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Abstract
Hillock Sn whiskers in Sn0.3Ag0.7Cu solder are investigated in 20 seconds in corrosive climate
(95% wmethanol and 5% nitric acid) , and the growth mechanism of hillock Sn whiskers is studied.
The results indicate that hillock Sn whiskers are formed near the interface of Sn0.3Ag0.7Cu/Cu
solder joints, and small corrosion pits provide conceive sites for Sn whiskers. Moreover, compressive
stress induced by IMC reaction and oxidation for the whisker growth may be suggested as the driving

force.
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0 Introduction

In the past, Sn-base solders containing Pb were
widely used in chip attachment and surface-mount
processes in electronic packaging industry. Owing to
the increasing environmental and health concerns of
toxicity of lead, the use of Pb was required to be re-
moved from manufacturing consumer electronic prod-
ucts in 2006 by international legislation ( EU RoHS) ,
which has led to an extensive R&D study of lead-free

solder materials''**’.

Among series of lead-free alloys,
SnAgCu near eutectic solders were proposed as the
most promising alternatives for traditional SnPb sold-
ers > due to their good material performance. There-
fore, SnAgCu solders are extensively used as the inter-
connection materials in BGA, CSP, CCGA, etc.

In recent years, in order to reduce the cost of
SnAgCu solders, low-Ag SnAgCu solders have been
studied by lots of researchers. It has been found that the
low-Ag SnAgCu solders, such as the Sn0.3Ag0.7Cu
and Snl.0Ag0. 5Cu, exhibit both higher bulk compli-
ance and higher plastic energy dissipation than Sn4.
0Ag or Sn3. 0Ag0. 5Cu’”’. Liu'® reported that Fe,O,
nanoparticles added could remarkably improve the wet-
tability of Snl.0Ag0. 7Cu solder alloys and inhibit the
formation and the growth of the interfacial IMCs be-

tween the nano-composite solders and Cu substrate.
Wu'”' found that with the addition of TiO, nanoparti-
cles, the thickness of intermetallic compound layer
could be reduced obviously at Sn0. 3Ag0. 7Cu/Cu in-
terface. EI-Daly'®’ demonstrated that 2. Owt. % Zn into
Snl.0Ag0. 3Cu soldering resulted in an excessive ten-
sile strength and low ductility, 3. 0wt. % Zn exhibited
both the highest strength and large ductility. The addi-
tion of Ti, In, Sb, Zn, Al, Fe,
content SAC solder has the potential to improve the

and Co to low-Ag-

thermal-cycling reliability of joints without sacrificing
the drop-impact performance®’ .

In this study, the hillock Sn whisker in
Sn0.3Ag0. 7Cu solder is investigated with 20 seconds
corrosion, the reaction mechanism of hillock Sn whisk-
er is studied, which can provide a reference for the re-
search of low-Ag lead-free solders.

1 Experiment

Sn0. 3Ag0. 7Cu alloys are prepared from pure Sn,
Sn-Cu alloy and Sn-Ag alloy. Raw materials for
SnAgCu solders are melted in a ceramic crucible, and
melted at 550 £ 1°C for 40 min. And mechanical stir-
ring is needed to homogenize the solder alloy. In order
to protect the solder for oxidation during melting, KCI

+ LiCl (1.3:1) are used over the surface of liquid
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solder. Then the molten alloys are chilled and cast in-
gots in a mold and solidified by nominally air-cooling.
At last for stabilizing the microstructure of the solder
alloys, all solder specimens are heated and treated at
125°C for an hour. SnAgCu solder is put on the surface
of Cu substrate, and interconnection between Cu and
solder is carried out by reflow soldering with peak tem-

Sn0.3 Ag0.7Cu

Cu substrate

perature 245°C (Fig. 1). SnAgCu samples are mechan-
ically polished with 1pum diamond paste for microstruc-
tural observation. The etching solution contains 95%
methanol and 5% nitric acid, the samples in corrosion
climate are 20 seconds. The microstructures of these
solders are examined by scanning electron microscopy

(SEM) with a voltage of 20 KeV.

