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• The single-particle time-independent Schrödinger equation

• In COMSOL Multiphysics

• Coefficient PDE form



• Particle in a box 

• One-dimensional box(infinite well)

Electron trapped，V=0 inside，V=∞ outside

ψ should be continuous ψ(x) = 0 at x = 0 and x = L

Probability of finding the 

particle inside the box = 1

• Analytical solution



• Three-dimensional box

Similar to the case of one-dimensional           

• Particle in a box 

Lx=Ly=Lz=L



• Element (domain) type for 3D: tets,prisms…

• Element order: linear,quadratic,cubic…

• Element size parameters:

• Optimization levels, Adaptive mesh refinement, 

elements’ quality

• COMSOL simulation

Mesh convergence study for an electron in a 3D box for ground state and first excited state
Cubic elements is better 

than quadratic elements



Mesh3,Mesh4 are more efficient 

and accurate. Mesh4 gives high 

quality elements

• Particle in a box 



Mesh4:Accurate and efficient

• Particle in a box 



• Particle in a box 



• Particle in a box 



• Hydrogen atom
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• Analytical solution



• Hydrogen atom

• Analytical solution



• Shrink elements with a scale factor 0.05

• No. of quadratic elements is much greater than 

No. of cubic elements

• Denser mesh for the core of hydrogen atom 

where the electron wave functions are localized

• Hydrogen atom

• COMSOL simulation



• Hydrogen atom



• Hydrogen atom

• Compared with two existing hydrogen electron orbitals  



• Hydrogen atom



• Hydrogen atom



• Hydrogen atom



• Hydrogen atom

Cubic elements are better



Dirichlet boundary condition

Self-assembled quantum dot

Vqd=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



Conclusion
• Mesh convergence study(different order elements, particle 

in a box problem)

• Validate “particle in a box” and “hydrogen atom” 
problems by comparing with its analytical solutions and 
3D models.

• Efficient mesh method (mesh the domains where the 
electron localized with cubic, high quality elements)

• The confining potential of the substrate plays an 
important role in engineering electron energies as well as 
wave functions in QDs



Questions?


