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1. Surface Graphene Conductivity at Finite Temperature
A complex sheet conductivity of a single graphene layer can be numerically calculated using the RPA in the local
limit as follows":
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where T is the temperature, kg is the Boltzmann’s constant, and t = uEg/eve? is the electron-scattering relaxation
time?, with 1 = 1x10%cm?(Vs) * as the mobility, and v = 1x10° ms™ as the Fermi velocity of charge carriers in

graphene.

2. Multilayer Graphene Doping

We employ top-gated configuration for electrostatic graphene doping via the ionic liquid®*, using two graphene
stripes as electrodes. When bias voltage is applied, a Debye layer in the ionic liquid of thickness dig ~1 nm is
formed around the electrodes’, acting as a parallel plate capacitor. Graphene electrode thus being one of the

capacitor plates, so its charge carriers’ concentration n can be related to the applied bias voltage Vg as follows®:
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where ¢ is the dielectric constant of the ionic liquid, n is the carriers’ concentration in graphene electrode. The

Debye layer thickness in an electrolyte can be obtained as:
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where R is the molar constant, F = eN, is the Faraday constant, and ¢, = 3.9 mol/l is the molar concentration of the

1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ionic liquid®’. Obtained value of the Debye layer
drc = 0.8 nm is relatively small due to high electrolyte concentration of the ionic liquid, and comparable with
thickness of several graphene layers, thus making difficult to predict actual charge distribution in real system of
several layers where screening effects will occur. Therefore, as a first-order approximation, we assume that charge
carriers’ concentrations (Fermi energy) in all layers are equal, and the total effective carriers’ concentration of the

whole stack can be represented as n = X x ng, where ng, is concentration of a single layer, and X is some real number.
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Considering the stack of graphene sheets as a single layer with Fermi energy as a function of effective carriers’
concentration E; = h|uF|\/;rn , following Egs. S1-S3, we obtain values of Fermi level and RPA sheet conductivity

of a single graphene layer as a function of applied bias voltage, which is demonstrated in Fig. S1. Interestingly, the
assumption of X = 3 gives the exact match between experimentally observed bias voltages and conductivity values
used for experimental results reconstruction by an electrodynamic model of the structure. In other words, assumed
conductivity of each graphene layer in a five layer graphene stack can be taken as ng = n/3, where n is an effective
concentration in multilayer graphene treated as a single layer. Then, setting equal the effective concentration in the
electrodynamic model (EM) and the top gated (TG) doping model, for a single layer in the stack of five we can
speculate that ng"" = 3/5xn,"®. This may indicate that actual doping levels in conducted experiments are ~40%

lower than that theoretically obtained from Eqgs. S2 and S3.
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Figure S1. a RPA sheet conductivity of single layer graphene as a function of bias voltage; carriers’ concentration of
each single layer is assumed uniform through the five layer stack, and its value ng = n/3. Dot-dashed lines show real
and imaginary parts of conductivity according to the experiment 1 reconstruction (model case 1 in main text; Vg =

3.8V, 0, = 0.30y — 10.46,), and dashed lines show that for the experiment 2 reconstruction (model case 2 in main
text; Vi = 4.5V, 0, = 0.75, — 10.474,). b Fermi energy of a single graphene layer as a function of bias voltage for

the same assumption as in a.

Our successful example of multilayer graphene doping requires more close study of the subject since multilayer
graphene systems generally are able to provide significantly stronger electrodynamic response comparing with that

built on a single graphene layer.
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