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Fig. 4 Analysis of polarization conversion principle.
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Abstract

Objective Since the artificial metasurface was proposed, it has attracted extensive attention owing to its unique
physical properties and wide applications in many fields, such as holographic imaging, microstrip antenna, absorber,
and polarization converter. The polarization converter is an important research topic in the application of
metasurfaces. Currently, single-band, multiband, and broadband polarization conversion metasurfaces have been
developed, and their operating frequency bands cover the microwave, terahertz, infrared, and visible bands.
However, most of the traditional polarization converters lack switchable performance. Although the frequency or
amplitude values of some metasurfaces are tunable, the methods are complex. Herein, a switchable and high-
efficiency broadband polarization conversion metasurface is designed with PIN diodes. By controlling the state of the
diodes, the switchable polarization conversion is realized, and the measured and simulation results agree excellently,
which verifies the switchable polarization conversion of the metasurface. Compared with the traditional polarization
conversion metasurface, the proposed structure may be applied in practical engineering to meet special
requirements. The design enriches the research of metasurfaces and provides a strategy for switchable polarization
converters.

Methods In the simulation, electromagnetic (EM) simulation software, CST, based on the finite integration
technique (FIT), was adopted to simulate the proposed polarization conversion metasurface. Periodic boundary
conditions (unit cell) were set along the x and y directions, the EM wave propagated along the negative z-axis, and
the electric and magnetic fields were polarized along the y and « axes, respectively. The polarization conversion
rate (PCR) is defined as Ryex = | 7., |2/ (| 7,
polarization reflection coefficients, respectively. In the experimental measurement, a 25 X 25 unit structure sample
was built by adopting printed circuit board (PCB) etching technology; the overall size of the sample is 400 mm X
400 mm. The PIN diodes were embedded in the structures, and a DC stabilized power supply provided the bias

*+|v,|*, where r, and r,, are the co-polarization and cross-

voltage for the diodes. The wedge foam materials were placed behind the sample to eliminate the interference from
scattering and unnecessary reflection. The sample was measured in free space using the approximate NRL arch
method, the transmitting and receiving angles were connected to the vector network analyzer through a low-loss
coaxial cable, respectively, and the distance between the angles and the sample meets the far-field conditions of the
NRL standard. First, the forward bias voltage of 2 V was applied on the sample, and the two angles were
horizontally placed to measure the co-polarization waves. Next, the positions of the transmitting horns were
maintained, and rotated the receiving angle was rotated by 90° to receive the cross-polarization reflection waves.
Before each measurement, the different pieces of measuring equipment were calibrated using a metal plate of the
same size as the sample.

Results and Discussions Here, a switchable polarization conversion metasurface was designed and fabricated.
PIN diodes were embedded in the appropriate position of the metasurface to control the operating states. Bottom feed
lines were designed to provide bias voltage for the diodes. The metasurface schematic is shown in Fig. 1. When the
diodes are in the on state, ranging from 4.03—-7.71 GHz, the co-polarization reflection coefficient is less than 0.2,
the cross-polarization reflection coefficient exceeds 0.9, and the corresponding PCR exceeds 0.9, indicating that
broadband and high-efficiency polarization conversion is achieved. However, when the diodes are in the off state, the
co-polarization reflection coefficient exceeds 0.8, the cross-polarization reflection coefficient is less than 0.3, and
the corresponding PCR is less than 0. 15. In this case, the metasurface works as a reflector. Therefore, the
proposed polarization conversion metasurface has a good switching polarization conversion performance (Fig. 3).
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Furthermore, the principle of polarization conversion was explained by analyzing the orthogonal eigenmodes (Fig. 4)
and the surface current distributions at the resonant frequency (Fig. 5). Additionally, the wide-angle incidence
characteristics of the metasurface were investigated; when the incident angle increases to 40°, the PCR still exceeds
80% in the working frequency band (Fig. 6). Finally, a sample of the polarization conversion metasurface was built,
indicating that the measured and simulation results agree excellently (Fig. 7).

Conclusions By embedding the PIN diodes in the metasurface and delicately designing the feed circuit, a cross-
shaped switchable polarization conversion metasurface is proposed. When the diodes are in the on state, the
metasurface works in the polarization conversion mode, the PCR exceeds 90% in the range of 4.03-7.71 GHz, and
the corresponding relative bandwidth is 62.7% . However, when the diodes are in the off state, the polarization
conversion is turned off, and the metasurface works as a reflector. The mechanism of the polarization conversion
metasurface is explained by theoretical analysis and surface current distributions. The designed metasurface has good
wide-angle incident characteristics, and the metasurface has good polarization performance within the incident angle
of less than 45°. Furthermore, the measured and simulation results agree excellently, which confirms the feasibility
of this work. The proposed metasurface is expected to be used in EM compatibility and polarization detection.
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