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Abstract: A wide-band and narrow-band switchable bi-functional metamaterial absorber is presented in this
paper. The phase change material vanadium dioxide (VO,) is introduced in the structure of the metamaterial
absorber, and different functions can be achieved by using only a single switchable metasurface. The mutual
conversion of different functions is realized by the reversible phase transition between the VO, insulating
state and the metal state. When VO, is in metallic state, the designed structure can be regarded as a metama-
terial wide-band absorber. The simulation results show that the absorption is over 98% in the frequency range
of 1.55 THz to 2.21 THz. When VO, is in the insulating state, the structure acts as a narrow-band absorber,
and the absorption at resonance frequencies of 2.54, 2.93 and 3.34 THz is over 95%. In addition, the effect of
geometric parameters on the absorption of metamaterial absorber is discussed. Because of the symmetry of
the element structure, the absorber is insensitive to the polarization when the electromagnetic wave is vertic-
ally incident, and it can keep good absorption performance with the large incident angle. Therefore, the
switchable bi-functional metamaterial absorber proposed in this paper can be widely used in terahertz modu-

lation, thermal emitters and electromagnetic energy acquisition, etc.
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1 Introduction

Terahertz wave (THz wave) mainly refers to
electromagnetic wave with frequency between
0.1 THz and 10 THz, which is located between mi-
crowave and infrared light wave!. In recent years,
with the rapid development of terahertz detection
technology and time-domain spectroscopy techno-
logy, terahertz wave detection, modulation and oth-
er related technologies have attracted more and
more attention”. Metamaterials are a new type of
artificially designed electromagnetic composites that
have attracted great interest in many potential ap-
plications, such as terahertz absorbers®*, polariza-
tion converters®™, sensors®. In recent years, many
researchers have proposed a variety of the terahertz-
based metamaterial absorber models, and studied
their single frequency band”, multi-frequency
band® ' and wide frequency band!"'"'? characterist-
ics. As a functional device that can achieve high ab-
sorptivity of incident electromagnetic wavel*'",

metamaterial absorber has promising application

doi: 10.37188/C0.2021-0174

prospects!'®'? in many fields such as infrared detec-
tion”), modern communication, electromagnetic
stealth”®, thermal radiation, and sensing!'”. The
early terahertz absorber has a single resonance mode
and narrow absorption spectrum bandwidth. Most
designed metamaterial absorption devices can only
achieve a single function at the working frequency
or cannot tune the absorption performance accord-
ing to the application requirements. Various short-
comings limit its practical application.

With the emergence of functional materials
(phase change materials) such as graphene®-*', li-
quid crystals (LC)?, and vanadium dioxide (VO,)™*),
it is possible to change the properties of materials
simply by applying excitations such as elec-
tricity®*>, magnetism, light®, and temperature™”,
Combining these functional materials with metama-
terial structures allows multiple functions to be im-
plemented in a single metamaterial device, thus
driving the rapid development of terahertz metama-
terial absorbers. VO,, as an excellent phase change

material, has optical and electrical properties that
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change significantly during the phase change, and
the conductivity can change by 4—5 orders of mag-
nitude®, making it ideal for tunable multifunction-
al metamaterial device. Liu® et al. proposed a VO,-
based ultra-wideband absorber that can achieve
modulation of 5% to 80% absorption in the wide-
band range of 1.2 to 3.2 THz. Song™™ et al. pro-
posed the design of a VO,-based terahertz wide-
band tunable absorber, by which the amplitude of
the wide-band absorption band can be adjusted from
5% to 96% when the VO, conductivity changes
from 10 S/m to 2000 S/m. Zhang™” et al. proposed a
terahertz bi-functional absorber with wide-band and
narrow-band absorption characteristics based on a
graphene/spacer-VO,/spacer-metal  structure. The
operating bandwidth and intensity of narrow-band
absorption and wide-band absorption can be dynam-
ically tuned by changing the Fermi level of
graphene. Huang®” et al. proposed a tunable wide-
band terahertz absorber, by which the absorption
can be dynamically tuned from 4% to 100% by
varying the conductivity of VO,, achieving near-
perfect amplitude modulation.

