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Protecting topological surface states
with organic monolayers

pplying topological insu-
Alators (Tls) in devices has

attracted considerable
interest from the scientific com-
munity due to the exotic physical
properties of Tis and their poten-
tial for spintronics applications.
The unique topological surface
states (TSS) explicitly define the
relation between electron spin
and momentum. The existence of
spin-momentum-locked metallic
surface states makes controlling
the spin signal through currents
possible. In addition, electron
transport through three-dimen-
sional (3D) Tls generates a fully
spin-polarized current inside the
bulk bad gap. To minimize the
influences on the TSS, such as
electron doping and scattering,
a buffer layer that forms smooth
interfaces and prevents inter-
actions between electrodes is
required during fabrication pro-
cesses.

We propose and demonstrate
a new approach (Figure 1) that
exploits an organic monolayer
as a buffer layer to fabricate
smooth interfaces and to prevent
disturbances in the TSS during
metal deposition. In our study,
we use the organic molecule
perylene-3,4,9,10-tetracarboxyl-
ic-dianhydride (PTCDA) to form
the buffer layer on the 3D TI
Bi,Se, with Fe atoms as surface
dopants that represent the distur-
bance of electrodes.

Scanning tunneling micros-
copy and spectroscopy (STM
and STS) are used to investi-
gate the PTCDA/Bi,Se; and Fe
deposited PTCDA/Bi,Se; sys-
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Figure 1. lllustration of the idea of using an organic monolayer as a buffer layer be-

tween the electrode and the Tl surface.

tems. In the PTCDA/
Bi,Se; system (Figure
2), due to the weak in-
teractions between the
PTCDA molecules and
the Bi,Se;, the Bi2Se3
TSS is conserved on top
of the well-ordered PTC-
DA assembly layers. By
depositing Fe atoms on
the Bi,Se,, the electron
doping effect and Cou-
lomb scattering between
the TSS and the Fe at-
oms are addressed in
the STS results. After introducing
a PTCDA monolayer between
the Fe and the Bi,Se,, the above-
mentioned effects are eliminated.

Our results indicate that in the
presence of the PTCDA buffer
layer, the Fe atoms hybridized
with the PTCDA molecules in-
stead of interacting with the
Bi,Se;. Accordingly, the TSS is
protected from the Fe deposi-
tion. Our findings provide a new
approach for the construction
of a buffer layer that exhibits a
smooth interface and prevents
interactions between dopants
and Tl surfaces.
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Figure 2. STM image of a self-assembled PTCDA
layer on a Bi,Se; surface with atomic resolution.
(16x8 NM?, Vyipe = 1.0V, legpoim = 1.5 NA)
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