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Table 1. Electromagnetic characteristics of the ma-

terials contained in the FSS unit.
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Fig. 1. Geometry of the proposed FSS structure: (a) Perspective view of the unit cell; (b) schematic of liquid metal flow in a single

layer of PDMS; (c) evolution of the proposed FSS structure.
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Fig. 2. Transmission coefficient of the proposed FSS in

terms of (a) distance s and (b) the liquid metal thickness h.

124201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 124201

# 2 FSS ML SH

Table 2.  Value of parameters in the unit cell.
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Fig. 3. Transmission coefficient for different scenarios.
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Fig. 4. Simulated |S,;| with respect to incident angles for
(a) TE and (b) TM polarizations.
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Fig. 5. (a) Equivalent circuit model (ECM) analysis of the single layer grid structure and the proposed three-layer FSS structure;

(b) summarized ECM of the proposed FSS; (c) comparison of transmission coefficient between ECM and full-wave analysis.
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Fig. 6. Reflection coefficients and absorptivity of the pro-
posed FSS with respect to incident angles for TE (a) and
TM (b) polarizations.
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Fig. 7. Power loss density of the proposed FSS at the specif-
ic frequencies for TE and TM polarizations at oblique incid-
ence of 80°(a) and (b), and 60° (c).
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R T B UE FSS 2548 i B et e B = R E
P, XHZ FSS &5 in T, SRSk 200 mm <
200 mm, 37 20x20 EAICEH. H& L FRNE 8
Fin. B, R FSS 451 Q BVE 4 @A H
(15 8(a)), ¥ PDMS AW (& 8(b)) I 4 Ja@ i
H (K 8(c)) 1, 25 C £ FHCE 24 h B FhJS,
1 PDMS JZ M\ & Jmr HdEeh (81 8(d)), I3
JCE E PMMA J2 1 MO AR B R 2 mm,
YoBEA 0.5 mm [ Q AV ETE. R HIAE
% 21 PDMS 2, I liéht 90 &7 PMMA JIKZ.
H B 7 H A T3S HEAT Q B 1Y) FSS 45
. PS5 R TR PR AS 42 )8 EGaln, ZBREHA L
JZ, RS AR LS B R s E (18] 8(e)).
[ 8(f) JEBL T 1% FSS 45 B35 I 1.

MK RGN E 9 Fin, EZ5E AT FSS 45
P A5 22255 Son | O DA I3 056 FH 1 0 ) T4
2—8 GHz 1 8—26 GHz Y 5 2wl W\ R 2%, 4541
R SR IS R 2 BRI FSS 2546 i WA, H X

F 4 GICEPRISCTARR) FSS S5HTERERS 1L

Table 4.  Performance comparison of our design with what of reported FSSs.

SCk EWRE /% A E AT P RE 10 dB Jtifter 9 / GHz FAERENE/(°)
[21] N N 3.0—12.0 60
[22] N N 7.34—15.0 45

. 0.71—1.25 X
[15] 81.6 N 173216 60
[16] 84.5 N 8.0—12.0 NM
[27] N SR AR 4.08—16.96 NM
(28] N R T HE T 0.54—2.5 60
T AT L <4.5 (JRJZ45H)
(25] EGalnii A [FZ 51 “19.2 (BRLEH) NM
. N 1.9—3.1 (TM #fk) 45
D zagac| ﬁ |

(32] N EGalInfE A 4% il 4218 2175 5942 (TEWAL) .
AT 81 EGalnyE A 45 il 421 2| BH <181 80

T NFTRAAFZIIRE; NMFETR AR R
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H 1
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i FSS 45 H 7 2 9 5 i MU

Fig. 8. Overview of the fabrication process: (a) Metal mold; (b) the PDMS mixture; (c) pull the solution into the mold; (d) demold;
(e) inject liquid metal (EGaln) into the microchannel; (f) beautiful scenery seen through the proposed FSS.
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Fig. 10. Comparison between simulated and measured |Sy;| of the proposed FSS at normal incidence for (a) TE and (b) TM polariz-
ations.
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Fig. 11. Comparison between simulated and measured |Sy|

of the proposed FSS at different incident angles for (a) TE
and (b) TM polarizations.
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Abstract

In view of the fact that high-frequency electromagnetic waves mainly enter buildings through windows and

glass doors, switchable optically-transparent shielding with broad stopband is increasingly needed. Herein, a

novel design for a switchable and optically transparent frequency selective surface (FSS) with ultrawide-

stopband is presented in this study. The structure consists of a polymethyl methacrylate (PMMA) layer

sandwiched between polydimethylsiloxane (PDMS) layers which contain liquid metal microchannels arranged in

an orthogonal Q-shaped configuration. The mobility of the liquid metal can switch the FSS response from an

all-pass to an ultrawide bandstop behavior. The proposed FSS achieves a rejection bandwidth of 18.1 GHz,

covering P, L, S, C, X and Ku bands, while maintaining a transparency of 81% and high angular stability up to

80°, regardless of polarization. Furthermore, the mechanism behind the ultrawide stopband and high angular

stability is explored through an analysis of reflection and absorption for both TE polarization and TM

polarization. Experimental validation under both normal and oblique incidence demonstrates the ultrawide-

stopband performance of the fabricated FSS.
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