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Fig. 1. Metasurface unit cell design: (a) Three-dimensional

(a) ZHEZEH; (b) IR AR B Z

structure; (b) bottom feed layer; (c) top view.
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Fig. 2. Distribution of the bottom feeder lines in the
2x2 configuration.
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Table 1. Parameters of metasurface.
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Fig. 3. Reflection curves of metasurface with PIN diodes

under different equivalent impedances.
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Fig. 4. Metasurface surface current distribution: (a) f; =
4.25 GHz; (b) f, = 8.25 GHz.
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Fig. 5. Reflection coefficient of the metasurface at large in-

cident angles: (a) TE polarization; (b) TM polarization.
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Fig. 8. Metasurface surface current distribution: (a) f; = 4.25 GHz; (b) f, = 8.25 GHz.
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Fig. 9. Polarization conversion ratio of the metasurface at

large incident angles: (a) TE polarization; (b) TM polariza-

tion.
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Table 2. Performances comparison between the

designed metasurface and those of the literatures.
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Fig. 12. Comparison between the results of the equivalent
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Fig. 13. Fabricated sample and the measurement platform.

APOL, SRR A SRR R 4G
RIEARW) G BRI R2E P RE LUT IR S 1E: —J7
IR A A AR AL R S AR IE V) iR S —
7 TR A R A NS A A AR AR R
IO 5 SIEHG PR A e 0 A Al T RE S i — 2 IR 2.

5 % #

AR SO B Ry R 2 1 3 i i R R PIN
TR SRR, S o B AT R IR
BHHLAIFRGEH (R, = R,) I, VAR S5k Bl #E
VT BEL T DG Pk e e 3 B A A 48 R T LT
XFAREE B IR, WA o R R B PIN A 4%

160705-7


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. 75, No. 16 (2026) 160705
Q 0 @ @ 0
< 3 <
£ o /\\ £ £ 5T
8 g g
S —10 2 g —10 e
3 b5 b
o —15¢} < o —15¢
o 9 o
o —=—0.76 V o o
= —20 ——0.72V 2 ., = —20
& 25} —— 0.68 V o} o & _—925} —— TE
& ] —— Ty &
5 ——0.64V @] % & (©) 5 — TM ()
o —30 L L L o —30 L L L o —30 L L L
4 6 8 10 4 6 8 10 4 6 8 10

Frequency/GHz Frequency/GHz Frequency/GHz
an] 0 m 0 m 0
< < <
E) —5F m E —5F 45 -5
2 2 2
T —10 PN S 10 T —10
& & &
s —15} S -15f g 15
o o o
o ——0.76 V = =
'E —20 e 072V _g —20 L _g —20
S —25( ——0.68 V S 25 P g —25
5 ——0.64 V m| % T Tey (d) g
® 30 L L L ~® 30 L L L g _30

4 6 8 10 4 6 8 10
Frequency/GHz Frequency/GHz Frequency/GHz
Bl 14 (a), (b) AlFmE BT (a) TEBRACH (b) TM # AL S5 REL () TE BALF () TM BACTT (9 e At 38 AL 5 [F] A ik

B #HLG (e

) 60° AT, TE, TM B AL T AR R EL () 60°AGT, TE, TM AL T e 58 U AL 55 1R # 16 B 2 2 %
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coefficients under TE and TM polarization at incident angle of 60°.
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Abstract

Reconfigurable metasurfaces integrated with tunable active devices have become a prominent research
hotspot in electromagnetic engineering, enabling dynamic and flexible manipulation of electromagnetic waves.
However, many of the reported reconfigurable metasurfaces can only achieve single function, and a few
multifunctional designs also face bottlenecks such as narrow operating bandwidth, poor angular stability, and
complex bias control networks, which limit the practical applications in smart electromagnetic systems. To solve
these problems, this paper proposes one compact and highly integrated reconfigurable metasurface, realizing
integration and reversible switch of dynamically tunable microwave absorption and high-efficiency linear
polarization conversion.

In the design, four SMP1302-079LF PIN diodes are embedded into the centrosymmetric metasurface unit,
and a coaxial feeding structure with 52 nH choke inductor is adopted to independently control the working state
of the diodes. The electromagnetic characteristics and working mechanism of the designed metasurface are
systematically analyzed by full-wave simulation and theoretical calculation. When the same bias voltage is
applied to all PIN diodes, the metasurface maintains a centrosymmetric structure and operates in the tunable
absorption mode. The simulation results show that the absorptivity is larger than 90% in 4.08-9.12 GHz, with
the relative bandwidth of 68.1%, and the absorption intensity can be tuned over 10 dB with a peak tuning
range of 25 dB. When different bias voltages are applied to adjacent PIN diodes, the impedance symmetry of
the metasurface is broken, and the metasurface switches to the linear polarization conversion mode. In this
mode, the polarization conversion ratio (PCR) exceeds 90% in 4.11-9.03 GHz, and the peak PCR reaches 99%.
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1 Corresponding author. E-mail: denglw@csu.edu.cn

160705-9


https://doi.org/10.1109/TAP.2020.3016479
https://doi.org/10.1109/TAP.2020.3016479
https://doi.org/10.1109/TAP.2020.3016479
https://doi.org/10.1109/TAP.2020.3016479
https://doi.org/10.1109/TAP.2020.3016479
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.27661/d.cnki.gzhnu.2024.005048
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1088/0964-1726/13/1/013
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1021/acsaelm.1c01280
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/TAP.2019.2916739
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1109/LAWP.2024.3350034
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1038/s41467-025-62633-w
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1364/OE.522264
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1088/1361-6463/ac7424
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/LAWP.2020.2985710
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2020.3004979
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2023.3236769
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
https://doi.org/10.1109/TAP.2022.3161384
mailto:denglw@csu.edu.cn
mailto:denglw@csu.edu.cn
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. 75, No. 16 (2026) 160705

The physical mechanism reveals that the polarization conversion relies on the electrically controlled asymmetric
electromagnetic response, which is more flexible than the traditional geometric asymmetry design. In addition,
the metasurface maintains stable performance with incident angles up to 60° for both TE and TM polarizations
in two working modes, showing excellent angular and polarization stability.

A prototype with 9x9 units (180 mmx180 mm) is fabricated and measured by the arch method following
GJB2038A-2011 standard. The measured results agree well with the simulation data, verifying effectiveness of
the design. The proposed metasurface has the advantages of compact structure, flexible function switch, wide
bandwidth and strong angular stability, showing extensive application prospect in intelligent stealth, adaptive

camouflage and anti-interference wireless communication systems.

Design of a dual-functional reconfigurable metasurface with tunable absorption and switchable linear polarization conversion

Working principle and Tunable absorption performance
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potential applications in stealth and wireless communication.
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