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S1. Raman Characterization
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Figure S1. Raman characterization of the MoSe: thickness. a) Raman spectrum of the 1L-
MoSe: flake used for the device of the main text (black dots) and lorentzian fit
experimental data (red line). Raman peak Aig is labelled in the figure. b) False color
Raman map of the mean value of the counts in the raman spectra between wavelengths
of 240 nm and 241 nm.

We determine the thickness of the MoSe: flake used for the device fabrication
(figure 1 of the main text) using Raman spectroscopy. Figure Sla shows the
Raman spectrum of the 1L-MoSe: flake. We fit the spectra to a multi-Lorentzian
function. In the spectrum we observe a prominent peak at 240.82 cm!, which
corresponds with the A1z peak!. As the thickness of the MoSe: increases the Aig
peak shifts to higher wavelengths. Figure S1b shows a false colour map of the
mean value of the counts between 240 and 241 cm? in the Raman spectra
measured in different positions of the MoSe: flake. Colour scale used is depicted
next to the Raman mapping. The different thickness of the flake can be identified
clearly in the Figure. The white’colored area corresponds to monolayer MoSez.
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S2. Evaluation of the photodoping effect
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Figure S2. Comparison between the transfer curve of the device (black solid line) and Ias of
the device before the exposure of the device to the light source to perform the photocurrent
spectroscopy measurements (red and white dots).

Photodoping effects are common in 2D phototransistors encapsulated in h-BN?,
and can cause slow drifts in the carrier density over time.

In order to rule out photogating effects affecting our gate-dependent
photocurrent spectroscopy measurements, we measured a gate transfer curve of
the device before exposure to light. Then, immediately before each spectral
acquisition we measure the off current and compare it to the expected value for
the applied gate voltage

Figure S2 shows the comparison between the transfer curve and the values of lus
measured before acquiring the different photocurrent spectra, confirming that
photodoping effects where negligible during the experiment.



S3. Blue shift of neutral exciton
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Figure S3. Blue-shift of exciton energy. Dependence on gate voltage and fermi
energy of the exciton A transition energies.

Figure S3 shows the extracted peak energies of the neutral exciton A (X{;) as a
function of the gate voltage. We observe a clear blue shift for gate voltages over
the charge neutrality point of the device. We use a linear relation to quantify the
observed behaviour. The corresponding slope linear fit is 60.1 + 8.5 meV/V,
obtaining values comparable with similar studies in the previous literature®. We
attribute this effect to the influence of the free charge carriers in the photocurrent
spectra through many-body interactions*.



S4. Fermi energy as a function of the gate voltage.

To estimate the Fermi energy shift caused by the gate voltage, we use the Fermi-
Dirac statistics approximating MoSe: to a two-dimensional electron gas. The
charge density in the device is equal to the density of occupied states in the
conduction band, 2(Eg).

Ep
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where, f(E, u) is the Fermi-Dirac distribution at 5 K and g,p(E) is the density of
states of a two-dimensional free electron Fermi gas, given by
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where m,¢( is the effective mass of the electron in the conduction band (m,sf =
0.8m,)5 gs = 2 is the spin degeneracy, g, = 2 is the valley degeneracy and e is
the electron charge. We use the charge neutrality point of the device, denoted in
the main text as Vo, as the origin of energies. Approximating the fermi-dirac
distribution at 5 K to the 0 K one, equation S1 yields,

2m;,

= E
TP (S3)
thus, the relation between the charge carriers density and the fermi energy, can

be written as
2m;

o e (s4)

We can now estimate An from a plane parallel capacitor model, where the 5iO2
and the h-BN behaves as the dielectric layer of capacitor. Density of charge
charrier using this model corresponds with

Cox
An ===V, — V)
e (55)
where (V; — V) is the variation of the gate voltage from the charge neutrality
point of the device and C,y is the capacitance of the SiO: and the bottom h-BN of
the device. For this device we obtain a capacitance of Co, = 12.53 nF/cm?.

Finally comparing the right-hand terms of equations S4 and S5 we obtain,

C,.mh?
Ep = E:n? (Vg = Vo) (S6)



For this device, we get Ep/(V; — V) = 0.117 meV V-
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