resistance, such as

resistance against thermal embrittleness, under high



limted to a particular one. Wiether the refl ow atnosphere is the air or
nitrogen atnosphere, those fluxes of RA type with a relatively high
activity and those fluxes of RVA type with a relatively |ow activity which
require no rinsing are usable. O those, RVA type fluxes for use in the air
are suited. The soldering nethod in accordance with the present invention
by a refl ow sol dering techni que using thgzabove-nenti oned sol der paste is
characterized in that inmediately after a passage of a sol dering object

with the solgdefpdasterd NEOHILRMeR €8 FHONMAEr atd Rl d CHRER B Fot Iz
reflow furnace, it is cooled at a cooling rate of about 10 sec or nore.

alloy microstructure, it is preferable in solidifying the
solder to cool it at a cooling rate of 10 CC/sec or more.
Cooling rates slower than that permit growth of
intermetallic compound, making it impossible to have a
fine alloy microstructure. The aforementioned cooling

condition can be achieved by air cooling using a fan.

Industrial Usability

As discussed above, according to the present
invention, a solder which is free of a poisonous substance
lead and excellent in both mechanical strength and heat
resistance can be obtained.

In addition, the solder paste in accordance with
the present invention is fit for reflow soldering,

facilitating high density mounting of an electronic part.



The present invention nelts the solder at a peak tenperature of 240 to 250
C of a reflow furnace. And, in solidifying the nolten solder, rapid cooling
as nentioned -5- before suppresses the growh of internetallic conpounds
such as Ag[err] Sn, Cu[err]Sn Culerr]Sn[err] and the |jke, a d pulveri zes

o ¢
and di sperses A | nproving the mechani ¢! She K heat
resi stance at t imﬁ “} ‘E nfollomﬁﬁgé the present | H be
descri bed by wa

Claims

1. A solder comprising 2.0 to 3.5 wt% of Ag, 5 to 18 wt$

of Bi and Sn for the rest.

2. A solder comprising 2.0 to 3.5 wt% of Ag, S'to 18 wt%
of Bi and further comprising at least one element selected
from the group consisting of 0.1 to 1.5 wt% of In, 0.1 to
0.7 wt% of Cu and 0.1 to 10 wt% of Zn, along with Sn for

the rest.

3. A solder paste comprising a flux composed of at least
rosin, an activator, a thixotropic agent and a solvent,
and a powder of a solder, characterized in that said
solder comprises 2.0 to 3.5 wt?% of Ag, 5 to 18 wt% of Bi

and Sn for the rest.

4. The solder paste in accordance with claim 3, wherein
said solder further comprises at least one element
selected from the group consisting of 0.1 to 1.5 wt¥% of

In, 0.1 to 0.7 wt% of Cu and 0.1 to 10 wt% of Zn.

5. A soldering method by a reflow soldering technique
using the solder paste in accordance with claim 3,

characterized in that immediately after é passage of a
soldering object with said solder paste through an area

showing a peak temperature in a reflow furnace, it is

e e
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Table 1 lists the conpositions of the solders in accordance with Exanples 1
to 3 and Conparative Exanples 1 and 2, and the characteristics of those

sol ders. [err] -10- Melting points were determ ned by thernal

anal ysis of the respective sol ders.

-15-

cooled at a cooling rate of about 10 ‘C/sec or more.

6. A soldering method by a reflow soldering technique
using the solder paste in accordance with claim 4,
characterized in that immediately after a passage of a
soldering object with said solder paste through an area
showing a peak temperature in a reflow furnace, it is

cooled at a cooling rate of about 10 ‘C/sec or more.
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For evaluating the wettability, bonding strength and thermal shock test of
the sol ders, various sol der pastes were prepared by m xi ng each of the
powders of the respective solders (each nean particle size: about 30 to 40
pm with the bel ownmentioned flux at a weight ratio of 9:1. Here, a flux of
the RVA type for use in air reflow which %s t he conposition shown in Table
2 was used. Table 2 Sol vent D et hyleérré gl ycol -2- 40 wt % et hyl hexyl

et her Rosin Gum rosi n 55 wt % Act i vat or

Di phenyl guanjgdipgac+1 W % hydrobromi de

Disclosed are a solder and a solder paste used
for soldering an electronic part to a circuit board. This
solder comprises 2.0 to 3.5 wt% of Ag, 5 to 18 wt% of Bi
and Sn for the rest. Alternatively, it further contains
at least one element selected from the group consisting of
0.1 to 1.5 wt®% of In, 0.1 to 0.7 wt% of Cu and 0.1 to 10

wt% of Zn.



