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Lead-Free Solder Ball

Technical Field

This invention relates to a lead-free solder ball for use on electrodes of
electronic parts such as semiconductors. In particular, it relates to a lead-free solder
ball which can be used for both of an Ni electrode such as one plated with Au and a
Cu electrode made of Cu coated with a water-soluble preflux and which produces a

low rate of failure when an electronic part having such electrodes is dropped.

Background Art

In recent years, as electronic equipment becomes smaller and electric signals
become faster, electronic parts used in electronic equipment are becoming smaller
and multifunctional. Some examples of these small, multifunctional electronic parts
are BGAs (Ball Grid Arrays), CSPs (Chip Size Packages), and MCMs (Multichip
Modules), which are collectively BGAs. A BGA comprises a BGA substrate
having s a large number of electrodes provided in a grid-like pattern on the rear
surface thereof. When a BGA is mounted on a printed circuit board, the electrodes
of the BGA substrate are bonded to the lands of the printed circuit board using
solder. When mounting a BGA on a printed circuit board, if soldering is performed
by individually supplying solder to each electrode, not only is a great deal of effort
required, but it is not possible to supply solder from the exterior to electrodes
located in a center portion of the BGA. Therefore, when mounting a BGA on a
printed circuit board, a method is employed in which a mound of solder is
previously placed on each electrode of the BGA. This process is referred to as
solder bump formation.

Solder bumps are formed on a BGA using solder balls, solder paste, or the
like. When solder bumps are formed using solder balls, a sticky flux is applied to
the BGA electrodes, and then solder balls are placed on the flux-coated electrodes.
The BGA substrate is then heated in a heating apparatus such as a reflow furnace to

melt the solder balls and thereby form solder bumps on the electrodes.
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Semiconductor substrates such as BGA substrates and CSP substrates are
collectively called module substrates. When solder bumps are formed on the lands
of a wafer using a solder paste, a metal mask having punched holes of roughly the
same size as the lands of the wafer in positions matching the lands is placed on the
wafer, and a solder paste is spread and wiped with a squeegee from atop the metal
mask to print the solder paste on the lands of the wafer. The wafer is then heated in
a reflow furnace to melt the solder paste and thereby form solder bumps.

In the case of conventional BGAs, solder balls made of an Sn-Pb alloy were
used to form solder bumps. Solder balls made of an Sn-Pb solder alloy are not only
superior with respect to solderability to BGA electrodes, but particularly an Sn-Pb
alloy having a eutectic composition has a melting point that has no thermal effects
on BGA elements, substrates, or the like at the time of soldering. In addition, since
the solder balls contain Pb, which is soft, the resulting solder bumps can absorb
impacts when an electronic part or electronic equipment in which these solder balls
are used is dropped, and this ability greatly confributes to increasing the lifespan of
electronic parts, electronic equipment, and the like. However, the use of Pb is now
being increasingly regulated on a global scale, so naturally an Sn-Pb eutectic
composition which has conventionally been used for soldering is also being
regulated.

Conventionally, Sn-Ag-Cu based solder alloys such as Sn-3.0Ag-0.5Cu and
Sn-4.0Ag-0.5Cu have been used as compositions for lead-free solder balls for
BGAs. These lead-free solder alloys have excellent heat cycle properties.
However, when portable electronic equipment in which solder balls having these
solder alloy compositions are used is dropped, interface peeling easily takes place at
the solder ball bonding interface, and for this reason, these alloys have been thought
to have poor resistance to drop impacts (resistance to impacts due to dropping).

