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Abstract
Based on PIN diode and resistive �lm, a dual/single wideband switchable metamaterial absorber at low
frequency is presented in this paper. Its absorption is over 90% from 0.8GHz to 1.5GHz and from 4.2GHz
to 5.2GHz while the PIN diode operates in forward biased condition. On the contrary, with the PIN diode
acting in reverse biased condition, the above 90% absorption occurs from 1.1GHz to 3.2GHz. The surface
current distributions at the absorption frequencies are monitored to explain the reason of wideband
absorption. The simulation results show that the absorption property of the metamaterial absorber is
polarization-sensitive. The metamaterial absorber possesses the advantages of simple structure,
wideband, dual/single band, and switchable performance.

1. Introduction
In the past ten years, metamaterials have attracted wide attention due to their remarkable
electromagnetic properties that natural materials do not have [1–3]. At present, the research of
metamaterials has made great progress on polarization conversion [4–6], negative refraction [7–9], perfect
absorption [10–12] and practical application[13–17]. As an important research �eld of metamaterials,
metamaterial absorber can absorb incident waves at a speci�c frequency at the microwave, terahertz,
infrared, and visible light bands [18–21]. The traditional electromagnetic absorption material has greatly
restricted most practical applications due to the thickness restriction of ¼ of the wavelength while
working at low frequency. However, the thickness of the metamaterial absorber can be very thin and
mechanically �exible, and its absorption property can be optimized by designing its unit cell to have the
advantages of wideband absorption, polarization-independent, and wide incident angle. The superior
electromagnetic wave absorption performance of metamaterial absorbers bene�ts it with various
important application prospects in the �elds of detectors/emitters, hyperspectral sampling imaging, solar
cells, plasma sensors, electromagnetic stealth, and so on.

In recent years, the research of metamaterial absorbers at low frequency has attracted wide attention.
Due to the long wavelength of electromagnetic waves at low frequency and thickness limit of 1/4 of the
wavelength, traditional absorption materials at a low frequency generally becomes very thick and restrict
many practical applications. However, the use of metamaterials permits the realization of absorbers to
realize thin metamaterial absorbers with superior electromagnetic absorption properties. To contribute to
the research of metamaterial absorber at low frequency, Liu et al. [22] designed a metamaterial absorber
based on circuit-resonant, showing absorption of over 90% from 840MHz to 960MHz. Zuo et al. [23]

designed a three-layer metal square ring metamaterial absorber with an absorption greater than 90% from
300MHz to 3000MHz. Nie et al. [24] designed a composite metamaterial absorber with an absorption
greater than 90% from 1GHz to 7GHz.

The above-mentioned metamaterial absorber at low frequency has a single absorption band, whereas the
multi-band switchable metamaterial absorber working at low frequency has more application prospects.
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At present, the PIN diode SMP1345-079LF is often used to achieve switchable metamaterial absorbers[25].
In this paper, we present a dual/single wideband switchable metamaterial absorber based on PIN diode
SMP1345-079LF and resistive �lm at low frequency. When the PIN diode is forward biased, the
absorption of the absorber is over 90% between 0.8GHz~1.5GHz and 4.2GHz~5.2GHz; the absorption of
the absorber stays above 90% from 1.1GHz to 3.2GHz when the PIN diode is reverse biased. It realizes
multi-wideband absorption at low frequency based on the PIN diode at forward and reverse biased states.
Compared with the reported metamaterial absorber at low frequency[26–31],it has the advantages of
having a simple structure, wideband, and dual/single band switchability with the potential application
value on the �elds of multi-spectral stealth, detection and communication.

2. Model Design
Our designed dual/single wideband switchable metamaterial absorber is shown in Figure 1. It is
composed of �ve layers as shown in Figure 1(c), along the negative direction of the z-axis, they are the I-
shaped copper resonant structure loaded with PIN diode followed by FR4 dielectric layer, copper rings
loaded with resistive �lm, FR4 dielectric, and �nally copper substrates as the backplane. The thicknesses
of each layer are 0.02mm, 2mm, 0.02mm, 2mm, and 0.02mm respectively. The size parameters of unit
cell are: a=b=14mm, c=d=12mm, e=0.2mm, r=3mm, f=0.5mm, g=0.5mm. The above-mentioned size
parameters are obtained by parameter optimization based on the best absorption performance of the
metamaterial absorber. The conductivity of the resistive �lm and copper is 5.871mS/m and
5.7×10^7S/m. The permittivity of the FR4 dielectric, and its tangent loss angle. The PIN diode used is
SMP1345-079LF, and its equivalent circuit is shown in Figure 2. When the PIN diode is forward biased, it
can be equivalent to a series connection of a small resistor and inductor which is induced by the wire at
high frequency. On the contrary, with the PIN diode acting in reverse biased condition, it can be equivalent
to a series connection of a very high resistor and capacitor. The equivalent circuit parameters for the ON
state of PIN diode are Ron=5Ohm, Lon=1.4nH; while for the off state are Roff=50000Ohm, Coff=0.4pF [25,32].
The metamaterial absorber can be prepared through etching technology, where the practical di�culty lies
in loading the resistive �lm.