! Reflow soldermg

Fig.1 Schematic illustration of Sn0.3Ag0.7Cu solder joint

2 Results and discussion

Fig.2 shows the surface morphologies of
Sn0.3Ag0. 7Cu/Cu solder joints after corrosive cli-
mate. The corrosion pits can be observed well with the
SEM figures, and the hillock Sn whiskers are devel-
oped mainly in the corrosion pits, the length of the
whiskers may be as long as 6pum. Moreover, some hill-
ock Sn whiskers are formed near the interface of
Sn0. 3Ag0. 7Cu/Cu solder joints. Due to the small pe-

riod for corrosion, no long whisker can be observed in

5
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Horvath, et al''™"! reported the tin
whisker grew from micro-alloyed SnAgCu solders in

the samples.
corrosive climate. The larger the copper content is in
an alloy, the more stress will develop in the layer due
to the larger expansion of the corrosion product within
2 reported that the whisker
growth on tin finishes produced by three different plat-

the alloy. Jiang' ', et al.
ing baths ( sulfate-based, alkaline stannate-based and
stannous chloride-based) was observed by both optical
and scanning electronic microscopy. With the corrosion
climate, the corrosion pits can play an important role

on improving the whisker growth.

Qs
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Fig.2 Hillock Sn whiskers in SnAgCu/Cu solder joints
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In order to further analyze the growth of Sn whisk-
er, the whiskers near the interface of solder joints are
magnified as shown in Fig. 3 and Fig. 4. At the initial
stage, the reflow soldering of Sn0.3Ag0. 7Cu solder on
Cu substrate is completely stress-free. After soldering,
chemical force can be induced during corrosion.
Tu'""* found that the origin of the chemical force was
induced by the reaction between Sn and Cu to form
CugSny intermetallic compound with room temperature,,
and the chemical reaction provided a sustained driving
force for spontaneous growth of whiskers as long as the
reaction kept going with unreacted Sn and Cu, which

WD16 . 7mm 20 .0kV k1.5

represents that the reaction of Cu and Sn can provide
15) g
gested that possible mechanism causing this growth was

the stress of whisker growth. In addition, Hua

that product volume of metal interreaction or oxidization
in solder alloy expanded to induce compression stress,
during the release of stress, Sn was extruded out.
Therefore, the interface reaction and volume variation
during corrosion could provide the driving force: com-
pressive stress. During corrosion, the part of Sn matrix
could be etched away, so small corrosion pits could be
formed likely among the Sn grains, which could be the
weak point for the squeezing of Sn whiskers.

WD16 - 7mm; 20, 0kVS x80k; 5

Fig.3 Hillock Sn whiskers in SnAgCu/Cu solder joints

WD16/ - Zmm 2010k

Fig.4 Hillock Sn whiskers in SnAgCu/Cu solder joints

In order to illustrate the formation of Sn whisker,
the formation mechanism of Sn whiskers is shown in
Fig.5. During reflow soldering, Cu atoms from Cu
substrate can diffuse into solder to react with Sn to form
CugSn; intermetallic compound. Moreover, after the
soldering, the IMC layer will grow significantly
(Fig.5(a) ), the volume expansion of IMC will devel-
op, the compressive stress for the whisker growth may
be formed. When these samples are corroded, tin will
be transformed to SnOx, the compressive stress can be
generated. With a period of corrosion, some corrosion
pits may occur on the surface of solder joints

(Fig.5(b) ), meanwhile, with the formation of corro-
sion pits, part compressive stress induced from the cor-
rosion will be decreased, some small corrosion pits in
the boundaries of Sn grains will be the conceive site of
hillock whisker (Fig.5(c)). So some hillock Sn
whiskers can be observed in the Sn matrix near the in-
terface of solder joints. Ma''®’ suggested that crack
among the Sn grains with the maximum divergence in
orientation, the growth of Sn whiskers was promoted at
this site due to the compressive stress originating from
the bottom of the crack.
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(a) After soldering

(b) After corrosion

(c) Whisker formation

Fig.5 Schematic illustration of Sn whiskers formation

3 Conclusions

Sn0. 3Ag0. 7Cu solders are put on Cu substrate to
form low-silver solder joints with reflow soldering, and
the hillock Sn whisker is observed after 20 seconds in
corrosive climate ( 95% methanol and 5%
acid). The results indicate that hillock Sn whiskers are
formed near the interface of Sn0.3Ag0.7Cu/Cu solder

joints, and small corrosion pits provide the conceive

nitric

site for Sn whiskers. Moreover compressive siress in-
duced by IMC reaction and oxidation for the whisker
growth may be suggested as the driving force.
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