The following solder alloy compositions for lead-free solder balls are
proposed to prevent impacts due to dropping of portable electronic equipment: a
lead-free solder alloy comprising, in mass %, (1) Ag: 0.8 - 2.0%, (2) Cu: 0.05 -

0.3%, and (3) one or more elements selected from In: at least 0.01% and less than



10

15

20

25

30

3

0.1%, Ni: 0.01 - 0.04%, Co: 0.01 - 0.05%, and Pt: 0.01 - 0.1%, and a remainder of
Sn (WO 2006/129713 A, Patent Document 1); a lead-free solder alloy which is
characterized by comprising Ag: 1.0 - 2.0 mass %, Cu: 0.3 - 1.5 mass %, and a
remainder of Sn and unavoidable impurities and which may further contain one or
more of Sb: 0.005 - 1.5 mass %, Zn: 0.05 - 1.5 mass %, Ni: 0.05 - 1.5 mass %, and
Fe: 0.005 - 0.5 mass % with the total content of Sb, Zn, Ni, and Fe being at most 1.5
mass % (JP 2002-239780 A, Patent Document 2); a lead-free solder alloy
comprising, in mass %, 0.1 - 1.5% of Ag, 0.5 - 0.75 % of Cu, Ni in an amount
satisfying the relationship 12.5 < Cw/Ni < 100, and a remainder of Sn and
unavoidable impurities (WO 2007/081006 A, Patent Document 3); and a lead-free
solder alloy comprising 1.0 - 2.0 mass % of Ag, 0.3 - 1.0 mass % of Cu, 0.005 -
0.10 mass % of Ni, and a remainder of Sn and unavoidable impurities (WO
2007/102588 A, Patent Document 4). In addition, a method of applying a flux to
the electrodes of a module substrate is disclosed as a method of solving the problem
of fusion defects which develop at the time of bonding a module such as a BGA
substrate to a printed circuit board (WO 2006-134891 A, Patent Document 5).

Prior Art Documents

Patent Documents
Patent Document 1: WO 2006/129713 A
Patent Document 2: JP 2002-239780 A
Patent Document 3: WO 2007/081006 A
Patent Document 4: WO 2007/102588 A
Patent Document 5: WO 2006/134891 A

Summary of the Invention
Problem which the Invention is to Solve

In order to improve resistance to drop impacts of Sn-Ag-Cu based solder
balls, Patent Documents 1 through 4 disclose decreasing the Ag content to reduce

the hardness of the resulting solder and increase the amount of impact energy which
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is absorbed, decreasing the Cu content to reduce the thickness of a layer of
intermetallic compounds such as CugSns which are formed in the bonding surface
between a land and solder so that peeling in the bonding interface is prevented, and
compensating for a decrease in the strength of the solder itself due to a decrease in
the Cu and Ag content by adding at least one iron group element such as Ni, Fe, or
Co.

However, even when solder balls which employ a measure for improving
resistance to drop impacts as disclosed in Patent Documents 1 through 4 are used,
the problem occurs that malfunctions due to dropping of electronic equipment do
not decrease. Upon analyzing this problem, it was found that malfunctions due to
dropping of electronic equipment, which are increased compared to conventional
Sn-Pb solder, do not occur only at bonding interfaces between circuit boards and
solder balls like those disclosed in Patent Documents 1 - 5. Namely, as the shift
from use of Sn-Pb solder towards use of lead-free solder progresses, new defects
referred to as fusion defects occur when module substrates such as BGA substrates
are bonded to printed circuit boards. In fusion defects, the solder components of
solder balls used on electrodes of BGAs and the solder components of solder paste
used for soldering of printed circuit boards do not mix with each other (see Figure
1).

It was also found that there has been much occurrence of fusion defects
accompanying the shift from solder balls having an Sn-3.0Ag-0.5Cu composition to
solder balls having an Sn-Ag-Cu-Ni composition, which were developed as a
countermeasure to provide resistance to drop impacts. The cause of fusion defects
is thought to be that Ni, which is added to improve resistance of solder balls to
impacts due to dropping, forms intermetallic compounds with Sn which precipitate
on the surface of solder balls and interfere with mixing of the solder components of
solder balls and the solder components of solder paste.

The following is also conceivable as a cause of fusion defects. When a
printed circuit board undergoes a large amount of warping due to heating, solder

balls and solder paste separate from the each other. If heating is carried out while
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solder balls and solder paste are separated from each other in this manner, the
surfaces of the solder balls are oxidized by high temperatures. Flux which bleeds
from the solder paste covers the surfaces of the solder balls, and when the flux loses
its activating power, upon the warping disappearing during cooling, even if the
solder paste and the solder balls contact each other, it is not possible to remove the
oxide film from the surfaces of the solder balls, and fusion defects occur. The
method disclosed in Patent Document 5 is effective at solving this problem.

