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Fig. 1. Structure of the proposed fractal FSS absorber: The
cross-fractal structure (a) without and (b) with square ring;

(c) side view of the absorber.
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Table 1.  Structural parameters of the fractal FSS ab-
sorber.
S {H/mm Zht {H/mm
l 3.90 w 0.58
b 2.59 Wy 0.58
ly 1.38 w3 0.20
P 11.85 t 0.175
h 5.00 by 0.05
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Fig. 2. The scattering parameters of the fractal FSS ab-

sorber.
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Fig. 3. (a) Reflection coefficient and (b) absorption rate of the fractal FSS absorbers with respect to different sheet resistance.
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Table 2. Surface current density of the fractal FSS absorber for different sheet resistance.
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Fig. 4. Input impedance of the fractal FSS absorber with respect to fluctuation of sheet resistance: (a) Resistance; (b) reactance.
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Fig. 5. Configuration of the proposed FSS absorber: (a) Perspective view; unit cell of (b) FSS I, (c) FSS II and (d) FSS IIL.
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Table 3. Structural parameters of the F'SS absorber.

S fH/mm | & {i/mm | & {i/mm
L 10.28 wy 0.20 81 0.56
a9 0.90 41 3.30 Wy 0.38
Ty 2.54 T3 1.78 b 11.78
Wy 0.50 iy 2.18 S 4.74
Wy 0.54 % 1.62 A 10.64
Wy 0.22 i3 2.96 S3 2.60
wg 0.40 g3 1.06 P 11.90
hy 6.00 hy 0.175
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Fig. 6. The schematic (a) and input conductance (b) and susceptance (c) of the proposed FSS absorber.
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Fig. 7. Input impedance at each layer: (a) Resistance; (b) re-
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Fig. 8. The scattering parameters of the proposed FSS ab-
sorber.
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Fig. 9. Absorption rate with respect to incident angles for (a) TE and (b) TM polarizations.
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Fig. 10. Effects of (a) Ry, (b) Ry and (c) Rg on absorption rate of the proposed FSS absorber. Note that when the sheet resis-

tance of one FSS layer changes, the other two layers take their original values.
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Fig. 11. Effects of simultaneous variation of square resistances of 2nd and 3rd layers on the absorption performance.
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Table 4. Comparison between the proposed and other FSS absorbers.

ik 90%5%i /GHz FBW/% JERE (FoM) FSSIZ4L UL
TE ™
[15] 1.07—9.70 160.3 0.93 2 30° (80%) 60° (80%)
[17] 2.24—11.40 134.3 0.075 A 2 45° (80%) 30° (87%)
[22] 2.11—3.89 59.3 0.090 Xy 3D 50° (90%) 50° (90%)
[25] 5.80—22.20 117.1 0.155 A, 1 50° (90%) 40° (90%)
[29] 0.87—9.28 165.8 0.086 A, 2 45° (80%) 45° (90%)
[31] 7.0—27.5 118.8 0.096 A, 1 45° (80%) 30° (80%)
[32] 2.79—20.62 152.0 0.119 A, 2 60° (80%) 60° (80%)
[34]# 2.0—15.5 154.3 0.113 Ay 1 — —
[36] 1.14—14.2 170.2 0.093 A, 3 30° (90%) 50° (90%)
[37] 7.5—42.0 139.4 0.02 A\ 2 50° (> 80%) 50°(> 80%)
[38] # 7.8—18.0 79.1 0.065 Ap, 1 — —
[39]° 0.76—4.92 146.5 0.031 Ay, 2 — —
[41] 2.1—37.5 179.0 0.98 4 45° (80%) 60° (90%)-
[51] 3.16—51.6 176.9 0.102 A 4 45° (80%) 45° (88%)
AT 1.50—20.50 173.0 0.95350.093 Ay, 3 45° (80%) 70° (90%)

T # RN B2 A FERATUZ; ~ RN TR A FERE A L

B 12 (a) TR (b) SERIA RS
Fig. 12. (a) Fabricated prototype; (b) the experimental setup.
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Hl DU, RS AR A 77 20, 90% M DN R LR A B TAEATBE 2 GHz L REAT S0,
P 90k F) 2.59—19.4 GHz (152.9%), 80% W i P TCTR 2 T SE I 25 51, 805 1 B 45 R 0w
Wi Sa N 2.32—20.1 GHz, FHXFH 56K 158.6%. il ZEKR.
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Abstract

The design of thin frequency selective surface (FSS) absorber based on resistive film that meets the
requirements of broadband, polarization independence, incident angle stability, and strong absorption is a
challenging task. Fabrication tolerance of resistive film can result in fluctuations in sheet resistance, which
negatively affects the absorber performance. To tackle these problems, this work firstly investigates how sheet
resistance fluctuations affect the absorbing performance of resistive film FSS absorber. The analysis of simulated
surface current density distribution and impedance reveals that the diversity of current paths provides an
effective way to mitigate the influence of sheet resistance fluctuation. This is achieved by enabling flexible
variation of surface current in response to sheet resistance fluctuations. Consequently, the variation of input
impedance of the FSS absorber due to the fluctuation of sheet resistance is suppressed within a small range.
Then, a method of extending bandwidth is proposed by employing the complementary variation of FSS
impedance with frequency at different layers. By combining this approach with a miniaturization design, a thin
and light FSS absorber is developed that exhibits ultra-wide bandwidth, polarization independence and angle
stability while mitigating the effects of sheet resistance perturbation. The proposed FSS absorber achieves a
90% absorption bandwidth from 1.50 GHz to 20.50 GHz, covering Ku, X, C, S bands and part of the L and K
bands, with a relative bandwidth reaching 173%. The absorber has a thickness of 0.093\;, for both transverse
electric (TE) polarization and transverse magnetic (TM) polarization, yielding a figure of merit (FoM, the ratio
of the theoretical minimum thickness to the actual thickness) of 0.95, indicating that the thickness is close to
the theoretical limit. The absorber maintains over 90% absorption rate for TM polarization at an incidence
angle of up to 70°, and 80% absorption for TE polarization at 45°. Furthermore, the 90% absorbance bandwidth
of the absorber remains at 167.0% when the sheet resistance of any FSS layer fluctuates within a range from 12 to
30 Q/sq. A prototype of the proposed FSS absorber is fabricated and measured, and the experimental results

are in good agreement with the simulation results, thus validating the effectiveness of the proposed method.
Keywords: frequency selective surface, absorber, thin, ultra-wideband, sheet resistance fluctuation
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