
Accelerated Stress Testing and Reliability  
Conference 

Impact of Dormancy Periods on Power Cycling of 
Insulated Gate Bipolar Transistor (IGBT) 

Nathan Valentine and Diganta Das 

Center for Advanced Life Cycle Engineering (CALCE) 

University of Maryland 

diganta@umd.edu 

ASTR 2016, Sep 28 ς 30, Pensacola Beach, FL 1 



Accelerated Stress Testing and Reliability  
Conference 

CALCE Introduction 

Å The Center for Advanced Life Cycle Engineering (CALCE) formally started 
as an NSF Center of Excellence in systems reliability.  

ÅhƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ŀŘǾŀƴŎŜŘ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǘŜǎǘƛƴƎ ŀƴŘ ŦŀƛƭǳǊŜ 
analysis laboratories 

ÅCǳƴŘŜŘ ōȅ ƻǾŜǊ мрл ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ŎƻƳǇŀƴƛŜǎ ŀƴŘ ŀƎŜƴŎƛŜǎ 

Å Supported by over 100 faculty, visiting scientists, research assistants 

Å Received 2009 NSF Innovation Award and NDIA Systems Engineering 
Excellence Award. 

Å Received IEEE Standards Education  
Award in 2013. 

Å Received University of Maryland 
Corporate Connector Award in 2014. 
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Provide a knowledge and resource base to support the development and sustainment of 
competitive electronic products 
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IGBT Applications 

Electric 
Cars 

Electric 

Trains 

Power 

Converters 

Wind 

Turbines 

Å Need for more compact power converters can be achieved through 

faster device switching 

Å IGBTs are the ideal choice with switching frequencies of 1kHz-150kHz 

with high current handling capability 
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IGBT Reliability Concerns 

Å Power semiconductors  have been 
shown to be the weakest 
component with 31% of failures 
according to an industry survey of 
power converter manufacturers [2] 

Å To avoid expensive catastrophic 
failures, diagnostic and prognostic 
methods have been developed for 
remaining useful life estimation and 
early detection of failures [3]-[4] 
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[2] S. Yang, A. Bryant, P. Mawby, D. Xiang, L. Ran, and P. Tavner. "An industry-based survey of reliability in power 

electronic converters." IEEE Transactions on Industry Applications vol. 47, no. 3 pg. 1441-1451. 2011 

[3] E. Sutrisno, Q. Fan, D. Das, and M. Pecht, ñAnomaly dection for instulated gate bipolar transistor (IGBT) under 

power cycling and using principal component analysis and k-nearest neighbor algorithm,ò Journal of the Washington 

Academy of Sciences, 2012. 

[4] J., Bing, V. Pickert, W. Cao, and B. Zahawi. "In situ diagnostics and prognostics of wire bonding faults in IGBT 

modules for electric vehicle drives." IEEE Transactions on Power Electronics vol. 28, no. 12, pp. 5568-5577, 2013.  
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Example Failure Modes and Mechanisms of IGBTs 

Failure Cause Failure Mechanism Failure Mode (Sites) 

High Temperature, High Electric 
Field, Overvoltage 

Time Dependent Dielectric 
Breakdown 

Short Circuit, Loss of Gate 
Control, Increased Leakage 

Current (Gate Oxide) 

Overvoltage, High Current 
Densities 

Hot Carrier Injection 
High Leakage Currents (Oxide, 

Oxide/Substrate Interface) 

High Electric Field, Overvoltage, 
Ionizing Radiation 

Latch-up 
Loss of Gate Control, Device 

Burn-out (Silicon die) 

High Temperature, High Current 
Densities 

Voiding and Delamination of Die 
Attach;  Open Circuit (Bond Wire, Die 

Attach) Bondwire Cracking, Liftoff, or 
Melting 

Unclamped Inductive Switching Dynamic Avalanching Short Circuit (Silicon Die) 
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Thermally-induced Stress Locations in Discrete IGBTs 

- Bond Wire Fatigue 

- Solder Joint Fatigue 

Leads (Cu) 
Wirebonds (Al) 

Die (Si) 

Encapsulant 

(Epoxy Resin) 
Die Attach 

(SnAgSb) 

Collector Pad 
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Parasitic Thyristor in Trench IGBT Structure 

 

 

Internal PNP Bipolar Transistor Parasitic NPN Bipolar Transistor Parasitic Thyristor 
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Power Cycling Test for Precipitating and Tracking IGBT Degradation  
Å Power cycling is a test which in power 

dissipation of the part due to operation acts 
as the heat source, as opposed to 
temperature cycling in which the heat source 
is external to the part. 

Å Heating from power dissipation causes 
temperature gradients within the part that 
simulate more realistic operating stresses.  

Å IGBT samples in our study is power cycled 
using resistive loads. Temperature limits are 
defined between Tmin and Tmax. Device is 
heated by switching the gate at a defined 
frequency and duty cylce. When Tmax is 
reached, power is turned off and device is 
allowed to cool down to Tmin in a passive 
manner. 

9 ASTR 2016, Sep 28 ς 30, Pensacola Beach, FL 


