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The purpose of this research is to provide a thorough design and analysis of vanadium dioxide (VO2)-
based THz metamaterial absorbers. The three-layer designs of the proposed metamaterial absorbers
(MMAs) include a radiating element of vanadium dioxide (VO2) with 0.2 pm thick, a dielectric substrate of
polyimide with a dielectric constant of 3.5, and a ground conducting layer of gold (Au) with an electrical
conductivity of 4.56e + 07 S/m to prevent electromagnetic wave propagation. The overall size of the pro-
posed structure is 34 x 36 x 7.4 um3. The two absorption peak frequencies at which the unit cell MMA
operates are 4.4 THz and 9.68 THz. The maximum absorption percentages in the operating frequency
ranges are 96 % and 98 %, and they span from 4 to 4.8 THz and 9.5 to 11.4 THz respectively. It is highly
advantageous to comprehend the conductive phenomena of the VO2 radiating patch to achieve a high per-
centage absorption for the relevant absorption frequency band. Moreover, the insensitivity of absorptance
to the polarization angle is verified. Additionally, parametric analysis is performed for various design pa-
rameters on the absorption response of suggested absorber. Furthermore, the impact of polarization angle
on absorbance for TE and TM modes is presented. The prescribed dual band terahertz absorber could be
suitable for cloaking, imaging, detection and electromagnetic shielding.
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1. INTRODUCTION complished by selectively transmitting (reflecting) light
by cancelling out specific light frequency bands. A sur-
face containing microstructures can be utilized to
achieve thinness and lightness while reducing the
number of artificial material layers and preserving
interference cancellation. The addition of metasurface
to crystalline to improve absorptance percentage [5] or
thinner oxide films to provide adjustable characteristics
has also been reported.

For example, in the microwave region, a metamate-
rial absorber with perfect absorption was proposed by
. : > - Landy et al. [6]. A strong basis for the enhancement of
cially developed electromagnetic co.mp'o‘s1te mater'lal weightless, incredibly thin absorbers is established by
known as meta surfaces has shown significant promise the fact that its thickness is just 1/25 of the resonance
for use in the lens typed metals, perfect absorbers [3], wavelength [7]. A terahertz absorber with a 90 %
and converters to overcome this issue. Instead of the bandwidth and a bandwidth from 1.85 to 4.3 THz was
substances that makg them up, these impacts are proposed by Huang et al. [8], which consist of multiple
§mostly caused b? their unit structures [4]. As everyone VO:2 squared patches. A multi-band absorber with three
1s aware, photomc crystals are m:.;\de up of many films, perfect absorption peaks in the THz regime was devel-
each of which has a refractive index that fluctuates oped by Pan et al. using a ring-shaped array made of

periodically in space. This ?\llows for the elimir'lat'ion of graphene [9]. A switchable absorber-based VO that can
interference through multiple reflections. This is ac-

Terahertz wave manipulations have garnered in-
creasing interest because of their wide range of possible
applications in radar stealth, biological imaging, and
wireless communication [1]. To set the groundwork for
enhancement of 6G communications proposed in [2]. In
the 6G frequency band, the lack of functioning devices
with exceptional features is the main issue affecting
the implementation of optic-systems. The primary rea-
son for this is the shortage of natural materials capable
of direct interaction with terahertz waves. The artifi-
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transition between reflection and absorption with 0.67
THz bandwidth was proposed by Ding et al. [10]. Ren et
al. [11] developed a thermally switched absorber for
circularly polarized light in the infrared range that can
accomplish complete absorption and asymmetric trans-
mission using a phase-change material VO2. The novel
metamaterial proposed by Xiaojun Huang [12] is com-
posed of gold conducting ground and polyimide as middle
layer. It has an absorptance of over 90 % [15-17] in the
0.86-3.54 THz range with a fractional bandwidth of
121.8 %, which offers potential uses in energy harvest-
ing, terahertz detection [13], clocking and switches [14].

