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Fig. 1. Schematic diagram of the composite metasurface design: (a) 3D view of the composite metasurface array; (b) 3D view of the
PCM unit; (c) 3D view of the SSPP absorber unit; (d) 3D view of the composite metasurface unit.

SRR by, S R S SR A S AT T
T AN A, JERLT F 1 FR iy A 5 RCS
AEF T

T, MRS SSPP 4ty it 42, it 17—
FCELA 0T W DR R A WG S R OT, T T 8% 8
IEZEHES M3 T SSPP WL # FES , B R X AN [F]
WA A Y R 3 B R A R RiOR . i),
HTF PCM Honiit 1 R A7 A 2% 180°11 4x4
TW, FEXTPIRD P BT A4 #EER AR, 3T
16x 16 FUMILIXHHAR RCS #E%mE. &5, FIFH SSPP
W 45 1415 0 FE BOL I 5 PCM. I R AR 67 X T
BILT] AR U0 328 2 S N5 R e A S IR Bl 25 3k &
FIR .

2.1 SSPP Wiz

R —Fh S SSPP Wik # , B So i Sz
El 2(a) 7 1 BT AL SSPP el ot Hi
UTET BT 7 T8I %) 4R 25 AA AR R], A FHARTE AR
fif e T AN A 4 J 251 B R P AP LT i (B i 2k
i 2(a) BRI LATE XU BT AR L A
R T, XU SSPP W i Al H R~ 4>
FN; ANART LI H SSPP S5y YA AR 5 4

JB K R R, B4 )8 A, X A
IR, AR AR, PR R B R
TE SSPP S5t 3R 1A, T2 1 e B Jm) $ul Ak 1 32 1 0 A5
3, Pl I 22 2N R B 1) 4 A BV AT S BN 5
HBIHE FL R I ) R

MRPEAMERCEE A, [ 2(a) K4 IR 4540
FIEAFEZFE 2(b) s B A A i3, W] —
7 B AN [ L O i AN AR ], TR 7 4 45
FAS TG P4 fe B IR FRL L, S XA = 3 7 A R
()RR B AR Ay o R 1 T A Pl 3 P IR A8k
J, VEH A SR A5 H o Je S B R R, A AR D
VISR FEL IR A A T U W s A, AT BAL T A,
PR L E I8 T HLAG iR ) REASRT (A R 3 IR,
AT LA FH A RN A A3 S B 22 AR B . 7 4 S it
FLHGA AR I F B KT 4 2 R AH A, wRE L BELA
PRI P D> —2F.

BEAh, hptt—2E 45/ Nt RSH 78 43R 25 )
23 1 X8, 7E7KSF SSPP A4t # it i A s
W 2 J7 AR B A R AR, X P R B A ZE AN 1 in 2R
JUHE [a) ROT A RTS8 A5 e T L It 1Y)
TR AR, DR AT AR AR I I 25 ) SR IR ARSI,
PR Y. AR IR T AR 3 FR

190803-3


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. 75, No. 19 (2026)

190803

BATTEsHE, & 3 PR BARSS S HCh: p =
10 mm, d; = 0.2 mm, d, = 0.7 mm, s = 0.6 mm,
[ = 18.8 mm, dh = 5.65 mm, h = 15 mm, t =
1 mm, § = 37°, R = 300 .
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Fig. 2. Dispersion curves and modal current distributions: (a) Dispersion curves of SSPP; (b) modal current of SSPP.
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Fig. 3. Structural design of the SSPP absorber: (a) 3D view; (b) front view; (c) side view.
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Fig. 4. S-parameters and surface current distributions of the absorber at 6 GHz and 19.1 GHz: (a) S-parameters; (b) surface cur-

rent distributions.
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Fig. 5. Schematic of SSPP absorber array and simulated
RCS results: (a) Array schematic; (b) RCS results.

