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Section 1.1: Transfer matrix method (TMM)

As shown in Figure S1, the complex refractive index and thickness of the jth layer are A, =n, +ik,

and d;, respectively. Subsequently, we can obtain the interface matrix ljx and phase matrix L; of
each layer based on the Fresnel formulas. The S transmission matrix of the multilayered structure
can be calculated using Equation 6. Finally, we can obtain the microwave transmission T = t?,
microwave reflection R = r2, and the absorption A = 1— R—T of the multilayered structure through
the TMM. For the MGSS structure, graphene, silica, and ultrathin Ag films can be assigned to the

corresponding layers in Figure S1.
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Figure S1. A general multilayered structure having m layers.
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Section 1.2: Electric field intensity calculation

Based on the TMM and established transmission model, as shown in Figure S1, the electric field
intensity Ej(x) and energy absorption rate Q(x) at different positions can be calculated using

Equations (9)—(22) as follows:

S=S.LS.
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2. XRD result of doped Ag film
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Figure S2. As can be seen from the figure that all diffraction peaks can be assigned to the cubic
Ag. Since doping element’s concentration is low, the doped Ag film still maintains the structural

properties of pure Ag.

3. Microwave measurement setup
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Figure S3. a) Microwave measurement setup composed of vector network analyzer (KEYSIGHT
N5234A), waveguide-to-coaxial adapter, and waveguide. b) A standard rectangular waveguide in
the Ku band. It should be noted that four different waveguides with different sizes were used to
measure microwave absorption performance in the X, Ku, K, and Ka bands, and the MGSS

samples were cut into the appropriate sizes and inserted into the waveguides.

4. Measured shielding effectiveness of MGSS samples in the Ku band
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Figure S4. Measured shielding effectiveness of the MGSS in the Ku band. a) d =1 mm. b)d =2
mm. It should be noted that the measured shielding effectiveness in different bands is nearly the
same, and MGSS samples at different silica thickness show the similar shielding capability of
approximately 27 dB. The shielding effectiveness of the MGSS with more graphene/silica units is

slightly higher than the MGSS with N = 1.

5. Surface morphology of CVD-grown graphene films
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Figure S5. We characterized the transferred graphene using confocal microscope and atomic force
microscope (AFM), and it is clear that there are some wrinkles on the sample without too much
defects, further verifying high-quality of the prepared graphene. In addition, white dots on the
surface in AFM images are graphene/polymethyl methacrylate (PMMA) residuals after removing

process.
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6. Cavity absorption performance at different Fermi levels of graphene
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Figure S6. Calculated cavity absorption of the MGSS at different Fermi energy levels of graphene.
a)N=2,d=2mm, b) N=3,d=25mm. Itis clear that peak absorption varied significantly by
changing the Fermi energy levels of graphene, which resulted from the changed coupling states at

resonances based on coupled mode theory.

7. Photographs of fabricated MGSS cavities with different layers of graphene
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Figure S7. Photographs of the fabricated MGSS (d = 1mm) composed of a) few-layer graphene
and b) multi-layer graphene. It is clear that the transparency of samples is decreasing with an

increase in the number of the graphene/silica stacks.

8. Raman spectra of CVD-grown graphene films
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Figure S8. We measured the Raman spectra of the chemical vapor deposition (CVD)-grown
graphene at different layer numbers at the laser wavelength of 532 nm. All spectra exhibit the
typical peak features of graphene, which include G and 2D bands, verifying the existence of the
graphene. Furthermore, it is clear that the intensity ratio of G to 2D gradually increases with the
increase in the number of graphene layers, further indicating the features of graphene at different

layers as previous studies reported.



