
;e3ewt">V6TTY. ` 'T  Pb-FREE SOLDER ALLOY, AND SOLDER MATERIAL AND SOLDER
JOINT USING SAME 5 Field of the Invention The present invention relates to
a Pb-free solder 10 alloy, and a solder material and a solder joint using
same. Background of the Invention Recently, the problem of the toxicity of
lead (Pb) has invoked a strong movement in regulating the disposal of lead
to an environment. Thus, as a bonding material for parts of electronic
products, a Pb-free solder has been substituted 15 for a conventional Sn-Pb
solder. As for characteristic properties of an alloy necessary as a solder
material, there are melting temperature, tensile strength, ductility (or
elongation property), wettability, bonding strengths of parts joints, and
the like. 20 A melting temperature of a solder is preferably to be set at
approximately 200 C. If a melting point of the solder is too high, it will
exceed heat resistance temperatures of the parts in a reflow soldering,
whereby a current soldering method may possibly incur damages on the 



25 parts. On the other hand, if a melting point of the solder is too low,
the solder becomes most likely melted such that      the parts may fall
down or be peeled off in case when the environmental temperature
surrounding the parts becomes high. As a solder for a reflow soldering, in
which a lead is employed, there is an Sn-37Pb solder alloy, typically. 5
Alternatively, following Pb-free solder alloys have been studied. For
example, enumerated are Sn-Ag(-Cu) based, SnCu(-Ni) based, Sn-Ag-Bi-Cu
based, Sn-Zn(-Bi,-A1) based, SnIn-Ag-Bi based solder alloys, and the like.
These are referred to as group I. Out of these, Sn10 . Ag(-Cu) based,
Sn-Cu(-Ni) based, and Sn-Bi-Cu based solder alloys have alloy compositions
whose melting points are measured in a range from 210 C to 230 C and are
used for a flow soldering, a reflow soldering method, or the like. However,
the melting points of these alloys are higher than 15 that of a
conventional Sn-Pb solder by 30 C to 40 C. As a result, under a temperature
condition of reflow soldering by using these alloys, the melting points
thereof may exceed heat resistance temperatures of the parts. It is
technically difficult to increase heat resistances of corresponding 20
parts up to a temperature where r a f 1 o w s o 1 d a r i n g can be
performed by using the aforementioned solder. Meanwhile, SnZn(-Bi,-A1)
based and Sn-In-Ag-Bi based solder alloys, and' the like (referred to as
group II ) , are employed in a field of PCB (printed circuit board)
packaging in which a reflow 25 soldering method is generally adopted.
However, group II alloys are highly oxidized in a melting state in the air,
-2    and technically difficult to be applied in the flow soldering method
at this point. While a group II alloy has 



many disadvantages as a solder in comparison with group I , it is
advantageous in that its melting point can be adjusted 5 to a temperature
region close to that of the conventional Sn-Pb solder. Further, a group II
alloy is used by adjusting composition thereof such that melting point
thereof falls in the range from approximately 180 C to 210 C. Namely, the
Sn-Zn(-Bi,-Al) based solder alloy can be 10 used under the current reflow
soldering condition since a melting point is in the range from
approximately 190 C to 200 'C that is close to that of the conventional
Sn-37Pb solder alloy, and is advantageous in being of low cost among
Pb-free solders. However, it has been considered that 15 wettability to a
joint base material of a solder is not good. Further, it has been confirmed
that bonding strengths of the parts are significantly deteriorated if the
joint to be soldered with a Cu base material is exposed to a high
temperature and a high humidity condition, even after the 20 reflow
soldering. Further, it is likely that Zn is eluted from a solder into a
flux, possibly incurring problems such as a lowered insulation resistance
and a generation of migration, since Zn is employed in solder. 25 A melting
point of the Sn-In-Ag-Bi based solder alloy is close to that of an Sn-Pb
solder, similarly to the case -3   for the Sn-Zn based solder. When bonding
this alloy system with the Cu base material, a Cu-Zn compound is not formed
since Zn is not employed. Accordingly, such a phenomenon does not occur
that a bonding strength in a bonding surface 5 with Cu is significantly
lowered under the high temperature and high humidity atmosphere. Meanwhile,
in case of soldering to an Ag electrode, an Ag-In compound is formed in a
bonding surface. It has been confirmed that the compound's phase grows
large as time 10 passes and becomes fragile, whereby an interface strength
becomes lowered. In addition, it is observed that if a heat cycle is
applied in a state where the parts are bonded, a solder of a joint is
deformed. A technological development for PCB has been directed to a
substrate designing of a 



