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Abstract 
Even though electroless Ni and Sn-Ag-Cu solder are 

widely used materials in electronic packaging applications, 
interfacial reactions of the ternary Ni-Cu-Sn system have not 
been known well because of their complexity. Because the 
growth of intermetallics at the interface affects reliability of 
solder joint, the intermetallics in Ni-Cu-Sn system should be 
identified, and their growth should be investigated. Therefore, 
in present study, interfacial reactions between electroless Ni 
UBM and 95.5Sn-4.0Ag-0.5Cu alloy were investigated 
focusing on morphology of the IMCs, thermodynamics, and 
growth kinetics. 

 The IMCs that appear during a reflow and an aging are 
different each other. In early stage of a reflow, ternary IMC 
whose composition is Ni22Cu29Sn49 forms firstly. Due to the 
lack of Cu diffusion, Ni34Cu6Sn60 phase begins growing in a 
further reflow. Finally, the Ni22Cu29Sn49 IMC grows 
abnormally and spalls into the molten solder. The transition 
of the IMCs from Ni22Cu29Sn49 to Ni34Cu6Sn60 was observed 
at a specific temperature. From the measurement of 
activation energy of each IMC, growth kinetics was discussed. 

 In contrast to the reflow, three kinds of IMCs 
(Ni22Cu29Sn49, Ni20Cu28Sn48Au5, and Ni34Cu6Sn60) were 
observed in order during an aging. All of the IMCs were well 
attached on UBM. Au in the quaternary IMC, which 
originates from immersion Au plating, prevents abnormal 
growth and separation of the IMC. Growth of each IMC is 
very dependent to the aging temperature because of its high 
activation energy. 

 Besides the IMCs at the interface, plate-like Ag3Sn IMC 
grows as big as solder bump size inside solder bump. The 
abnormally grown Ni22Cu29Sn49 and Ag3Sn IMCs can be 
origins of brittle failure. 

Introduction 
Solder bumping technology using electroless Ni UBM and 

screen-printed solder is the one of the extensively used flip 
chip technology because of its cost effectiveness. Without 
lithography process, UBM-solder bump structure can be 
obtained using electroless Ni plating and screen printing of 
solder. These two technologies have been greatly developed. 
Recently, electroless Ni UBMs are applied in the I/O pads 
below 200µm pitch. Electroless Ni can be used as a UBM 
material for Pb-free solders. For screen printing of Pb-free 

solders, various Pb-free solder pastes are now being 
developed. Among various candidates of the Pb-free solders, 
they have been narrowed down to following four candidates: 
Sn-3.5Ag, Sn-3.5Ag-0.7Cu, Sn-0.7Cu, and Sn-3.5Ag-4.8Bi. 

In present study, Sn-4.0Ag-0.5Cu solder was chosen and 
interfacial reactions between electroless Ni-P UBM and Sn-
Ag-Cu solder were investigated. There are a number of 
reports about the interfacial reactions between Ni-P and Sn-
Ag-Cu alloy. J.W. Jang et al observed Ni4Cu7Sn6 ternary 
intermetallic compound (IMC) at the interface, and all IMCs 
were well attached on UBM [1]. S. K. Kang et al observed 
(Ni,Cu)3Sn4 IMC at the interface between electroless Ni-P 
and Sn-Ag-Cu [2]. However, they found double layered IMC 
structure that was made of (Cu,Ni)6Sn5 and (Ni,Cu)3Sn4 at 
the interface between Ni-P and Sn-Ag-Cu alloy. K. Zeng et al 
reported that (Cu,Ni)6Sn5 and (Ni,Cu)3Sn4 were formed 
above and below 0.6 at% Cu in solder, respectively [3]. K.Y. 
Lee et al reported quaternary IMC that might be made of Cu-
Ni-Sn IMC and AuSn4 IMC, and its activation energy was 
196 kJ/mol [4]. A. Zirbe et al observed (Cu,Ni)6Sn5 
composed of Cu27Ni26Sn47 [5]. Generally, these references 
have many different results such as phases of IMCs, and 
composition of IMCs. In addition, growth mechanisms of the 
IMCs during reflow and annealing are very ambiguous. 
Because the reactions among Ni, Cu, and Sn at the interface 
are very complicated, heat treatment under many 
temperatures and many times should be required to identify 
interfacial reactions Therefore, in present study, detail 
investigation of the interface between electroless Ni-P and 
Sn-Ag-Cu alloy were performed in many conditions. 
Interfacial reactions during the reflow (liquid-solder) and the 
aging (solid-solder) were investigated separately. Then, IMC 
formation and growth kinetics of IMC during the reflow and 
aging were compared each other. Finally, growth mechanism 
and reliability issues in solder joint were discussed. 

