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2025/69/06 | Electromagnetic absorbers operating within the X-band play a critical
o role in reducing wave reflection, improving impedance matching, and
T:zcsclel';’fﬂ- enhancing the performance of radar systems. In this study, a
three-layer structure consisting of a surface Graphene/Epoxy layer, a
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porous CNT/Epoxy core, and an aluminum backing plate with a total
thickness of 7 mm was designed and evaluated using a dual-approach
framework: numerical simulation in COMSOL Multiphysics and

absorption; Y ' A h !
X - band: analytical modeling based on classical electromagnetic theories.
Porous The numerical results indicate that the reflection loss reaches
CNT/Epoxy approximately —18.8 dB (corresponding to 98% absorption) around 9
core; Grooved | GHz, whereas the analytical model predicts a peak value of —21 dB at
Graphene/Epoxy | the same frequency. Both methods show closely matched trends within
surface; the 8-12 GHz band, with deviations becoming more pronounced at the
'mgfcdh"’;rr‘]‘;e band edges and remaining below 10% near the resonance region.

Corresponding

Impedance analysis reveals that minimizing the mismatch between the
real part of the effective impedance and the free-space value is the
primary factor responsible for the reduced reflection at resonance.
Furthermore, the geometric sensitivity analysis shows that increasing
the thickness of the surface layer shifts the absorption peak toward

Author:
e approximately 8.5 GHz, while increasing the core thickness moves it
toward around 9.5 GHz. These findings demonstrate that precise
Email: control over the geometry, thickness, and material parameters of each
abcdef@ layer enables effective tuning of the frequency response and
ut.ac.ir

optimization of the absorber’s performance.
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Category  Parameter  Symbol Value unit Notes
Sample L 20 mm -
Lenth
Sample M 20 mm -
Width
Graphene/ ty 1.00 mm Top Patterned
Epoxy Layer
Geometry  Thickness
CNT/ t, 1.00 mm Porous Core
Epoxy
Thickness
Aluminum t3 5.00 mm Perfect
Thickness Reflector
Number of N 40 i Unlfqrm
Grooves Spacing
Groove w 0.20 mm -
width
Grooved Groove h 0.30 mm -
Layer depth
Groove p 0.50 mm 20mm/40
Period Grooves
Minimum . 0.05 mm Rand:)m non-
pore radius min . overlapping

distribution
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8 -2.10 0.62 38.34 472+82j 0.0020 0.63 0.48  Out-of-band
8.5 10? 45 0.090 90.98 410+39j 0.0024 0.78 0.5 Start
9 18?80 0.013 98.68 376+08j 0.00265 1.00 0.55 In Band
9.5 10j50 0.088 91.09 392+12j 0.00255 0.86 0.50 End
10 -2.20 0.60 39.74 437+17) 0.00229 0.71 0.46  Out-of-band
105 -2.68 0.54 46.10 448+21j 0.00223 0.64 0.42  Out-of-band
11 -3.17 0.48 51.90 455+25j 0.00300 0.50 0.40  Out-of-band
115 -158 0.69 30.50 462+30j 0.00305 0.45 0.347  Out-of-band
12 -0.02 1.00 450 475+33j 0.00308 0.41 0.34  Out-of-band
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