15 narrower pitch, and a more high level packaging technology has been
required. Such a technical trend draws a concern that deformation of the
solder may cause short circuits. Further, since the solder contains a large
amount of rare and 20 expensive Indium (In) , the material cost amounts
high and the continuous future supply may not be secured. Solder alloys
having melting points in the range from 180 'C to 210 C are widely used in
a soldering method in which soldering is performed several times (flow
soldering 25 after reflow soldering, reflow soldering after reflow
soldering, or the like), due to temperature characteristics -4   thereof.
Here, the problematic point is that a place soldered once is peeled off in
subsequent soldering processes. Particularly, in a large-scale IC parts or
the like, parts leads float from a PCB, together with solder. 5 The reason
for such a phenomenon is that on the second soldering or thereafter, a
joint solder formed by a former soldering is partially melted and a bonding
strength thereof decreases, and, in such a state, the joint is peeled off
by a bending of a PCB or deformations of the parts. Namely, in 10 a solder
alloy's property, the bigger a difference between a temperature where a
solder alloy begins to melt (hereinafter, referred to as a solidus line)
and a temperature where the solder alloy completely melts (hereinafter,
referred to as a liquidus line), the higher the possibility that the joint
is 15 peeled off. In a conventional art, e.g., Japanese Patent No.2599890
(reference 1), a mechanical strength or a creep resistance is improved by
the addition of Zn to an Sn-Ag based solder. 20 At the same time, it is
disclosed that a melting point becomes lower by the addition of Zn or In.
However, the Ag concentration described in reference 1 is too high by as
much as 1 % in weight or more. For example, in an alloy of a high Ag
concentration (1 weight %) such as 25 Sn-6Zn-6In-lAg, endothermic peak
area, whose summit is in the vicinity of a melting point of 200 'C, becomes
large, as -5   can be seen from the measurement results of DSC
(differential scanning calorimetry) in Fig. 9. As a result, under a reflow
soldering condition same as that of the Sn-Pb solder, it is likely that the
solder is not sufficiently 



5 melted down. If the solder is not sufficiently melted down, fluidity of
the solder is deteriorated, whereby a joint is not fully formed. In that
case, voids in the solder remain to thereby lower the bonding strength.
Further, in Japanese Patent Laid-Open Publication Heisei No.9-174278
(reference 10 2), In is added to an alloy of a near Sn-Zn eutectic
composition so as to lower a melting temperature and improve wettability to
parts metallization. Further, Ag is added so as to make Zn phase needle
like solidification microstructures in the Sn-Zn-In alloy into spheroidal
15 solidification microstructures and to finely disperse them. Therefore,
the Zn concentration is set at from 6 to 11 % in weight, and the Ag
concentration is set at from 0.5 to 3 in weight. The conventional Pb-free
solder may incur various 20 problems such as poor wettability due to Zn,
which is a problem in the Sn-Zn(-Bi,-A1) based solder, and a lowered
bonding strength with Cu electrode under the condition of the high
temperature and high humidity. Further, using rare metals such as In and Ag
becomes a problem in the Sn-In-Ag25 Bi based solder alloy. -6   Summary of
the Invention It is, therefore, an object of the present invention to meet
such a condition that a melting temperature 5 characteristic is same as
that of an Sn-Pb based solder and to solve the problems of the conventional
Sn-Zn(-Bi,-A1) based solder and the Sn-in-Ag-Bi based solder. Particularly,
it is an important object to improve solder joint reliability under the
condition of the high 10 temperature and high humidity. For achieving the
objects, a solder alloy in accordance with the present invention is based
on an Sn-ZnIn-Ag system having, in weight, 0.3 % < Zn < 5.0 %, 0.1 % In ~
4.0 %, 0.1 % ~ Ag c 0.4 %, and the balance Sn. 15 Brief Description of the
Drawings The above and other objects and features of the present invention
will become apparent from the following 20 description of preferred
embodiments given in conjunction with the accompanying drawings, in which:
Fig. 1 is a graph for showing peel strengths of solder joints of solders in
accordance with Example 1 of the present invention, as a function of
exposure time; 25 Figs . 2A to 2E show DSC measurement results of solder
alloys as a function of temperature, in case when Zn is  



added to Sn-3In-0.3Ag of Example 1 of the present invention while varying
the Zn concentration in the range from 2 to 6 weight ~; Figs. 3A to 3C
describe typical views of structures, 5 in case when a small amount of Ag
is added to Sn-4Zn-3In of Example 2 of the present invention; Fig. 4
illustrates a graph for showing electrochemical corrosion potentials as a
function of time, in case when a small amount of Ag is added to Sn-4Zn-3In
of Example 3 of 10 the present invention; Figs. 5A to 5E explain variations
of melting temperatures as a function of Ag concentration, when a small
amount of Ag is added to Sn-4Zn-3In of Example 1 of the present invention;
15 Fig. 6 offers a graph for showing variations of mechanical properties of
solder alloys as a function of In concentration, in case when In is added
to Sn-4Zn-0.3Ag of Example 6 of the present invention in a range from 0 to
10 weight  o; 20 Fig. 7 sets forth to a graph for showing variations of
mechanical properties of solder alloys in accordance with Example 8 of the
present invention, as a function of exposure time; Fig. 8 presents a graph
for showing variations of 25 mechanical properties of another solder alloys
in Example 8 of the present invention, as a function of exposure time; _g_
and Fig. 9 depicts a DSC measurement result of a conventional
Sn-6Zn-6In-lAg alloy. 5 Detailed Description of the Preferred Embodiments
Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to accompanying drawings. 10 In
accordance with the present invention, a solder alloy is an Sn-Zn-In-Ag
solder containing a small amount of Ag for preventing a bonding interface
strength from being lowered when a joint of a Cu base material with a
solder is exposed to the high temperature and high humidity atmosphere, 15
based on an Sn-Zn-In based solder having a melting point of 210 'C or less.
In aspects of the melting temperature and bonding reliability, it is
preferable that the concentration of each element in such a solder alloy is
as follows, in weight: 