It was found from examples that depending on the composition of solder
balls, fusion defects are caused by the compound CueSns or (Cu,Ni)eSns which is
formed inside solder balls. When electronic parts to which solder balls are bonded
are mounted on a mounting substrate, mounting is carried out with electrodes to
which the solder balls are bonded facing downwards with respect to the mounting
substrate on which a solder paste has been printed. Heating is then carried out, and
the solder balls and the solder paste are melted and fused together. However, when
a large amount of the compound CugSns or (Cu,Ni)¢Sns is formed inside the solder
balls, the phenomenon occurs that the compound sediments inside the solder balls at
the time of melting of the solder balls and precipitates in the vicinity in the
outermost surface of the resulting bumps. - It has been confirmed that this
phenomenon becomes a factor which interferes with fusion with solder paste and
causes fusion defects (see Figures 2 and 3).

Solder balls used in BGAs and CSPs need to have resistance to drop impacts.

One effective measure for providing resistance to drop impacts is to modify
interface compounds, and as disclosed in Patent Documents 1 - 4, the addition of Ni
is one measure to achieve this modification. However, because Ni is an element
which forms compounds, from the standpoint of fusion defects, the amount of Ni
which can be added is limited. Ifthe addition of Cu or Ni is suppressed out of
consideration of fusion defects, resistance to drop impacts is lost, and the solder
alloy ends up being inappropriate for solder balls for BGAs, CSPs, or the like which
are much mounted in portable equipment.

The problem to be solved by the present invention is to develop a solder
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alloy for a solder ball which does not develop fusion defects even with a solder ball
having an Sn-Ag-Cu-Ni composition which increases solder strength such as
resistance to drop impacts, and to obtain a solder ball for BGAs or CSPs which has
a low rate of failure when electronic parts are dropped and which is effective even
when a printed circuit board to which bonding is to take place has Cu electrodes or
electroplated Ni/Au electrodes or electroless Ni/Pd/Au electrodes formed by lower
Ni plating followed by surface treatment in the form of Au plating or Auw/Pd plating
by suppressing interface peeling in bonding interfaces of solder balls and

suppressing fusion defects which develop between solder balls and solder paste.

Means for Solving the Problem

The present inventors found that a solder alloy for a solder ball which has
resistance to drop impacts and a low rate of occurrence of fusion defects produces
few failures due to dropping of portable electronic equipment, that the rate of
occurrence of fusion defects increases and a large number of failures due to
dropping of portable electronic equipment develop if an iron group metal such as
Ni, which is contained in a solder alloy having resistance to drop impacts,
precipitates on the surfaces of solder balls, and that by prescribing the amount of Ni
which is added to a solder alloy, fusion defects and therefore problems due to
dropping of portable electronic equipment decrease, and they completed the present
invention.

In the present invention, an Sn-Ag-Cu solder which constitutes the solder
base has a composition of 0.5 - 1.1 mass % of Ag, 0.7 - 0.8 mass % of Cu, and a
remainder of Sn. In contrast to the art disclosed in Patent Documents 1 - 4 which
suppress the formation of CugSns intermetallic compound in the interface of Cu
electrodes by decreasing the content of Cu in an Sn-Ag-Cu ternary alloy
composition, in a solder ball acéording to the present invention, Ni is added to a Sn-
Ag-Cu ternary alloy composition having a Cu content in the vicinity of the eutectic
point of 0.75 mass %, thereby suppressing the formation of CusSns intermetallic

compound in the interface of Cu electrodes even if the Cu content of the solder is
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By limiting the Cu content in an Sn-Ag-Cu ternary alloy composition
according to the present invention to the vicinity of the eutectic point of 0,75 mass
%, the diffusion of Cu from Cu electrodes in an Sn-Ag-Cu ternary composition in
which Cu is in a saturated state is suppressed.