Experimental Procedure 
6 µm of electroless Ni with 11 at% P was plated on Al I/O 

pads in test chips, and stencil printing of Sn-4.0Ag-0.5Cu 
solder was followed. After reflow at 260 °C for 0.5 minute, 
solder balls were fabricated. Figure 1 shows a test chip and 
solder bumps we used. After the solder bumps were initially 
fabricated, further reflow tests and high temperature aging 
tests were performed to investigate the interfacial reactions 
between liquid solder and electroless Ni, and between solid 
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solder and electroless Ni, repectively. In reflow test, various 
reflow temperatures such as 260, 280, 300, 320, and 350 °C 
and holding times at the maximum temperature such as 0.5, 
1, 2, 4, and 8 minutes were selected. On the other hand, 
aging tests were performed at 85, 125, 150, 175, and 200 °C 
for 125, 300, 500, 1000, and 2000 hour. 

Backscattered image electron (BSE) image and energy 
dispersive X-ray spectroscopy (EDS) in SEM were used to 
observe interface and analyze composition (20 KeV). 

 
Results and Discussion 
1. Interfacial Reactions between Electroless Ni and Liquid 

Solder 
1.1. Observation of the interface 
Figure 2 shows cross-sectional images of solder bumps as 

functions of maximum temperatures during reflow and 
holding times at the maximum temperature. Interfaces after 
low temperature reflows are different from those after high 
temperature reflows. In low temperatures below 300 °C, only 
one IMC was observed on the interface. However, in high 

temperatures above 300 °C, there are two kinds of IMCs on 
the interface. Figure 3 shows magnified images of typical 
interfaces in these two conditions. The IMC in Figure 3a 
(260 °C, 0.5min) was mostly observed in early reflow and 
well attached on UBM. This IMC is composed of 22 at% Ni, 
29 at% Cu, and 49 at% Sn. However, there are two IMCs in 
Figure 3b (320 °C, 4min). The upper IMC which looks bulky 
and faceted has exactly same composition as the IMC 
appeared in Figure 3a (Ni22Cu29Sn49). The lower IMC which 
looks like needle is composed of 34 at% Ni, 6 at% Cu, and 60 
at% Sn. Because the two IMCs have a big difference in Cu 
content each other, firstly forming IMC and following IMC 
were named as a Cu-rich ternary IMC and a Ni-rich ternary 
IMC, respectively. Brightness of each IMC tells that the Ni-
rich IMC is heavier than the Cu-rich IMC because of brighter 
image of the Ni-rich IMC. The composition of the Cu-rich 
IMC (Ni22Cu29Sn49) is very similar to (Cu,Ni)6Sn5 that means 
well-known Cu6Sn5 IMC with small addition of Ni. 

This composition of the Cu-rich IMC was observed in 
many references [1-5]. Some of them reported that this IMC 
might be (Cu,Ni)6Sn5. Some of them reported that this might 
be new ternary phase which was totally different from 
Cu6Sn5.[4] However, in Figure 3b, it was observed that facet-
like morphology of the Cu-rich IMC was different from that 
of Cu6Sn5. Therefore, we believe that the Cu-rich IMC must 
be not a (Cu,Ni)6Sn5, but a new Cu-Ni-Sn ternary IMC. On 
the other hand, Both of needle like structure and composition 
of the Ni-rich IMC are very similar to those of Ni3Sn4. 
Therefore, the Ni-rich IMC must be Ni3Sn4 with small 
dissolution of Cu (6 at%). Figure 4 shows schematic 
diagrams that explain how the interface changes as a reflow 
proceeds. In early stage of the reflow, a Cu-rich IMC forms 
and it is well attached on UBM as shown in Figure 3a and 
Figure 4a. During the further reflow, the Cu-rich IMC stops 

Fig. 1. Sn-Ag-Cu solder bumps on electroless Ni UBMs 

Fig. 3. Interfaces after reflow; (a) at 260 °C for 
0.5min, (b) at 320 °C for 4min 

280 oC 300 oC 320 oC 350 oC 260 oC

0.5 min 

1 min 

4 min 

8 min 

2 min 

Fig. 2. Cross-section images of solder bumps in various 
reflow temperatures and times 
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growing and a Ni-rich IMC which looks like needle grows 
from the interface between the Cu-rich IMC and the 
electroless Ni UBM (Figure 4b). Finally, the Cu-rich IMC 
grows abnormally and has bulky and facet-like morphology. 
Some grains of the Cu-rich IMCs separate from the interface 
and begin spalling into the molten solder (Figure 4c). A 
number of references reported that IMCs at the interface 
between electroless Ni and Sn-Ag-Cu alloy were well 
attached on UBM [1,2,4]. However, in present study, it was 
found that the Cu-rich IMC in excessive reflow could grow 
abnormally and separate from the UBM. 