20 3.0 % < Zn < 5.0 %; 0.1 % ~ In < 20.0 %~ and 0.1 % ~ Ag ~ 0.4 %.
Hereinafter, the composition range will be explained. 25 The Zn
concentration is from about 3.0 % to 5.0 % in weight. When the Zn
concentration is less than 3.0 % in _g   weight, a melting point of the
solder cannot be lowered to about 200 C . Further, if the Zn concentration
is less than 3.0 ~ in weight, a difference between a solidus temperature
and a liquidus temperature becomes large even though the In 5 concentration
is increased. As a result, in multiple soldering processes, it is likely
that the parts joints are peeled off. On the other hand, when the Zn
contention is more than 5.0 ~ in weight, a bonding interface strength with
a Cu film 10 is lowered under the condition of the high temperature and
high humidity. Further, if the Zn concentration increases, wettability of
the solder becomes deteriorated, resulting in oxidation of the solder and a
lowered electrical insulation of the joint. 15 The In concentration is from
0.1 to about 20.0 ~ in weight. When the concentration is less than about
0.1 % in weight, a melting point cannot be expected to be lowered. If the
In concentration is more than 20.0 % in weight, a solidus temperature in
the solder melting point becomes too 20 low. In case of the Sn-20In, a
solidus temperature is 153 C. If the solidus temperature decreases, the
solder is melted and peeled off when being exposed to a high temperature
environment. Further, the same failure may possibly be caused due 25 to
heat generation by using equipment. Still further, since the solidus
temperature (153 C) and the liquidus -10   temperature ( 199 C ) of the
Sn-20In are separated from each other too far, such a phenomenon may occur
that the solder is peeled off in the second soldering process or
thereafter. The Ag concentration is between 0.1 % and 0.4 % in 5 weight. If
the concentration is less than about 0.1 % in weight, an effect that
prevents a bonding strength from being lowered cannot be obtained when
exposing to an environment of high temperature and high humidity after
soldering. 



10 If the Ag concentration exceeds 0.4 % in weight, the solder tends to
melt at a higher temperature in a melting point temperature area of the
solder, so that fluidity of a molten solder becomes poor in the reflow
soldering process. Further, it is more preferable that the composition 15
range is as follows below, in weight: 0.3 % < Zn < 5.0 %; 0.1 % ~ In ~ 4.0
%; and 0.1 % ~ Ag ~ 0.4 %. 20 If the In concentration in the solder alloy
increases, ductility of the solder alloy becomes deteriorated. Further, if
the In concentration is 4 % in weight and less, elongation of 30 % or
greater can be assured. Therefore, a stress can be relieved since the
solder is deformed when a 25 stress due to heat-shock or the like is on. In
contrast, if the solder does not have ductility, crack may possibly be -11
developed in the solder joint in case where a PCB or parts are expanded or
shrunk. Meanwhile, `high temperature and high humidity' of the present
invention means a circumstance of 85 C and 85 %RH 5 (relative humidity).
Example 1 10 In Example 1, a peel strength of a joint having, in weight, 3
%In and 0-6 %Zn (the remaining portion was Sn) was measured, with respect
to a variation of a bonding strength when exposed to an environment of the
high temperature and high humidity. 15 First, a solder alloy, which was
mixed to have a predetermined composition, of about 1 kg was held at 230 C.
And then, QFP (Quad Flat Package) parts of 0.65 mm in pitch and 100 pins
are fixed to a Cu-attached glass epoxy PCB by using an adhesive. This
specimen was applied to a flux, and 20 then, subjected to soldering by
dipping into the solder. A soldered article was washed with acetone by
using a microwave washing machine, so that residuals of the flux were
removed. A soldered PCB specimen after being washed was put into a
hygro-thermostat (constant temperature and 25 humidity oven) kept at 85 C
and 85 %RH, and then, a peeling strength of a lead bonding strength was
measured for every -12   