Another characteristic of solder balls according to the present invention is
that by making the Cu content of a solder éIon having an Sn-Ag-Cu ternary
composition close to the eutectic point of 0.75 mass %, not only is diffusion of Cu
from Cu electrodes suppressed, but the same effect is obtained with respect to Ni
which forms a complete solid solution with Cu. Therefore, diffusion of Ni from Ni
electrodes is suppressed. Furthermore, by previously adding Ni to solder, the effect
of suppressing diffusion of Ni and Cu from electrodes of electronic parts and
electrodes of substrates are both increased, and by forming a bonding interface by
fine intermetallic compounds, resistance to drop impacts is also increased with
respect to Ni electrodes.

The amount of Ni which is added to a solder composition for solder balls
according to the present invention having a composition containing 0.5 - 1.1 mass
% of Ag, 0.7 - 0.8 mass % of Cu, and a remainder of Sn is 0.05 - 0.08 mass %. In
the present invention, by making the amount of Ni which is added to an Sn-Ag-Cu
solder alloy 0.05 - 0.08 mass %, it is possible to obtain a solder ball for BGA
electrodes in which Ni does not precipitate in a concentrated manner on the surface
of Sn-Ag-Cu balls and which has excellent temperature cycle properties and
resistance to drop impacts.

In the present invention, by adding Ni fo a solder alloy having an Sn-Ag-Cu
ternary composition in which the Cu content is in the vicinity of the eutectic point
of 0.75 mass %, the formation of CugSns intermetallic compound in the interfaces of
Cu electrodes can be suppressed without any decrease in the content of Cu in the
solder. Furthermore, as a result of the addition of a small amount of Ni as in the
present invention to a solder alloy having an Sn-Ag-Cu ternary composition, the

SnCu compound CugSns in the solder is refined, and particles of intermetallic
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compounds formed in the interfaces between electronic parts and substrate
electrodes become fine, resulting in the formation of bonding interfaces which do
not readily undergo fracture.

If the added amount of Ni is Iess than 0.05 mass % which is too small, it
becomes difficult to obtain the above-mentioned effects, and an increase in
resistance to drop impacts is not realized. If the added amount exceeds 0.08 mass %
which is excessive, the concentration of Ni in bonding interface compounds
increases, resulting in the formation of bonding interfaces which are brittle and
easily break, thereby decreasing the resistance to drop impacts. In addition, if too
much Ni is added, it is not possible to avoid an increase in the hardness of the
solder, which is unsuitable for achieving resistance to drop impacts. In this manner,
when the added amount of Ni is not suitable, there is a tendency for resistance to

drop impacts to decrease.

Effects of the Invention

By using a solder ball according to the present invention, it is possible to use
a solder ball which has resistance to drop impacts with respect to both Cu electrodes
and Ni electrodes and which has a low occurrence of failure when electronic parts
having electrodes mounted thereon are dropped due to the effect of suppressing
fusion defects. This provides the advantage that it is possible to smoothly cope with
frequent changes in the design of electrodes.

By using a solder ball according to the present invention, it is possible to
connect electrodes of a BGA or CSP to a printed circuit board with minimized
occurrence of failure when electronic parts are dropped even with Cu electrodes
having Cu lands coated with a water-soluble preflux (referred to as OSP = organic
solderability preservative) or Ni electrodes including those having an Ni substrate

coated with Au plating or Pd/Au plating.

Best Mode for Carrying Out the Invention

A solder ball according to the present invention, which has resistance to drop
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impacts with respect to both Cu electrodes and Ni electrodes, is preferably used for
bump formation on packaged parts such as BGAs and CSPs having electrodes on
their bottom surfaces.

If the Ag content of an Sn-Ag-Cu-Ni based solder alloy for a solder ball
according to the present invention is less than 0.5 mass %, the strength of the solder
decreases, and fracture of the solder occurs easily when undergoing an impact stress
due to dropping or the like. If the Ag content exceeds 1.1 mass %, the hardness of
the solder becomes high and its impact absorbing properties decrease, thereby
causing peeling to take place at the interfaces. Accordingly, the Ag content of an
alloy for a solder ball according to the present invention must be 0.5 - 1.1 mass %
and more preferably 0.9 - 1.1 mass %.

