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S1. Saturation absorption 

In a z-scan experiments, by assuming a nearly Gaussian profile of the optical beam impinging on the 

sample in the focal region, the absorption coefficient dependence on the beam intensity, A(I) is 

expressed as1:

 (S1)𝐴(𝐼) = 𝐴0 +
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(1 +
𝐼

𝐼𝑆)

where A0 is the linear non-saturated absorption, As is the saturated component of the absorption, I is 

the optical intensity (in Wcm-2) and Is is the saturation intensity. 

In the transmission-mode configuration, employed in the present work, we can relate eq.S1 with the 

measured transmittance, by assuming T~1-A, (i.e. by neglecting the reflection term in the quasi 

transparent quartz sample). Therefore:
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where we have set   and , meaning that that the observed transmission 𝑇0 = 1 ― 𝐴0 𝑇𝑆 = ―𝐴𝑆

enhancement coincides with the saturated component of the absorption.

S2. Raman characterization of SLG



As grown and transferred SLG are both characterized by Raman spectroscopy with a Renishaw InVia 

Raman spectrometer at 514 nm using 100x objective with power on the sample < 0.5 mW to exclude 

heating effects. A statistical analysis of five spectra on as-grown SLG on Cu, thirty spectra on 

transferred SLG on z-cut quartz is performed to estimate EF and defect density. The errors are 

calculated from the standard deviation across different spectra, the spectrometer resolution (~1 cm-1) 

and the uncertainty associated with the different methods to estimate EF from Pos(G), FWHM(G), 

I(2D)/I(G), A(2D)/A(G) and Pos(2D) and the defect density from I(D)/I(G). The Raman Spectrum of 

as grown SLG on Cu is shown in Fig. S1, after Cu photoluminescence removal2. The 2D peak is a 

single Lorentzian with FWHM(2D) = 23 ± 3 cm-1, signature of SLG3. The position of the G peak, 

Pos(G), is 1586 ± 2 cm-1, with FWHM(G) = 15 ± 1 cm-1. The 2D peak position, Pos(2D), is 2705 ± 

5 cm-1, while the 2D to G peak intensity and area ratios, I(2D)/I(G) and A(2D)/A(G), are 4.3 ± 0.2 

and 6.7 ± 0.7. No D peak is observed, indicating negligible Raman active defecs4,5. The Raman 

spectrum of SLG transferred on z-cut quartz substrate is in Fig. S1. The 2D peak retains its single-

Lorentzian line shape with FWHM(2D) = 27 ± 1 cm-1. Pos(G) = 1591±2 cm-1, FWHM(G) = 10 ± 2 

cm-1, Pos(2D) = 2691 ± 2 cm-1, I(2D)/I(G) = 2.5 ± 0.5 and A(2D)/A(G)= 6.7 ± 0.6 indicating a p 

doping with EF = 250 ± 70 meV6,7, which corresponds to n=4.8±2.6x1012 cm-2 6,7. I(D)/I(G) = 0.01 ± 

0.01 corresponds to a defect density nD = (3.0 ± 1.8) x 109 cm-2 8 for 2.41eV excitation.



Figure S1: 514 nm Raman spectra of as-grown SLG on Cu (red) and transferred SLG on quartz (blue).

S3.  Fabrication of SLG gated modulator 

The SLG gated device modulator is schematically illustrated in Fig.S2.

Figure S2: (a) Schematic layout of SLG device. (b) Photograph of device mounted on mechanical holder used for the 
optical experiment. The reference sample is mounted on the same holder, enabling the data optical measurement in the 
same experiment by moving the vertical axis at normal incidence.

S4. QCL fabrication



Fig. S3 shows the current-voltage-light characteristic of the high-power THz QCL employed for the 

pump and probe experiments described in Fig. 3 of the main article, is based on an hybrid active 

region design (bound to continuum-resonant photon) operating at ~3.25 THz, with a 25 µm active 

region height. The device is 3 mm-long, with widths of 437 µm and is fabricated in a single plasmon 

optical waveguide.

 

Figure S3: current–voltage (I–V) and current density–optical power (I–L) characteristics of single plasmon QCL as pump 

THz beam in the setup of Fig.3, measured at a heat-sink temperature of 18 K while driving the lasers in pulsed mode with 

a pulse width of 1 µs and a repetition rate of 10 kHz (1%-duty cycle) in vacuum.
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