250 hours. Fig. 1 shows a variation of a lead bonding strength, in case
when s o 1 de r i ng QFP parts with a solder having, in weight, 3 %In, 0-6
%Zn, and the balance Sn. Here, 0-6 %Zn 5 means that the Zn concentration is
in the range from 0 to 6 % in weight. Further, it can be noted that as the
Zn concentration increases, a bonding strength when being exposed to a
condition of high temperature and high humidity significantly declines.
Further, in case where the Zn 10 concentration is 6 % in weight, a bonding
strength at exposure time of 500 hours becomes 1 kgf or less. Namely, as
the Zn concentration in the solder increases, bonding strengths of the
parts tend to decrease under an environment of the high temperature and
high 15 humidity. Zn phases in the solder diffuse into a bonding surface
and react with a Cu base material under the high temperature and high
humidity atmosphere, to thereby form and grow a Cu-Zn compound layer. In
the course of the process, Zn oxidizes due to an effect of high humidity,
20 whereby a bonding strength in an interface of the Cu-Zn compound layer
of the bonding surface with the solder is significantly lowered. As can be
seen from Fig. 1, it is preferable that the Zn concentration is less than
about 5 in weight. 25 Meanwhile, Figs. 2A to 2E describe DSC measurement
results of solders, each having, in weight, 3 %In, 2-6 %Zn, -13   0.3 %Ag,
and the balance Sn. If the Zn concentration is less than 3 % in weight, a
melting point of a metal exceeds 210 C. Therefore, it is preferable that
the Zn concentration is greater than about 3 % in weight. 5 Further, if the
Zn concentration is greater than 5 in weight, a bonding strength under the
high temperature and high humidity is gradually lowered. Thus, it is
preferable that the Zn concentration is less than about 5 % in weight. 10
Example 2 Example 2 was carried out for observing a structure, in case when
a small amount of Ag is added to an Sn-4Zn-3In. Each solder having, in
weight, 4 %Zn, 3 %In, 0.1-0.5 %Ag, and the balance Sn of about 0.6 g was
melted on a ceramic 15 plate to form a sphere shape, and in that state,
cooled in the air. A section of each solder particle was polished and
observed by using scanning electron microscope (SEM). The results were
described in Figs. 3A to 3C. As is known from Figs. 3A to 3C, needle like
Zn phases 20 decrease as the Ag concentration increases. Further, it can be
noted that spheroidal Zn-Ag phases increase in Figs. 3B and 3C. Still
further, a fine structure of the solder is confirmed. Zn phases are finely
dispersed, so that a connection between the Zn phases disappears.
Accordingly, 25 oxidation of Zn, which causes to lower a bonding strength,
does not spread towards an inside of the solder, and -14 



lowering of a bonding strength under the condition of the high temperature
and high humidity is suppressed. In case where the Ag concentration is 0.1
% in weight, many needle like Zn phases are observed, as shown in Fig. 3A.
5 However, a spheroidal Zn-Ag layer is certainly confirmed. Example 3 In
Example 3, a variation of an electrochemical corrosion potential would be
explained, in case when a small 10 amount of Ag is added to the Sn-4Zn-3In.
Each solder having, in weight, 4 %Zn, 3 %In, 0-0.5 %Ag, and the balance Sn
was prepared with a bar shape having a cross section of 5 mm X 5 mm. A
surface of the bar-shaped specimen was polished with water resistance
polishing paper 15 of 1200 mesh, and then, subjected to buffing by using
A1203 suspension. Subsequently, the specimen was immersed into a 3.5 wt.%
NaCl water solution at 25 'C. Further, by using a standard electrode
employing a silver electrode, a silver chloride electrode, and a saturated
KC1 water solution, an 20 electromotive force difference, which is
generated between Ag of the standard electrode and the solder specimen, was
measured. The result was shown in Fig. 4. Still further, as a reference
sample, an electrochemical corrosion potential of the Sn-3In solder not
containing Zn was described. 25 As is known from Fig. 4, oxidation of Zn in
the solder becomes difficult as an electromotive force is close to that -15
of the Sn-3In solder. Namely, by the addition of Ag with 0.1 ~ in weight or
more, such an effect can be obtained that oxidation is prevented from
progressing. 5 Example 4 In Example 4, an observation result of a bonding
surface would be explained when soldering the Sn-4Zn-3In0.3Ag with a Cu
plate. The Sn-4Zn-3In-0.3Ag solder of 0.3 g was placed on the Cu plate and
applied to a flux. Then, it 