If the Cu content of an Sn-Ag-Cu-Ni based solder alloy for a solder ball
according to the present invention is less than 0.7 mass %, the alloy composition
moves away from the eutectic point of Sn-Ag-Cu. As a result, when using Cu
electrodes, due to diffusion of Cu from the Cu electrodes into solder, a thick CugSns
intermetallic compound layer is formed in the interfaces of the Cu electrodes,
thereby decreasing the resistance to drop impacts of the solder. If the Cu content of
an Sn-Ag-Cu-Ni based solder alloy exceeds 0.8 mass %, the alloy composition
moves away from the eutectic point of Sn-Ag-Cu, so CugSns intermetallic
compounds easily form in the reaction layer between the solder alloy and Cu
electrodes. As a resulf, CugSns intermetallic compound formed in the bonding
interface between Cu electrodes and solder becomes thick. Accordingly, the Cu
content of an Sn-Ag-Cu-Ni based solder alloy for a solder ball according to the
present invention must be 0.7 - 0.8 mass %.

If the Ni content of an Sn-Ag-Cu-Ni based solder alloy for a solder ball
according to the present invention is less than 0.05 mass %, the effect of the
addition of Ni is not obtained, and it becomes easy for Ni to diffuse from Ni
electrodes, thereby causing an intermetallic compound to easily form in interfaces.
Therefore, the Ni content of an Sn-Ag-Cu-Ni based solder alloy must be at least
0.05 mass %. On the other hand, if the Ni content exceeds 0.08 mass %, the Ni
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concentration in an intermetallic compound formed in bonding interfaces increases
and the bonding strength decreases while the hardness of the solder increases. Asa
result, it becomes easy for interface peeling to take place when an impact is applied.
In addition, if the Ni confent exceeds 0.08 mass %, the occurrence of fusion defects
increases. Therefore, it is necessary for the Ni content in an Sn-Ag-Cu-Ni based
solder alloy for a solder ball according to the present invention to be 0.05 - 0.08
mass %.

An Sn-Ag-Cu-Ni based solder alloy for a solder ball according to the present
invention may further contain a total of 0.003 - 0.1 mass % of at least one element
selected from Fe, Co, and Pt. The addition of Fe, Co, or Pt to an alloy for a solder
ball refines an intermetallic compound layer which is formed in bonding interfaces
and suppresses the thickness thereof, so it produces an effect of improving
resistance to dropping. If the content of an element selected from Fe, Co, and Pt is
less than 0.003 mass %, it becomes extremely difficult to obtain the above-
described effect, while if such elements are added in excess of 0.1 mass %, the
hardness of solder bumps increases and the problem develops that interface peeling
occurs in response to impacts.

It is also possible to add a total of 0.003 - 0.1 mass % of at least one element
selected from Bi, In, Sb, P, and Ge to an Sn-Ag-Cu-Ni based solder alloy for a
solder ball according to the present invention.

After a solder ball is mounted on a module substrate, image recognition is
used to determine if the solder ball has been soldered. If the solder ball has
undergone discoloration such as yellowing, image recognition determines that a
defect has occurred. Therefore, it is preferable that a solder ball not undergo
discoloration during reflow.

The effect of the addition of Bi, In, Sb, P, or Ge is to prevent discoloration
due to heat or the like, and the addition makes it possible to avoid errors during
quality inspection of bumps. If the content of an element selected from Bi, In, Sb,
P, and Ge is less than 0.003 mass %, it becomes extremely difficult to obtain the

above-described effect, while if they are added in excess of 0.1 mass %, the
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hardness of solder bumps increases and there may be a decrease in the effect of
reducing resistance to dropping.

Solder balls according to the present invention are used for electrodes. The
diameter of the solder balls is at least 0.1 mm, preferably at least 0.3 mm, and more
preferably at least 0.5 mm. Inrecent years, miniaturization of electronic equipment
is progressing, and solder balls which are mounted on electronic parts continue to
become finer. In the case of flip chip bonding, solder balls of 0.1 mm or smaller are
commonly used, while solder balls like those of the present invention which are
solder balls for electrodes of a CSP or BGA which may incorporate a flip chip

inside it have a size which is typically 0.1 mm or larger.