Thi xotropic Caster oil 4 wt % agent Wettability was eval uated
as follows. First, a certain anount of each of the above-nel;&ri%gggﬁl | der
past es wWA¥O0PT2§®2d on a copper plate. In an assunption that FEoYEIE%r :
paste thus printed has a real spherical shape on the copper plate, the

di aneter of the sphere is defined as D1/Rext , upon heating the copper plate
to 240 C, the solder paste is spread over the copper plate while wetting
it. The height of the sol der paste neasured
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during this process is defined as H The wettability of the solder paste is
represent.ed 9%*?{%90 Xx (DH/D (% ; the higher the value, the better the
vet t abi | i Y. bondi ng strength was eval uated as fol | ows. PEFTREHFOBENt i ng
each of the solder pastes on a board, an electronic part QFP (quad fl at
package) with a lead termnal pitch of 2/% mm was nmounted on the board
using a placenent equipnment in order to adhere the QFP to the board by
passing it through a reflow furnace having the reflow profile as shown in
Fig. 1. The QFP and the board were preheated in the reflow furnace at 160 C
and i nmmedi ately after they pp'SISGd t?ough an area showi ng a
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peak tenperature of 240 C, they were cooled at a cooling rate of 15 C/ sec
using a blower. The lead term nal of the QFP which was adhered to the board
in this way was hooked and pulled on at an angle of 45 to the board in
order to measure the strength upon dissection of the lead termnal fromthe
joint between the lead term nal and the board. The result represents the
bondi ng strength. Thermal shock resistance was eval uated by the presgqnce or
absence of cracks on the joint after repeating 500 cycles of operation each

conpri si ng PyeLLALAGEY ohebeNthaNsabs?1RARE ANt BaBLCBaRNE! ectronic part has

been
specification (pages 3-7))

The present invention is also aimed at a
provision of a solder which has been suppressed with
respect to the growth of intermetallic compounds on the
solder/copper land bonding interface and.is excellent in
the high temperature resistance.

The present invention further provides a solder
paste using such solder, and a soldering method using the
solder paste.

The present invention provides a solder
comprising 2.0 to 3.5 wt®% of Ag, 5 to 18 wt% of Bi and Sn
for the rest.

The present invention also provides a solder
comprising 2.0 to 3.5 wt% of Ag, 5 to 18 wt% of Bi and
further at least one element selected from the group
consisting of 0.1 to 1.5 wt®% of In and 0.1 to 0.7 wt$ of
Cu, along with Sn for the rest.

The solder paste in accordance with the present
invention is composed of a powder of the above-mentioned
solder and a flux.

Herein, the flux is composed of at least rosin,

an activator, a thixotropic agent and a solvent.

Brief Explanation of the Drawings
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-12- adhered in the aforenentioned manner for 30 min at -40 [err]C
followed by retention for 5 mn at roomtenperature and for 30 mn at 80
[err]C, respectively. As is evident from Table 1, the solder in accordance
with the present invention has a nelting point of 220 C or less which is
suited for the reflow soldering technique, and thus it permts sol dering at
a tenperature which does not injure electronic parts. In addition, the

sol der paste using the solder in accordance with the present invention

0 aste us e sol der ! the present invention o
shos satisfactory wet kgl iyt & e IShoilRRPt LA b1 Fen

one example in accordance with the present invention.

Fig. 2 is a picture showing a microstructure of
a solder alloy of one example in accordance with the
present invention.