Based on the phase change characteristics of
VO,, a bi-functional metamaterial absorber with
switchable wide-band and narrow-band absorption
is proposed in this paper, and the wide-band and
narrow-band absorption characteristics of this ab-
sorber can be tuned by changing the conductivity of
VO,. When VO, is in the metallic state, the struc-

ture is a wide-band absorber consisting of the top
layer formed by the metal split ring resonator and
VO, disc, the upper polyimide (PI) dielectric layer,
and the VO, film. When VO, is in an insulating
state, the structure is mainly a narrow-band ab-
sorber consisting of the top layer formed by the met-
al split ring resonator and VO, disc, the upper PI
dielectric layer, the VO, film, the lower PI dielec-
tric layer, and the metal substrate. Due to the high
symmetry of the designed cell structure, the ab-
sorber also has the characteristics of insensitivity in
polarization and incidence angles over a wide-range,
which greatly reduces the limitations of the ab-
sorber in the practical application process. The
wide- and narrow-band switchable bi-functional ab-
sorber proposed in this paper can provide new re-
search ideas for multifunctional tunable devices in

terahertz and other frequency bands.

2 Structure and methodology

The cell structure of the terahertz metamaterial
absorber®>4 is shown in Figure 1 (Color online),
which shows the three-dimensional structure, top
view and side view of the periodic cell of the ab-
sorber, respectively. The cell structure from top to
bottom is a top pattern consisting of a metal split
ring resonator and VO, disc, an upper PI dielectric
layer, a VO, thin film, a lower PI dielectric layer,

and a metal substrate, and the device structure is
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Fig. 1 The absorber (a) 3D schematic; (b) top view; (c) side view
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390 HE A

15%

symmetric about the x and y axes. The resonant
structure of the absorber is composed of a metal
split ring resonator and a VO, disc placed in the
center. The calculated optimal geometrical paramet-
ers are the period of the structural cell P=P~=
80 um, the ring opening angle a=30°, the outer radi-
us of the split ring R;=64 pm, the width of the ring
W=2 um, the radius of the VO, disc R,=47 pm, the
relative permittivity of the upper PI dielectric layer
£=2.0, the loss angle tangent tand=0.025%, and the
thickness Z;=18 um, the thickness of the VO, film
Z=1.5 pm, and the thickness of the lower PI dielec-
tric Z;=45 pum. And the metal substrate of the
ground plane is a gold material with a thickness of
Z=1 pm and a conductivity of o(gold)=4.09x
107 S/mb3,

In this paper, the absorption characteristics of
the designed switchable metamaterial absorber are
numerically simulated by CST software. Terahertz
waves are incident on the absorber along —z direc-
tion perpendicular to the absorber surface, and the
electric field of the incident wave is polarized along
x direction and the magnetic field is polarized along
y direction. The periodic boundary conditions are
used in x and y directions, and the open boundary

condition is used in the z direction. The Drude mod-

wy (o) .
—— isused to describe the op-

W +iwy
tical properties of VO, in the terahertz frequency

el? g(w) =€, —

range, where &, =12 is the high-frequency relative
permittivity, w,(o) is the plasma frequency with re-
spect to the conductivity, o is the conductivity of
VO,, y=5.75 x 10" rad/s is the collision frequency,
and both w,(c) and o are proportional to the free car-
rier density. The relationship between the plasma
frequency and conductivity of VO, can be approx-
imated as w; (o) = %wﬁ (o), where o = 3x10° S/m,
w;(00) = 1.4x10" rad/s. By applying the excitation
of external electric field, optical field, or temperat-
ure field, the phase transition process of VO, can
occur in a short time. The variation range of con-
ductivity before and after the phase change of VO,
is about 200 S/m~2x10°> S/m. By changing the con-