10 was heated on a 230 C heat plate and soldered. After this specimen was
filled into a resin, polished, and evaporated, a section of the bonding
surface was observed by using SEM and X-ray micro analyzer (XMA). As a
result of the observation using SEM and XMA, a Zn layer and an Ag layer 15
could be observed to be generated in a bonding surface between the solder
and the Cu plate. Namely, it can be known that a Zn-Ag phase is formed in
the bonding surface between the Cu plate and the bonding surface. If a
Zn-Cu compound phase is formed in a bonding surface, oxidation in an 20
interface of the solder with the Zn-Cu compound progresses, so that a
bonding strength is lowered. Namely, by preventing the formation of the
Zn-Cu compound layer, a bonding strength can be prevented from being
lowered. 25 Example 5 In Example 5, a variation of a melting point would be
-16   explained, in case when a small amount of Ag is added to the
Sn-4Zn-3In. Figs. 5A to 5E show measurement results of melting points of
solders, each having, in weight, 4 %Zn, 3 %In, 0-0.5 %Ag, and the balance
Sn, by using DSC. As can 5 be seen from Figs. 5A to 5E, it could be noted
that as the Ag concentration increases, a peak representing a heat
absorbing amount in the vicinity of 205 C to 210 C becomes large, and a
melting amount of the solder increases in this temperature area. If the Ag
concentration becomes 0.5 % in 10 weight, an endothermic peak in the
vicinity of 205 C to 210 C grows as much as substantially same as that in
the vicinity of 190 C. As a result, in case when being employed as a
solder, it is difficult to be melted. In other words, the solder is melted
at a lower temperature (about 193 C) 15 first, and melted again at a higher
temperature. Further, wettability or fluidity of the solder becomes
deteriorated. From the aforementioned measurement results, by an addition
of Ag with 0.1 % in weight or more, an electrochemical corrosion potential
is improved. On the 20 other hand, if Ag is added more than 0.5 % in
weight, as described by DSC measurement of the alloy, higher temperature
peaks increase. Accordingly, the solder is difficult to be melted, so that
wettability or fluidity characteristic thereof becomes deteriorated. 25
Further, if Ag is added to the solder containing Zn, needle like Zn phases
decrease and spheroidal Zn-Ag phases -17   increase. As a result, a fine
structure of the solder can be confirmed by a structure observation. While
needle like Zn 



phases are observed in case where the Ag concentration is 0.1 ~ in weight,
an effect of improving an electrochemical 5 corrosion potential can be
obtained even in that case, as mentioned above. Further, by the addition of
Ag, the Zn-Ag compound phase is formed in a bonding surface when soldering
on a Cu, to thereby serve as a barrier layer for suppressing a 10 reaction
between Cu and Zn. As a result, formation of the Zn-Cu compound layer,
which tends to be easily oxidized, can be suspended, so that oxidation in
the bonding surface is suppressed to thereby prevent the bonding strength
from being lowered. 15 Example 6 Each solder having, in weight, 4 %Zn, 0-10
%In, 0.3 %Ag, and the balance Sn was molded to a plate shape at a
temperature higher than a solder liquidus temperature by 20 50 'C, and a
tensile specimen was prepared. The specimen was JIS4 specimen. The tensile
test was performed at a tensile rate of 5.0 mm/min. The result was
described in Fig. 6. As is evident from Fig. 6, elongation of 30 % or
greater is held in the range 25 from 0 to 4 % In, in weight. -18   Example
7 Preferably, a Pb-free solder material formed of a solder alloy and a flux
is utilized in a wire solder and a cream solder. Here, the solder alloy is
based on the Sn-Zn 5 In-Ag system having, in weight: 3.0 % < Zn < 5.0 %~
0.1 % <- In ~ 4.0 %; 0.1 % ~ Ag ~ 0.4 %~ and the balance Sn. 



10 Further, as the flux, a known flux may be used. Example 8 In Example 8,
a solder bonding strength would be explained by using a solder alloy, which
has at least one 15 element selected from a group consisting of Ni, Ti, Mg,
A1, and Co, based on the Sn-Zn-In-Ag system having, in weight: 3.0 % < Zn <
5.0 %~ 0.1 % ~ In ~ 4.0 %; and 0.1 % ~ Ag ~ 0.4 %. 20 Here, a total
concentration of at least one element is in the range from 0.001 % to 0.05
% in weight and the remainder is Sn. The high temperature and high humidity
test was carried out on the following samples. Fig. 7 exhibits 25
variations of bonding strengths thereof. Bonding strength was measured by
the same method as in Example 1. The samples -19   were prepared by using
solder alloys, each having one of the aforementioned elements and
performing a reflow soldering on a Cu film. In Fig. 7, F represents a
standard Pb-free solder 5 alloy of the present invention. Further, A, B, C,
D, and E have the same composition with F other than Sn, and contain 0.004
sTi, 0.01 $Ni, 0.01 ~Mg, 0.05 ~A1, and 0.05 ~Co, in weight, respectively.
And, the remaining portion thereof is Sn. Comparing bonding strengths after
being exposed for 1000 10 hours under the condition of the high temperature
and high humidity, the samples A, B, C, and E are found to be superior to
the standard F. Further, it can be noted that the sample D maintains a
bonding strength at least equal to or greater than F. 15 Fig. 8 shows
variations of bonding strengths under the high temperature and high
humidity on three solder joint compositions: Sn-8Znn-3Bi, Sn-4Zn-3In-0.3Ag,
and Sn-4Zn-3In0.3Ag-0.003Ti. Further, the solder joints are formed by the
same manner as in Example 1. As can be seen from Fig. 8, the 20 addition of
Ti is clearly demonstrated to be effective after 1500 hours. Further, in
the comparative Sn-8Zn-3Bi, a bonding strength becomes less than 1 kgf
after 250 hours. Other elements such as Ni, Mg, A1, and Co provide the same
effects 25 as Ti. -20  



