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Study of electronic processes in nitride LEDs by electro-emission microscopy 

 

The extremely high efficiency of nitride light emitting diodes (LEDs) has led to their 

worldwide use for energy efficient lighting. Current commercial white LEDs are indeed made 

of blue nitride LEDs, associated to phosphors that absorb in the blue region and reemit a wide 

spectrum in the visible. The active region of nitride blue LEDs consists in multiple InGaN 

quantum wells embedded in a GaN p-n junction.  

However, these nitride LEDs suffer from drops in efficiency that prevent the extension of 

their use [1]. First, when increasing the injection current, the efficiency drops due to a strong 

contribution of 3-carrier Auger-Meitner processes, where the energy released by the 

electron-hole recombination is given to another charge carrier instead of producing a photon. 

Consequently, multiple small devices have to be combined to get high light intensities, 

increasing the cost and need for material. Second, the efficiency drops when increasing the 

indium content of the InGaN quantum wells, that would allow to make nitride LEDs emitting 

in the green or red region. It makes it impossible to have efficient 3-color nitride LEDs, which 

would surpass the current combination of a blue LED with a phosphor, both in terms of 

efficiency and color rendering. Again, in these long wavelength nitride LEDs, Auger-Meitner 

processes play an important role in decreasing their efficiency.  

The aim of the proposed internship is to better understand and quantify Auger-Meitner 

processes in nitride LEDs at the microscopic scale. For this purpose, the intern will perform 

electro-emission microscopy on in operando nitride LEDs. This recently developed technique 

consists in imaging the electrons self-emitted by the LED in operation [2]. The analysis of the 

energy distribution of such emitted electrons allows identifying the ones originating from 

Auger-Meitner processes. Imaging their spatial distribution will allow to correlate their 

presence to the microscopic structure of the device. In particular, the role of V-pit structures 

formed around crystal dislocations in state-of-the-art green nitride LEDs will be investigated. 
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Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES     Soft Matter and Biological Physics: NO 

Quantum Physics:  YES    Theoretical Physics: NO 