ductivity of VO,, the wide-band and narrow-band
absorption functions of the absorber can be
switched. When VO, is in the metallic (or insulating)
state, its conductivity is 2x10 3S/m (or 200 S/m)=%,
and these two conditions are used to simulate the
phase change process of VO, in the paper. In the
practice, the phase change process of VO, can be
achieved by changing the temperature. Under
thermally excited conditions, the phase transition
C. At

room temperature, VO, is in the insulating state;

temperature of VO, is approximately 68

when the temperature is heated from low to high
temperature (over 68 °C), the molecular structure of
VO, changes and VO, converts from the insulating
state to the metallic state; the process is reversible
and VO, converts from the metallic state to the insu-
lating state when the temperature decreases from the

phase change temperature (68 °C).

3 Results and discussion

The designed metamaterial bi-functional ab-
sorber is simulated by using the commercial electro-
magnetic analysis software CST Microwave Studio.
The reflection coefficient (S;;) and transmission
coefficient (S,;) of this absorber are obtained
through simulation, then the electromagnetic ab-
sorption rate (4) of this structure can be calculated

from the following equation:
A=1-R-T-R, =1-|Su-I1Su-R, , (D

where R=|S|)|* and T=[S,,|* are the reflectance and
transmittance obtained from the frequency-depend-
ent S-parameters, and the reflection R, of the cross-
polarized wave is also discussed here. In the studied
terahertz frequency range, the transmission (7) of
the overall metamaterial structure is always 0 due to
the presence of metal plates or metallic VO, films at
the bottom in both states, and the thickness of the
metal plates or VO, films is much larger than the
skin depth of the electromagnetic waves, thus sup-
pressing the transmission. The reflection and ab-

sorption spectra of VO, with different conductivit-
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ies are shown in Fig. 2(a) and Fig. 2(b). When the
conductivity changes from 200 S/m to 2x10° S/m,

the corresponding absorption changes from narrow-

(a) 1.0

(b) 1.0

band absorption to wide-band absorption, achieving
a perfect switch between wide and narrow-band ab-

sorption functions.
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Fig. 2 (a) Reflection spectrum; (b) absorption spectrum; (c) real part of and (d) imaginary part of the relative impedance with

different conductivities of VO,

& 2

When terahertz wave is incident perpendicular
to the device surface, we introduce impedance
matching theory to elucidate the intrinsic mechan-
ism for the absorber 's changes. Both the real and
imaginary parts of the relative impedance of the ab-
sorber can be derived from the S-parameter inver-

sion method. The absorption rate and relative im-

pedance can be expressed asP***!:
Z-7| Z-1)
A((u)—l—R(CD)—l—'Z+ZO =1- m 5
(2)
1+811(w)* - 52
ZZiJ( W@ S@
(1=Sn(w)” -85 (w)