The Cu-rich IMC is thermodynamically stable phase 
rather than the Ni-rich IMC because the Cu-rich IMC is 
firstly forming IMC at the interface. However, in order to 
form the Cu-rich IMC, Cu content in the IMC must reach 
nearly 30 at% that is much higher than Cu content in solder; 
(0.5 at%). Therefore, when there is no Cu diffusion into the 
interface, the Ni-rich IMC can be generated even though the 
Ni-rich IMC is less stable than the Cu-rich IMC. In addition, 

it is certain that the Cu-rich IMC cannot adhere to the Ni-
rich IMC. To prevent abnormal growth and spalling of the 
Cu-rich IMC, Cu content in solder and reflow condition 
should be closely controlled. 

 The morphology of each IMC can be estimated from the 
cross-sectional images. However, 3-dimentional morphology 
of IMCs can be identified by peferential solder etching. 
Etching solution was made of 35 g/l Ortho-nitrophenol and 
50 g/l NaOH. Figure 5a and 5b show the morphology of the 
Cu-rich IMC after 260 °C-0.5 minute reflow. It was 
confirmed that the Cu-rich IMCs were well attached on the 
UBM and had a very fine facet-like morphology. 3-
dimensional morphologies of the Cu-rich IMC and the Ni-
rich IMC can be observed in Figure 5c and 5d. It is clearly 
found that the abnormally grown Cu-rich IMC has facet-like 
surface and the Ni-rich IMC has needle-like morphology. 
After 350 °C-2 minutes and 350 °C-8minutes reflow, most 
of the Cu-rich IMCs were spalled into the solder and the Ni-
rich IMC grows like needle (Figure 5e and 5f). From the 
preferential solder etching experiment, morphology of the 
Cu-rich IMC and the Ni-rich IMC were confirmed. It means 
that the Cu-rich IMC must be a new Cu-Ni-Sn ternary IMC 
because of its facet-like morphology, and the Ni-rich IMC 
must be a Ni3Sn4 phase because of its needle-like 
morphology. 

 
1.2. Growth kinetics of IMCs 
Growth kinetics of the IMCs can be estimated by 

measuring thicknesses of the IMCs in various conditions. 
However, it is very difficult to measure exact thickness of the 
IMC because the IMC has a very complicated morphology 
and grows abnormally or spalls in a excess reflow. Therefore, 
measurement of the UBM thickness can be a good method. 
However, the following assumptions should be considered.  

 
1. Decreasing thickness of the electroless Ni UBM is 

exactly proportional to increasing thickness of the 
IMC. 

2. Solubility of Ni in molten solder is independent to 
reflow temperatures. 

3. During a reflow, growths of the IMCs in heating and 
cooling zone are negligible. 

 
The assumptions 1 and 2 have been accepted in many 

literatures [7,8]. In order to reduce errors by assumption 3, 
times for heating and cooling were set as short as possible. 
Even though there would be small errors, it makes sense to 
use these assumptions for basic understanding of the IMC 
growth. The power law and the Arrhenius equation were 
applied as followed. 

 

Power law : ntAdd ⋅+= 0  

Arrhenius equation : )exp(0 RT

Q
Add A∆

−⋅+=  

Fig. 4. Schematic diagrams of IMC growth during the 
reflow; (a) early stage (b) middle stage (c) final stage 

Fig. 5. Morphologies of the IMCs after reflow; (a) Cu-
rich IMC at 260 °C for 0.5min reflow, (b) Magnified 
image of Fig. 5a, (c) Cu-rich IMC and Ni-rich IMC at 
320 °C for 1min reflow, (d) Magnified image of Fig. 5c, 
(e) Ni-rich IMC at 350 °C for 2min reflow, (f) Ni-rich 
IMC at 350 °C for 8min reflow  
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Kinetics equation : )exp(0 RT

