


PCB, and copper pads on both the BGA substrate and the 
PCB. The solder joints are modeled as solder mask defined 
(SMD) on substrate side and metal defined (MD) on PCB 
side. Two different mesh density patterns are used to model 



Second, the mini cycles are considered during ON state, as 
shown in Figure 4. The length of each mini cycle is assumed 
to be 12 minutes. Therefore, there are total 80 mini cycles for 
a 16-hour ON period. The details of the mini cycle are plotted 
in Figure 5. When mini cycles are considered during power 
cycles, the finite element simulation will run through all 80 
mini cycles in the ON state during each power cycle. This 
requires significant amount of computational resources and 
time. However, this is necessary to understand how mini 
cycles affect the solder joint reliability compared to the power 
cycle without mini cycles.    

  

 
Figure 3: Power cycle profile without mini cycles 

 

 
Figure 4: Power cycle profile with mini cycles 

 

 
Figure 5: Mini cycle profile 

 
Power Cycle Condition without Mini Cycles 

A total of 10 power cycles (total physical time: 10 days) 
were simulated without considering mini cycles first. Figure 6 
and Figure 7 plot the time-history of averaged cumulated 
equivalent creep strain (denoted by CEEQ) and the averaged 

cumulated creep energy density (ECDDEN) at package side, 
respectively, for SnPb and SnAgCu solders. The temperature 
profile is also shown in these figures with light green line. 
Analysis shows that the per-cycle CEEQ and per-cycle 
ECDDEN stabilized within two or three cycles for both solder 
materials. This suggests that 3 cycles will be sufficient in 
similar studies in the future.  

As expected, from Figure 6 and Figure 7, the creep strain 
accumulation in SnPb is much faster than in SnAgCu, because 
SnPb is softer and has higher creep strain rates than SnAgCu 
in the temperature range investigated. However, it should be 
noted that the creep limit of SnPb is also much higher than 
SnAgCu. 

 

 
Figure 6: Averaged CEEQ history under power cycle without 

mini cycles 
 

 
Figure 7: Averaged ECDDEN history under power cycle 

without mini cycles 
 
Further, in order to understand the effect of dwell time and 

ramp rate, the CEEQ and ECDDEN accumulation in one 
cycle (the 10th cycle) are plotted in Figures 8-11. It is noted 
that, unlike what we observe in accelerated test condition 
simulations [3], the majority of creep for both solder materials 
is accumulated during dwell times. This suggests that the 
dwell time is a dominant factor in the field condition 
reliability assessment. 

Two solder alloys respond differently in creep 
accumulation during the long dwell time. Because the SnPb 
solder has higher creep rate, especially at high temperatures, 
the creep accumulation reaches an asymptotic value at high 



fully relaxed at low temperature dwell period, and the creep 
strain continues to accumulate after 8 hours.  

SnAgCu solder, on the other hand, is stiffer and has lower 
creep rate. Even after 16 hours dwell time at high temperature, 





Superposition Method 
It’s very time consuming to simulate a power cycle profile 

with mini-cycles because finite element simulation needs to 
run through dozens of mini cycles (e.g., 80 mini cycles in our 
study) to complete one power cycle. The superposition 
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