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Fig.3 Absorption curves of dynamic changes under different
GaAs conductivities

The intensity modulation depth, d, and frequency tun-
ing bandwidth, b, of the metamaterial absorber can be
defined as™"

Lt
p="12
f

where A and A, are the maximum and minimum ab-
sorption rates of the absorber; f, and f, are the highest
and lowest frequencies corresponding to the absorption
peak. The maximum modulation depth of the designed
dynamic switchable dual-frequency absorber is calculated
as 61.4% . The maximum frequency tuning bandwidth is
60.6% , which shows strong tunability. Therefore, the
metamaterial absorber can be used as an intensity modu-
lator and a frequency-selective absorber.

To further demonstrate the physical mechanism of the
proposed switchable metamaterial absorber, we take the
structure shown in Fig. 1 as an example to analyze the
distribution frequency of the surface current during reso-
nance, as shown in Fig. 4. Under irradiation with no
pump light, the conductivity of GaAs is 100 S/m. The
cross-convex structure and the square ring structure with
four inner convex independently respond to the incident
electromagnetic wave at two resonant frequencies to
achieve dual-frequency absorption. Figs. 4(a) and (d)
show the surface current distribution at the resonance fre-
quency of 0.568 THz. For the absorption peak at 0. 568
THz, the top surface current is mainly distributed in the
outer structure; Figs. 4(b) and (e) show the surface
current distribution at the resonance frequency of 1.442
THz. For the absorption peak at 1.442 THz, the top sur-

face current is mainly distributed in the inner structure
and forms a reverse parallel current pair with the current
of the metal base plate, which indicates that the two ab-
sorption peaks mainly come from the magnetic resonance
response. When the conductivity of GaAs increases, the
embedded GaAs connects the inner and outer resonant
structures to form a new resonant structure. Therefore,
the original two independent resonances at 0. 568 and
1.442 THz can switch to a single response at the inter-
mediate frequency of 0. 731 THz. The surface current
corresponding to 0. 731 THz single-frequency absorption
is shown in Figs. 4(c) and (f). The current is evenly
distributed on the surface of the top resonant unit and the
metal base plate, indicating that the new absorption peak
originates from the common response of the inner and
outer square rings to electromagnetic waves.

PR
'S 1? - 19
; 4

E'f : 'tfg
T hff ;}: S

3 4T 4 1
¢t i 1
. '
AT AL

a %
. - - ?ﬁhﬁh 0.8
(d) (e) ()
Fig.4 Surface current distribution under different GaAs con-
ductivities. (a) Top surface current at 0. 568 THz; (b) Top surface
current at 1.442 THz; (c¢) Top surface current at 0. 731 THz; (d) Bot-
tom surface current at 0. 568 THz; (e) Bottom surface current at 1. 442
THz; (f) Bottom surface current at 0. 731 THz

Furthermore, we investigate the polarization character-
istics of the proposed structure by changing the polariza-
tion directions of the incident electromagnetic waves, as
shown in Fig. 5. As the structure possesses quad-rota-
tional symmetry, the absorptivity at a polarization angle
of 0°45° is considered. It is clear from Figs. 5(a) and
(b) that in the dual-band mode without an optical pump,
the absorption peaks at 0. 568 and 1.442 THz remain un-
changed for both transverse electric( TE) and transverse
magnetic(TM) waves when the polarization angle chan-
ges from 0° to 45°. Similarly, in the single-band mode
of the maximum pump power, the absorptivity is also
unaffected by the polarization angles, as shown in Figs.
5(c) and (d). This means that the absorber is polariza-
tion-insensitive.

In practice, the electromagnetic waves are mostly inci-
dent on the absorber surfaces at different oblique angles.
Wide-angle absorption is another important characteristic
of absorbers. Fig. 6 presents the absorptivity at different
incident angles for TE and TM polarization waves. It is
observed from Figs. 6(a) and (b) that for the dual-band
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Fig.5 Absorptivity at different polarization angles ¢ under normal incident electromagnetic waves. (a) TE mode for no optical pump;
(b) TM mode for no optical pump; (c) TE mode for maximum optical pump; (d) TM mode for maximum optical pump

mode at 0.568 and 1.442 THz, although the absorption
peaks gradually decrease with the increase in incident an-
gles, the absorptivity remains higher than 90% for the
TE and TM polarization waves when the incident angle
increases to 45°. However, in the TM mode, when the
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incident angle increases, additional small absorption
peaks are generated outside the operating frequency.
These peaks are generated because of the parasitic reso-
nance™ in a certain part of the absorber with an increase
in the incident angle.
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Fig.6 Absorptivity at different incidence angles # under normal incident electromagnetic waves. (a) TE mode for no optical pump;
(b) TM mode for no optical pump; (c¢) TE mode for maximum optical pump; (d) TM mode for maximum optical pump
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As shown in Figs. 6(c) and (d), for the single-band
mode at 0.731 THz, the absorbance of the TE wave re-
mains above 90% when the angle of incidence is in-
creased to 45°, and the absorbance of the TM wave is
less affected by the angle of incidence. For TE waves,
the magnetic component along the y-axis gradually de-
creases, causing magnetic resonance to no longer be ef-
fectively excited when the incident angle increases up to
a certain range. However, for TM waves, the magnetic
component along the y-axis is unchanged with increasing
incident angle, resulting in the absorptivity being almost
unaffected by the incident angle. As shown in Fig. 6,
with the increase in incident angles, additional absorp-
tion peaks are also observed for both the TE and TM
modes, which can be caused by higher resonant modes in
the proposed structure. Under normal incidence, multi-
ple reflections and direct reflection from the top gold-pat-
terned resonator destructively interfere, achieving near
zero reflection and unity absorption at the resonant fre-
quency. With an increase in the incident angle, these
two reflections cannot be completely cancelled out,
which results in a decreased absorption peak. The dem-
onstrated results show that the proposed single-band/du-
al-band switchable metamaterial absorber can provide po-
larization-insensitive and wide-angle absorption for TE
and TM waves.

3 Conclusions

1) The research results show that when there is no op-
tical pumping, the photosensitive semiconductor GaAs is
in an insulating state, and the proposed structure forms
two near-perfect absorption peaks at 0. 568 and 1. 442
THz.

2) When a laser beam with a wavelength of 800 nm is
used to excite GaAs in the on-state, the absorption state
switches to a single peak absorption at 0.731 THz.

3) By using different illumination conditions to control
the on-off state of the semiconductor GaAs, the proposed
absorber can be arbitrarily switched between the single-
frequency/dual-frequency perfect absorption states with-
out changing the structure.

4) The metamaterial modulator has a maximum inten-
sity modulation depth of 61. 4% and a maximum fre-
quency tuning bandwidth of 60.6% .

5) Because of the high symmetry of the designed ab-
sorber unit structure, the proposed switchable dual-fre-
quency absorber has good polarization insensitivity and
wide-angle absorption characteristics in both the TE and
TM modes and has potential applications in modulators,
sensors, and other fields.
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