Although many novel designs of ideal absorbers
have been developed, there is a gap between the per-
formance of dual band absorbers for various applica-
tions. To improve the percentage of absorption at reso-
nance, we designed a low-profile THz MMA with a
simple design and higher absorption peaks at reso-
nance. One of the most important aspects of the con-
ventional three-layer absorber is the material and
structure of the top layer design. The proposed struc-
ture operates at two resonant frequencies and achieves
absorptions of 96 % and 98 %, respectively.

2. DESIGN METHODOLOGY OF MMA

The proposed structure was modelled using compu-
tational modelling such as CST tool, which follows the
methodology of the Finite Difference Time domain. The
bottom layer is made of gold with 0.2 um thick to pre-
vent electromagnetic wave propagation. The ground
layer's overall dimensions are 34 x 36 x 0.2 pm3, and its
electrical conductivity is 4.56e + 07 S/m. The upper
layer has a circle-shaped patch and several slots that
are 0.2 um thick. The overall sizes of the conducting
patch are 32 x 32 x 0.2 pm3. A polyimide substance is
inserted between the two layers. The height of the
polyimide material is 7 um, and its permittivity is 3.5.
The middle layer has the overall dimensions of 34 x 36
x 7 um?®. Figure 1 shows a front view representation of
the proposed unit cell. The dimensions (um) of suggest-
ed design are P1=32, Po=32, S=5, X=2, Y=2,
Z=5.5,a=11,b=9.5and c=5.

Wy

\4

<
<

v > |

Fig. 1 - Front view representation of the proposed unit cell

The CST tool is used to solve electromagnetic prob-
lems that require quick and precise simulation results.
This software's main benefit is that it has straightfor-
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ward requirements for linear resource scaling in rela-
tion to the number of mesh nodes. This enables the
simple and effective control of massive radiating struc-
tures. An effective and reliable 3D full-wave solver that
is perfect for computing applications is the frequency
domain solver. Figure 2 shows that the electromagnetic
wave is impacted in a different way when the frequency
is specified at the starting of the simulation and ideal E
and H boundary conditions are applied to the x and y
axes, respectively.

=

Fig. 2 — The proposed design's simulation setup

3. PARAMETRIC ANALYSIS
3.1 Impact of P1 and P2 Parameters

The split gap is the most important criterion for
evaluating the effectiveness of any metamaterial-based
structure. The structure's resonance frequency depends
on the values of L and C parameters. Figure 3(a) shows
the relative absorption after parametric analysis, with
P varying from 31 to 33 pm in 1 pm increments. P1 =
31 um and 33 pum yields the lowest absorption percent-
age. The maximum absorption % for the two resonant
bands attained only at P1 = 32 pum, as depicted in Fig-
ure 3(a). Figure 3(b) indicates the relative absorption in
a similar manner when P is changed from 31 to 33 um
with increment of 1 pum. The minimum absorption
bandwidth is produced by Pz = 31 pm and 33 um. The
maximum bandwidth and peak absorption percentage
at two resonant bands are attained only at P2 = 32 pum,
as seen in Figure 3(b).
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Fig. 3 — Absorption plots obtained through parametric analy-
sis by altering (a) P1 and (b) Pz parameters
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3.2 Impact of ¢ and b Parameters

As with the geometric parameters a, b, and ¢, parametric
analysis is carried out by adjusting the design parameters a
from 10 to 12 um and b from 9 to 10 pm with a step size of 1
and 0.5 um, respectively. The relative reactions of the MMA
are displayed in Figures 4(a) and 4(b), correspondingly. The
absorption percentage is decreased at a = 10 and 12 um. The
highest absorption percentage at the two resonant bands is
obtained only at @ = 11 um, as depicted in Figure 4(a). Figure
4(b) shows that the absorption percentages are highest at b =
9.5 um at the two resonant bands, while the minimum absorp-
tion level is reached at b =9 and 10 pm.
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Fig. 4 — Absorption plots obtained through parametric analy-
sis by altering (a) a and (b) b parameters

4. RESULTS AND DISCUSSION

Figure 5 shows the proposed structure's absorption
and reflection spectrums. First resonance of the pro-
posed design occurs at 4.4 THz with a 0.8 THz band-
width (4 THz to 4.8 THz), while the proposed design
additionally resonates at 9.6 THz with a 1.9 THz
bandwidth (9.5 THz to 11.4 THz).
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Fig. 5 — Spectrums of absorption and reflection for the pro-
posed unit cell

