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with 0σ  = (
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 ) [82,86], fE  the Fermi energy, and γ  the intraband scattering rate. 

In the simulation, γ  = 40 meV [83] and fE  = 190 meV corresponding to slightly doped 
graphene as reported elsewhere [83,87]. 

Single layer permittivity was simulated also as a function of the wavelength and 
Fermi level, as shown in Figure 6. 

 

 
Figure 5. (a) Simulated absorption curves of SLG inside the Fabry–Perot filters in case of symmetric 
FP1 (A1), asymmetric FP2 (A2), and asymmetric reflective FP3 (A3). (b) Simulated absorption of FP 
filters without graphene insertion. 
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increase in the graphene defective band (D band) but preserves the optical and electrical 
properties of pristine graphene, and (v) we could not quantify the damage of graphene 
inside the stack due to possible proximity effects by the embedding layers on D and 2D 
bands. 
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Figure 7. Raman spectra of: (a) SLG showing the effect of MgF2 evaporation rate, (b) MLG showing 
the effect of SiO2 sputtering conditions, and (c) SLG showing the effect of insertion inside the Fabry–
Perot filter. (d) Comparison of absorbance of SLG pristine (as transferred on quartz substrate) and 
after MgF2 evaporation and SiO2 sputtering. 

3.3. Graphene Absorption Inside the Fabry Perot Filters: Experimental 
Figure 8a–c shows the comparison between the simulated and measured total ab-

sorption curves of graphene inside the three Fabry–Perot filters. The total absorption val-
ues (Table 2) include, also, the contribution of SLG absorption (2.3%) and of the FP mate-
rials (Figure 5b). A very good agreement between the simulated and measured absorption 
values was obtained, and only some broadening of the experimental curves was found in 
all cases. As it can be noticed, the experimental graphene absorption trend is to increase 
when passing from a symmetric structure to an asymmetric one and it increases further 
by increasing the reflectance of the bottom mirror. Even though a comparison of the ab-
solute absorption values is not possible due to the different FPs’ central wavelengths, the 
absorption trend strongly suggests that inside a Fabry–Perot cavity a high graphene ab-
sorption may be obtained only in asymmetric reflective structures. In our experiments, for 
example graphene absorption values increased from 39 to 84% when passing from a sym-
metric to an asymmetric reflective structure. The highest absorption value obtained in the 
asymmetric reflective FP3 filter is due to the fact that the incident light inside the cavity is 
reflected a greater number of times which allows to graphene a higher number of multiple 
absorptions. The number of reflections is in fact related to the Fabry–Perot finesse which 
is defined by [68,88–90]: 

1s
RF
R

π=
−

 and 
4

1
Top Bottom

as
Top Bottom

R R
F

R R

π
=

−
 

Above, the left-hand side formula represents the finesse of the symmetric FP filter 
(FP1), where R is the reflectance of the top and bottom mirrors, while on the right-hand is 
the finesse of the asymmetric filters (FP2 and FP3). In our FP filters, the finesse increased 
from 21 to 31.5 when passing from the symmetric structure of Figure 1a (FP1) to the asym-
metric reflective structure of Figure 1c (FP3). 

Absorption of unpatterned and undoped single layer graphene up to 84% has been 
never reported experimentally in a Fabry–Perot filter. Comparable or even higher absorp-
tion values have instead been obtained by other authors by using graphene coupled to 
non-planar resonant plasmonic structures [45,91,92]. 

Enhancing the light-matter interaction in single-layer graphene by the use of optical 
microcavity requires no stringent constrains on the graphene electrical properties, such as 
the sheet resistance, and may find application in a variety of graphene-based devices, such 
as optical absorption modulators, light emitters, and optical attenuators, and provides 

Figure 7. Raman spectra of: (a) SLG showing the effect of MgF2 evaporation rate, (b) MLG showing
the effect of SiO2 sputtering conditions, and (c) SLG showing the effect of insertion inside the Fabry–
Perot filter. (d) Comparison of absorbance of SLG pristine (as transferred on quartz substrate) and
after MgF2 evaporation and SiO2 sputtering.








