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Abstract

7Zn0 whiskers observation on the surface of SnZn/Cu solder joints in concentrator silicon solar
cells solder layer is reported. In the experiment, SnZn/Cu samples are left in laboratory after reflow
soldering for two years before an examination by SEM, then ZnO whiskers can be observed obvious-
ly, which grows out from the rich-Zn phase of the samples and causes electrical short circuit in the
electronics appliances, which demonstrates that the SnZn solder shows a risk for the short circuiting
failure of an electronic device. Moreover, the growth mechanism of ZnO whiskers is researched
based on cracked oxide theory, which provides the reference support for SnZn solders application.
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0 Introduction

Concentrator silicon solar cells manufactured are
soldered to a metal core printed circuit board, espe-
cially for the Cu substrate, and the solder layer of the
concentrator silicon solar cells will affect the reliability
of the whole structure''’. Because lead is toxic, haz-
ardous to human health, and not friendly to environ-
ment, electronic industries are striving to find viable
alternatives to tin-lead (SnPb) solders in order to meet
world-wide regulatory requirements on the restrictions
of the use of lead (Pb)?*). Due to environmental and
health concerns, extensive investigations have been
made over the last few years to find an acceptable lead-
free solder for various electronic attachment applica-
tions and optoelectronics modules*’. Sn9Zn solder al-
loy was proposed as a low melting alternative to SnPb
solders because the former’ s melting point (198°C) is

close to that of the latter (1839 )",

tectic Sn9Zn solder can be extensively used as inter-

Therefore, eu-

connection, especially for solder layer of concentrator
silicon solar cells.

Sn9Zn alloys were utilized in 3D packaging inter-
connection with SnZn/Cu and Cu/SnZn/Cu nanoscale
thickness by Li'®,
consumed in the reflow process, and only CugSng and

and the solder layer was totally

Cu,Sn phases were observed clearly at the interface.
Zhang'”' demonstrated that the fatigue life of Sn9Zn
solder joints in CSP device was higher than SnPb,
SnAg and SnSb solder joints, and lower than that of
SnAgCu solder joints. Sn9Zn solder joints represent ex-
cellent properties in electronic packaging, however,
the low corrosion resistance is considered as the main
issue for SnZn solder joints, because corrosion reduces
solder joint strength for the formation of pits and corro-

sion products'®*”’

. Up to now, no literature reports that
Sn9Zn alloy shows a risk for electronic interconnection.

In this work, the Sn9Zn/Cu samples soldered
with reflow soldering, have been stored for two years in
the laboratory with ambient environment, and then
were investigated again, to analyze the microstructure
evolution of solder joints. The ZnO whiskers were
found on the surface of Sn97Zn/Cu surface, which is
the first time to report this phenomenon in lead-free

solder joints.

1 Experiment

Commercial Sn9Zn paste was put on the surface of
Cu substrate, and interconnection between Cu and

SnZn paste was carried out by reflow soldering with
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peak temperature 230°C. The samples were saved for
two years in the laboratory atmosphere, then cut and
the cross-section was treated, the microstructures of
SnZn/Cu solder joint were characterized using a solu-
tion of 5% (vol.) HNO, and 95% CH;OH for 7s.
Then the phases in the matrix microstructure were de-
termined after seven days aging under room ambience
scanning electron microscope ( Quanta200) equipped
with a thermo-electron x-ray energy dispersion spec-

trometry (EDS).

SnZnpaste

Reflow soldering

Cu substrate _—

Fig.1 Schematic illustration of Sn9Zn solder joint

2 Results and discussion

The Sn9Zn eutectic solder consists of two phases,
namely, the 8-Sn and rich-Zn phases, as shown in
Fig. 2. Accompanying the microstructures observation
it was noted that whiskers growth took place in the ma-
trix microstructure of SnZn/Cu solder joints. Fig. 3 and
Fig. 4 show the growth of a crystal whisker on the SnZn
solder joints surface with scanning electron microscopic

images, and the mapping element analysis demon-
strates that the whiskers are the Zn-O composites. Mo-
reover the root area of whiskers are rich-Zn phases, the
Zn is notable for its high chemical activity, it can react
with the oxygen (2Zn + 0,—2Zn0) much more easily
in the air and accelerate ZnO whisker growth in SnZn/
Cu solder joints. The length of ZnO whiskers in Fig. 2
and Fig. 3 are 35pum, 15um respectively, and the av-
erage diameter of ZnO whisker is Spum. Moreover, only
on the surface of bulk rich-Zn phase, the ZnO whiskers
can be observed, no whiskers can be found on small
rich-Zn phase. This phenomenon indicates that the
whisker growth is related to the sizes of rich-Zn phase.