Q
tAdd An ∆

−⋅⋅+=  

 
Figure 6 shows decreasing thickness of the electroless Ni 

UBM as functions of reflow temperatures and times. When 
each graph was fitted by the power law, the exponent, n, is 
approximately 0.41. This value is between 0.5 which means 
ideal diffusion-controlled model and 0.33 which means grain 
boundary diffusion-controlled model [6]. Interesting 
phenomenon is that there is an apparent difference among 
graphs below 300 °C and graphs above 300 °C. In the graphs 
below 300 °C, thickness of the UBM decreases rapidly as 
reflow temperatures increase. However, the graphs above 300 
°C shows thickness of the electroless Ni UBM does not 
decrease significantly even though reflow temperatures vary 
from 300 °C to 350 °C. This trend can be related to the 
generation of two kinds of IMCs at the interface. Below 300 

°C, mainly forming IMC is the Cu-rich IMC. Above 300 
°C, the Cu-rich IMC stops growing and only the Ni-rich 
IMC forms. Therefore, it can be said that the growth of the 
Cu-rich IMC is very dependent on the reflow temperature, 
but the growth of the Ni-rich IMC is less dependent on the 
reflow temperature.  

Figure 7 shows the Arrhenius plots in specific reflow 
times from 0.5 minute to 8minutes. The activation energy 
can be obtained by measuring slope of the curve. It was 
observed that the slope of each curve changed abruptly at a 
certain temperature. In short-time reflows such as 0.5, 1, 2, 
and 4 minutes, the transition temperature is 300 °C, and in 
8 minutes reflow, the transition temperature decreases to 
280 °C. The reason why the transition temperature appears 
is also because phase of the IMC changes from the Cu-rich 
IMC to the Ni-rich IMC. The transition temperature at each 
reflow time is exactly the same temperature at which the 
Ni-rich IMC begins forming. The activation energy of the 

Cu-rich IMC and the Ni-rich IMC are on the average 45 
kJ/mol and 13 kJ/mol, respectively. As an IMC has higher 
activation energy, the IMC grows more temperature 
dependently because the activation energy is in exponential 
term. Therefore, high activation energy of the Cu-rich IMC 
means that its growth is very temperature dependent. On the 
other hand, growth of the Ni-rich IMC is less temperature 
dependent because of its low activation energy. This trend 
explains behaviors of the curves shown in Figure 6.  

 
2. Interfacial Reactions between Electroless Ni UBM and 

Solid Solder 
2.2. Observation of the interface 
 Figure 8 shows cross-sectional images of solder bumps 

after thermal aging with various temperatures and times. 
Like the reflow process, IMCs grow as aging temperatures 
and times increase. Especially, in aging at 200 °C, double-
layered IMC structure that consists of two kinds of IMCs was 
 

 

Fig. 6. Consumption of the electroless Ni UBM as functions 
of reflow temperatures and times  

Fig. 7. The Arrhenius plots at the various refow times; 
(a) 0.5 min, (b) 1 min, (c) 4 min, (d) 8 min  

200 oC 175 oC 150 oC 125 oC 85 oC 

125 Hr 

300 Hr 

500 Hr 

1000Hr 

Fig. 8. Cross-section images of solder bumps in various 
aging temperatures and times 
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found. However, in contrast to the reflow process, abnormal 
growth and spalling of IMCs were not observed except the 
aging at 200 °C over 500 hours. In case of the aging at 200 
°C over 500 hours, all of the electroless Ni UBM was 
consumed and spalling of the IMC was observed because the 
IMC is not wettable with Al. That is different from 
spontaneous spalling of an IMC that was observed in the 
reflow process.  

Figure 9 shows how the interface changes as an aging 
proceeds. Only one IMC was observed during the agings 
below 125 °C (Figure 9a). This IMC has exactly the same 
composition as the Cu-rich IMC (Ni22Cu29Sn49) had. The 
firstly forming IMC during the aging is also the Cu-rich IMC, 
and that means the Cu-rich IMC is the equilibrium phase in 
Ni-Cu-Sn ternary system. In higher temperature aging, the 
Cu-rich IMC changes brighter from upper direction (Figure 
9b). This brighter IMC was analyzed to quaternary phase 