Example 9 A Pb-free solder material formed of a solder alloy and a flux of
Example 9 is utilized in a wire solder and a cream solder. Here, the solder
alloy has at least one element 5 selected from the group consisting of Ni,
Ti, Mg, A1 and Co, based on the Sn-Zn-In-Ag having, in weight: 3.0 % < Zn <
5.0 %; 0.1 % ~ In ~ 4.0 %; and 0.1 % ~ Ag ~ 0.4 %. 10 Here, a total
concentration of at least one element is in the range from about 0.001 % to
about 0.05 % in weight and the remainder is Sn. Further, as the flux, a
known flux may be used. As mentioned above, in accordance with the present
15 invention, the Zn concentration is in the range from about 3 to 5 % in
weight, so that solder joint reliability can be improved under the high
temperature and high humidity atmosphere. Further, a solder alloy of the
present invention may be a bar solder (molten solder), and a Pb-free solder
20 alloy suitable for a diffusion bonding. Still further, the present
invention may include a solder joint of electrical and electronic equipment
using the solder alloy of the present invention. A Pb-free solder using a
solder alloy in accordance 25 with the present invention has a melting
temperature substantially equal to that of a conventional Sn-Pb solder. -21
Therefore, the current Sn-Pb soldering method and the curren t parts or
production equipment can be employed as it is. Further, a Pb-free solder
material having a solder characteristic with excellent bonding strengths of
the parts 5 can be provided. Further, since a difference between a solidus
temperature and a liquidus temperature is small, floating of the parts
leads can be suppressed, even in case where packaging processes are
performed many times over. Still 10 further, when the joint is exposed to
the high temperature and high humidity atmosphere, the bonding strength can
be prevented from being lowered. While the invention has been shown and
described with respect to the preferred embodiments, it will be understood
15 by those skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the invention as
defined in the following claims. 



20 -22   What is claimed is: 1. A solder alloy based on an Sn-Zn-In-Ag
system, the solder alloy comprising, in weight: 5 3.0 % < Zn < 5.0 %~ 0.1 %
~ In ~ 4.0 %~ 0.1 % <- Ag <- 0.4 %; and the balance Sn. 10 2. A Pb-free
solder material comprising a solder alloy and a flux, wherein the solder
alloy is based on an Sn-ZnIn-Ag system having, in weight: 3.0 % < Zn < 5.0
%; 0.1 % ~ In ~ 4.0 %; 15 0.1 % ~ Ag ~ 0.4 %; and the balance Sn. 3. A
solder alloy based on an Sn-Zn-In-Ag system and having at least one element
selected from the group 20 consisting of Ni, Ti, Mg, A1, and Co, the solder
alloy comprising, in weight: 3.0 % < Zn < 5.0 %: 0.1 % ~ In ~ 4.0 %; and
0.1 % c Ag c 0.4 %, 25 wherein a total concentration of said at least one
element is in the range from about 0.001 % to about 0.05 % -23  



in weight, and the remaining portion thereof is Sn. 4. A Pb-free solder
material comprising a solder alloy and a flux, wherein the solder alloy has
at least one 5 element selected from a group consisting of Ni, Ti, Mg, A1,
and Co, based on an Sn-Zn-In-Ag based solder alloy having: 3.0 0 < Zn < 5.0
~; 0.1 0 ~ In ~ 4.0 ~~ and 0.1 a ~ Ag ~ 0.4 $, 10 wherein a total
concentration of said at least one element is in the range from about 0.001
to about 0.05 % in weight and the remaining portion thereof is Sn. 5. A
solder joint of electrical and electronic equipment 15 comprising the
solder alloy of claim 1. 6. A solder joint of electrical and electronic
equipment comprising the solder alloy of claim 3. -24
.A@2.Ay_.AF_.AF9L.AF&L.AY&L.AF9L.AY9L.AF99.AFL9.AY_.AY&_.A3L%.AF&_.AY99.AY&
_.Al&L.AY&_.Al&L.AF99.AY&L.AY&_.AY99.AY99BMOf*gtuxyzy
L"~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]cT^a]ca]ca]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]c^a]ca]ca]ca]cTaU]ca]ca]ca!"T$)KR###C&F&h&K(O(@-G-K---m00W1
^1669:{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:7:;
;+<<x@@EEGMKUKrLLMNOPPjQ{UUUU[[\\\]w^z^N`}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!N`V`?aTaabbEdMd\idijjjPnXnqqqrDr~rrPss]ttuuuDvpvvw}xsnid_Z]]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!wKwvwwwwdMd\idijjjPnXnqqqrDr~rrPss]ttuuuDvpvvw}xsnid_Z]]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caBMOfiK- 10%t&'()-s10%t&'()-s10%t&'()-9
10%t&'()-@#10%t&'()-F0@10%t&'()-3:10%t&'()-sf*giK-F  "10%t&'()-F@
"10%t&'()-l 