For the TE mode, parametric analysis is used to
improve the design for various polarization angles, ¢ is
chosen from 0 to 80 degrees with 10-degree step size.
The response to the pertinent analysis is displayed in
Figure 6(a). A contour diagram that resembles Figure
6(a) is presented in Figure 6(b). The ¢ is measured
along the y-axis, while the frequency is shown x-axis,
which ranges from 3 to 12 THz. Figure 6(b) illustrates
the impact of various polarization angles on the absorp-
tion. The percentages of absorption at two resonance
frequencies are 96 % and 98 %, respectively. A constant
absorption bandwidth is attained by the TE mode re-
gardless of the polarization angle.
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Fig. 6 — The obtained absorption (%) representation under TE
mode in terms of ¢ using (a) spectrum (b) contour plot

The performance of the design can be assessed for
different polarization angles by using parametric anal-
ysis for the TM mode to choose ¢ in 10-degree incre-
ments from 0 to 80 degrees. The pertinent graph as a
function of polarization angle is depicted in Figure 7(a).
Figure 7(b) shows the contour plot that was obtained
from Figure 7(a). The effect of various polarization
angles on the TM mode's absorption is seen in Figure
7(b). We achieve two different resonance frequencies
with absorption rates of 96 % and 98 %. The absorption
bandwidth in TM mode is independent of the polariza-
tion angle.
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Fig. 7 - The obtained absorption (%) representation under TM
mode in terms of ¢ using (a) spectrum (b) contour plot
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Fig. 8 — The obtained absorption (%) for different thicknesses
of polyimide dielectric material (a) spectral and (b) contour
plot

The structure can be evaluated parametrically with
varying dielectric thickness values, ranging from 5 pm
to 8 um with 1 um step-size. The structure's response is
seen in Figure 8(a). Figure 8(b) illustrates a contour
diagram similar to Figure 9(a). Figure 8(b) shows how
the x and y axes are used to select the frequency pa-
rameters and dielectric material thickness. At two
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resonant frequencies, the absorption % is decreased by
choosing a dielectric thickness of 5, 6, and 8 um. The
only thickness at which the resonating bands exhibit
their highest percentage of absorption is 7 um.

5. FIELD DISTRIBUTION ANALYSIS

Any unit cell structure can be validated using the
effective parameters of the E and H field distributions.
Analyzing the unit cell's electric and magnetic fields
can verify the design accuracy of the device. Figures 9
and 10 show that the inner circle and slots of the VO2
patch provide a highest E-field at 4.4 THz, while the
inner circle and corners of the patch's E-shape show a
highest E-field at 9.6 THz. Maximum H-field is ob-
served at 4.4 THz in the horizontal E-shaped patch and
little inner circle. At 9.6 THz, a noticeable H-field is
seen on the inner and outer circles as well as in
E-shaped patch. Additionally, it can be concluded that
the E and H fields are perpendicular to one another.
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Fig. 9 - Distribution of E field for the proposed unit cell at (a)
4.4 THz (b) 9.6 THz

Fig. 10 — Distribution of H field for the proposed unit cell at
(a) 4.4 THz (b) 9.6 THz
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6. PERFORMANCE COMPARISON WITH
STATE OF THE ART

A comparison of current research with the state of
the art is shown in Table 1. According to the comparison
table, the metasurface absorber exhibits a dual-band
absorption rate over 95 percent. This micro structure
contains two resonant bands with 96 % and 98 % absorp-
tion, respectively, and it shows polarization-insensitive
features up to 80 degrees, according to Table 1.
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tioned
3.8-15.6
[14] 22 x 22 VO, 90 11.8)
4-
This 4.85(0.85),
Work | 3436 VO: 96, 98 o5,
11.4(1.9)

