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Abstract- The present study explores the micromechanical properties of solder joint 3.0Ag0.5Cu (SAC 305) on different 
surface finishes, Electroless Nickel Immersion Gold (ENIG) and Immersion Tin (ImSn)through nanoindentation approach. 
Soldered samples of SAC305/ENIG and SAC305/ImSn were subjected to high temperature storage (HTS) at 150 °Cfor 1250 
hours. The micromechanical properties changes of SAC305/ENIG and SAC305/ImSn were explored. The indentation was 
made on cross section of solder SAC305/ENIG and SAC305/ImSn using Berkovich diamond tip.It is observed that a clear 
trend of maximum depth, plastic depth, plastic work and elastic work were increased as the samples subjected to HTS for 
1250 hours. The findings showed that the hardness of SAC305/ENIG and SAC305/ImSn were decreased from 0.25 GPa to 
0.23 GPa and 0.18 GPa to 0.14 GPa with the HTS time, respectively. The reduced modulus for SAC305/ENIG were 
decreased from 91.34 GPa to 77.07 GPa while for SAC/ImSn were increased from 72.95 GPa to 84.70 GPa after 1250 hours 
HTS. The findings showed that there are variation of micromechanical properties of SAC305 on ENIG and ImSn. 
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I. INTRODUCTION 
 
Recent development in electronic packaging have 
heightened the need for miniaturisation of smaller 
components to be assembled on the printed circuit 
boards (PCB). PCB with smaller pitch were produced 
in order to serve the nowadays technologies. Apart 
from that, PCB with surface finish has been 
extensively used in electronic industry. Various type 
of surface finishes such as immersion silver (ImAg), 
organic solderability preservatives (OSP), electroless 
nickel-immersion silver (ENImAg), electroless nickel 
immersion gold (ENIG), immersion tin (ImSn), 
electroless nickel-electroless palladium-immersion 
gold (ENEPIG) [1-6] and etc. The function of surface 
finish of PCH are to protect the surface of circuit 
board from corrosion and provide solderable surface 
for soldering process for the components to attach on 
the PCB. This is in agreement with Budka et al. [7] 
who reported that ENIG is favourable in PCB 
manufacturing industry due to the surface finish 
provide excellent co-planarity, good surface for 
soldering and bonding. In other hand, it have many 
advantages such as Pb free, anti-oxidation, low cost, 
and provides good solderability. 
Solder joint reliability has drawn major interest in 
electronic packaging industry. Mechanical properties 
is one of reliability study. Common mechanical test 
in order to obtain the mechanical properties such 
asshear test, tensile test, drop test and impact test [8-
10]. However, all of these mechanical test if for bulk 
samples for bulk mechanical properties. This work 
used new approach namednanoindentationtest to 
study the micromechanical properties of solder joint. 
The nanoindentation is well known to characterise 

localised micromechanical properties of the materials. 
It provides wide range of micromechanical properties 
information such as hardness, reduced modulus, 
elastic and plastic properties [11].  
The aim of this work is to determine the 
micromechanical properties of SAC305 on two 
different surface finishes, Electroless Nickel 
Immersion Gold (ENIG) and Immersion Tin (ImSn) 
via nanoindentation approach. High temperature 
storage (HTS) test is used in order to observe the 
micromechanical properties changes. 
 
