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a-Sn, the diamond structure allotrope of Sn, is a zero-gap semiconductor with band inversion.
Calculations suggest that epitaxial tensile strain induces a 3D topological insulator (TI)
phase, while epitaxial compressive strain induces a 3D Dirac semimetal (DSM) phase [1,2].
When this DSM phase is confined in a thin film, it has been suggested to form a quasi-3D TI
phase [3]. Transitions to other phases instead, such as 2D TI, have been suggested as well [4].

We first explore the topological phase of ultrathin unintentionally doped a-Sn thin films.
Using spin- and angle-resolved photoemission spectroscopy (ARPES), we study
compressively strained a-Sn films on InSb(001). We find clear evidence of the confinement-
induced quasi-3D TI phase in compressively strained a-Sn. We also find that the spin-
polarization of the topological surface states differs markedly from reports in the literature
where the films are intentionally doped with Te [5], indicating this intentional doping (a
frequently used procedure) could have a significant effect on the electronic structure of a-Sn.
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doping) of the same film c) 5% Ge alloying (+0.5%) d) 8%
Ge alloying (+0.9%). A small gap opens at the surface
Dirac node with Ge alloying, indicating a topological phase
transition. The size of this gap increases with Ge content e)-
h) Curvature of a)-d) to enhance band features.
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the expected 3D Tl phase is found in
ARPES (Fig. 1). Our results pave
the way for a better understanding of
the effect of strain and confinement
on 0-Sn’s band structure.
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Figure 2. Determination of the 3D topological
insulator-like state in 13 BL o-Sn. ARPES
measurement at 21 eV before a) and after b) potassium
dosing the surface. Potassium dosing effectively
electron dopes the surface, allowing to see further
above the surface Dirac node. The surface Dirac node
is preserved. c) ARPES measurement at 127 eV photon
energy after potassium dosing the surface. At this
photon energy the bulk states at the bulk T" are observed.
There is clear evidence of the valence band, but no
conduction band below the Fermi level. This indicates
at least a 200 meV bulk band gap. This film is thus 3D
topological insulator-like.
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Figure 3. Growth of a-SnGe thin films. a)
RHEED oscillations showing preservation
of layer by layer growth mechanism when
the Sn films are alloyed with Ge. b)
RHEED pattern of (2x1)/(1x2) in 50 BL a-
Sn. ¢) The same as b) in 50 BL a-SnGe. d)
High resolution XRD reciprocal space map
around the InSb(115) peak showing the a-
SnGe is fully strained. Pendellosung
fringes in the (0OI) direction are clear,
indicative of high quality interfaces.
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Figure 4. Spin polarization of the surface states of a 400 BL a-Sn film. Left: Measurement
of the surface states of 400 BL a-Sn. Right: Spin polarization in the direction perpendicular
to the momentum, measured only at the specified k; values and overlaid on the full ARPES
spectrum. Spin polarization is only observed in the direction perpendicular to the momentum,
thus the Dirac surface states are truly spin-momentum locked. This contrasts with a previous
report where spin-momentum locking was not enforced in Te doped o-Sn films [5]. The spin
polarization measurements are at a lower resolution than the E-k measurement. The
resolution for the spin-polarized measurement is indicated with the corresponding Gaussian
on the E-k measurement.



