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Tin oxide (SnO2) is an important transparent binary oxide widely used as a gas sensor
material and believed to remain insulating even in the presence of oxygen vacancies [1].
We report that a new 2D electron system (2DES) can be created and controlled at
the (110) surface of SnO2, see Figure 1. We characterize its electronic structure using
angle resolved photoemission spectroscopy (ARPES), and show that it is formed out of
the bulk s-like conduction band minimum of SnO2 confined at the surface. The carrier
density of such 2DES increases by an order of magnitude when cooling down from room
temperature to 15 K, and can be further enhanced to n2D = (2.15± 0.04)× 1013 cm−2

after thermal deposition of an atomic layer of Eu, linking the origin of this 2DES to the
oxygen vacancies created at the SnO2 surface after the redox reaction with Eu.

[1] L. R. Merte, et al., Phys. Rev. Lett. 119, 096102 (2017).

Figure 1: Energy-momentum ARPES intensity map at the SnO2(001) surface, along the
in-plane k<001> direction. The measurement temperature is T = 15K.