The frequency-domain solver of the electromagnetic simulation software CST Microwave Studio is used
to simulate the unit cell shown in Figure 1. During the simulation process, the wave vector lies along the
z-direction, and the electric and magnetic �elds are respectively along the x and y directions.

3. Results And Discussion
The bottom copper metal substrate of the unit cell makes its transmittance. The non-rotational symmetry
of the unit cell converts part of the incident waves into cross-polarized waves. Therefore, the absorption
can be calculated as, where, is the re�ectivity of the co-polarized wave and is the re�ectivity of the cross-
polarized wave. According to the above formula, the S parameters and calculated absorption of the
metamaterial absorber with the PIN diode in both forward and reverse biased conditions is shown in
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Figure 3.The absorption of the metamaterial absorber exceeds 90% between 0.8GHz~1.5GHz and
4.2GHz~5.2GHz when the PIN diode is forward biased, it, therefore, can realize dual wideband absorption.
The absorption of the absorber is over 90% from 1.1GHz to 3.2GHz when the PIN diode is reverse biased.
Therefore, altogether the metamaterial absorber has the dual/single wideband switchable property.

In order to explore the wideband absorption mechanism of the metamaterial absorber with the PIN diode
in forward biased condition in a further step, the surface current distributions of the metamaterial
absorber at 1GHz, 1.2GHz, 4.5GHz, and 4.8GHz are monitored, as shown in Figure 5, Figure 6, Figure 7
and Figure 8. It can be seen from Figure 5 and Figure 6 that the surface currents excited by the incident
waves on the left and right sides of the metal copper ring are parallel and directed upwards. This parallel
surface current causes the alternative accumulation of charge on the upper and lower parts of the copper
ring, thereby generating electric dipole resonance [34]. The surface current on the I-shaped metal
resonance structure and the metal copper ring is in the opposite direction to the surface current on the
metal copper substrate. This surface current in the opposite direction forms a current loop that generates
magnetic resonance [34]. The magnetic and electric resonance formed at 1GHz and 1.2GHz loses the
energy of the incident wave and offers perfect absorption. Therefore, the absorption peaks at 1 GHz and
1.2 GHz originate from the electromagnetic resonance generated by the metamaterial absorber at the
action of incident waves. It can be seen from Figure 7 and Figure 8 that the parallel surface currents on
the left and right sides of the metal copper ring produce electric dipole resonance [34]. On the contrary, the
surface current of the I-shaped metal resonance structure and the metal substrate works in the opposite
direction to the metal copper ring, which gives rise to magnetic resonance [34]. Therefore, the absorption
peaks at 4.5 GHz and 4.8 GHz also originate from the electromagnetic resonance generated by the
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metamaterial absorber at the action of incident waves. The overlay of different absorption frequencies
leads to wideband absorption.

Figure 9 and Figure10 show the surface current distributions of metamaterial absorber at 2GHz and
2.5GHz when the PIN diode is reverse biased. It can be seen from Figure 9 and Figure 10 that the parallel
surface currents excited by the incident waves on the left and right sides of the metal copper ring cause
the electric dipole resonance [34]. On the other hand, the surface current of the I-shaped metal resonant
structure and the metal copper ring works in the opposite direction to the metal substrate, this kind of
surface current distribution in the opposite direction forms magnetic resonance [34]. Therefore, the
absorption peaks at 2GHz and 2.5GHz with the PIN diode in reverse biased condition originate from the
electromagnetic resonance generated by the metamaterial absorber at the action of incident waves. The
reason for wideband absorption stems from the overlay of different absorption frequencies.