s10%t&'()- s10%t&'()-3,9!10%t&'()- 10%t&'()-Y `10%t&'()-t}[9-F
!0YF13%10%&'()-!!YF13%10%&'()-l- "10%t&'()-3$F%10%t&'()-S!&3$F%10%&'()-S!3
3%10%tt&'()-tuvwxyzuS1!F&%10%&'()-.!F&%10%&'()-.yF:10%&'()-`&10%&'()-` 10
10 10! :10%&'()-?  y } ~ wU6+1
10:10%&'()-!LF&%10%&'()-.!4F&%10%&'()-.!0F&%10%&'()-.!CF&%10%&'()-.!F&%10%&
'()-.~      ijH1 



10:10%!x$10%BB&'()-!$10%FF&'()-l "10%&'()- l "10%&'()-&10%&'()-L 10
10L"zX6H1 10!VYf&3%10%&'()--!Yf&3%10%&'()--!!Y"%10%&'()-Ys
"10%&'()-M!CF3%10%&'()-!!F3%10%&'()-T!"#$~_TI>0!V 10 10
10:10%&'()-!4Y93G%10%&'()-
0Y93G%10%3&'()-Y1"10%&'()-y/"10%&'()-$j:)wU3TI>0!9+F9Z%10%&'()-.!4F9Z%10%&'
()-.!!F9Z%10%&'()-.!&F9Z%10%&'()-.!!sF9Z%10%&'()-.!F9Z%10%&'()-.)BzodY70!!F
&%10%&'()-. 10 10 10:10%&'()-![F9Z%10%&'()-.!L,F9Z%10%&'()-.!LF9Z%10%&'()-.
KzX6dY70!!QF&%10%&'()-.!QF&%10%&'()-.!9F&%10%&'()-.!04F&%10%&'()-.F&%10%&'(
)-.!xF&%10%&'()-.KOPQR4_
u!4"{Y70!!!&Y&G%10%&'()-,!Y&G%10%&'()-,!xY&G%10%&'()-,!Y&G%10%&'()-, 10 10
10:10%&'()-4"######6$$~\:0!!!!!xFF%10%&'()-&!+0FF%10%&'()-&Y9 10%&'()- 10
10 



10:10%&'()-!VY&G%10%&'()-,$m%C&F&h&&9'}[9~\:0!!!!+Y3(Z%10%&'()-!&&Y3(Z%10%&
'()-l$10%&'()-Y"10%&'()-!0+FF%10%&'()-&!VFF%10%&'()-&9''K(L(M(N(O((k){Y70!!
!Y9Z%10%;;&'()-.!Y9Z%10%&'()-. 10 10
10:10%&'()-!CY3(Z%10%&'()-!40Y3(Z%10%&'()-k)5**+,@-D-E-xV7,7
10:10%&'()-!Y9Z%10%&'()-.!AY9Z%10%&'()-.!&Y9Z%10%&'()-.!&0Y9Z%10%&'()-.
QY9Z%10%&'()-.E-F-G-K---P.v/gE7
10:!F,%10%&'()-m!F,%10%&'()-m:10%&'()-!+Y!10%&'()-F910%&'()- 10
10v//m0001W1{Y7E7 10!+Y933%10%&'()-!QY933%10%55&'()- dF,%10%
&'()-mF,%10%&'()-m!0+F,%10%&'()-m!+F,%10%&'()-mW1[1\1]1^1M223C4{Y710!FL%10%
&'()-.!CFL%10%&'()-.!}FL%10%&'()-.!&FL%10%&'()-. 10 10
10:10%&'()-C4d5%6666667zodY710!Y3%10%&'()-  10 10
10:-10%&'()-!iFL%10%&'()-.!4FL%10%&'()-.!!FL%10%&'()-.7899:7:W;
xW5dY710!+l+G%10%&'()- dY3%10% &'()-  `Y3%10%G&'()- ![Y3%10%&'()-
!Y3%10%&'()- !Y3%10%77&'()- W;;;;;;+<<<{Y810! CYm%10% &'()-
!&$10%&'()-@!&$10%//&'()-@ 10 10 



