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FIG. S1. Charge density wave order in monolayer VSe2/HOPG. (a) Measured dispersion (hν =

110 eV). The HOPG substrate contains rotated domains which are smaller than our probing light

spot, and so the measured band structure is azimuthally averaged around the Brillouin zone.

Nonetheless, relatively sharp band dispersions are still evident close to Γ where the Se p-derived

states are anyway nearly circular, while the angular projection of the remaining states is clearly

evident enabling the identification of the V d-derived states as well as the π states of the HOPG.

(b,c) Near-EF measurements indicate a pronounced shifting of the spectral weight away from the

Fermi level upon cooling from T = 180 K (b) to T = 12 K (c). (d) An energy distribution curve

(EDC) integrated over the measured angular range, which neglecting matrix element variations

approximates to the total density of states, reveal a clear leading-edge midpoint (LEM) shift to

higher binding energies by ∼ 20 meV upon cooling, indicative of the opening of a full (or nearly-

full) gap in the low-energy electronic structure near EF . (e) Temperature-dependent opening of

this gap, similar to that measured for VSe2/bilayer graphene discussed in the main text but with

a slightly reduced ordering temperature of TCDW = 134 ± 5 K. (f) Our LEED measurements

(E = 100 eV, T = 200 K) of VSe2/HOPG show circles due to the random alignment of domains

within the probing area. (g) Additional superstructure order can be observed as the emergence of a

new circle upon cooling to T = 60 K, with a radius consistent with the Γ{11} Bragg spots of a 4×4

order as for growth on graphene substrates discussed in the main text. The temperature-dependent

intensity of the charge-order peaks follows the gap opening observed by ARPES, as shown in (e).

We thus conclude that the CDW order is very similar for VSe2 monolayers grown on both HOPG

and bilayer graphene.
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FIG. S2. Monolayer VSe2 growth. Reflection high-energy electron diffraction measurements as a

function of growth time during VSe2 growth on bilayer graphene/SiC substrates using the method

and parameters described in the main text. The substrate RHEED peaks visible at the start of

growth are gradually virtually extinguished with increasing growth time, accompanied with the

gradual emergence of sharp streaks at smaller spacing from the specular spot which are the Bragg

streaks of the VSe2 layer. This indicates the growth of smooth monolayer films which form in a

fully relaxed configuration immediately from the initial stages of the growth, indicating the weak

interaction between the grown layer and the underlying substrate.
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FIG. S3. Surface morphology of MBE-grown monolayer VSe2. Atomic force microscopy measure-

ments from (a) a 3×3 µm2 and (b) a 500×500 nm2 region of VSe2 grown on a bilayer graphene/SiC

substrate. The large-area morphology is relatively rough, reflecting the terraced structure of the

underlying graphene layer produced by Si decomposition of SiC by direct current heating in ultra-

high vacuum.1 For smaller areas, however, the AFM measurements indicate the growth of smooth

high-quality terraces of VSe2. This is evident by the low root-mean-squared (rms) roughness along

the line profiles shown in (c) for the paths indicated in (b). Moreover, these measurements reveal

that the coverage is near-monolayer, with only minimal patches of exposed substrate remaining

following the growth, evident as a dark contrast in (b) and a U-shaped dip in the line profile shown

in (c), as well as negligible bilayer coverage. The small bright patches visible in (b) are due to

residual Se clusters on the surface which are oxidised upon removal of the sample from vacuum.

From quantitative analysis of the measured AFM images, we estimate that our typical samples

exhibit > 90% monolayer coverage.
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