Epitaxial Growth of Single-Orientation High-Quality MoS2
Monolayers on Au(111)
Harsh Bana1, Elisabetta Travaglia1, Luca Bignardi2, Paolo Lacovig2, Charlotte E. Sanders3,
Maciej Dendzik3, Matteo Michiardi3, Marco Bianchi3, Daniel Lizzit2,Francesco Presel1,
Dario De Angelis1, Nicoleta Apostol4, Pranab Kumar Das 5,6, Jun Fujii6, Ivana Vobornik6,
Rosanna Larciprete7, Alessandro Baraldi1,2,6, Philip Hofmann3 and Silvano Lizzit2
1

Department of Physics, University of Trieste, Via Valerio 2, 34127 Trieste, Italy.
Elettra - Sincrotrone Trieste S.C.p.A., Strada Statale 14, 34149 Trieste, Italy.
3
Department of Physics and Astronomy, iNANO, Aarhus University,8000 Aarhus, Denmark.
4
National Institute of Materials Physics, Atomistilor Str. 405A, 077125, Magurele, Romania.
5
Abdus Salam International Centre for Theoretical Physics, Str. Costiera 11, 34151 Trieste, Italy.
6
IOM-CNR, Laboratorio TASC, AREA Science Park, Strada Statale 14, 34149 Trieste, Italy.
7
CNR-Institute for Complex Systems, Via dei Taurini 19, 00185 Roma, Italy.
2

daniel.lizzit@elettra.eu

Monolayer (ML) transition metal dichalcogenides (TMDCs) and in particular MoS2 have attracted
widespread research interest due to their optical and electronic properties. However, their
employment for electronic devices demands for a controllable growth of highly crystalline layers
featuring large area with a low concentration of defects to preserve their outstanding electronic
properties. Moreover, thanks to the peculiar electronic structure, new degrees of freedom are
accessible allowing for spin- and valley-dependent phenomena, that can be retained in devices
only through singly-oriented domains. Current chemical vapor deposition techniques have not been
able to achieve this and have produced mirror twin domains leading to the formation of domain
boundaries and dislocations in the layer.
We report on a protocol for the synthesis through physical vapor deposition of ML MoS2 on
Au(111) with a single domain orientation that can be, in principle, extended to other TMDCs and
substrates. We demonstrate the structural properties using a combination of surface science
techniques, including scanning tunneling microscopy (STM) and x-ray photoelectron diffraction
(XPD). Angular resolved photoemission measurements (ARPES) confirmed the single layer
character and the high structural quality of MoS2 while the single domain orientation allowed the
measurement, through Spin-resolved ARPES, of the complete spin polarization with spin reversal
of the states near K and -K points.

(left) STM topography acquired on a large area and the corresponding zoomed-in regions. (center)
Mo 3d core level spectrum with the resulting fit (line) and the fitted components (solid areas). (right)
Experimental XPD pattern for the Mo 3d5/2 peak (orange area) in comparison with simulations.

