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Abstract: As electronic devices continue to become lighter and thinner, they require much smaller solder joints and fine-pitch
interconnections for microelectronic packaging. Pb-free solders incorporated with nano-sized particles have been identified as
potential Pb-free nanocomposite solders that could provide higher microstructure stability and better mechanical properties than the
conventional solders. The present study investigates the effects of NiO addition on the mechanical properties and microstructure of
the Sn-3.0Ag-0.5Cu (SAC305) solder alloy. In this study, three different solder alloys were prepared by reflow soldering.
Sn-3.0Ag-0.5Cu (SAC 305) solder alloys were doped with different percentage of NiO (nickel oxide) nanoparticles content; i.e. 0.01
wt%, 0.05 wt%, and 0.15 wt% in producing nanocomposite solder paste. Morphology refinement of SAC305-NiO nanocomposite
solder contributed to the enhancement of mechanical properties in the field of microelectronic industries. ECM (electrochemical
migration) of SAC-NiO nanocomposites solder pastes was measured using a WDT (water drop test). Effects of electrochemical
migration of its surface morphology were investigated using OM (optical microscopy).
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1. Introduction alloying elements has been most directed towards it
[6].

Soldering  offers important technology on . .
. . } . . Basically, not all lead free solders are suitable to be
microelectronic  packaging industries. It allows ) . ) ) ]
) ) used in microelectronic packaging aspects since
electrical current to flow from one point to another ] ) ) ]
i reflow soldering poses risk of damaging electronic
and become a supporter of the electrical components.
L components [7-9]. Other researchers had focused on
Recently, lead free, tin, silver and copper (Sn-Ag-Cu) . .
. some lead-free content solders which may cause high
solder alloy has been commercially used as an

alternative to tin and lead (Sn-Pb) solder due to the

vital issue on hazardous effect [1—4]. This is due to

risk in electronic devices due to ECM

(electrochemical migration) failure phenomenon [9].

. . . ECM commonly occurs in all electronic devices in the
poisonous qualities of lead which are harmful to o ] ]

electronic industry. This phenomenon involves the

dendritic growth [10, 11] . It will led to short circuit to

occur in the electronic device issue which is related to

human health and also to the environment [5].
Tin based solder alloy becomes the replacement for

lead solder alloy. Tin has been described as the most o ]
) ) the susceptibility of Sn-Ag-Cu to corrosion [12].
attractive element for the replacement of the typical o .
) ) The overall properties include the mechanical
Sn-Pb solder as it can overcome the environmental ) o
. . properties and reliability of lead free solders as Sn-Pb

problem and fulfil economic growth and metallurgical . L

. s . solder replacements is very promising [13]. Moreover,
development [4]. Tin containing binary and ternary . .
the properties of the lead-free solder alloys containing
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According to the previous work, researchers tend to
investigate of lead free solder alloys using alkaline
solution, acidic solution and saline solution [13]. ECM
investigation of the lead-free SAC305 contains NiO
nanoparticles solder alloy when it is exposed to NaCl
(sodium chloride) solution that simulates the seawater
[14].

Therefore in this paper, the ECM behaviour of
lead-free SAC305 is investigated by using the WDT
with NaCl solution as a medium. It was carried out to
record the time-to-failure of each sample. The results
are then taken to compare its susceptibility to ECM
despite using OM (optical microscopy).

2. Experimental Setup

Water Drop Test (WDT) is carried out by using a
standard comb pattern. It was designed according to

the IPC-B-24 test board as shown in Fig. 1. The test
board was well-printed with SAC305 containing
different wt.% of NiO content solder alloy by using
DEK NeoHorizon 01 iX, then the test board passed
into reflow soldering by using Vitronics XPM2
Reflow Oven. Fig. 2 shows the schematic diagram of
the applied test platform of WDT. The time-to-failure
which indicates the short circuit formation was
detected by voltage step measurements on a resistor
(R =1 kQ) connected in series to the interdigital
structure.

During WDT, a droplet of 15 umL NaCl solution
was placed by micropipette onto comb patterns and 10
V DC was applied. To simulate the seawater or other
salty contaminations, a WDT has to be carried out by
Based on

using deionized water. investigation

by other researcher , the MTTF (mean-time-to-failure)

Fig. 1 IPC-B-24 standard comb pattern test board.

Fig. 2 Schematic diagram of the test platform of WDT.
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shall not be less than 180 s. If the dendrites grow
within 180 s, it shows that the tests board us unclean
and it cannot further continue with WDT using the
NaCl solution [15]. The formation of dendrites was
monitored visually by
AXIOLAB Al [16].

an optical microscope

3. Experimental Results

3.1 MTTF Analysis

WDT has been carried out by using electric
current and NaCl solution with the power voltage,
resistance and volume of solution droplets set
constant. While carrying out the WDT, the time
taken for the short circuit to occur, that is the
time-to-failure when the voltage value drops to 0 V, is
recorded. The average values of measured failure
times are then calculated as MTTF. Results are shown
in Fig. 3.

Referring to Fig. 3, SAC 305 added with 0.15wt%
of NiO nanoparticles has shown the longest MTTF in
1 M of NaCl. Then, it is
SAC305-0.05wt%, SAC305-0.01wt% and SAC305

followed by

1600

only. According to Tanaka (2002), the phenomenon
related to chemical solutions and electric potential is
known as ionic migration or the ECM [17]. In this
SAC305-NiO  wt% is

undergone ECM where the metal ion has migrated

case, believed to have
themselves from the anode to cathode causing the
depreciation of voltage to 0 V and the failure of whole
devices. Based on the previous literatures, this ECM
phenomenon is related to the susceptibility of SAC305
towards corrosion. Therefore, it can be said that
SAC305 corrodes at the fastest rate when it does not
contain NiO nanoparticles. Whilst, when the solder
alloy SAC305 is added with NiO nanoparticles, the

rate of corrosion decreases.
3.2 Optical Microscope Observation

OM had been used to observe the IPC-24 test board
after the WDT. The changes occur observed under
OM. Fig. 4 exhibits that all the test board samples had
undergone the electrochemical migration. The
formation of dendrites leads to the short circuit of the

microelectronic board.
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Fig. 3 MTTF of SAC 305 added with 0.01, 0.05, 0.15wt% NiO with NaCl solution.
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(c)
4 Optical microscopy image of SAC305 at magnification of 100X. (a) SAC305; (b) SAC305-0.01NiO; (c)

SAC305-0.05NiO; (d) SAC305-0.15NiO after WDT using NaCl solution.
[3]

4. Conclusions

Based on the findings, it can be concluded that:

The corrosion susceptibility of SAC 305 is affected
by the addition of NiO used. The greater the wt% of
NiO nanoparticles used, the greater or slower the

MTTF, the weaker the susceptibility to corrosion.
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