II. DETAILS EXPERIMENTAL 
 
Lead free solder paste, SAC305, consist of 96.5% Sn, 
3.0% Ag and 0.5% Cu and two type of standard test 
board with dimensions of 11 cm x 10 cm x 0.2 cm 
supplied byRedring Solder (M) Sdn. Bhd. The 
standard test board used areElectroless Nickel 
Immersion Gold (ENIG) and Immersion Tin (ImSn). 
Firstly, the solder paste, SAC305 is printed on the test 
board by using a stencil. The printed test board were 
then placed in reflow oven (Madell Technology 
Corporation) for reflow soldering process at 215 °C 
for 8 second. Next, the soldered test boardswere taken 
out from the oven after cooling process in the reflow 
oven. The test board were cut into a small pieces 
approximately 0.5 cm x 0.4 cm x 0.2 cm dimensions 
and containing a few soldered pitch. The soldered 
samples were then subjected to high temperature 
storage (HTS) test according to JEDEC standard 
(JESD22-A103D) at 150 °C for 1250 hours. The 
samples were then cold mounted using epoxy resin 
for nanoindentation test. The cold mounted samples 
were then ground using silicon carbide (SiC) abrasive 
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paper, starting from 800, 1000 and 1200-grit and 
polished using diamonds sprays of 1 µm.  
The nanoindentation test was performed by using a 
pointed indenter, Berkovich diamond tip of Micro 
Materials NanotestTM indenter equipment. 
Nanoindentation test was conducted at room 
temperature and the indentation was made on the 
middle of the solder cross section. A constant of 
loading and unloading rate of 0.5 mN/s was applied 
to the sample surface until maximum load of 10 mN 
was reached. The dwell time is 30 second at the 
maximum load followed by the unloading process. 
The thermal drift correction is a 60 second hold time 
was applied at 90% unloading. The hardness and the 
reduced Young’s modulus are obtained from the 
load-depth data which based from Oliver and Pharr 
method W.C. Oliver & G.M. Pharr [12]. Schematic 
illustration represent the load and unload process 
during nanoindentation test and plot of load-
displacement curve from nanoindentation test is 
shown in Figure 1. 
The depth between indenter and sample, hc = hmax- hs 
is determined as follow: 
 
h = h − ϵ	    (1) 
 
wherePmax is maximum load applied to the sample. So 
that the contact area, A is:  
A = F(h )    (2) 
 
F (hc) is the area of function to describe the projected 
area, A. The hardness is then can be calculated as: 
 
H = 	     
 (3) 
 
The reduced modulus, E 	is calculated as follow: 
 
E 	 = √π     (4) 
Where S is the contact stiffness which corresponding 
to the slope of unloading curve (Fig. 1b), and Ac is the 
area of contact. E is also given by: 
 

= 	 + 	    (5)  
whereE  and E are is Young’s modulus of the 
sampleand indenter, respectively. The Poisson’s ratio 
of the sample and indenter are V andV . The Poisson’s 
ratio and Young’s modulus of indenter used in this 
work is 0.07 and 1140 GPa, respectively. 

 
(a)                                                (b) 

FIGURE 1. (a) Schematic illustration represent the 
load and unload process during nanoindentation test 
and (b) plot of load versus depth curve from 
nanoindentation test. 
 
III. RESULTS AND DISCUSSION 
 
The present work compares the micromechanical 
properties of SAC305 on different surface finishes of 
test board, ENIG and ImSn using nanoindentation 
approach. The micromechanical properties changes 
was observed before and after high temperature 
storage at 150 °C for 1250 hours. Figure 2 shows the 
plot of load versus depth for indentation of 
SAC305/ENIG and SAC305/ImSn subjected to HTS 
at 150 °C for 1250 hours. Same load of 10 mNwas 
applied to all samples. It is observed that different 
loading and unloading curves were obtained for 
SAC305/ENIG and SAC305/ImSn, indicating that the 
HTS and surface finish has affected the solder joint 
properties. 
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FIGURE 2. Load versus depth for indentation of SAC305/ 
ENIG and SAC/ImSn subjected to HTS at 150 °C for 1250 

hours 
 

Figure 3 shows the graph of maximum depth and 
plastic depth of SAC305/ENIG and SAC305/ImSn 
after subjected to HTS at 150 °C for 1250 hours. The 
results show that the maximum depth and plastic 
depth are increased as the samples subjected to HTS 
for 1250 hours. The maximum depth for 
SAC305/ENIG for 0 hour is 1327.70 nm and 
increased to 1453.45 nm for 1250 hours. Higher 
maximum depth is observed for SAC305/ImSn from 
1554.21 nm and increased to 1768.31 nm. The result 
shows that the deeper depth is achieved for 
SAC305/ImSn, whereas the solder on ImSn is much 
softer compared to solder on ENIG. Similar trending 
was observed for plastic depth. The plastic depth of 
SAC/ENIG for 0 hour is 1316.64 nm and increased to 
1441.41 nm for 1250 hours. For SAC/ImSn, the 
plastic depth is 1542.32 nm and has increased to 
1759.28 nm for 1250 hours. As can be seen, the 
plastic depth is slightly lower that the maximum 
depth. This show that the plastic behavior is observed 
for both SAC305/ENIG and SAC305/ImSn. 
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FIGURE 3. Variation of maximum depth and plastic depth 

