
Circumvention of piezoelectric fields in III-nitride heterostructures – a way 
towards solving the green gap problem 

The light emitting diodes (LEDs) based on III-nitrides are used in an increasing number of applications. 
The biggest one is the general lighting. General lighting is responsible for 15% of global electricity 
consumption. US Department of Energy forecasts that the savings in energy consumption by 2030, thanks to 
use of III-nitride LED, will be roughly 260 TWh annually. This will reduce the consumption of fossil fuels and 
generation of air pollution and greenhouse gasses. These enormous savings come from the exceptionally 
high efficiency of InGaN LEDs in violet and blue colors and have been the reason for awarding the Nobel Prize 
in Physics in 2014 to the inventors of white LEDs – Prof Shuji Nakamura, Prof Isamu Akasaki and Prof Hiroshi 
Amano. Any increase in the efficiency of InGaN will reduce the electricity consumption spend for general 
lighting even further. However, the biggest advantage might come from the improvement of efficiency of 
green LEDs. Today, the white light, emitted by LEDs, is generated by mixing the violet (or blue) light from 
InGaN and yellow light from phosphorous, which is excited by the light originating from InGaN. The 
conversion from violet (or blue) light to yellow is associated with a loss in energy. A different kind of approach 
is mixing of blue, green and red colors, which would be emitted directly from the semiconductor material. 
However, the quantum efficiency of green emitters is the bottleneck to realization of this approach. If the 
efficiency of green emitters could be improved - it would result in reduction of the electricity consumption 
on the global scale.  

The scientific problem aimed to be solved by the 
project is the loss of internal quantum efficiency of III-
nitride heterostructures in the green spectral region, 
which is commonly referred to as the “green gap” 
problem. Figure 1(a) presents the wavelength 
dependence of maximum external quantum efficiency 
(EQE) of LEDs. The III-nitride devices have high efficiency 
in the short wavelength range (violet and blue colors). 
The main reason for low efficiency in green region is the 
decrease of the oscillator strength of the quantum wells.  

The research proposed in this project aims at 
investigating a new phenomenon proposed recently by 
our group, which may address the “green gap” problem. 
We have shown that there exists a surprisingly efficient 
recombination channel in wide InGaN QWs. This is 
counterintuitive, because the wide InGaN QWs are 
expected to have a low wavefunction overlap due to 
severe separation of electrons and holes. However, the 
high oscillator strength in these heterostructures comes 
from transition involving excited states. Figure 1(b) 
presents a schematic of the band profile of a wide QW 
under excitation.  

The project results are expected to shine new light 
on the physics of radiative transition in wide InGaN QWs. 
Demonstration of high indium content InGaN QWs with 
high oscillator strength will help increase the efficiency 
of the long wavelength LEDs and eventually lead to 
diminish the “green gap” problem. 

 

Figure 1. (a) Dependence of maximum 
external quantum efficiency (EQE) on 

wavelength illustrating the lack of efficient 
light emitters in green spectral region. Figure 
taken from M. Auf der Maur et al., Physical 

Review Letters 116, 027401 (2016). (b) A 
schematic of the band profile and carrier 

distribution in a wide QW under excitation. 

Reg. No: 2019/35/D/ST3/03008; Principal Investigator:  dr inż. Grzegorz  Muzioł


