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Charge density waves (CDW) and their concomitant periodic lattice distortions (PLD) govern the
electronic properties in many layered transition-metal dichalcogenides [1,2]. In particular, 1T-TaS, can
undergo a PLD phase transition from a conducting to an insulating state as the PLD becomes
commensurate with the crystal lattice [3,4]. Here we directly image PLDs of the nearly-commensurate
(NC) and commensurate (C) phases in thin exfoliated 1T-TaS, using atomic resolution cryogenic
scanning transmission electron microscopy (cryo-STEM). At low temperatures, we observe
commensurate PLD superstructures. Figure 1 shows atomic-resolution HAADF cryo-STEM imaging of
the commensurate periodic lattice displacements (PLD) at low temperature (95K) in thin-flake 1T-
TaS,—here, bright atoms represent the heavy Ta sites. The PLD creates a visible low-frequency contrast
modulation with periodicity of ~1.2 nm. Overlays in Fig. 1 highlight a unit cell in the commensurate
PLD of a ~65 layer flake. The visibility of this PLD in projection implies at least partial stacking order
of the PLDs. For disordered stacking, the supercell will be lost when viewed in projection.

Using aberration corrected HAADF-STEM, stacking domains and their boundaries were observed in
exfoliated NC 1T-TaS,. In Fig. 2a, 1T-TaS; appears as bright Ta atoms in a trigonal array. This is the
expected stacking for the perfect 1T polymorph, which we denote as A..A.. (Fig. 2c¢). However, A..B..
stacking domains with a hexagonal array of Ta atoms was also present in the same flake (Fig. 2b). More
importantly, we show that PLDs exist in domains with and without stacking faults in the atomic lattice
and their boundaries. The observed one-bond length transition (Fig. 2d) in stacking order is expected to
create a fractional shift in the CDW between adjacent layers that should affect interlayer coupling and
the electronic properties of 1T-TaS,, especially in thin samples. Real-space characterization of the local
topology and PLD structure across the phase diagram by cryo-STEM will enable harnessing of emergent
properties of thin transition-metal dichalcogenides.
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Figure 1 | PLD ordering and atomic resolution HAADF-STEM imaging of thin C phase 1T-TaS,. At
95K the C-PLD structure is markedly visible in HAADF images of thicker exfoliated flakes. This
suggests at least partial ordering of the PDLs in the out-of-plane direction. The PLD repeat structure is
highlighted by a blue parallelogram with 1.2 nm sides.
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