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Spin splitting of surface states in HgTe quantum wells 
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We report on beating appearance in Shubnikov–de Haas oscillations in conduction band of 18–22 nm HgTe 

quantum wells under applied top-gate voltage. Analysis of the beatings reveals two electron concentrations at the 

Fermi level arising due to Rashba-like spin splitting of the first conduction subband H1. The difference ΔNs in 

two concentrations as a function of the gate voltage is qualitatively explained by a proposed toy electrostatic 

model involving the surface states localized at quantum well interfaces. Experimental values of ΔNs are also in a 

good quantitative agreement with self-consistent calculations of Poisson and Schrödinger equations with eight-

band ⋅k p  Hamiltonian. Our results clearly demonstrate that the large spin splitting of the first conduction 

subband is caused by surface nature of H1 states hybridized with the heavy-hole band. 
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Introduction 

Thin films based on HgTe are known by a number of its 
unusual properties originating from inverted band structure 
of HgTe [1–4]. The latter particularly results in existence 
of topologically protected gapless states, arising at HgTe 
boundaries with vacuum or materials with conventional 
band structure. Although these states were theoretically pre-
dicted more than 30 years ago [5–7], clear experimental 
confirmation was not possible at that time due to lack of 
growth technology of high quality HgTe-based films. Exper-
imental investigations of wide (the width 70d ≥  nm) 
strained HgTe quantum wells (QWs), which started only in 
2011, confirmed existence of the predicted surface states and 
revealed their two-dimensional (2D) nature [4,8,9]. 

In comparison with other materials with the inverted 
band structure, in which the surface states are known being 
Dirac-like [10–12], HgTe spectrum involves heavy-hole 
band 8| , 3 / 2Γ ± 〉 modifying the surface state dispersion. Alt-
hough strain opens a bulk band-gap and results thus in three 
dimensional (3D) topological insulator state of wide HgTe 
quantum wells [4,8,9], it does not cancel strong hybridiza-
tion of the surface states with the 8| , 3 / 2Γ ± 〉 band. As a re-
sult, the surface states in strained HgTe films can be resolved 
only at large energies, while at the low ones they are indis-
tinguishable from conventional heavy-hole states [13,14]. 

In thin films of 3D topological insulator the surface states 
from the opposite boundaries may be coupled by quantum 
tunneling, so that small thickness-dependent gap is opened 
up [15–17]. In strained HgTe thin films, the latter arises 
deeply inside the heavy-hole band at the energies signifi-
cantly lower than the top of the valence band [4]. In the ul-
trathin limit, the HgTe quantum well transforms into sem-
imetal [2,18] and then to 2D topological insulator [1,19] 
with both gapped surface and quantized bulk states. 

On the other hand, the electronic states in HgTe QWs are 
classified as hole-like nH , electron-like nE  or light-hole-like 

nLH  levels according to the dominant contribution from the 
bulk 8| , 3 / 2Γ ± 〉, 6| , 1 / 2Γ ± 〉  or 8| , 1 / 2Γ ± 〉  bands at zero 
quasimomentum = 0k  [19]. The strong hybridization in 
inverted HgTe QWs results in the upper branch of the 
gapped surface states being represented by the 1H  sub-
band [4]. At large quasimomentum k  the wave-functions of 

1H  subband are localized at the QW interfaces, while at Γ  
point of the Brillouin zone they are localized in the QW cen-
ter and are thus indistinguishable from other 2D states. 

The gapped surface states in the films of 3D topological 
insulators exhibit sizable Rashba-type spin splitting, arising 
due to electrical potential difference between the two surfac-
es [20]. Such spin splitting was first observed in QWs of 
Bi2Se3 [21], which is a conventional 3D topological insula-
tor with Dirac-like surface states [10–12,21]. The spin split-
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