7. CONCLUSION

In this article, a polarization-insensitive metamate-
rial absorber based on VOz2 is presented for terahertz
applications. The suggested unit cell has dimensions of
34 x 36 x 7.4 um3 and provides two separate absorption
peaks with bandwidths of 4 to 4.8 THz and 9.5 to 11.4
THz, respectively, at resonance frequencies of 4.4 and
9.68 THz. In the corresponding dual resonant bands,
the structure has absorption rates of 96 % and 98 %. It
is confirmed that the suggested design is polarization
insensitive and changing polarization angles have an
impact on absorbance for both TE and TM modes. Addi-
tionally, the impact of different incidence angles on
absorption is described. Consequently, the suggested
dual-band VOgz-based absorber is strongly recommend-
ed for cloaking, imaging, detection and electromagnetic
shielding.
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JIBocMyroBuii mosiApu3aniiHO-HEYy TJIMBUHA MeTaMaTepiaJIbHUH NOTJINHAY HA OCHOBI JioKCcUmy
BaAHAII0 /i1 TepareproBux 3aCTOCyBaHb
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MeTo10 1IHOr0 JOCITIIKEHHS € peTesibHe IIPOeKTYBAHHSA Ta aHAJI3 MeraMaTepiaabHux morymHadis Ty
Ha ocHOBI miokcuay BaHamio (VOz). Tpuiraposi KOHCTPYKITI 3aIIpOIIOHOBAHUX MeTaMaTepiaJbHUX ITOTJIMHA-
ugig (MMA) BRJIIOUAIOTH BUIPOMIHIOIUUHN eaeMeHT 3 miokcuny BaHamio (VOz) Toemmaow 0,2 MKM, TieIeKT-
PUYHY TIAKJIATKY 3 TOTIIMIITY 3 JIeJIeKTPUIHOI TPOHUKHICTIO 3,5 Ta 3a3eMJTIOBAIBHUN ITPOBIIHUI m1ap 30-
sota (Au) 3 exexTporpoBiaHicTo 4,56 + 0,7 CM/M 115 3am100iraHHs MOMIMPEHHIO eJIEKTPOMATHITHUX XBUJIb.
3arajbHu po3Mip 3aIIPOIIOHOBAHOI CTPYKTYPH CTAHOBUTHL 34 X 36 X 7,4 mrm®. JIBl mIiKOBI Y4acTOTH IIOTJIH-
HAHHSA, HA SKUX IIpaloe eJeMeHTapuuii enementapauiit MMA, cranosisats 4,4 T ta 9,68 T, Makcuma-
JIbHI BIJICOTKH HOTJIMHAHHS B POOOYWX Jlarra3oHax YacToT CTAHOBIATE 96 % Ta 98 %, 1 BOHM OXOILTIOTH JTi-
amasoH Big 4 10 4,8 TT' ta Bixg 9,5 mo 11,4 TT' BigmosigHo. yske KOPHUCHO 3pO3yMITH ABHUINA IIPOBIIHOCTL
BunpoMiHooYol mwisMu VO2, 00 JOCATTH BHCOKOTO BIICOTKA IOIVIMHAHHS [JIA BIAMOBIIHOI CMyTH 4acTOT
morsmHAaHHA. KpiM Toro, mepeBipseTbes HEUyTJIMBICTD IMOTVIMHAHHA A0 KyTa moJispuaarii. J{omaTtkoBo mpo-
BOIUTBCA ITAPAMETPUYHHMIN AHAJI3 /A PISHUX KOHCTPYKTHUBHUX IAapaMeTPiB Ha MOrVIMHAJIBHY XapaKTepuc-
THKY 3aIIpOIIOHOBAHOI0 IIorinHadva. KpiMm Toro, mpeacraBjieHo BILIMB KyTa MOJIAPU3AIli HA MOTJIMHAHHS JJI
TE- Ta TM-moz. 3amporoHOBaHUN JBOCMYTOBUM TePArepIlOBUN IIOTMIMHAY MOKe OyTH IMPUIATHUM IJIS Mac-
KyBaHHs, Bi3yaJiaallii, JeTeKTyBAHHSA Ta eJIEKTPOMATHITHOTO eKPAHYBAHHS.

Knrouogsi ciosa: A6copoent, Meramarepiasn, Hiokeun Banamio (VO2).
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