where Z, and Z are the effective impedances of the

free space and the absorber, respectively. And

TARBUARTRIE PRI (a) BTG (b) BOBOGTE (o) AHXTBLBTAYSSHA (d) M

Z=7/7Z, is the relative impedance between the ab-
sorber and the free space. The absorption of the
wide-band absorber reaches the maximum when the
impedance of the absorber matches the impedance
of the free space, i.e., the relative impedance of the
structure Z=1. The variation of the real and imagin-
ary parts of the relative impedance for different VO,
conductivities is shown in Fig. 2 (c) and (d). Obvi-
ously, with the continuous increase of the conduct-
ivity, the real part gradually approaches to 1 while
the imaginary part gradually approaches to 0 in the
range of 1.34~2.25 THz, which means that the ef-
fective impedance of the absorber and the free space
gradually match each other. When VO, is in the
metallic state, i.e., o(VO,) = 2x10° S/m, the de-
signed structure obtains the highest absorption rate
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and the widest absorption bandwidth at the same
time.
3.1 Metamaterials can be used as wide-band
absorbers when VO, is in the metallic state
When VO, is in metallic state, the designed
switchable metamaterial can be used as a wide-band
absorber, which consists of a metal split ring reson-
ator on top embedded in a VO, disc, an upper PI
medium, and a VO, film. When the VO, is in the
metallic state, the bottom metallic phase VO, acts as
the reflection layer, which can prevent the occur-
rence of transmission. The structural parameters are
shown in Fig. 1, and the absorber model is simu-
lated by the finite element method, applying the cell
boundary conditions to the x and y boundary condi-
tions and the open boundary in z direction, with the
terahertz wave incident along —z direction. The re-
flection and absorption spectra, as well as the real
and imaginary parts of the relative impedance of the
wide-band absorber are given in Figure 3 (Color on-
line) when the conductivity of VO, is 2x10° S/m
(metallic state), where A(w) denotes the absorption
spectrum, R(w) denotes the reflection spectrum, and
Re(Z,) and Im(Z,) represent the real and imaginary
parts of the relative impedance of the wide-band ab-
sorber, respectively. Two different absorption peaks
can be observed at 1.53 THz and 2.12 THz, and the
designed structure can absorb more than 90% of the
energy in the frequency range from 1.34 to 2.25 THz
with a bandwidth ratio (fia—fimin)/[(fuaxmin)/ 2157 of
50%. And the absorption in the frequency range
from 1.10 to 3.18 THz is greater than 50%, and the
corresponding bandwidth ratio is 97%. As shown in
Fig. 1(a), the introduction of the top VO, disc
changes the effective impedance of the structure,
and the incident electromagnetic waves are better
matched with the free space, which also enhances
the overall absorption performance of the structure.
Therefore, in the wide frequency range of 1.53~
2.12 THz, the designed wide-band absorber ach-
ieves impedance matching with the free space and

obtains a better absorption and wider bandwidth.

1: 4 0.9

ilos

Absorptance

of — 4@

Relative impedance
o

0.3
Real
....... Imagi
al maginary
'l L 1 1 2 0
1.2 1.6 2.0 2.4
Frequence/THz

Fig. 3 Reflection and absorption spectra, real part and ima-
ginary part of relative impedance when the conduct-

ivity of vanadium dioxide is 2x10° S/m
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In general, the geometric parameters of the
structure have an influence on its resonant fre-
quency and absorption rate. Also, errors can be in-
troduced in the structural dimensional parameters
during the device processing. Therefore, the struc-
tural parameters of the device were investigated.
The variation of the terahertz absorption spectrum
of the device with the geometric parameters (a, Z;,
R,) was studied under the condition that the other
parameters were kept constant as initial settings, and
the results are shown in the following figures. From
Fig. 4(a), it can be seen that the absorption band-
width increases with the increase of the opening
angle a. The center frequency of 1.84 THz shows a
slight blue-shift trend with the increase of a. The
resonance peak at the frequency of 1.53 THz re-
mains basically unchanged, and the resonance peak
at the frequency of 2.12 THz shows a blue-shift
trend, therefore, the absorption bandwidth increases
and the absorption rate decreases with the increase
of the opening angle a. In Fig. 4(b), the intensity of
the absorption peak first decreases slightly with the
increase of Z; and reaches the optimum absorption
at 18um, and then the absorption decreases with the
increase of Z;. In Fig. 4(c), the absorption band-
width changes less with the increase of the radius R,
of VO, disc, and the absorption rate decreases

slightly, and the best absorption rate is obtained at
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47 um, and the absorption curve shows a blue-shift
trend when the radius increases from 44 pm to 47

pm. In summary, it can be seen that the effect of the

change in the opening angle on the absorption band-
width is more significant than that of the dielectric
layer thickness and the radius of the VO, disc.