Examples

Solder alloys having the composition shown in the following table were
prepared, and solder balls having a diameter of 0.3 mm were prepared by the
droplet spraying method. These solder balls were used to fabricate CSP substrates
by the following procedure.
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Table 1
Solder composition Occur- Resisfance to drop
(mass %) rence of | Spread impacts
fusion -mg2 (number ?f drops) Comments
sn {Ag| cu | N dif;‘)’ts nm) | NivAu Nﬁd/ g‘s’l‘,
1 [Rem|[05] 07 |005| 12 0.76 80 72 95
2 |Rem| 1 ] 07 [005} 4.9 0.82 83 46 | 50
gl 3 |Rem| 1|07 ]007] 25 .0.80 62 79 | 58
x| 4 |[Rem| 1 | 07 [0.08] 29 0.86 83 77 | 123
:} 5 |Rem| 1 {075[007| 18 0.85 98 81 94
p| 6 [Rem| 1 |08 [00s] 43 0.81 34 59 46
11 7 [Rem| 1 | 08 [0.07] 40 0.81 37 58 67
©1 8 |Rem| 1 | 08 |0.08] 22 0.79 65 74 | 89
9 |Rem|1.1] 08 |0.07] 3.7 0.91 43 53 49
10 |[Rem | 11| 08 | 0.08] 28 0.88 48 66 68
cl ! [Rem| 0 | 07 1.6 0.55 5 9 2
ol 2 |Rem |03} 07 |005] 05 0.58 78 65 47 | Pat. Doc. 3
mi 3 |Rem| I | 05 1.8 0.87 1 58 54
P4 Rem|[ 1 |05 [002] 32 | o085 4 — |33
r| 5 |Rem| 1 | 05[005] 05 0.88 1 — | 50
: 6 |Rem| 1 | 0.7 | 0.02 0.9 0.90 10 — 36
11 7 |Rem| 1 ] 07 | 01 10.6 0.74 12 —_ 1
v|I 8 JRem| 1 | 08 [0.02| 46 0.87 5 22 15
1 9 |Rem| 1 |08 | 01| 125 0.74 8 16 1
E| 10 {Rem} 1 1 8.6 0.86 1 1 1
x| 11 |Rem| 1 | 1 |005] 157 0.81 1 1 1 | Pat. Doc. 4
; 12 {Rem [ 1.2} 05 | 0.02]| 44 0.82 3 12 28
pl 13 |Rem|[15] 05 05] 184 0.85 6 9 1 | Pat.Doc. 2
I'l'14 Rem |12 07 |002] 3.8 0.80 7 19 | 17
®[ 15 [Rem| 3 | 05 16 | 094 1 1 7

1. The solder balls which were prepared using each composition were
soldered by reflow soldering using a WF-6400 flux manufactured by Senju Metal
Industry Co., Ltd. to a CSP module substrate measuring 12 x 12 mm and having
electroplated Ni/Au electrodes, electroplated Ni/Pd/Au electrodes, or Cu lands
treated with an OSP (Cu-OSP) to fabricate a CSP in which each solder composition

was used for electrodes.
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2. A glass epoxy substrate (FR-4) measuring 30 x 120 mm and having a
thickness of 0.8 mm was printed with solder paste in the electrode pattern formed
on that substrate, and after the CSP fabricated in step | was mounted thereon,
reflow soldering was carried out for 40 seconds at a temperature of at least 220° C
with a peak temperature of 245° C.

3. A drop impact test was carried out under the following conditions. The
test method was as follows using the glass epoxy substrate prepared in step 2 on
which a CSP was mounted and in which both ends of the substrate were secured to
a base so as to be raised 10 mm above the base using a dedicated jig. An impact
with an acceleration of 1500 G was repeatedly applied in accordance with JEDEC
specifications, and the number of drops until the occurrence of failure was récorded,
with failure being considered the point at which the resistance increased to 1.5 times
the initial resistance.