Fig. 3 is a picture showing the microstructure
of the conventional solder alloy and the microstructure on

the solder/copper land bonding interface.

Best Mode for Embodying the Invention

The lead-free solder in accordance with the
present invention whose essential component is Sn further
includes 2.0 to 3.5 wt% of Ag and 5 to 18 wt% of Bi.

By an addition of Ag, it is possible to obtain a
solder with a fine microstructure which is excellent in
heat resistance, such as resistance against thermal
embrittleness. When the content of Ag is below 2.0 wt%, a
sufficient improving effect on the heat resistance is not
obtained. In addition, when the content of Ag is over 3.5
wt%, the resultant alloy shows an abrupt elevation in its
melting point. In order that an alloy for solder paste
can have a preferable melting point of 220 'C or less, the
upper limit of Ag contained in the alloy should be 3.5
wt%. Therefore, an Ag content of 2.0 to 3.5 wt$ is
suited.

In addition, by an addition of Bi, it is
REPLACEMENT SHEET
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strength due to poor wettability. Furthernore, the joint finished with the
refl ow sol dering technique using this solder paste is sufficiently strong
and mani fests excell ent heat resistance, such as no crack devel opnent upon
t hermal shock test where a cold-hot retention cycle is repeated. And, Fig.
2 shows the mcrostructure of the solder alloy in accordance with the
present invention at about 1,000 magnifications. Nuneral 6 designhateg.an
intermetal lic conmpound Ag[err]Sn which is a deposition in the alloy. As is

appar ent frog,Lhg pGamRay '1%%r""'tth|é Hled ti%g bbﬁrﬂtmo%r %@a&'egmfegmound shows
a fine distribution in Fig. 2. This giveS a joint which is less likely to
change solder thereby improve the wettability thereof. When the
content of Bi is below 5 wt%, it is impossible to have the
above-mentioned effect sufficiently. Furthermore, when
the content of Bi is over 18 wt%, it is impossible for the
resultant alloy to have a satisfactory soldering strength.
Therefore, a preferred content of Bi is 5 to 18 wt%.

The solder in accordance with the present
invention further includes at least one element selected
from the group consisting of 0.1 to 1.5 wt% of In and 0.1
to 0.7 wt?% of Cu.

An addition of Cu suppresses the growth of
intermetallic compounds on the solder/copper land bonding
interface thereby improving the strength on the bonding
interface. A Cu content below 0.1 wt% does not produce
such effect for an alloy. In addition, when the content
is over 0.7 wt%, the resultant alloy becomes hard and
fragile. Accordingly, a preferred content of Cu is 0.1 to
0.7 wt%.

In improves the expansion and the heat
resistance such as resistance against thermal
embrittleness of an alloy. A content of In below 0.1 wt%
does not produce such effects for an alloy. In addition,
when the content is over 1.5 wt%, the resultant alloy is

impaired for its mechanical strength. Accordingly, a

preferred content of In is 0.1 to 1.5 wt%.
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with tinme and manifests excellent heat resistance, such as resistance

agai nst thermal enbrittl eness, under high -13- tenperature environnment.
In order to have such pul verized alloy mcrostructure, it is preferable in
solidifying the solder to cool it at a cooling rate of 10 C/ sec or nore.
Cooling rates slower than that permt gromh of internetallic conpound,

making it inpossible to have a fine alloy mcrostructure. The -4~
af orenenti oned cooling condition can be achieved by air cooling using a
fan. The solder paste in accordance with the present

invention is prepared by adding a flux to a powder of the
above-mentioned solder so as to make a paste. The flux is
composed essentially of about 30 to 70 wt® of solids, such
as rosin for imparting fluidity and viscosity to the
paste, a small amount of an activator, a thixotropic agent
for keeping the shape and a viscosity improver which is
added if occasion demands, and about 70 to 30 wt% of a
solvent.

The flux used in the present invention is not
limited to a particular one. Whether the reflow
atmosphere is the air or nitrogen atmosphere, those fluxes
of RA type with a relatively high activity and those
fluxes of RMA type with a relatively low activity which
require no rinsing are usable. O0f those, RMA type fluxes
for use in the air are suited.

