
Assignment 4. Bound state at the HgTe-CdTe interface 

In class, we talked about the band inversion that occurs in the case of HgTe-CdTe alloys. When 
considering a layer of HgTe in proximity to a layer of CdTe, one can solve for the bound state at 
the interface between the two layers with opposite band ordering.  

 

Figure. HgTe-CdTe heterostructure and energy band alignment. 

In class, we used a k.p Hamiltonian for HgTe or CdTe expressed as, 
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With the following spinless basis: �
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�, 𝐸𝐸𝑠𝑠 is the energy of the s-level and 𝐸𝐸𝐻𝐻𝐻𝐻 and 𝐸𝐸𝐿𝐿𝐻𝐻 are 

respectively those of the heavy hole and light hole levels. For HgTe (z>0) set 𝐸𝐸𝑠𝑠 = −𝐸𝐸1 and  𝐸𝐸𝐿𝐿𝐻𝐻 = +𝐸𝐸1 
and for CdTe (z<0)   𝐸𝐸𝑠𝑠 = +𝐸𝐸2 and  𝐸𝐸𝐿𝐿𝐻𝐻 = −𝐸𝐸2. (Fig 1). Take 𝐸𝐸𝐻𝐻𝐻𝐻 = +𝐸𝐸1 for HgTe and 𝐸𝐸𝐻𝐻𝐻𝐻 = −𝐸𝐸2 for 
CdTe, neglecting the effects of strain. 

Use the following expression for the eigenfunctions: 

𝜓𝜓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(𝑥𝑥,𝑦𝑦, 𝑧𝑧) = 𝜒𝜒𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑖𝑖𝜅𝜅−𝑧𝑧+𝑖𝑖𝑘𝑘𝑟𝑟
����⃗ 𝑟𝑟 

𝜓𝜓𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶(𝑥𝑥,𝑦𝑦, 𝑧𝑧) = 𝜒𝜒𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶𝑒𝑒𝑖𝑖𝜅𝜅+𝑧𝑧+𝑖𝑖𝑘𝑘𝑟𝑟
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𝑘𝑘𝑟𝑟����⃗ = 𝑘𝑘𝑥𝑥𝑥𝑥� + 𝑘𝑘𝑦𝑦𝑦𝑦,�    𝑟𝑟 = 𝑥𝑥𝑥𝑥� + 𝑥𝑥𝑦𝑦� 

𝜒𝜒𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is the spinor part of the wavefunction 

1. Use the Jackiw-Rebbi approach to derive the Dirac bound state located at the interface. Remember 
to use two boundary conditions below to get rid of the spinors. You only need to determine 𝜅𝜅−, 𝜅𝜅+ 
and E. 

𝜓𝜓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(0) = 𝜓𝜓𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶(0) 
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2. Even though you got a solution, the band that you obtained disperses below the heavy hole band, 
and in reality hybridizes with this band. An alternative system that is more friendly to handle that 
HgTe/CdTe is Pb0.75Sn0.25Se/PbSe. The band parity is more complex, however the k.p Hamiltonian 
comes out easier to handle: 
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For PbSe Δ = +𝐸𝐸2 
For Pb0.75Sn0.25Se Δ = −𝐸𝐸1 
 
Repeat the same procedure with the same boundary conditions to recover massless Dirac 
state bound to the Pb0.75Sn0.25Se/PbSe interface. (you don’t have to redo all the algebra) 


