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The field of two-dimensional (2D) crystals and artificial structures is rapidly expanding and providing new opportunities in many
areas of physics, chemistry, and engineering. The physical properties of the majority of 2D crystals in this large class remain un-
explored or poorly explored, especially those beyond the air-stable materials, such as graphene and semiconducting transition-
metal dichalcogenides (TMDs). In general, many 2D crystals and van der Waals structures are sensitive to their environment,
though their bulk phases may or may not be stable in air. Hence, the investigation of 2D crystals requires careful processing
to avoid degradation and contamination, which often calls for the development of new synthesis, fabrication, and measurement
techniques [1-6]. Bulk orthorhombic Td-WTe2 is a semimetal, while its monolayer counterpart is a 2D topological insulator.
Recently, electronic transport resembling a Luttinger liquid state was found in twisted-bilayer WTe2 with a twist angle of ∼5°.
Despite the strong interest in 2D WTe2 systems, little experimental information is available about their intrinsic microstructure,
leaving obstacles in modeling their physical properties. The monolayer, and consequently twisted-bilayer WTe2, are highly air-
sensitive, and therefore, probing their atomic structures is difficult. Here, we demonstrated a robust method for atomic-resolution
visualization of monolayers and twisted-bilayerWTe2 obtained throughmechanical exfoliation and fabrication.We observed the
high crystalline quality of mechanically exfoliatedWTe2 samples by using high-resolution scanning transmission electronmicros-
copy (STEM) (no serious beam damage issue [7, 8]).
We developed a methodology to prepare plan-view TEM samples from air-sensitive Scotch-tape-exfoliated monolayer and

twisted-bilayer WTe2 samples. The procedure results in clean and suspended monolayer and twisted-bilayer WTe2 specimens.
We established that the in-plane crystal structures of monolayer WTe2 are the same as its form in the bulk parent, confirmed
by their identical in-plane d-spacings. We investigated the moiré patterns of twisted-bilayer WTe2 with twist angles of approxi-
mately 5 and 2° and observed no noticeable lattice reconstruction. This observation is an important input for modeling of the
atomic and electronic structures in this highly interesting material system. The direct visualization procedure described in this
work deepens the understanding of the intrinsic microstructure of monolayer and twisted-bilayer WTe2, which is important
for understanding and manipulating their quantum properties [9].

Fig. 1. Moiré patterns of twisted-bilayerWTe2 with a twist angle of ∼5°. (a) Simulated moiré pattern formed byW atoms. The direction of 1DW stripes is
highlighted by a black line. (b) High-resolution STEM image of twisted-bilayer WTe2 with a twist angle of ∼5°. The inset is the FFT pattern. (c) Enlarged
STEM images labeled by yellow frame in (b). (d) Overlay of enlarged experimental STEM images with simulated W moiré pattern.
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