The socldering method in accordance with the
present invention by a reflow soldering technigue using
the above-mentioned solder paste is characterized in that
immediately after a passage of a soldering object with the
solder paste through an area showing a peak temperature in
a reflow furnace, it is cooled at a cooling rate of about
10 'C/sec or more.

The present invention melts the solder at a peak
temperature of 240 to 250 °C of a reflow furnace. And, in

solidifying the molten solder, rapid cooling as mentioned

08 AUG 198 | [~ —-




I ndustrial Usability As discussed above, according to the present

I nvention, a solder which is free of a poisonous substance | ead and
excellent in both mechanical strength and heat resistance can be obtai ned.
In addition, the solder paste in accordance with the present invention is
fit for reflow soldering, facilitating high density nounting of an

el ectronic part. (Transl ation of the substitution pages of CLAI Msspage
13))

"before suppresses the growth of intermetallic compounds
such as AgySn, CusSn, CugSng and the like, and pulverizes
and disperses Ags;Sn, thereby improving the mechanical

strength and heat resistance at the joint.

In the following, the present invention will be
described by way of examples.

Table 1 lists the compositions of the solders in
accordance with Examples 1 to 3 and Comparative Examples 1

and 2, and the characteristics of those solders.

REPLACEMENT SHEET
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Claims 1. A solder conprising 2.0 to 3.5 % of Ag, 5 to 18 wt% of Bi and
Sn for the rest. 2. (Anended) A solder conprising 2.0 to 3.5 wt% of Ag, 5
to 18 wt% of Bi and further conprising at |east one el enment selected from
the group consisting of 0.1 to 1.5 wt%of In and 0.1 to 0.7 w % of Cu,
along with Sn for the rest. 3. A solder paste conprising a flux conposed of
at least rosin, an activator _a thixotropic agent and a solvent, and_a.

powder of a sol der, characterlized in that said solder cpnprises 2.0 to 3.5
W% of Ag, 5 to 18 wt% of Bijand Sn for the rest.
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4. (Amended) The sol der paste in accor darlREPRACEMENT tigh 1
sol der furth ' “‘east one el gmgnt selrected fio
consi sting oﬂw‘ﬁm‘\{)‘“ﬁwm \of In and 0.11 {t oy 8. Augwssof
met hod by a rerlow soldersing techni que ugirjg the sol der pa
with claim3, -2- characterized in that Y-rredi-ately—aft
sol dering object with said sol der paste tlhrough an area sh
tenperature in a reflow furnace, it is
(Translation of the substitution pages of CLAIMS (page

erein said
t he group

5. A soldering
te in accordance
r a passage of a

W ng a peak

13))

Claims

1. A solder comprising 2.0 to 3.5 wt®% of Ag, 5 to 18 wt%

of Bi and 5n for the rest.

2. (Amended) A solder comprising 2.0 to 3.5 wt% of Ag, 5
to 18 wt% of Bi and further comprising at least one
element selected from the group consisting of 0.1 to 1.5
wt% of In and 0.1 to 0.7 wt?% of Cu, along with Sn for the

rest.

3. A solder paste comprising a flux composed of at least
rosin, an activator, a thixotropic agent and a solvent,
and a powder of a solder, characterized in that said
solder comprises 2.0 to 3.5 wt% of Ag, 5 to 18 wt% of Bi

and Sn for the rest.

4. (Amended) The solder paste in accordance with claim 3,
wherein said solder further comprises at least one element
selected from the group consisting of 0.1 to 1.5 wt®% of In

and 0.1 to 0.7 wt% of Cu.

5. A soldering method by a reflow soldering technique

using the solder paste in accordance with claim 3,



cooled at a cooling rate of about-10 C/ sec or nore.

LR

characterized in that immediately after a passage of a
soldering object with said solder paste through an area
showing a peak temperature in a reflow furnace, it is

cooled at a cooling rate of about 10 ‘C/sec or more.




