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Table 1-1.
Component Aeroflex Sample Xilinx CN Package Xilinx CF Package

Heat Spread
Heat Spread Adhesive
Die
Under Bump Metallurgy (UBM)
Flip chip Solder Bump Material
Flip chip passivation opening size
UBM Diameter
Flip chip Solder Bump height
(assembled)
Flip chip Solder Bump width
Flip chip Solder Bump pitch size
Underfill Material

Substrate/Carrier
Solder Column

Figure 1-2.



chip solder joints, reducing stress on flip chip solder bumps by more than an order of magnitude. As a 
result, flip chip solder bumps will show greatly increased thermal cycling fatigue life when underfill is 
used. For example, flip chips that would exhibit 50% interconnection failure (N50) after about 1300 cycles 
of thermal cycling in the absence of underfill will not show enough failures to calculate N50 after 
10,000 cycles in the presence of underfill [3]. The general wisdom among flip chip engineers is that 
failure of flip chip solder joints generally does not occur until the underfill starts to break down. All three 
packages in Table 1-1 use different underfill materials.  

The UBM structure of the Aeroflex sample is Al/Ni(V)/Cu, while that of the Xilinx package is Ti/Cu/Ni. 
The Al/Ni(V)/Cu UBM structure, developed by Flip Chip International, Inc., has been widely used with 
eutectic SnPb solder for commercial applications since the 1990s. Xilinx’s Ti/Cu/Ni UBM somewhat 
resembles typical UBM for Pb-free solder bumps. It is not clear why the UBM is used for Pb-free solders 
with Pb95Sn5 or Sn63Pb37 solder. Since there are commercial Pb-free versions of the V4 and the V5, it 
might be because of the decreased wafer manufacturing cost achieved by using the same UBM structure 
for both the commercial and the space versions. 

It should also be noted that both Aeroflex sample and Xilinx CN package use Sn63Pb37 solder as flip 
chip solder bump material, while the currently discontinued Xilinx CF package used high-Pb (95Pb5Sn) 
solder. 95Pb high-Pb solder has a higher melting temperature (308 to 312˚C) than the eutectic SnPb 
solder (183˚C); therefore, it will not reflow during the subsequent column attach and board mounting 
process, which makes it preferred solder material when used in ceramic packages. However, high-Pb 
solders cannot be used in plastic packages because plastic chip carriers cannot withstand their high reflow 
temperatures. Due to the decreasing demand for ceramic packages in commercial applications and the 
impact of the European Union’s Restriction of Hazardous Substances (RoHS) directive, experienced 
high-Pb solder bumping facilities are becoming less available. Consequently, many military parts 
manufacturers, including Aeroflex and Xilinx, are beginning to use eutectic SnPb solder as flip chip 
solder bumps. The implications of using Sn63Pb37 solder alloy as flip chip solder material require further 
discussion in-depth and will be discussed in the section 2.1.3. 

As shown in Table 1-1, flip chip solder bump configurations (such as bump opening size, pad size, bump 
height, bump width, and bump pitch size) are almost identical for all three packages. This is because all 
these packages are following classic design rules from the IBM C4 wafer bumping.  
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2.0 THE SOURCES OF POTENTIAL RELIABILITY ISSUES OF THE CLASS-Y PRODUCTS

2.1.1 Non-Hermeticity Issues



2.1.2 Fine Feature Size and High Power Issues

2.1.2.1







2.1.4 Concerns from Synergistic Effects between Reliability Issues



2.1.4.1

2.1.4.2

2.1.4.3



dewetting during the multiple reflow; in modern flip chip packages, failures during the multiple reflow 
are mostly due to workmanship issues.  

In addition to the spalling, the heat from the multiple reflow induces Kirkendall voiding in the solder joint 
[29].The Kirkendall voids cause embrittlement of the solder joint. Kirkendall voiding is predominant in 
both cases when the UBM wetting layer is Cu or electroless Ni. When Cu is the wetting layer, the Cu6Sn5 
intermetallic compound forms first during the reflow, and the Cu3Sn forms between Cu6Sn5 and Cu as 
reflow time increases [30]. After the reflow, when the solder joint undergoes a solid-state aging, Cu3Sn 
grows further by consuming Cu6Sn5. Since Cu is the dominant diffusing species in this growth of Cu3Sn, 
the depletion of Cu takes place at the interface between Cu3Sn and Cu, forming Kirkendall voids [31]. 
When electroless Ni is the wetting layer, Ni3Sn4 intermetallic compound forms when molten Sn63 solder 
reacts with electroless Ni. The electroless Ni inherently contains 15 to 20% of P; when the Ni3Sn4 forms, 
the depletion of Ni takes place, leading to the formation of Ni3P at the interface between the Ni3Sn4 and 
the electroless Ni layer [32]. As reflow time increases, Kirkendall voids form in the Ni3P layer [33]. 