whose composition is Ni20Cu27Sn48Au5. 5 at% of Au is 
included in the Cu-rich IMC and it makes the IMC heavier 
and brighter in BSE image. This quaternary IMC was not 
observed during the reflow process. It is certain that small 
amount of Au comes from immersion Au plating. Au can be 
soluble in molten solder, but not in solid solder. Therefore, 
Au accumulates at the interface during the aging and changes 
the Cu-rich IMC into the quaternary IMC. During the further 
aging, all of the Cu-rich IMC is transformed into the 
quaternary IMC, and a new IMC, which looks darker than 
the quaternary IMC, forms from the interface between the 
quaternary IMC and the electroless Ni UBM (Figure 9c). The 
IMC beneath the quaternary IMC is the same IMC as the Ni-
rich IMC (Ni34Cu6Sn60). Probably, Au is in the Ni-rich IMC, 
but it could not be detectable because the volume of the Ni-
rich IMC were much larger than that of the quaternary IMC. 
Finally, all of the quaternary IMC disappeared and changed 
to the Ni-rich IMC at the very high temperature like 200 °C 
(Figure 9d). Transformation process of each IMC during the 
thermal aging is shown schematically in Figure 10. There are 
many differences of interfacial reactions during a reflow and 
during an aging. During the aging, the quaternary IMC 
appears, and there is no abnormal growth or spalling of the 
Cu-rich IMC. Therefore, small amount of Au in the Cu-rich 
IMC prevents abnormal growth and spalling of the Cu-rich 
IMC.  

 
In order to observe 3-dimentional morphology of each 

IMC, preferential solder etching was performed. Figure 11a 

Fig. 9. Interfaces at the various aging temperatures; (a) 
500Hr 125 °C, (b) 500 Hr, 150 °C, (c) 500 Hr, 175 °C, (d) 
500 Hr, 200 °C 

Fig. 10. Schematic diagrams of IMC growth during the 
aging; (a) growth of Cu-rich IMC (b) quaternary IMC 
formation (c) double layers formation (d) Spalling of Ni-
rich IMC 

Fig. 11. Morphologies of the IMCs after aging; (a) Cu-rich 
IMC at 85 °C for 125 hr aging, (b) Cu-rich IMC at 150 °C 
f or 300 hr aging (c) Quaternary IMC at 175 °C for 125 hr 
aging, (d) Quaternary IMC at 200 °C for 125 hr aging (e) 
Ni-rich IMC at 200 °C for 500 hr aging, (f) Ni-rich IMC at 
200 °C for 1000 hr aging  
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and 11b show the morphologies of the Cu-rich IMCs in 125 
Hr-85 °C aging, and 300 Hr-150 °C aging, respectively. 
Small needle-like morphology was observed on the Cu-rich 
IMC. The morphology of the quaternary IMC can be 
observed in Figure 11c (125 Hr aging at 175 °C) and 11d. 
(125 Hr aging at 200 °C). The surface of the IMC changes 
from small needle-like structure to facet-like structure. In 
addition, the quaternary IMC spreads quite uniformly on the 
UBM. In Figure 11e and 11f, largely grown Ni-rich IMC can 
be observed at the high temperature. 

 
2.2. Growth kinetics of IMCs 
From the images in Figure 8, it can be estimated that IMCs 

grow much faster in higher aging temperatures such as 175 
°C and 200 °C. For quantitative analysis, decreasing 
thickness of the UBM layer was measured. Figure 12 shows 
thickness of UBM as functions of aging temperatures and 
aging times. The assumptions 1 and 2 used before were also 

applied in this case. The curves in Figure 12 certainly reflect 
the tendency of highly temperature dependence. As aging 
temperature increases, thickness of the UBM decreases 
abruptly. The power law exponent, n, is approximately 0.67. 
This value is larger than 0.41 which was measured in reflow 
process. Therefore, diffusion mechanism during the aging 
should be different from that during the reflow. In fact, in the 
aging, all IMCs were well attached on the UBM and 
morphologies of the IMCs were quite flat because of layered 
growth of the IMCs. However, the IMCs shown during the 
reflow had very complicated morphologies and some of the 
IMCs spalled into the solder. That may be the reason why the 
values of the power law exponent in each case are different. 

Figure 13 shows the Arrhenius plots in specific aging 
times. Even though three different kinds of IMCs form at the 
interface, there is no transition temperature that was shown 
during the reflow. It means that the activation energies of the 
three IMCs are very similar. The slope of each curve is on the 
average 71.5 kJ/mol. This value is much higher than that 
observed during the reflow. High activation energy of the 
IMC causes growth of the IMC to be very temperature 
dependent. 