1.0 1.0
0.8 0.8
z = z
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= = =
204 2 204
< < R
02} 0.2t
0 . . i . 0 s . s 0 . . " s
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Frequence/THz

Frequence/THz

Fig.4 The influence of the structural parameters of the absorber cell: (a) the opening angle a; (b) the thickness of the upper PI
medium Z; and (c) the radius of the VO, disk R, on the terahertz absorptivity at the conductivity of 2x10° S/m

FEl 4 5 R 2x10° S/m A, W UES BAICLEE A S H0F KRG W IR . (a) TFOMAE a; (b) LZE PN R 2;

(c) VO, #2142 R,

To further understand the operating mechan-
ism of the wide-band absorber in detail, we have
studied the electric field distribution at the two res-
onant frequencies of the wide-band absorber,
1.53 THz and 2.12 THz, as shown in Figure 5.
Figure 5 gives the electric field distribution of the
absorber at 1.53 THz and 2.12 THz when the incid-
ent terahertz wave is transverse electric (TE) polar-
ized, from which it can be seen that the electric
fields at the two frequency points are mainly distrib-
uted at the two ends of the opening of the metal split
ring resonator, the VO, disc near the opening of the
metal ring and along y-direction; and the electric
field intensity at the frequency of 2.21 THz is more
concentrated compared with the induced electric

field intensity at the frequency of 1.53 THz. In addi-

Fig. 5 Electric field intensity distribution at the two ab-
sorption peak frequencies of 1.53 THz and 2.12 THz

under TE mode

5 1.53 THz, 2.12 THz 7£ TE A6~ B4~ I i i 45 R
b (%) F Y B A

tion, the electric field intensity is gradually weak-
ened along the inner edge of the VO, disc parallel to
x-axis and near the opening of the metal ring, which
may be caused by the weak dipole resonance of the
VO, disc in parallel to x-axis near the opening of the
metal ring. Due to the structural symmetry, the res-
ults of the electric field distribution of the wide-
band absorber at the above two frequency points ex-
hibit an overall 90° rotation when the incident wave
is TM-polarized.

For the needs of absorbers in practical applica-
tions, polarization angle insensitivity and incidence
angle insensitivity are two very important character-
istics. Figure 6(a) (Color online) shows the wvari-
ation of the absorption performance of the metama-
terial absorber with the incident terahertz wave fre-
quency and the incident angle in the TE mode. Ac-
cording to the calculated results, the designed ab-
sorber still exhibits a stable absorption rate and a
wide operating bandwidth in the large incident angle
range of 0°~60°, leading to a high incident angle tol-
erance. When the incidence angle is larger than 60°,
the main absorption peak becomes narrower as the
incidence angle increases. Therefore, the absorber
can still provide good absorption characteristics
even at larger incidence angles. In addition, for TM

polarization, the absorption performance remains
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stable up to 8° as shown in Fig. 6(b) (Color online).
When the incidence angle is larger than 8°, the ab-
sorption bandwidth becomes narrower and some
higher order modes appear. A similar dependence of
the absorption spectrum on the incidence angle was
observed in the previously reported VO,-based ab-
sorber??l. Therefore, the absorption performance of
TE polarization is superior to that of TM polariza-
tion. The effect of the polarization characteristics of
the incident terahertz wave on the absorption per-
formance was also investigated. Figure 6(c) (Color

online) shows the absorption rate vs. frequency as

the polarization angle varies from 0° to 90° when a
terahertz wave is incident vertically on the absorber
surface. It can be seen from Fig. 6(c) that the ab-
sorption curves of this wide-band absorber are
highly overlapping, i.e., the absorption rate of the
absorber is completely independent of the polariza-
tion under normal incidence conditions, which is
highly related to the symmetry of the absorber cell
structure in x and y directions, and the large incid-
ence angle and polarization insensitivity character-
istics show high potential for applications in energy

harvesting and optical sensing.
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Fig. 6 (a) The absorption of the wide-band absorber with TE polarization at different incident angles; (b) the absorption of the
wide-band absorber with TM polarization at different incident angles; (c) the absorption spectrum of the wide-band ab-
sorber with different polarization angles; at the conductivity of 2x10° S/m
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3.2 Metamaterials can be used as narrow-band
absorbers when VO, is in the insulated state
When VO, is in the insulating state, the struc-
ture of a multi-band absorber consists of a metal
split ring resonator on top embedded in a VO, disc,
an upper PI dielectric, a VO, film, a lower PI dielec-
tric, and a metal substrate. The simulation study is
performed by using the numerical simulation meth-
od of electromagnetic field, and the three-peak ab-
sorption spectrum of the multiband absorber can be
achieved. Figure 7 shows the reflection and absorp-
tion spectra as well as the real and imaginary parts
of the relative impedance of the narrow-band ab-
sorber at a VO, conductivity of 200 S/m. Three ab-
sorption peaks exist in the frequency range from