ofSAC305/ ENIG and SAC/ImSn subjected to HTS at 150 °C 
for 1250 hours. 

 
Figure 4 show the variation of hardness and reduced 
modulus of SAC305/ ENIG and SAC/ImSn. The 
hardness for SAC305/ENIG is 0.25 GPa for 0 hour 
and decreased to 0.21 GPa after subjected to HTS 
1250 hours. Similar to SAC305/ImSn which has 
decreased from 0.18 GPa to 0.14 GPa. The hardness 
of SAC305/ImSn is lesser compared to 
SAC305/ENIG. Similar decreasing trend is observed 
for reduced modulus result for SAC305/ENIG, 
91.34GPa for 0 hour and 77.06GPa for 1250 hours. 
However, contradictory from SAC305/ImSn, the 
reduce modulus for 0 hour is 72.95 GPa and has 
increased to 84.70 GPa for 1250 hours.From this 
findings, it is suggest that hardness value is a 
reflection to micro plastic properties while the 
reduced modulus is associated to the elastic 
properties of the solder. 

 

 
FIGURE 4. Variation of hardnessand reduced modulus of 

SAC305/ ENIG and SAC/ImSn subjected to HTS at 150 °C for 
1250 hours 

 
The plastic work and elastic work for SAC305/ ENIG 
and SAC/ImSn is shown in Figure 5. The plastic 
work of SAC305/ ENIG and SAC/ImSn for 0 hour 
are 6.40 nJ and 6.98 nJ increased to 6.87 nJ and 8.06 
nJ for 1250 hours, respectively. It is observed a clear 

trend of plastic work for both samples. This signify 
that plasticity properties are increased with the HTS 
time. The elastic work for SAC305/ ENIG and 
SAC/ImSnare 0.17 nJ and 0.21 nJ for non HTS 
samples. The elastic work has slightly increased for 
SAC305/ENIG 0.21 nJ and still consistent for 
SAC/ImSn, 0.21 nJ.  

 

 
FIGURE 5.Variation of plastic work and elastic work of 

SAC305/ ENIG and SAC/ImSn subjected to HTS at 150 °C for 
1250 hours. 

 
The findings demonstrate that the plasticity-
associated and elasticity-associated properties 
become stronger with the HTS time. This results 
shown that the surface finished has effect on the 
micromechanical behaviorof the solder alloy after 
subjected to HTS. The findings shown that the 
nanoindentation approach method is capable to 
identify the micromechanical properties of solder 
joint SAC305/ENIG and SAC305/ImSn.  
 
CONCLUSIONS 
 
The present study has compared the micromechanical 
properties of solder alloy, SAC305 on different 
surface finish, ENIG and ImSn. In summary, the 
nanoindentation approach has given wide range of 
localized micromechanical properties information 
such as hardness, reduced modulus and plastic-elastic 
deformation occurrences. The results of this work 
show that the maximum depth, plastic depth and 
elastic workfor both samples, SAC305/ENIG and 
SAC305/ImSn increased with HTS time while the 
hardness is decreased with HTS. The reduce modulus 
result for SAC305/ENIG is decreased from 91.34 
GPa to 77.06 GPa for  1250 hours and contradict with 
SAC305/ImSn which is 72.95 GPa and increased to 
84.70 GPa for 1250 hours. It is observed that the 
plasticity-associated and elasticity-associated 
properties become stronger with the HTS time.The 
micromechanical data from nanoindentation test has 
provides more understanding on reliability of the 
solder joint.  
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