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This paper reports the design of a metamaterial absorber with direction-selective and polarisation-insensitive

property. Both theoretical and simulated results reveal that the absorber has a distinct absorption point with direction

selectivity at 7.48 GHz, which is related to the resonance of the metamaterial and is not influenced by the polarisation.

The retrieved impedance indicates that the impedance of the absorber can be tuned to approximatively match the

impedance of the free space on one side and not to match the impedance of the free space on the other side. This design

can result in the minimal reflectance, the minimal transmission and the highest absorbance at the absorption frequency.

The distribution of the power loss indicates that the absorber is an excellent electromagnetic wave collector: the wave

is first trapped and reinforced in certain specific locations, and then mostly consumed. The distribution of the surface

current is consistent with the design, the retrieved impedance and the distribution of the power loss. This absorber

may have applications in many scientific and technological areas.
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1. Introduction

Electromagnetic metamaterial (MM) has pro-
duced exotic effects such as the negative index of
refraction,[1,2] and interesting devices such as an elec-
tromagnetic cloak device.[3] The realization of such
properties lies in the ability of MM to independently
tailor the electric[4] and the magnetic[5] responses to
incident radiation. The MM is also geometrically scal-
able, which translates into operability over a large
portion of the electromagnetic spectrum. So far, the
MM has been demonstrated in every technologically
relevant spectral range, from radio,[6] microwave,[7,8]

mm-Wave,[9] THz,[10] mid-infrared (MIR),[11] near-
infrared (NIR),[12] to the near optical.[13] The MM is
an ideal material for the investigation of novel physical
phenomena and also holding great promise for future
applications.

Recently, the design of resonant metamaterial ab-
sorber (MA) at microwave and terahertz bands has
attracted much attentions.[14−17] By adjusting the
dimensions of the MM, a “perfect” absorber with
near-unity absorbance can be realized in the GHz

regime.[14] In the terahertz regime, several absorbers
have been demonstrated.[15−17] All these absorbers are
composed of an electric split-ring resonator (eSRR)
layer and a metal wire or plate layer, which decides
the polarisation-sensitive property of these absorbers.
However, absorbers with polarisation-insensitive prop-
erty are desirable, but still lacking. In this work, we
propose an MA having a distinct absorption point at
7.48 GHz. The special feature of our MA is that our
structure exhibits direction selectivity and polarisa-
tion insensitivity. Both theoretical and simulated re-
sults reveal that our MA has a direction-selective ab-
sorption point at 7.48 GHz, which is related to the
resonance of the metamaterial and is not influenced
by the polarisation.

2. Design and simulation

A unit cell of our MA consisted of two square
metallic rings and a substrate is shown in Fig. 1. The
electric coupling was supplied by the coupling of the
square metallic rings in the same plane. The magnetic
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coupling was supplied by the coupling of the square
metallic rings between parallel planes separated by
the substrate as shown in Fig. 1(c). This frame is
similar to short wire pairs in Ref. [11], in that Lin-
den et al. derived a magnetic response from driving
two antiparallel currents in conducting segments. We
were then able to tune the electromagnetic response
by changing the geometries of the small ring and the
big ring, and the separation between them. To maxi-
mize the absorption of the device, we should minimize
both transmission and reflection. So the impedance
of our absorber should be tuned to approximatively
match the impedance of the free space on one side
and not to match the impedance of the free space on
the other side. This design could result in the minimal
reflectance, the minimal transmission and the highest
absorbance at the absorption frequency.

Fig. 1. The small ring (a) and the big ring (b). Di-

mension notations are listed in (a) and (b). The unit cell

is shown in (c) with an arrow indicating the propagation

direction.

We performed computer simulations of the MA
using the commercial finite difference time domain
solver (CST Microwave Studio 2008). The programme

simulated a single unit cell as shown in Fig. 1(c)
with proper boundary conditions, i.e., perfect electric
boundary (XZ-plane) and perfect magnetic boundary
(Y Z-plane). Waveguide ports on the other bound-
aries (−Z is port 1, +Z is port 2) simulated a trans-
verse electromagnetic (TEM) plane wave propagating
through the medium. Utilizing CST, we optimise the
structure of the MA and list the obtained size pa-
rameters in Figs. 1(a) and 1(b), b1 = 5.3, w1 = 0.4,
b2 = 5.5, w2 = 0.4, a = 5.7 mm. The substrate is
0.6 mm thick (εr = 4.9, td = 0.025) and the copper
film is 0.017 mm thick. The simulation produced the
complex frequency dependent S parameters, S11, S21,
S22 and S12. Then, we could calculate the frequency
dependent absorbances by A1 (ω) = 1−|S11|2−|S21|2,
A2 (ω) = 1 − |S22|2 − |S12|2. The result is shown
in Fig. 2. From Fig. 2, when the wave propagates
along +Z, there is a distinct absorption peak located
at 7.48 GHz, with absorbance 99.1%. The absorption
bandwidth, defined as full width at half maximum,
is 330 MHz for the absorption peak. However, when
the wave propagates along −Z, there is undistinguish-
able absorption located at 7.48 GHz, with absorbance
1.6%. These results indicate that our MA has a strong
direction selectivity.