In order to study the relationship of the absorption property of metamaterial absorber with the
polarization angle of the incident wave, the absorption of metamaterial absorber based on the the
polarization angle when the PIN diode is forward biased and reverse biased are calculated, as shown in
Figure 11. It can be seen from Figure 11 that the bandwidth of metamaterial absorber with the absorption
over 90%, gradually decreases with the increasing of the polarization angle, which indicates that the
absorption of metamaterial absorber is polarization-sensitive due to the non-rotational symmetry of unit
cell.

In order to study the relationship of the absorption property of the metamaterial absorber with incident
angle, the absorption of the metamaterial absorber under different incident angles with the PIN diode is
forward biased, and reverse biased conditions are calculated, as shown in Figure 12 and Figure 13. It can
be seen from Figure 12 that when the PIN diode is forward biased, the absorption of the metamaterial
absorber between 0.8GHz~1.5GHz and 4.2GHz~5.2GHz decreases gradually with the increasing of the
incident angle at TE mode. The absorption of the metamaterial absorber from 1.1GHz to 3.1GHz stays
over 90% due to the non-rotational symmetry of the unit cell and the absorption gradually decreases with
the increasing of the incident angle at TM mode. Figure 13 shows that the absorption of the metamaterial
absorber from 1.1GHz to 3.2GHz decreases gradually with the increasing of the incident angle at TE and
TM mode when the PIN diode is reverse biased.

4. Conclusion
The electromagnetic waves at low frequencies have important applications in long-distance wireless
communication, monitoring, and early warning. Due to the long wavelength of the electromagnetic waves
at low frequency and the thickness restriction of 1/4 wavelength, the traditional absorbing materials at a
low frequency generally become very thick, which greatly limits its practical applications. It has great
signi�cance as metamaterial absorbers to realize advanced and e�cient metamaterial absorbers at low
frequency without being restricted by the thickness of 1/4 wavelength. In this paper, we present a
dual/single wideband switchable metamaterial absorber at a low frequency based on PIN diodes and
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resistive �lms. The absorption of the metamaterial absorber between 0.8GHz~1.5GHz and
4.2GHz~5.2GHz is over 90% when the PIN diode is forward biased, and its absorption is over 90% from
1.1GHz to 3.2GHz when the PIN diode is reverse biased. The surface current distribution at the absorption
frequency indicates that the electromagnetic resonance generated under the action of the incident wave
causes the absorption of the incident wave, and the wideband absorption originates from the overlay of
different absorption frequencies. It has the advantages of simple, wideband, and dual/single wideband
switchable, and has potential application value on electromagnetic shielding and electromagnetic stealth
at low frequency.
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Figure 1

The diagram of the absorber, (a) perspective view; (b) front view; (c) layered-structure

Figure 2

The equivalent circuit of the PIN diode for on and off states
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Figure 3

The absorption with the PIN diode ON and OFF state,(a) ON state,(b)OFF state

Figure 4

The relative impedance, (a) PIN diode for ON state; (b) PIN diode for OFF state



Page 10/13

Figure 5

The surface current distribution with the PIN diode in forward biased condition at 1GHz, (a) I-shaped
metal resonant structure ;(b) metal copper ring;(c) copper substrate

Figure 6

The surface current distribution with the PIN diode in forward biased condition at 1.2GHz, (a) I-shaped
metal resonant structure ;(b) metal copper ring ;(c) copper substrate

Figure 7



Page 11/13

The surface current distribution with the PIN diode in forward biased condition at 4.5GHz, (a) I-shaped
metal resonant structure ;(b) metal copper ring;(c) copper substrate

Figure 8

The surface current distribution with the PIN diode in forward biased condition at 4.8GHz, (a) I-shaped
metal resonant structure ;(b) metal copper ring ;(c) copper substrate

Figure 9

The surface current distribution with the PIN diode in reverse biased condition 2GHz, (a) I-shaped metal
resonant structure; (b) metal copper ring; (c) copper substrate
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Figure 10

The surface current distribution with the PIN diode in reverse biased condition at 2.5GHz, (a) I-shaped
metal resonant structure; (b) metal copper ring; (c) copper substrate

Figure 11

The absorption as functions of polarization angles when the PIN diode is forward biased and reverse
biased, (a) ON state; (b) OFF state
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Figure 12

The absorption as functions of incident angles when the PIN diode is forward biased, (a) TE mode; (b)
TM mode.

Figure 13

The absorption of the metamaterial absorber under different incident angles when the PIN diode is
reverse biased,(a) TE mode; (b)TM mode.


