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ABSTRACT 

High power light emitting diodes (LEDs) are currently experiencing growing use in 

lighting applications.  Long operating life and therefore reduced maintenance cost is a 

common claim by many LED lighting fixture manufacturers. Generally, LED lighting 

fixtures have two types of failure. First is slow degradation of light output, commonly 

called lumen depreciation. Second, different from lumen depreciation, the catastrophic 

failure causes the LED light source to loose light output suddenly due to the malfunction 

of any of the key electrical or optical components within the LED system. Even though 

the industry has standards for slow degradation failure, it is yet to develop a standard for 

testing high power LED systems for catastrophic failure. 

 

An LED system usually consist of many components, including, one or more LED 

modules mounted on an electrical circuit board (such as metal core printed circuit board 

(MCPCB)) with solder interconnections to form an array, secondary optics, heat sink, and 

an electronic driver. To develop test procedures, specifically accelerated test methods, the 

industry still needs better understanding of what factors influence catastrophic failure of 

components within an LED system. As a starting point, this thesis addressed one of the 

key components, namely, the LED array and identified failure mechanisms and analyzed 

factors that cause catastrophic failure. 

 

In an LED array, due to mismatch of the coefficient of thermal expansion (CTE) among 

different materials when it is powered on and off, the temperature change causes stress 

within these components and ultimately lead to catastrophic failure. In an LED system, 

the failure could occur at solder interconnects, external MCPCB, or at wire bonds. The 

failure mechanisms depend on the LED package and the LED array structure. According 

to past literature, power cycling is a common approach for testing reliability of power 

electronics. Generally, high power LED devices and arrays have several solder layers in 

their thermal path from the chip to the ambient. Therefore, during power cycling high 

power LED devices and arrays could fail due to solder joint failure. Past studies showed 

three thermal parameters, temperature change (ΔT), maximum junction temperature (Tj 

max) and increase ramp rate of temperature that affected failure rate of solder 



interconnects during power cycling life tests. Based on the findings from past studies, 

three hypotheses were developed and tested experimentally for an LED array.  

 

Results from this thesis study showed that when an LED system is power cycled: 

• Change in temperature, ∆T, has the most effect on cycles to failure. 

• Maximum junction temperature, Max Tj, has minimal effect on cycles to failure. 

However, above a certain temperature the LEDs failed very rapidly.   

• The increasing ramp rate increased cycles to failure for lead-free solder used in 

this experiment. 

Selection of drive current is very important in power cycling studies. At very high 

currents, other failure mechanisms may be introduced and therefore the cycles to failure 

may be drastically reduced. 

 

 


