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Abstract—This work presents a polarization-insensitive wide-
band time-modulated frequency selective surface (TM-FSS) for
radar countermeasure applications in microwave antenna sys-
tems. The proposed TM-FSS operates over 0.8–2.4 GHz, covering
the L-band and part of the S-band with 100% fractional
bandwidth. The unit cell is designed to provide a wideband
transmission response, enabling wireless radiating devices to be
placed beneath the structure for radar concealment applications
while ensuring uninterrupted antenna operation. To investigate
the out-of-band performance, an X-band microstrip antenna
array operating at 8 GHz is integrated with the proposed TM-
FSS. Such a configuration is particularly suitable for airborne
platforms, where X-band antennas are used for communication
while ground-based radar systems commonly operate in the L-
and S-bands for target detection. The TM-FSS and integrated
antenna array are fabricated and experimentally validated, and
the measured results show good agreement with simulations.

Index Terms—Time modulated FSS, Doppler radar counter-
measure, microwave antenna, wideband transmission.

I. INTRODUCTION

FREQUENCY selective surfaces (FSSs) have been widely

investigated for their capability to control the transmission

and reflection, and absorption of electromagnetic (EM) waves

and are extensively utilized in stealth and radar countermea-

sure applications [1]. Recently, TM-FSSs have attracted signif-

icant attention due to their ability to dynamically manipulate

the reflected spectrum and generate additional harmonics or

sidebands [2]-[3]. Such structures are highly promising for

Doppler radar countermeasure applications, as they can distort

the actual Doppler information of moving targets [4]–[5].

Several TM-FSS metasurface designs have been reported for

applications such as frequency conversion, passive false target

spoofing [3], spectral camouflage [6], and radar characteristic

manipulation [7].

However, most of the reported works mainly focus on

metallic targets or standalone metasurface structures, while

very limited attention has been given to the concealment

of practical communication antennas mounted on airborne

platforms. In realistic scenarios, the communication antenna

itself remains exposed to hostile radar systems and can reveal

valuable Doppler and motion-related information. To address
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Fig. 1. (a) Isometric view of the proposed unit cell, where r= 1, L1 = 25, h1

= 10, h2 = 20, a = 8, b = 12.59 (units: mm), unit cell responses, (b) reflection
magnitudes in both ON and OFF states, (c) reflection phases in both ON and
OFF states, (d) phase difference between the ON and OFF states

this challenge, this work presents a polarization-insensitive

wideband TM-FSS operating from 0.8–2.4 GHz for radar

countermeasure applications, where the unit cell is specifically

designed to provide a wideband transmission response so

that a communicating X-band antenna can be placed beneath

the structure without degrading its radiation performance.

The proposed approach experimentally demonstrates the con-

cealment of a functioning communication antenna using a

wideband TM-FSS while simultaneously enabling Doppler

spoofing characteristics [8].

II. DESIGN ANALYSIS

The proposed TM-FSS is designed by combining a switch-

ing middle layer with a transmissive top filter layer to achieve

wideband operation and antenna integration capability. The

switching behavior is mainly controlled by the PIN diode

integrated within the middle layer. In the ON state, the

PIN diode behaves as a low-resistance path, causing the

incident electromagnetic wave to reflect from the switching

layer itself. In the OFF state, the diode behaves as a high-

resistance path, allowing the wave to propagate toward the

bottom metal ground plane before reflection. This switching

mechanism creates a continuous phase difference between the

ON and OFF states, which is essential for time modulation

and sideband generation, as shown in Fig.1. For effective

time modulation, the phase difference should remain within
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Fig. 2. (a) Fabricated proposed FSS structure integrated with the antenna
array, and (b) measured reflected spectrum at 1.1 GHz for the proposed
fabricated FSS integrated with the antenna array.

115°–245°, ensuring that the first-order sidebands become

stronger than the fundamental reflected component.

To investigate the transmission characteristics, the back

metal layer is removed and two Floquet ports are intro-

duced. The obtained responses verify a wide transmission

band extending from 6–10 GHz and beyond for both ON

and OFF states. Based on this transmission response, an

8 GHz microstrip antenna array is selected and integrated

beneath the proposed TM-FSS. The top transmissive layer

is further optimized along with the air gaps to achieve a

wide operational bandwidth of 0.8–2.4 GHz with polarization-

insensitive performance, while maintaining proper radiation

characteristics of the integrated antenna system.

III. RESULTS AND DISCUSSIONS

After verifying the complete structure through full-wave

simulations, the proposed structures were fabricated and ex-

perimentally characterized. Initially, the TM-FSS structure

was measured using a metallic ground plane to validate its

time-modulation and sideband generation characteristics. The

measured reflected spectra confirmed the suppression of the

fundamental component along with the generation of stronger

first-order sidebands, as shown in Fig.2.

Subsequently, the metallic ground plane was removed and

replaced by the fabricated planar X-band antenna array, where

the antenna ground plane acted as the common ground plane

for the complete structure. The measured antenna responses

demonstrated stable impedance matching, radiation patterns,

and realized gain in both ON and OFF states. The measured

results closely matched the simulated responses, confirming

that the proposed TM-FSS effectively conceals the commu-

nication antenna while maintaining its radiation performance

[8].

IV. CONCLUSION

This work presented a polarization-insensitive wideband

TM-FSS for radar countermeasure applications. The proposed

structure operates from 0.8–2.4 GHz and enables the conceal-

ment of an X-band communication antenna without degrading

its radiation performance. The designed TM-FSS generates

strong sidebands for Doppler spoofing while maintaining a

wideband transmission response for the integrated antenna sys-

tem. The proposed structure was fabricated and experimentally

validated, and the measured results showed good agreement

with the simulations, demonstrating its suitability for practical

airborne stealth applications.
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