2.4 THz to 4 THz with the resonance frequencies of

2.54 THz, 2.93 THz, and 3.34 THz, the correspond-
ing absorption of 96%, 99.9%, and 99.3%, and
the corresponding Full Width at Half Maximum
(FWHM)P" of 93.6 GHz, 206.7 GHz, and 39 GHz,
respectively, achieving overall perfect multiband ab-
sorption. It can also be seen from Fig. 7 that the real
part of the impedance gradually approaches to 1 and
the imaginary part gradually approaches to 0 near
the multiband absorption peak. The designed mult-
iband narrow-band absorbers achieve the imped-
ance matching between the narrow-band absorber
and the free space near the resonant frequencies of
2.54 THz, 2.93 THz, and 3.34 THz.

Under the condition that other parameters re-
main unchanged as initial settings, the effect of the

geometric parameters (a, Z;, W) on the absorption
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Fig. 7 Reflection and absorption spectra, real part and ima-
ginary part of relative impedance when the conduct-

ivity of vanadium dioxide is 200 S/m
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rate was studied, and the calculated results are
shown in Figure 8. In Fig. 8(a), the absorption in-
tensity increases significantly with the increase of
the opening angle (o), which has a significant effect
on the absorption rate at the resonance frequency of

2.54 THz; the absorption rate decreases gradually

with the increase of the opening angle at the reson-
ance frequency of 2.93 THz, while the absorption
intensity remains unchanged at the resonance fre-
quency of 3.34 THz. In Fig. 8(b), the thickness of
the lower PI medium (7)) increases from 44 pum to
48 um in steps of 1 pm, which has a significant ef-
fect on the absorption peaks at 2.93 THz and
3.34 THz, and the absorption rate decreases. The
strongest absorption intensity is achieved when Z; is
45 pm, after which the overall absorption intensity
decreases slightly with the increase of Z;. In Fig. 8
(c), the intensity of the absorption peak first in-
creases with the width of the metal split-ring (W),
and the absorption peak in the middle frequence
band is more affected, and the strongest absorption
peak is obtained at W=2 um, after which the overall
absorption intensity decreases with the increase of
W. In summary, it can be seen that the effect of the
opening angle is more significant than that of the
dielectric layer thickness and the width of the metal

split-ring on the absorption bandwith.
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Fig. 8 The influence of the structural parameters of the absorber cell: (a) the opening angle; (b) the thickness of the lower PI

medium Z, and (c) the width of the metal split ring resonator W, on the terahertz absorption at the conductivity of

200 S/m.
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In addition, the electric field intensity distribu-
tion at the three absorption peak frequencies of 2.54,
2.93 and 3.34 THz under TE mode is shown in
Fig. (9). At 2.54 THz, the electric field distribution
is highly concentrated along the two opening-
ends of the metal split ring resonator; at 2.93 THz,
some energy is uniformly distributed in the center

region of the absorber cell; at 3.34 THz, the elec-

tric field intensity is strong on both sides of the
opening of the metal split ring resonator and within
the center region of the absorber cell structure. Due
to the symmetry of the structure, the results of the
electric field distribution of the narrow-band ab-
sorber at the above three frequency points exhibit an
overall 90° rotation when the incident wave is TM-