In general, microstructure and strength of flip chip solder joints are known to be influenced by multiple 
reflows [25,34,35,36], and for high reliability applications it must be determined whether the multiple 
reflows would affect the thermal cycling life of a flip chip package.  
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3.0 EXPERIMENTAL END RESULTS

3.1 Overview of Design of Experiment

Table 3-1. 
Test Test conditions Test purpose

3.2 Description of the Aeroflex Samples









Figure 3-4.

3.4 Electromigration  











Table 3-2. 
Temperature (°C) Current density (A/cm2) MTTF (hr)
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= /
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3.4.1 Die Shear Test Results on Current Stressed Flip Chip Dies









package does not have the hermeticity to block the moisture, exposure to the humidity on Earth can affect 
the reliability of the package in space. In our FY12 NEPP task, humidity was concluded as a major threat 
to the underfill reliability. For the vacuum thermal aging, samples were vacuum thermal aged in 10–7 torr 
vacuum at 135ºC for 3 months. For the humidity exposure, samples were exposed to 85°C/85% RH for 27 
days. 

As discussed previously, both the Aeroflex samples and the new Xilinx CN packages use the Sn63 alloy 
as the flip chip solder bump material. Since the Sn63 solder is also used for the column attachment and 
the board assembly, the flip chip solder bumps will be reflowed during the subsequent processes. The 
multiple reflow is known to affect the interfacial structure and the mechanical properties of solder joints. 
The effect of multiple reflows on thermal cycling life was investigated for the high reliability 
applications. Samples were subjected to five multiple reflows in the Aeroflex reflow oven and then 
thermal cycled.  

As shown in the section 3.4.1, the electromigration reduces mechanical strength of the flip chip solder 
bumps. To investigate the effect of the electromigration on thermal cycling life, samples were current 
stressed with 2 × 104 A/cm2 current density at 110°C for 96 hours and thermal cycled.  

The 214ºC/min ramp thermal cycling results are summarized in Table 3-3. As a baseline thermal cycling 
result, Aeroflex’s FY10 thermal cycling results were used. The baseline samples, without any 
preconditioning, had a Weibull life of 3629 cycles. The thermal cycling lives of the both the vacuum 
thermal aged and the multiple reflowed samples greatly increased (roughly by 50%). The current-stressed 
samples had slightly increased thermal cycling life (10%) than the baseline samples, though the Weibull 
fit had noticeably reduced. In contrast with other samples, the humidity exposed sample showed 33% 
reduction of thermal cycling life. As for the 11ºC/min ramp rate thermal cycling, the samples were 
thermal cycled up to 3000 cycles. No samples failed or showed defects.  

All the samples failed during the 214ºC/min ramp rate thermal cycling failed by underfill breakdown, 
described in the section 3.3 and [18]. As noted above, underfill breakdown is a function of the high ramp 
rate for this thermal profile. As discussed in section 3.4.1, the solder bumps with their cathodes at the die 
side should experience about 20% reduction in their shear strength. However, the current-stressed 
samples still did not show a reduced Weibull life. This indicates that the underfill integrity has a greater 
influence on the thermal cycling life than the solder bump strength. If the failure mechanism were driven 
to solder fatigue, it is possible that some effect due to current stressing would be observed. 

Ultimately, the thermal cycle results at 214ºC/min demonstrate the effect of moisture on the underfill 
breakdown failure mechanism. The moisture-conditioned samples failed with a Weibull life 33% lower 
than the baseline. When an underfill material is exposed to heat, moisture removal and additional curing 
takes place. Both the vacuum thermal-aging samples and the multiple-reflow-conditioned samples were 
exposed to a large amount of heat. The current stressed sample was pre-conditioned in the ambient 
temperature, but the underfill adjacent to the current stressed solder bumps was exposed to additional 
amounts of heat because the Joule heating raised the temperature of the solder bumps to 110ºC. As a 
result, the vacuum thermal aging and multiple reflow preconditions resulted in a large increase (50%) in 
Weibull life compared to the baseline. The current-stressed samples also exhibited a 10% increase in the 
Weibull life due to the exposure to the small amount of heat from the Joule heating. Thermal cycling at 
11ºC/min showed no failures after 3000 cycles, suggesting that the effects of preconditioning are 
mitigated at slow thermal cycle ramp rates. This is an encouraging finding in that use conditions in space 
are more apt to have slow thermal ramp rates as opposed to fast.  

During the FY12 NEPP task at JPL, the LP2 underfill in the Xilinx CF packages was vacuum thermal 
aged and tested. The LP2 underfill exhibited increased adhesive strength, reduced CTE, and a slightly 
increased Tg [7]. All these changes indicated that the LP2 underfill should perform better after the 
vacuum thermal aging. Therefore, the current result on the vacuum-thermal-aged Aeroflex samples is in 
accordance with the FY12 NEPP task results on the underfill. The multiple reflowed sample also showed 
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Table 3-3.

Condition Weibull Life Weibull Slope Weibull Fit R2



4.0 SUMMARY
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