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Fig. 1. (color online) The variance of electron energy F

with x for Hgy > Cd,Te semiconductors.
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Fig. 2. (color online) The schematic of one-dimensional composite structure based on Hgj_,Cd;Te semiconductors.
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Fig. 3. (color online) Dispersion relation of electrons in
the CdTe/ HgTe superlattice with di = 2 nm, dp =

14 nm.
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Fig. 4. (color online) Dispersion relation for di =
2 nm, do = 14 nm, where the purple and the white
regions correspond to the allowed and the forbidden
bands in projected band diagram of CdTe/HgTe super-
lattice, respectively. Red line indicates the electronic
Tamm state in composite structure, and the inset is

the enlarged view when E is around 0.305 eV.
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Fig. 5. (color online) Distributions of the amplitude of the electronic probability in composite structure: (a)
for the A point in Fig. 4, 8 = 0.35, E = 0.2456 ¢V; (b) for the B point, 8 = 0.22, E = 0.3343 eV; (c) for the
C point, 8 = 0.01, E = 0.3033 €V; (d) for the D point, 8 = 0.01, E = 0.3068 eV.
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Abstract

In a semi-infinite crystal, the periodic potential is destroyed at the surface, and the electronic wave functions expo-
nentially decay from the surface to both sides. Such localized electronic states in the vicinity of the surface are known
as Tamm surface states. In analogy to the electronic Tamm states, in recent years, optical Tamm states have been
found at the surface of the truncated photonic crystal composed of two kinds of dielectrics. Very recently, novel types
of optical Tamm states including backward Tamm states in which the phase velocity and the group velocity of optical
waves are in the opposite direction have been discovered in the photonic structures containing metamaterials. In fact,
the concepts in electronic field and photonic field can inspire each other. Many unique phenomena in photonic systems
can also be mapped to the electronic systems. In this paper, we study the novel types of electronic Tamm states in
electronic systems, inspired by the novel types of optical Tamm states in photonic structures.

At first, comparing Maxwell equations with Schrodinger equations, one can see a correspondence between the param-
eters in electromagnetic system and the parameters in the electronic system. In particular, Hg,_,Cd,Te semiconductors
with special electronic band structures can realize various electronic materials in analogy to the optical metamaterials
with various values of permittivity and permeability. By tuning the parameter x of Hg1_,Cd,Te, we obtain a variety of
metamaterial-like electronic materials, in analogy to the single-negative metamaterials, the double-negative metamate-
rials and the near-zero-index metamaterials in optical systems. Then, inspired by the one-dimensional heterostructures
with metamaterials that generate optical Tamm states, we design a one-dimensional electronic heterostructure consisting
of Hgo.847Cdo.153Te and CdTe/HgTe superlattice. When Hgo s47Cdo.153Te is analogous to the double-negative metama-
terial, we find the backward electronic Tamm states in which the phase velocity and the group velocity of electronic
waves are in the opposite directions. When Hgp 847Cdo.153Te is analogous to the near-zero-index metamaterial, we find a
novel electronic Tamm states in which the amplitude of the electronic probability decays very slowly in Hgo s47Cdo.153Te.

The discovery of these new types of electronic Tamm states enlarges our knowledge of electronic surface states.
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