polarized.
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Fig. 9 Electric field intensity distributions at the three ab-
sorption peak frequencies of 2.54 THz, 2.93 THz
and 3.34 THz under TE mode
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Next, the absorption characteristics of this
multiband metamaterial absorber at different polar-
ization angles were also investigated. Fig. 10 de-
picts the variation of the absorption and frequency
when the polarization angle is increased from 0° to
90° in steps of 5°. The results show that the absorp-
tion performance of the proposed multiband
metamaterial absorber in TE mode does not change
with the variation of the incident terahertz wave po-
larization angle when the terahertz wave is incident
vertically on the absorber surface, and its absorp-
tion curves are highly coincident. The insensitivity
to the polarization angle is related to the symmetry
of the absorber cell structure in x and y directions.
The intrinsic reason for the symmetry of the de-
signed structure ensures the polarization insensitiv-
ity at normal incidence, which is very helpful in
many applications.

The structures described in this paper can be

processed by molecular beam epitaxy. In 2016, Bi-

Apsorptivity
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& (=) [ele]
S (=] (=]

[
S
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2.4 2.8 32 3.6
Frequence/THz
Fig. 10  Absorption spectra of narrow-band absorbers with

different polarization angles at the conductivity of
200 S/m

B 10 Y SR K 200 S/m, A [FIHE AL A 2 I g 0
WO

an et al.P® used molecular beam epitaxy to grow
VO, films on single-crystal sapphire substrates that
can be precisely controlled in thickness. In 2017,
Sun Hongjun et al.® used molecular beam epitaxy
to grow a high-quality stoichiometric VO, films on
single-crystal sapphire substrates, and achieved pre-
cise control of the film thickness through this tech-
nique. For this structure, molecular beam epitaxy
can be used to deposit thin VO, films on PI sub-
strates, and then introduce the disc structure to the
top of the VO, film. Then, metal microstructures are
prepared on PI by the conventional lithography and
metallization processes to form metallic split ring
resonators. The design method proposed in this
study provides a new way to study multifunctional
components based on continuous VO, films with
completely different functions integrated into one
structure.

The terahertz wide-band absorber designed in
this paper can be mainly applied to stealth and func-
tional measurements. By absorbing terahertz waves
and reducing the energy returned to the detector thus
achieving stealth, which can be applied to radar de-
tection, modern warfare weapons and other occa-
sions. The wide-band absorber can be also applied
to the field of terahertz wave energy collection and
measurement, and the absorber can convert the ab-
sorbed energy into electrical energy thus realizing

energy measurement.

4  Conclusion

In this paper, a switchable bi-functional meta-
material absorber with wide and narrow bands char-
acteristics is designed, which consists of a top layer
pattern composed of a metal split ring resonator
and a VO, disc, an upper PI dielectric layer, a VO,
thin film, a lower PI dielectric layer and a bottom
metal substrate, and can be excited by external
electromagnetic fields, optical fields and temperat-
ure fields to cause the VO, to undergo an insu-
lating state-metallic state reversible phase transi-

tion process, so that the switching between di-



2 W

FENG Qin-yin, ef al. : Wide and narrow band switchable bi-functional metamaterial... 397

fferent functions can be realized. The switchable
structure is numerically simulated in the frequency
range of 0~4 THz by the finite element method.
The results show that the structure can achieve the
function of a high-performance terahertz wide-
band absorber with the absorption of 98% in the
wide-band frequency range of 1.55 THz to 2.21 THz
when VO, is in the metallic state. When VO, is con-
verted from the metallic state to the insulating
state, this structure can realize the multi-band
narrow-band absorber. The designed metamaterial

absorber can achieve narrow-band absorption
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above 95% at the resonant frequencies of 2.54 THz,
2.93 THz, and 3.34 THz. In addition, the effects of
geometric parameters on the absorption perform-
ance are discussed. The absorber device also shows
good absorption performance at large incidence
angles due to the polarization insensitivity caused
by the symmetric structure. The proposed metama-
terial absorber with simple structure, switchable
function and perfect absorption can be applied to
terahertz optical switches, electromagnetic stealth,
modulation, thermal emitters and electromagnetic

energy harvesting.
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