10:,10%&'()-!>l+G%10%&'()-<=>?x@}@~@@@wXMB710! 10 10
10:-10%&'()-![Ym%10%&'()- !9Ym%10%&'()- !&Ym%10%&'()- !Ym%10%&'()-
@@:AWBBaC~DyW5MB710!43LF%10%&'()-.!+3LF%10%&'()-.!&3LF%10%&'()-.!t3LF%10%&'
()-.!03LF%10%&'()-. 3LF%10%&'()-.~DpEEEEEEFG{Y710!!x&$10%BB&'()-
!&$10%FF&'()-  10 10
10y:-10%&'()-!Q3LF%10%&'()-.!C3LF%10%&'()-.GGH{IJMKRKSKzX9.7
10:-10%&'()-!CFF%10%&'()-:!LFF%10%&'()-:!0FF%10%&'()-:!+FF%10%&'()-:FF%10%
&'()-:SKTKUKKrL|LLMgE7 10!Y3%10%&'()- @10%&'()-
@10%&'()-!9%10%&'()--!9%10%33&'()-- 10 10MMNeOOLPPwU3E7
10!&/3%10%&'()-T!&/3%10%&'()-T!&l*G%10%&'()-!+l*G%10%&'()-!&l%10%&'()-
!&l%10%&'()- PPPPPjQvQWRyS]; 



10!&!+YZ%10%&'()-!!:YZ%10%&'()-! YZ%10%;;&'()-!l& "10%&'()- 10 10
10:-10%&'()-yST{UUUUUUUz[PE: 10!& 10 10
10:,10%&'()-!V,53%10%&'()-,53%10%&'()-!CYZ%10%&'()-!!&YZ%10%&'()-!UVWYYSZ![
wU3PE:
10!Hl&Z%10%&'()-.!9l&Z%10%&'()-.!+l&Z%10%&'()-.!l&Z%10%&'()-.!}l&Z%10%&'()-
.!l&Z%10%&'()-.![[[[[[\\\~_= 10!H!$10%//&'()-l "10%&'()-l& "10%&'()- 10 10
10:-10%&'()-!Vl&Z%10%&'()-.\|]]w^z^^*__=~_= 10!H!!l$4%10%&'()-T
>l$4%10%&'()-TY" 10%&'()-l "10%&'()-`Y, %10%&'()-M!4Y,
%10%&'()-M*_Y__N`S`T`U`V```}rg\; 10!H 9l& %10%&'()-f) 10 



10
10:,10%&'()-!Ll$4%10%&'()-T!!'l$4%10%&'()-Tl$4%10%0&'()-T``a?aTa|aaaz[:g\;
10!H ClSZ%10%&'()-l& %10%`&'()-f >l& %10%/ &'()-f Hl& %10%&'()-f CHl&
%10%&'()-f)!+l& %10%&'()-fafbbbbcdEdxV4g\;
10!!ClSZ%10%&'()-!`lSZ%10%&'()-!ClSZ%10%&'()- `lSZ%10%
&'()-![lSZ%10%xx&'()-!QlSZ%10%&'()-EdJdKdLdMdd7f3g[h{Y7
10!!!4F9Z%10%&'()-,!&F9Z%10%&'()-,!F9Z%10%JJ&'()-,!F9Z%10%&'()-, 10 10
10:-10%&'()-[hh\iaibicidinij{Z8 10!!!!Y&G%10%&'()-. 9Y&G%10%&'()-. 10 10
10:-10%&'()-!xF9Z%10%&'()-,!LF9Z%10%&'()-,jjjjRkklyW5{Z8
10!!!>Y&G%10%&'()-.!QY&G%10%&'()-.!!Y&G%10%&'()-. LY&G%10% &'()-.
HY&G%10%m&'()-.!}Y&G%10%&'()-.lmPnUnVnWnXnWo1p{Y7
10!!!!0Y&3%10%&'()-!Y&3%10%&'()- 10 10 



10:,10%&'()-![Y&G%10%&'()-.!4Y&G%10%&'()-.1pptqqqqqqqz[PE: 10!!!! 10 10
10:,10%&'()-l+
10%&'()-!0Y&3%10%&'()-!>Y&3%10%&'()-!Y&3%10%&'()-qrDr~rrrPs^<PE: 10!!!!
!+Y3%10%&'()- $10%m m&'()- $10%r3r&'()- $10%U &'()-!10%&'()-l9
10%&'()-Psxsst]tqttzY8PE: 10!!!! sl3(G%10% &'()-
il3(G%10%G&'()-(!9l3(G%10%&'()-!0l3(G%10%&'()- `Y3%10% &'()-
`Y3%10%=&'()-tuuuuuJuuDv~_= 10!!!! !s`$10%88&'()-ml9 "10%&'()-sl9
"10%_&'()-s 10 10 



10:-10%&'()-!Hl3(G%10%&'()-DvpvvwKwvwwcD~_= 10!!!!
!y&!10%&'()-Y"10%&'()-!!10%&'()-l "10%&'()-Y  %10%&'()-Y LY  %10%
&'()-YwwwcD~_= 10!!!! !y&!10%&'()-Y"10%&'()-!!10%&'()-l
"10%&'()-:10%&'()-F(10%&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph Fontw #Q
N%F*].38=BTHMRXU]LacfWknrtxz|~":N`wwTUVWXft~ $)K4"$9'k)E-v/W1C47W;
<@~DGSKMPySU![\*_``aEd[hjl1pqPstDvwwYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6
Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