It was found that resistance to drop impacts was not obtained with solder
balls using an Sn-Ag-Cu-Ni based solder alloy containing a large amount of Ni as in
Patent Document 2 even when soldering was performed to Ni electrodes.

In order to measure the rate of occurrence of fusion defects, the same solder
balls as above were mounted on a substrate in the following manner.

1. Solder balls which were prepared using each composition were subjected
to treatment for 24 hours at a temperature of 110° C and a relative humidity of 85%.

2. A glass epoxy substrate (FR-4) measuring 36 x 50 mm and having a
thickness of 1.2 mm was printed with solder paste in the electrode pattern formed
thereon, and after the solder balls treated in step 1 were mounted on the substrate,
reflow heating was carried out for 40 seconds at 220° C or above with a peak
temperature of 245° C.

3. The number of occurrences of fusion defects between the solder balls and
the solder paste was recorded using a stereomicroscope, and the rate of occurrence
of fusion defects was calculated.

Subsequently, a spreading test was carried out using the prepared solder balls

in the following manner. The substrate which was used was made of the same
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material as the substrate used to investigate the rate of occurrence of fusion defects.

1. A glass epoxy substrate (FR-4) having a thickness of 1.2 mm on which
linear electrodes measuring 0.24 x 16 mm were formed was printed with WF-6400
flux manufactured by Senju Metal Industry Co., Ltd. to form a diameter of 0.24 mm
having a thickness of 0.1 mm on each electrode, and after a solder ball was placed
on the flux, reflow heating was carried out for 40 seconds at a temperature of at
least 220° C and a peak temperature of 245° C.

2. The area of spreading of the solder was measured using a
stereomicroscope.

Comparative Examples 7, 9, 10, 11, and 13 had a solder ball alloy
composition in which the Cu content exceeded 0.8 mass % or the Ni content
exceeded 0.07 mass %, so the rate of occurrence of fusion defects exceeded 8%, and
an effect of suppressing fusion defects was not obtained.

In particular, the rate of occurrence of fusion defects for Comparative
Example 13, which had an Sn-1.5Ag-0.5Cu-0.5Ni solder composition described in
Patent Document 2, was markedly increased. This was because the Ni content in
the solder was too high, so there was too much formation of a compound and the
fusing properties of the solder with the paste were impaired. As a result, the rate of
occurrence of fusion defects increased.

Similarly, in Comparative Examples 10 and 11, the Cu content was too high,
and there was too much formation of a compound, thereby inducing the occurrence
of fusion defects.

In Comparative Examples 1 - 2, the Ag content was low, so a significant
decrease in spreading was observed. Compared to Example 1, the area of spreading
in Comparative Examples 1 - 2 decreased by at least 20%. When spreading is
inadequate, a good bond is not obtained and a sufficient bonding strength may not
be maintained.

In Comparative Examples 3 - 6, 8, 12, 14, and 15, the rate of occurrence of
fusion defects was less than 5%, and sufficient spreading was maintained.

However, because the content of Ag, Cu, or Ni was not optimized, an effect of
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improving resistance to drop impacts was not obtained.

The effect of Ni when Ag is fixed at 1 mass % and Cu is fixed at 0.7 mass %
will be considered. When the Ni content is selected to be 0.1 mass %, which
exceeds 0.08 mass %, the rate of occurrence of fusion defects markedly increases.
Conversely, when the Ni content is selected to be 0.02 mass %, which falls below
0.05 mass %, although an effect of suppressing fusion defects is obtained, resistance
to drop impacts is not obtained. Thus, a solder alloy which both suppresses fusion
defects and improves resistance to drop impacts is obtained by selecting the Ni
content to be 0.05 - 0.08 mass %.

