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Step-type quantum wells with slightly varied 
InN composition for GaN-based yellow micro 
light-emitting diodes 

To illustrate why In0.25Ga0.75N (1.5 nm)-In0.35Ga0.65N (1.5 nm) step-type quantum wells 
are adopted, more investigations are conducted here. The structural information of the step-
type quantum wells for Deivces R2, 2, 2-1, 2-2 and 2-3 is summarized in Table S1. The 
other parts for Deivces 2-1, 2-2 and 2-3 are the same with Deivces R2 and 2. 

Table S1 Structures of step-type quantum wells for Deivces R2, 2, 2-1, 2-2 and 2-3. 

Structure of step-type quantum wells 

Device R2 In0.30Ga0.70N (3 nm) 

Device 2 In0.25Ga0.75N (1.5 nm)-In0.35Ga0.65N (1.5 nm) 
Device 2-1 In0.20Ga0.80N (1.5 nm)-In0.35Ga0.65N (1.5 nm) 
Device 2-2 In0.15Ga0.85N (1.5 nm)-In0.35Ga0.65N (1.5 nm) 
Device 2-3 In0.10Ga0.90N (1.5 nm)-In0.35Ga0.65N (1.5 nm) 
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of the quantum well. In this case, the spatial overlap levels of the wave functions are 37.23%, 
62.06%, and 69.65% for Devices 2-1, 2-2 and 2-3, respectively. As a result, as Fig. S1(f) 
shows, EQE and optical power are enhanced for Devices 2-1, 2-2 and 2-3 when compared 
with Device 2. Nevertheless, the increased overlap level of electron and hole functions is at 
the cost of reducing the effective volume of active region, which then increases the electron 
current leakage when compared with Device 2 [see Fig. S1(g)]. More importantly, as Fig. 
S1(h) shows, as the average InN composition for the quantum wells of Device 2 is the same 
as that for the quantum wells of Device R2, and in the meanwhile, carrier wave functions are 
not merely slightly moved if we compared Device 2 to Device R2. Thus the emission 
wavelength for Device 2 is almost the same to that for Device R2. However, the peak 
wavelength for the electroluminescent (EL) spectrum for Devices 2-1, 2-2 and 2-3 is not 575 
nm any more, such that the significant blue shift is observed for Devices 2-1, 2-2 and 2-3. The 
blue shift for Devices 2-1, 2-2 and 2-3 is well attributed to the elevated energy levels by the 
subbands when the quantum well becomes thin according to the report by Tian et al [1].  

Therefore, there is a compromised design among the carrier wave function overlap and the 
emission wavelength. We have to find a proper design that can maintain both the exactly 
desired yellow emission and the acceptable carrier wave function overlap level.  
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