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Left panel: 3D LED schematic [4]
Right panel: Energy band diagram corresponding to the LED. If an electron exists in the conduction band and a 
hole in the valence band of the quantum well, the two carriers will recombine to release their energy in the form 
of a photon. 

The relative  external  quantum efficiency values of 
an InGaN LED with different  staircase electron in-
jectors (SEI). Note how the quantum efficiency de-
creases at high current injection. 

InGaN LEDs under different current injection. 
Top Left: 0A/ cm�92
Top Right: ~5A/cm�92
Bottom right: ~20A/cm�92
Bottom left: ~200A/cm�92 
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Current Research
As an electron enters the quantum well, it gains kinetic energy due to the band offset 

(ΔEqw) between GaN and InGaN. This increases its velocity and the possibility of reaching 
the other end of the quantum well before dropping down energy levels or thermalization. In 
order to keep the electrons in the quantum well, and therefore increase efficiency electron 
blocking layers (EBL) or electron injectors have been proposed. An EBL consisting of wider 
bandgap aluminum gallium nitride (AlGaN) may be employed, because it produces an impas-
sible barrier blocking electrons from leaving the quantum well and recombining in the p-GaN 
or contact region. The main problem associated with the EBL is that it impedes the flow of 
holes into the active region. The  electron injectors lower the kinetic energy given to electrons 
because the band offset of each step is smaller. The progression through the injector sequence 
results in the emission of multiple longitudinal optical (LO) phonons as the electron drops 
down in energy, effectively “cooling” the electron. This technique is more promising than the 
EBL because it thermalizes the electrons slowly rather than impeding the electron and hole 
movement through the LED. 

Conclusion
There is still significant research to be done in the area of efficiency loss in LEDs. The 

electron blocking layers do not appear to be the best solution for countering efficiency droop 
at this point due to the reduction in hole mobility. The staircase electron injector and linearly 
graded electron injector have problems that still need to be understood. The relevance of effi-
ciency droop in InGaN LEDs is twofold; there is a scientific importance as well as an environ-
mental imperative. The scientific achievement is that the improvement and understanding of 
efficiency droop will not only improve LED efficiency, but also allow for a better understand-
ing of efficiency loss in similar devices such as semiconductor based lasers, photodiodes, and 
solar cells. 
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