That is the reason why the graphs in Figure 12 are very 
temperature dependent. Therefore, in a practical point of 
view, aging temperature is the most important factor to 
control growth of the IMC and it should be seriously 

Fig. 12. Consumption of the electroless Ni UBM as 
functions of aging temperatures and times  

Fig. 13. The Arrhenius plots at the various aging 
times; (a) 125 hours, (b) 300 hours, (c) 500 hours, (d) 
1000 hours  

Fig. 14. Morphology of Ag3Sn IMC; (a) after aging at 
85 °C for 125 hours, (b) after reflow at 350 ° for 2 
minutes  

Fig. 15. The exposed surfaces after ball shear test; (a) 
260 °C 0.5 min reflow (b) 300 °C 0.5min reflow (c) 350 °C 
0.5min reflow  (d) 350 °C 1min reflow (e) 350 °C 1min 
reflow (f) 350 °C 2min reflow 
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considered. In fact, IMC growth under 125 °C is so slow that 
the total thickness of the IMC is below 2 µm. However, IMCs 
during the aging at 200 °C grows so fast that all of the 
electroless Ni UBM consumed in 500 hours.  
3. Ag3Sn IMC & Reliability 

 In Figure 2 and 8, big needle-like IMCs were observed 
inside some solder bumps, not on the interface. This IMC is 
composed of 75 at% Ag and 25 at% Sn (Ag3Sn). 3-
dimensional structure of the Ag3Sn IMC was investigated by 
preferential solder etching. Figure 14a and 14b show big 
Ag3Sn IMC after the aging at 85 °C for 125 hours and after 
the reflow at 350 °C for 2 minutes, respectively. It was found 
that 3-dimentional shape of the Ag3Sn IMC is like a big plate. 
The abnormal and preferential growth of the Ag3Sn makes 
itself big as much as solder bumps size. Moreover, it grows 
very fast even in a low temperature (Figure 14a; 85 °C-125 
hours aging) Therefore, the Ag3Sn IMC can be an origin of 
brittle failure, and it should be seriously considered 
regardless of temperature. Crack may propagate along the 
Ag3Sn, and big IMC may prevent plastic deformation of the 
solder bump. In fact, the abnormally grown Ag3Sn and the 
Cu-rich IMC were observed after bump shear testing. Figure 
15 shows various sheared surfaces after shearing solder 
bumps. After the low temperature reflows, most of shears 
occurred inside the solder. After the reflow above 300 °C, the 
facet-like morphologies of the Cu-rich IMCs were frequently 
observed on the sheared surface (Figure 15c, 15d, and 15f). 
In addition, the brittle failure occurred along the big plate-
like Ag3Sn IMCs (Figure 15a and 15e). If the IMCs such as 
the Cu-rich IMC and Ag3Sn grow abnormally, brittle failure 
can occur along those IMCs. Therefore, the growth of the 
IMCs should be precisely considered through controlling 
reflow condition, aging condition, and the contents of Ag and 
Cu in the solder. 

Conclusions 
Interfacial reactions between electroless Ni UBM and 

95.5Sn-4.0Ag-0.5Cu alloy during a reflow and an aging were 
investigated in detail. In early stage of a reflow, 
thermodynamically stable IMC phase is the Cu-rich IMC 
(Ni22Cu29Sn49) which forms firstly. Due to the lack of Cu 
diffusion, the Ni-rich IMC (Ni34Cu6Sn60) begins growing in 
further reflow. Finally, the Cu-rich IMC grows abnormally 
and spalls into the molten solder. The Cu-rich IMC seems to 
be different from Cu6Sn5, but the Ni-rich IMC must be 
Ni3Sn4. The activation energy of the Cu-rich IMC is much 
higher than that of the Ni-rich IMC. Therefore, The growth 
of the Cu-rich IMC is very temperature dependent, but the 
Ni-rich IMC grows less temperature dependently.  

 During an aging, the Cu-rich IMC (Ni22Cu29Sn49), the 
quaternary IMC (Ni20Cu27Sn48Au5), and the Ni-rich IMC 
(Ni34Cu6Sn60) were observed in order at the interface. All of 
the IMCs are well attached on the UBM. Au in the 
quaternary IMC prevents abnormal growth and spalling of 
the IMC. In contrast to the reflow, the activation energies of 
the three IMC are quite high and very similar one another. 
Therefore, growths of the IMCs during the aging are very 
temperature dependent. 

The Ag3Sn IMC has plate like morphology and grows very 
fast even in low temperature. The Ag3Sn, the abnormally 
grown Cu-rich IMC can be origins of brittle failure, and they 
should be restricted by controlling reflow condition and the 
contents of Cu and Ag in the solder. 
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