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A. Experiment Methods. The growth and measurements of the NbSe2 film were

performed in a combined MBE-STM-ARPES and a ULT-STM (ex-situ) ultra-high vacuum

(UHV) system with a base pressure of 1.5×10−10 mbar. The bilayer graphene (BLG) sub-

strate was obtained by degassing the 4H-SiC (0001) wafer at 700 ◦C for 1 hour and flashing

it to 1250 ◦C about 80 times. The SrTiO3(111) substrate was degassed at 600 ◦C and then

annealed to 930 ◦C for 1 hour. The Al2O3(0001) substrate was degassed at 700 ◦C for 1

hour. The Nb flux was produced from a high purity (99.95%) niobium rod by an electron-

beam heating evaporator and the high purity Se (99.9995%) was evaporated from a standard

Knudsen cell at 130 ◦C during the growth. The substrates were kept at 450 ◦C and we use the

in-situ RHEED to monitor the real-time process of growth. Before ULT-STM (USM1600,

UNISOKU) measurement, the sample was annealed at 400 ◦C for 30 minutes to remove the

Se capping layers and the impurities absorbed from the air, an electrochemically etched W

tip was used to obtain the surface morphology and the CDW phase of the NbSe2 film at

liquid-Helium temperature (76 K). The XPS and ARPES measurements were collected via

a Scienta Omicron DA30L analyzer. The monochromatic X-ray (SIGMA) was generated

from an Al electrode excitation source (Alα, 1486.7 eV), the ultraviolet (UV) light source

was generated by a SPECS monochromator (He I, 21.218 eV) from a Helium lamp (Fermi

Instruments). The in-situ ARPES spectrum was taken from 7 K to 300 K by a close-cycle

helium cryogenerator. The temperature-dependent Raman scattering measurements were

conducted by the beam from a diode-pumped 532 nm laser which consists of a Montana

Instruments Cryostation and a Princeton Instruments grating spectro with a base pressure

of 10−4 Pa.
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B. The XPS spectra of NbSe2 on BLG and SrTiO3(111). We obtained the

XPS spectrum of monolayer NbSe2 on BLG and SrTiO3(111), the SrTiO3 substrate is 0.7%

Nb-doped to be conductive so that it grounds with the manipulator and avoids the charge

accumulation on the sample, which will induce the drifting of the Fermi level, so for the

insulating Al2O3 substrate, we cannot obtain the STM, ARPES and XPS spectrum. The

core level of Nb and Se orbitals on NbSe2/BLG and NbSe2/SrTiO3 are illustrated above,

we found that the binding energy of the core level remained nearly unchanged on the two

substrates, indicating good quality of epitaxial NbSe2 films on BLG and SrTiO3 substrates.

FIG. S1. (a) The XPS spectrum of the core level of NbSe2 on BLG and SrTiO3(111) at 7 K. (a)-(b)

The core level of Nb 3d and Se 3d orbitals on NbSe2/BLG and NbSe2/SrTiO3. The red solid line

is the original curve, the black dotted line is the background for fitting, the green and blue dotted

curve is the fitting curves corresponds to Nb/Se 3d3/2 and 3d5/2 orbital, respectively. For Se 3d

orbitals, there exists an additional Nb 4s orbital and it fits well with the small hump at the waist

of the Se 3d orbital.
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C: The evolution of the Fermi level on NbSe2/BLG and NbSe2/SrTiO3.

We carried on the ARPES measurements of the banding energy and the Fermi level on

NbSe2/BLG and NbSe2/SrTiO3 at 7 K and obtained the second derivative of them. We can

see the bottom of the bands at the M point is apparently lower in NbSe2/SrTiO3 (111) [Fig.

S2(a)] than NbSe2/BLG [Fig. S2(d)], and the hole-like bands of Nb 4d orbitals traversing

the Fermi surface can be seen clearly in Figs. S2(b) and S2(e). Furthermore, the hexagonal

Fermi surface comprised of Nb 4d orbitals centered at the Γ point and the six hole-like Nb

4d pockets centered at the K point are illustrated in Figs. S2(b) and S2(e), the shrunk Fermi

surface on NbSe2/SrTiO3 compared to NbSe2/BLG matches well with Figs. 2(b) and 2(e),

indicating the lift-up of the Fermi level in NbSe2/SrTiO3. We obtained the distance between

the edge of the two adjacent hole-like pockets around the K point in Figs. S2(c) and S2(f),

the EDCs along K-M-K direction on NbSe2/BLG (0.44 Å−1) is shorter than NbSe2/SrTiO3

(0.55 Å−1), which demonstrates the Fermi level is lift up on NbSe2/SrTiO3 compared to

NbSe2/BLG, indicating more charge transfer from SrTiO3 substrate to the NbSe2 film.

S4



FIG. S2. (a) and (d) The second derivative of the electronic band structure on NbSe2/BLG and

NbSe2/SrTiO3, the black dotted line is the Fermi level, the white dotted curves are the Nb 4d

orbitals traversing the Fermi surface. (b) and (e) The second derivative of the Fermi surface on

NbSe2/BLG and NbSe2/SrTiO3, the yellow dotted hexagon is the Fermi surface made up of Nb

4d orbitals. (c) and (f) The energy-distribution curves of the white cut lines in Figs. S2(b) and

S2(e) along K-M-K direction, the blue dotted curves are the fitting curves of the edge of the Nb

4d orbitals around K point.
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D: The discussion of the phonon signal on NbSe2/BLG.

FIG. S3. The Raman spectrum of NbSe2/BLG taken at 3.4 K (the black curve) and 300 K (the

blue curve). The lower is the phonon signal from the grown NbSe2 films on BLG, the upper is

from the BLG substrate of the same sample. The wide and strong mode at the frequency less than

100 cm−1 both redshift and displays almost the same trend with the increasing temperature on

NbSe2/BLG and the substrate BLG, thus the temperature-dependent evolution at the frequency

less than 100 cm-1 on NbSe2/BLG is induced by the evolution of the BLG substrate with the

change of the temperature, it cannot be treated as a signature of the CDW phase.
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