2.2 WUEHRERT

Fi 4 AR A2 R R THD BT A R AN 6 s
HEEE MR 2l IR, A48
FHASHE, KTy = o FHEXIFR, BITHE p =
10 mm. 4 M 2 FHOOUTH 22 5 /Y FR4, e, = 2.55,
tand = 0.001, T2 H—HREEEMEIE M. B4
YZECh: m=2 mm, 7= 1.94 mm, k= 1.35 mm,
g = 3.14 mm, h = 3 mm.

T TG PR A A A5 1% B e S i A T
ZERANE 7(a) B, PCM 1E 7.9—19.8 GHz i %
TN, Siyye > 0.9, Sy, < 0.3, HA RIFIYIESS

190803-5

(a) (b) I y
x

Metal
Substratel o

B 6 WAL HBEERERER  (a) Z40R R (b) MRLE
Fig. 6. Schematic of the polarization conversion metasur-

face: (a) 3D view; (b) top view.
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Fig. 8. Schematic of chessboard PCM array and simulated
RCS results: (a) Array structure; (b) RCS results.
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Fig. 9. Configuration of the composite metasurface: (a)
PCM unit; (b) SSPP absorber unit; (c) composite metasur-

face unit.
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Fig. 10. Simulated results of the composite metasurface unit: (a) S-parameters; (b) absorptivity and PCR.
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Fig. 11. Composite metasurface array and simulated RCS results: (a) 3D view of the composite metasurface array; (b) simulated
RCS results.
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An ultra-wideband low radar cross-section hybrid metasurface
based on spoof surface plasmon polariton and
polarization conversion metasurface’

FENG Ganyu# PAN Zixiang# YANG Huanhuan#! LI Tong #*
GUO Zexu WU Tianhao LI Can HU Xin

(Information and Navigation College, Air Force Engineering University, Xi’an 710077, China)

( Received 9 June 2026; revised manuscript received 12 July 2026 )

Abstract

A hybrid metasurface combining spoof surface plasmon polariton (SSPP) absorber based on a slow-wave
mechanism and a polarization conversion metasurface (PCM) based on a fast-wave mechanism is proposed for
ultra-wideband radar cross-section (RCS) reduction. The design aims to overcome the bandwidth limitation of a
single RCS-reduction mechanism and to mitigate the mutual interference between different functional structures
in conventional hybrid metasurfaces. First, a broadband SSPP absorber based on a slow-wave dissipation
mechanism and a broadband PCM based on a fast-wave phase-cancellation mechanism are designed. The
metasurface aperture is then divided into slow-wave and fast-wave regions, where the SSPP absorbers and
chessboard-arranged PCM subarrays are respectively integrated. In this manner, the two mechanisms are
spatially integrated and their operating bands are complementarily combined in the frequency domain. For the
SSPP absorber, incident electromagnetic waves are strongly confined as slow waves and dissipated through
dielectric and resistive losses. For the PCM, the incident waves are converted into orthogonal-polarized reflected
waves, whose fast-wave scattering is suppressed by phase cancellation. More importantly, the distinct
propagation characteristics of the slow and fast waves suppress energy exchange between the two functional
regions, thereby reducing mutual interference, shadowing effects, and near-field coupling while preserving their
respective RCS-reduction mechanisms. Numerical results demonstrate that the proposed hybrid metasurface
achieves more than 10 dB RCS reduction over an ultra-wide frequency range of 3-25 GHz, with a maximum
reduction of 35 dB. Experimental results further confirm the effectiveness of the proposed design. By combining
slow-wave absorption and fast-wave phase cancellation in both the spatial and frequency domains with weak
mutual interference, this work provides an effective approach to the design of ultra-wideband and high-

performance low-RCS metasurfaces for electromagnetic stealth and electromagnetic compatibility applications.

Keywords: spoof surface plasmon polaritons, polarization conversion metasurface, slow-wave and fast-wave

combined mechanism, ultra-wideband, low radar cross section
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