WD11 .8mm 20 0kV x1 .5k —30um

Fig.2 Microstructure of Sn9Zn solder

Fig.3 The ZnO whisker of SnZn/Cu solder joints with needle morphology
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Fig.4 The ZnO whisker of SnZn/Cu solder joints with bulk morphology

Fig.5 shows the different morphologies of ZnO
whiskers, it is found that all the whiskers grow out from
the dark stick-like rich-Zn phase, and needle-like and
bulk-like morphologies for ZnO whiskers can be ob-
served obviously, and the longest whisker in SnZn/Cu
solder joints observed by SEM is about 38 um. Fig. 6
shows the distribution of ZnO whiskers in the SnZn
solder matrix, different morphologies of ZnO whiskers
can be observed in this picture, the roots of ZnO

whiskers are all from the rich-Zn phases. For the chip
stacking in 3D packaging, the size and the distance is
about 20pum and the whisker is long enough to short
two neighboring micro-bumps. It is possible that when
there is a high electrical field crossing the narrow gap
between the tip of a whisker and the point of contact on
the other micro-bumps, just before the tip of the whisk-
er touching the other micro-bump, a spark may ignite
fire'"”’ , which can result in short circuit failure of the

Fig.5 The relationship between ZnO whisker and rich-Zn phase
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device, like the short circuit failure induced by whisk-
ers as shown in Fig. 7'""). Moreover, in the high-den-
sity device, the failure can also be found between two
neighboring leads or solder joints. Tu''*! established
the broken oxide model to explain the Sn whisker
growth, the growth of whisker is an eruption from the
oxidized surface, which has to break to form Sn whisk-
er. For ZnO whisker growth in the research, oxidation
is essential too, but the ZnO whisker formed results
from the accumulation of Zn-O reaction, and the
growth site is the root of the ZnO whiskers.

e

Fig.6 Distribution of ZnO whiskers in matrix

10=HM 20KV (u]n] 02e =3

Fig.7 Short circuiting failure inducing by whiskers

In order to clarify the growth mechanism of ZnO
whiskers in the SnZn/Cu solder joints in our research,
the schematic illustration in Fig. 8 was plotted. The
bulk stick-like rich-Zn phase can precipitate from the
molten SnZn solder joints, due to the touch of rich-Zn
phase with oxygen, the oxidation reaction between Zn
and O, may happen and the volume of rich-Zn phase
will expand obviously, so the stress potential gradient
can be formed while the stress is a necessary condition
for spontaneous whiskers growth, so it is believed that
the driving force for ZnO whisker growth is related to
the stress potential gradient developed in the rich-Zn

phase. Chen'"’ found the stress resulting in the Sn
whisker growth was tensile residual stress not compres-
sive stress in Sn-Mn alloy electrodeposits. Ye!™ sug-
gested that the compressive stress is the driving force
for Sn whisker growth during thermal cycling. There-
fore, for ZnO whiskers, the stress driving the formation
of whiskers growth in SnZn/Cu solder joints should be
determined further. Moreover, due to volume expan-
ding, the neighboring Sn matrix will deform simultane-
ously, so the crack can be found in the Sn matrix
around ZnO phase, as shown in Fig.8 and the crack
phenomena can be observed in the SEM figure ( see
Fig.9). Meanwhile, the cracks of Sn matrix can pro-
vide the paths for the touching of oxygen with rich-Zn
phase, only when the rich-Zn phase reacts with oxygen
completely. All Zn in the rich-Zn phase will be
squeezed into ZnO whisker, then the oxidation proce-
dure and whiskers growth will cease. Therefore, the
whiskers growth and the whiskers length are determined
by the rich-Zn sizes. Fig. 10 shows the effect of Zn
content on the ZnO whisker growth, it is found that
with the decrease of Zn, the ZnO whiskers can be re-
duced significantly, and no ZnO whiskers can be ob-
served in Sn-1Zn and Sn-2Zn. Since the Zn content in
SnZn solder is 9wt. % , the oxidation can be found ob-
viously. When the content of Zn is reduced to an ex-
tent in SnZn solder (1% Zn and 2% 7Zn) , the rich-Zn
phase is too small to provide the stress potential gradi-
ent during oxidation, the ZnO whiskers may be not
formed in the small rich-Zn phases for low Zn SnZn
solders. So the Sn9Zn eutectic solder shows a risk for
the short circuiting failure of electronic device, the ap-
plication of Sn9Zn solder should be considered careful-

ly in concentrator silicon solar cells.
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Fig.8 Growth mechanism of ZnO whisker
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Fig. 10  Effect of Zn content on the whiskers growth
3 Conclusions

7Zn0 whiskers in Sn9Zn/Cu solder joints of con-
centrator silicon solar cells solder layer are reported
firstly. It is observed that the ZnO whiskers grow out
from the surface of rich-Zn phase in the solder joints
under room ambience. A cracked oxidation mechanism
is used to explain the growth behavior of ZnO whisk-
ers, and the whiskers may increase the risk of short
circuit failure in electronic devices. Such a phenome-
non of abnormal whisker growth may significantly de-
grade the reliability of whole assembly.
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