
INTRODUCTION: For the fact that each bandgap of single solar cell is fixed, it is 

advancing a technology called quantum dot solar cell (QDSC) that could 

manipulate quantized energy levels to absorb sunlight by varying quantum dot's 

parameters. In addition to exploring the effect of size and shape of QD2 on 

confinement, it is of great significance to understand the mechanistic coupling 

between a quantum dot and the substrate on which it is grown. The schemes of 

achieving accurate results are investigated. 

COMPUTATIONAL METHODS: We used powerful PDE module and LiveLink™ 

with MATLAB® in COMSOL Multiphysics®. We solved the Time Independent 

Schrödinger Equation (TISE) for normalized electron wave functions (EWFs) and 

corresponding electron energy levels (EELs) for different models3.

CONCLUSIONS: The results show that the confining potential of the substrate 

plays an important role in engineering electron energies as well as wave 

functions in QDs. Moreover, we have successfully validated the computational 

approach with known analytical solutions. 
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Figure 3. Particle in a box models 

and tables for EWFs and EELs, 

the mesh4 method gives the best 

solutions (three figures from left to right: 

(1,1,1) to (3,3,3))

Figure 4. Hydrogen atom models and tables for EWFs and EELs, the mesh expression with 

cubic order elements gives the best solutions (principal quantum number n=1 to n=3)

Figure 4. Ground state and first excited state EWFs and EELs，The potential energy of QD is 0, 

the confining potential energy in the substrate varies from 0.77[eV] to a quadratic function of z: 

((-1/800)*(z)^2+0.77) [eV], the Es, Ep shifts down 49.5[meV] and 110[meV], respectively

Figure 1： the key framework of the research 
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Figure 2. The Mesh4 method for the box (top left), different order meshes for the atom (top 

right four figures) and the mesh, boundary conditions for QD with substrate (bottom layer)
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