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An application note on wearout failure 

mechanisms 
 
In general, the overall reliability of power semiconductor devices is represented by the “bathtub” 
curve shown in figure 1. The wearout phase of a device is linked to the general accumulation of 
physical damage under the operating load conditions in the application. The main changes in 
the properties of the device are linked to mechanical wear out due to the differences in the 
thermal expansion coefficients of the components in the housing. The surface of the die can 
show significant “scrubbing” due to expansion and contraction of the components. The 
scrubbing may lead to the formation of intermetallic compounds at these component interfaces 
as shown in figures 2-4. The build-up can then lead to changes in the on-state, VT or forward 
voltage, VF characteristic and in addition changes in the junction leakage current over long 
periods of time. 
 
It is difficult to provide actual quantitative values to the X axis as this will depend very much on 
the conditions in the application. However, for many applications it is prudent to consider a 
refurbishment program after around thirty years’ service. 
 
Generally, it is not good practice to remove a device from an assembly and then re-mount that 
device back into the same assembly using the same components. The device is unlikely to be 
re-located in exactly the same orientation in the clamp assembly, so the contact of the 
components is likely to be compromised due to the extended time in service. 
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Figure 1: Typical “bathtub” curve 

 

 
Figure 2: Initial evidence of thermal cycling 

scrubbing at the edge on the cathode 
contact area 

 

 
Figure 3: Initial evidence of thermal cycling 

scrubbing on the anode molybdenum contact 
 

 
Figure 4: More extensive evidence of 

thermal cycling scrubbing at the edge on 
the cathode contact area 
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Important Notice:

This document is provided by Littelfuse, Inc. (“Littelfuse”) for informational and guideline purposes only.  Littelfuse assumes no liability for errors 
or omissions in this document or for any of the information contained herein.  Information is provided on an “as is” and “with all faults” basis for 
evaluation purposes only.  Applications described are for illustrative purposes only and Littelfuse makes no representation that such applications will be 
suitable for the customer’s specific use without further testing or modification.  Littelfuse expressly disclaims all warranties, whether express, implied 
or statutory, including but not limited to the implied warranties of merchantability and fitness for a particular purpose, and non-infringement.  It is the 
customer’s sole responsibility to determine suitability for a particular system or use based on their own performance criteria, conditions, specific 
application, compatibility with other components, and environmental conditions.  Customers must independently provide appropriate design and 
operating safeguards to minimize any risks associated with their applications and products. 
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FOR SURGICAL IMPLANT INTO THE BODY, OR ANY OTHER APPLICATION IN WHICH THE FAILURE OR LACK OF DESIRED OPERATION OF THE 
PRODUCT MAY RESULT IN PERSONAL INJURY, DEATH, OR PROPERTY DAMAGE) OTHER THAN THOSE EXPRESSLY SET FORTH IN APPLICABLE 
LITTELFUSE PRODUCT DOCUMENTATION.  WARRANTIES GRANTED BY LITTELFUSE SHALL BE DEEMED VOID FOR PRODUCTS USED FOR ANY 
PURPOSE NOT EXPRESSLY SET FORTH IN APPLICABLE LITTELFUSE DOCUMENTATION.  LITTELFUSE SHALL NOT BE LIABLE FOR ANY CLAIMS 
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APPLICABLE LITTELFUSE DOCUMENTATION.  
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