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Fig. 1. (color online) Schematic of the proposed po-
larization rotator: (a) The unit; (b) the bottom sub-
strate; (c) the double-split-ring resonator printed on
the bottom substrate.
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Fig. 2. (color online) Schematic of components along

u- and v-axis: (a) Incident waves; (b) reflected waves.
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Fig. 3. (color online) Reflection coefficients of the po-

larization rotator at normal incidence.
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Fig. 4. Polarization conversion ratio (PCR) of the po-

larization rotator.
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Fig. 5. Curve of energy reflection ratio.
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ficients and (b) the difference of phase.
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larly polarized waves.
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Fig. 8. (color online) Surface current distributions on the double-split-ring resonator for incident z-polarized

waves at the frequencies of four peaks.
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Fig. 9.
the double-split-ring resonator for incident u-polarized

(color online) Equivalent circuit model of

waves.
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e IX F BRI O BEE NG A R, NGB
WTT R R A T AR, AN FE S FLA ) o B AL BT y B
B, AN 58 2 R B ST, BT DARR AL e 5 A 1) e
HLREST TR,

Ty —B— 0=0°—@— 0=15—A— 0=230°—@—0=45°
Toy —k— 0=0°—@— 0=15—P— 0=30°—8— =45

1.0

0.8

y WAL NGY
—.—0=0° —— 0=15°
—A— 0 =30°—v— 0=45°

0.2 '
0 1

1
2 4 6 8

1 1
10 12
ﬁ;ﬂi‘i/GHz

(a) = AL NSTTEOL T R REG (b) y BRALBA

11 (MR ) ARG BT SO KRB L3
SHBEULT BIH REG () = AL ST ARICEAL R, (d) y IRACIRAGHE L T AL e 3

Fig. 11. (color online) Cures of reflection coefficients and PCR at incident different angles: (a) The refkec-
tion coefficients for incident z-polarized waves; (b) the reflection coefficients for incident y-polarized waves;

(¢) PCR for incident z-polarized wave; (d) PCR for incident y-polarized wave.
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Fig. 12. (color online) Fabricated structure of the rotator:
(a) The double-split-ring resonator printed on the bottom
substrate; (b) the top substrate; (c) prototype measured

in a microwave anechoic chamber.
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Abstract

Polarization is one of the basic properties of electromagnetic waves and is valuable in communication, navigation
and radar detecting. So it is important to control and manipulate polarization states of electromagnetic waves. In
this paper, we design, fabricate and measure a broadband reflective metamaterial 90° polarization rotator which has
a double-split-ring resonator (DSRR) structure, composed of two layers of dielectric and a metal plate ground. The
explanation of the physical mechanism of the polarization rotator is presented according to the anisotropy media theory.
Anisotropic metamaterials can cause a phase or amplitude difference between two crossed polarization waves, which
can be used to manipulate the polarization states of the incident waves. The anisotropic polarization rotator behaves
different for two orthogonal axes, and the surface current distributions of the DSRR are discussed to analyse the different
characteristics of the structure along two orthogonal axes. The DSRR behaves as a dipole resonator that couples with
the electric component along one axes and behaves as an LC resonance circuit that couples with the other electric
component. Thus, almost an equal magnitude and a 180° phase difference can be generated between the two orthogonal
electric components of the reflected waves. The polarization states of the reflected waves will be rotated by 90°, when
incident waves are polarized by 45° with respect to the symmetric axis of the rotator, and it will be retained when the
incident waves are circularly polarized. Simulation results show that this device can work with the relative bandwidth
of 90% from 5.5 to 14.5 GHz, of which the polarization conversion ratio is larger than 90%. The polarization conversion
ratio will decrease as the incident angle increases, but this high polarization conversion ratio can be obtained at several
frequencies. A 576-cell (24 x 24) prototype of the polarization rotator has been fabricated using a printed circuit board
method on the FR4 substrates and the experimental results agree well with that of the simulation. The polarization
rotator has a simple geometry but more operating frequency bands, compared with the previous designs. It provides a
route to broadband polarization rotation and has application values in polarization control, design of new antenna and

stealth technology.
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