Fig. 2. The simulated MA’s absorbances for two different

transmission directions.

On the other hand, the configuration in Fig. 1(c)
is polarisation-insensitive. Evidence can be seen in
Fig. 3, where we plot the simulated absorbances ver-
sus different polarisation angles for transmissions of
both directions. As shown in Fig. 3(a), when the wave
propagates along +Z, the absorbances for different
polarisation angles are the same. At 7.48 GHz, all ab-
sorbances are 99.1%. From Fig. 3(b), when the wave
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propagates along −Z, the absorbances for different
polarisation angles are also approximatively the same.
At 7.48 GHz, all absorbances are 1.6%. These results
indicate that the MA is polarisation-insensitive.

Fig. 3. The simulated absorbances versus different polar-

isation angles for transmissions of different directions: (a)

the wave propagates along +Z; (b) the wave propagates

along −Z.

Then we can retrieve the complex wave
impedance from the simulated S parameters for the
two different transmission directions. The results are
shown in Fig. 4. When the wave propagates along
+Z, the real part of the retrieved impedance is 1.16
at 7.48 GHz, which is consistent with our intent to
match the impedance of the free space on one side.
When the wave propagates along −Z, the real part
of the retrieved impedance is 0.03 at 7.48 GHz, which
does not match the impedance of the free space. These
results indicate that the impedance of our MA can be
tuned to approximatively match the impedance of the
free space on one side and not to match the impedance
of the free space on the other side at the absorption

frequency. This design can result in the minimal re-
flectance, the minimal transmission and the highest
absorbance at the absorption frequency.

Fig. 4. The retrieved impedance: (a) the wave propagates

along +Z; (b) the wave propagates along −Z.

3. The power loss and the surface

current

It is also interesting to explore the power loss in
the MA since it can provide information about how
and where the absorption happens. The distribution
of the power loss in the MA at 7.48 GHz was calcu-
lated and compared for the two different transmission
directions. Figures 5(a) and 5(c) show the normal
views of the power loss. The side views of the power
loss, as plotted in Figs. 5(b) and 5(d), provide de-
tailed information about the absorption occurred in
different layers. As shown in Figs. 5(a) and 5(b) (the
wave propagating along +Z), most power loss occurs
at space between the rings (the top and bottom lo-
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cations in the Y direction), which indicates that the
major component responsible for A1 (ω) is dielectric
loss of the substrate. These results indicate that the
MA can concentrate the electromagnetic wave in some
specified locations, where the energy is reinforced and
subsequently converted into thermal energy, leading
to a strong absorption. In Figs. 5(c) and 5(d) (the
wave propagating along −Z), we know that there is
no distinct power loss in the MA, which once again
indicates that our MA has a strong direction selectiv-
ity.

The distribution of the surface current in the MA
was also calculated and compared for the two differ-
ent transmission directions. In Fig. 6, we present a
vector plot of the surface current density in the MA
at 7.48 GHz for the two different transmission direc-
tions. In Figs. 6(a) and 6(b) (the wave propagates
along +Z), we observe antiparallel currents on the
small ring and the big ring, which are driven by the
resonance of the metamaterial. In Figs. 6(c) and 6(d)
(the wave propagates along −Z), the currents in the
MA are weak, which indicates that the resonance of
metamaterial is quite weak. These results are consis-
tent with our design, the retrieved impedance and the

distribution of the power loss.

Fig. 5. The distribution of the power loss in the MA at

7.48 GHz. The normal views: (a) the wave propagates

along +Z; (c) the wave propagates along −Z. The side

views: (b) the wave propagates along +Z; (d) the wave

propagates along −Z.

Fig. 6. The distribution of the surface current density in the MA at 7.48 GHz for the two different transmission

directions: (a) and (b) the wave propagates along +Z; (c) and (d) the wave propagates along −Z.

4. Conclusion

In summary, we present a metamaterial absorber
with direction-selective and polarisation-insensitive

property. The retrieved impedance indicates that the
impedance of our absorber can be tuned to approx-
imatively match the impedance of the free space on
one side and not to match the impedance of the free
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space on the other side. This design can result in the
minimal reflectance, the minimal transmission and the
highest absorbance at the absorption frequency. The
simulated absorbances for different polarisation angles
for two different transmission directions validate the
polarisation-insensitive property of the MA. The ab-
sorption mechanism was theoretically investigated by
simulating the power loss in the MA, which shows that
the MA is an excellent electromagnetic wave collector,
which traps the electromagnetic wave into some spe-

cific locations of the devices and then strongly absorbs

it. The distribution of the surface current is consis-

tent with our design, the retrieved impedance and the

distribution of the power loss.

The design presented here is geometrically scal-

able. Therefore, our results are not limited to GHz

frequencies and may be used in other portions of the

electromagnetic spectrum, such as the THz frequen-

cies.
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