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Abstract: This work addresses the reliability of lead-free solder in accelerated thermal cycling to reevaluate the use of the 
two-parameter Weibull distribution as used in electronics reliability studies. It is not uncommon for electronics reliability 
researchers to make comparisons among multiple data sets solely on the scale parameter. Perhaps they assume, without 
providing evidence, that the shape parameters are identical or, worse, it may be the case that the scale parameters are different 
but they do not realize the importance of considering the scale parameter in calculations. In short, it is typical practice, as will 
be demonstrated, that electronics researchers make most of their conclusions on reliability comparisons based upon the N63 
values of the different data sets. The purpose of this work is to bring awareness to the potentially erroneous types of 
conclusions that can be made when only one parameter of the two-parameter Weibull distribution is used in electronics 
reliability comparative assays. 
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1. Introduction and Methodology 
 
This paper largely uses the experiment and research done by Berger (2012) to bring to light the common misuse of 

the two-parameter Weibull distribution in electronics packaging reliability research in commercial and industrial settings. The 
goal is to highlight instances where only the scale parameter (𝜃) of the two-parameter Weibull distribution is used. A robust 
experiment is then performed to demonstrate that ignoring the shape parameter (𝛽) can change the relative expected 
reliability rankings of the different data sets under assessment. 
 
1.1 Background and Previous Studies 
 

Due to the Weibull distribution’s versatility, it is often used to model failure data for reliability studies (Ebeling, 
1997). Listed below are its respective reliability function, 𝑅(𝑡), and probability density function, 𝑓(𝑡). It should be noted that 
𝐹(𝑡), the cumulative distribution, is simply equal to 1 − 𝑅(𝑡).  

 
𝑅(𝑡) = 𝑒−(𝑡𝜃)𝛽 (1) 
 
𝑓(𝑡) = 𝛽

𝜃
∗ (𝑡

𝜃
)𝛽−1 ∗ 𝑒−(𝑡𝜃)𝛽 (2) 

 
 It is important to reiterate that the functions contain two required parameters, 𝜃 and 𝛽. Figure 1 demonstrates the 
necessity of the shape parameter, 𝛽, and its effect on cumulative failures when a fixed scale parameter is used; for example 
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