Next, the range for the Cu content which suppresses fusion defects and
improves resistance to drop impacts when maintaining the Ni content at 0.05 mass
% and the Ag content at 1 mass % will be considered. When the Cu content is
selected to be 1 mass %, which exceeds 0.8 mass %, the rate of occurrence of fusion
defects markedly increases. When the Cu content is selected to be 0.5 mass %,
which falls below 0.7 mass %, an improvement in resistance to drop impacts is not
obtained. Thus, a Cu content of 0.7 - 0.8 mass % is optimal for a solder alloy
having both properties.

The above results show that a solder composition comprising 0.5 - 1.1 mass
% of Ag, 0.7 - 0.8 mass % of Cu, 0.05 - 0.08 mass % of Ni, and a remainder of Sn
can be used both for Ni electrodes plated with Au or the like and Cu electrodes
coated with a water-soluble preflux. The solder composition has both of an effect
of suppressing interface peeling and an effect of suppressing fusion defects.
Therefore, a solder alloy is obtained which has a low rate of malfunctions when

electronic parts having electrodes mounted thereon are dropped.

Industrial Applicability

According to the present invention, a solder ball for electrodes is provided
which has resistance to drop impacts both when it is used with Cu electrodes and
when it is used with Ni electrodes. If the amount of Ni added to a solder alloy

having an Sn-Ag-Cu ternary composition exceeds 0.1 mass %, a Ni-containin
g p g
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compound easily precipitates on the surface of the solder ball, and fusion defects
with respect to mounting paste easily occur. A solder ball according to the present
invention has an Ni content limited to 0.05 - 0.08 mass %, which makes it difficult
that the phenomenon of a compound precipitating on the surface of the solder ball
takes place, and which is also effective at suppressing the phenomenon of fusion
defects.

Brief Explanation of the Drawings

Figure 1 shows an example of the phenomenon of fusion defects.

Figure 2 shows an example in which a compound formed inside a solder ball
impedes fusion with a solder paste.

Figure 3 shows an enlarged image of an example in which a compound
formed inside a solder ball impedes fusion with solder paste.

Figure 4 shows a bonding interface compound layer in Example 2.

Figure 5 shows a bonding interface compound layer in Comparative
Example 9.

Figure 6 shows a bonding interface compound layer in Comparative
Example 10.

Figure 7 shows a schematic view of interface peeling.

Figure 8 shows a schematic view of a fusion defect.

Explanation of Referential Numerals
1 BGA part
mounting substrate
fused solder bump
unfused solder bump
solder ball after heating for mounting
solder paste after heating for mounting

unfused portion

2 1 N W S W N

compound by which fusion is impeded
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9 BGA electrodes

10  bonding interface compound having resistance to drop impacts

11 solder bump

12 bonding interface compound which does not have resistance to drop
5 impacts due to insufficient Cu content

13 bonding interface compound which does not have resistance to drop

impacts due to insufficient Ni content
14  land
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Claims

1. Alead-free solder ball which is used for electrodes by mounting on a module
substrate for a BGA or CSP and which has a solder composition comprising 0.5 - 1.1 mass %
of Ag, 0.7 - 0.8 mass % of Cu, 0.05 - 0.08 mass % of Ni, and a remainder of Sn.

2. A lead-free solder ball as set forth in claim 1 wherein the solder composition

comprises 0.9 - 1.1 mass % of Ag, 0.7 - 0.8 mass % of Cu, 0.05 - 0.08 mass % of Ni, and a
remainder of Sn.

3. A lead-free solder ball as set forth in claira 1 wherein the solder composition
comprises 1.0 mass % of Ag, 0.75 mass % of Cu, 0.07 mass % of Ni, and a remainder of Sn.

4. Alead-free solder ball as set forth in any of claims 1 - 3 wherein the solder ball
has a diameter of at least 0.1 mm.

5. A lead-free solder ball as set forth in any of claims 1 - 3 wherein the solder ball
has a diameter of at least 0.3 mm.

6. A lead-free solder ball as set forth in any of claims 1 - 3 wherein the solder ball
has a diameter of at least 0.5 mm.

7. A method of forming a solder bump on a module substrate having electrodes
selected from electroplated Ni/Au electrodes, electroless Ni/Pd/Au electrades, and Cu-OSP
clectrodes using a solder ball as set forth in any of claims 1 - 6.



