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Light Emitting Diodes (LEDs) have become indispensable in a variety of applications from displays to general light-
ing, o�ering energy savings, environmental protection and safety, and long operation lifetimes. At the center of this 
blazing journey is the GaN based LED, which still has its mysteries in that its e�ciency degrades with increasing drive 
current aside from thermal issues, more severely for the green emitting variety. Signi�cant research e�orts have been 
put forth for understanding this e�ciency degradation, which is clearly caused by a nonradiative loss mechanism 
that can be e�ective inside and outside the quantum wells of the LED active region. Possible remedies have been 
explored to combat the potential culprits such as Auger recombination augmented by strong nonuniformity of 
carrier distributions and carrier over�ow due to ballistic and quasi-ballistic transport. Upon optimization of growth 
and device design schemes, internal quantum e�ciencies in the 90% range have already become accessible and 
power conversion e�ciencies for white light generation using blue LEDs have reached over 65%. While attainment 
of packaging with e�cient heat removal and cutting cost are currently the key focus areas, unequivocal design rules 
are yet to be established to overcome e�ciency degradation. This talk will include an overview of the status of light-
ing by LEDs and a discussion of nitride LED device physics with emphasis on e�ciency limiting mechanisms as well 
as potential remedies for the e�ciency degradation. Challenging problems from both materials growth and device 
design fronts will be elaborated on.
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