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Table S1-1 Lattice parameters (A) of metal phase for bulk 2H-TaS, with various vdW corrections.

a b c
Tkatchenko-Scheffler 3.310 3.310 12.025
DFT-D2 3.350 3.350 12.025
DFT-D3 3.320 3.320 12.025
OPT-B86b 3.316 3.316 12.025
Exp. 3.316 3.316 12.070

Table S1-2 Lattice parameters (A) of metal phase for bulk 2H-TaS, with various U values.

U a b c
0 3.316 3.316 12.025
1 3.338 3.338 12.124
2 3.346 3.346 12.147
3 3.355 3.355 12.170
Exp. 3.316 3.316 12.070

Table S1-3 Lattice parameters a/b/c (A), in-plane area S (A2), volume ¥ (A3), and total energy E (eV) of metal
and CDW phases for 2H-TaS, (Ta,S,,) and 1H-TaS, (Ta,S,y).

a b c S vV E
bulk metal 2H 9.948 9.948 12.025 85.704 1031.039  -269.662
bulk T-Ts 2H 9.952 9.952 12.013 85.773 1030.484  -269.726

monolayer metal 2H 9.953 9.953 85.790 -321.022
monolayer T-Ts 2H 9.957 9.957 85.859 -321.071
Metal 1H 9.953 9.953 85.790 -159.335

T 1H 9.958 9.958 85.885 -159.382

Table S1-4 Geometrical parameters (A) of metal and CDW phases for bulk and mono-layer 2H-TaS,

d, d ds dy ds ds
bulk metal 1.569 1.569 2.872 1.569 1.569 6.011
bulk T-Ts 1.567 1.567 2.876 1.563 1.563 6.006
monolayer metal 1.572 1.563 2.877 1.563 1.572 6.005

monolayer T-Ts 1.570 1.560 2.882 1.558 1.567 6.001




Table S1-5 Formation energy AEcpw (meV/TaS,) of various possible CDW images for mono-layer 1H-TaS,

HG589.10)  §B.610)  Tg@S57.10  T@-7.10) Ca4 R® T'0.24)

Structure )
ZPE(eV) 1.100 1.112 1.099 1.094 1.099 1.099 1.094
AEcpw (meV) without ZPE -3.500 -1.700 -3.700 -4.400 -3.700 -3.700 -4.400
AEcpw (meV) with ZPE -2.500 -1.400 -2.800 -4.100 -2.800 -2.800 -4.100
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Figure S1-1 DOS and Energy band with various U value for bulk 2H-TaS,. (a-a") for metal phase, and (b-b") for
CDW phase.
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Figure S1-2 (a) Unit cell of metal phase for bulk 2H-TaS,. Brown spheres represent tantalum atoms while the
others represent oxygen atoms. (b) Energy band of metal phase for bulk 2H-TaS, with SOC and without SOC.
(c) Phonon spectrum of metal phase for bulk 2H-TaS,.
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Figure S1-3 (a) Temperature dependence of Gibbs free energy for H, S, T, and Ts configurations, (b) Schematic

diagram of atomic separation for CDW and metal phase for two-layer and bulk 2H-TaS,,
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Figure S1-4 (a) Phonon dispersion of CDW phase.



Figure S1-5 BZ of hexagonal 2H-TaS, lattice. The black line represents the undistorted BZ and bule line

represents the BZ of CDW phase.

Figure S1-6 Unfolding energy band T (a) and Ts (b) configuration for mono-layer 1H-TaS,.
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Figure S1-7 Schematic diagram of the contribution of sulfur atoms to various energy bands (a), and the

contribution of tantalum atoms to various energy bands (b).
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band of CDW phase. (b) Energy band of metal phase. (c) Projected in-plane DOS. (d) Projected out-of-plane

Figure S1-9 Energy band and DOS of metal and CDW phase for mono-layer 2H-TaS,. (a) Unfolding energy
DOS.



