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ABSTRACT

In this study, several performance analyses are conducted on all-dielectric absorbers composed of cylindrical-, elliptical-, square-, rectangular-, hexagonal-, and 
octagonal-shaped dielectric resonators. These performance analyses include the numerical investigation of the change in the resonance frequency and the absorption 
peak level with respect to the changes in dielectric constant and loss tangent, respectively, in the WR-284 rectangular waveguide setup. In addition, the designed 
structures are also analyzed in a free-space simulation setup to present the di!erences that come from using di!erent boundary conditions and excitations. The analyses 
reveal that the absorption spectra behaviors are similar in response to changes in dielectric constants and loss tangents among the studied geometries. Absorption 
peak levels of the observed higher-order resonance modes are highly dependent on the resonator geometry. On the other hand, the free-space simulation results 
reveal that the designed structures have negligible cross-polarization components, hence they do not practically contribute to the absorption spectra. Moreover, 
absorption, re"ection, and transmission spectra are highly a!ected by di!erences in the simulation setup and accordingly by the excitation signal for all resonator 
geometries. In addition, behavior of the absorption spectra for all the dielectric resonator geometries are investigated under the oblique incident wave for TE and 
TM modes. It has been noticed that the absorption spectra are nearly independent of the angle at lower incident angle values. It is believed that these analyses will 
contribute to the sensor studies based on all-dielectric absorber designs.
Index Terms— Absorption, all-dielectric absorber, dielectric resonator geometry, e!ect of boundary conditions, sensitivity.
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I. INTRODUCTION

At the beginning of the 20th century, it was put forward by R. D. Richtmyer that appropriately 
sized objects having high dielectric constants could be used as dielectric resonators (DRs) [1]. 
Recently, DRs have become a popular research topic due to their physical advantages, such as 
being easily integrated into the circuit owing to their compact sizes [2, 3], enduring oxidation 
and corrosion, and presenting high operating stability at high temperatures [4, 5]. In addi-
tion, since the various resonance modes (electric dipoles, magnetic dipoles, quadrupoles and 
octupoles, etc.) are supported inside the dielectric resonators [3], the dielectric resonators pos-
sess wide application fields from microwave to optical frequency regions [4-21]. In literature, 
DRs are used in diverse applications such as antenna [6, 7, 11], filter [4], electromagnetically 
induced transparency [8], [15], absorber [5, 9, 12, 13, 17-21], polarizer [14], and sensor designs 
[7, 12, 13, 16-21].

In the literature, although the studies based on cylindrical-shaped [3-6, 8, 10, 11, 13, 18, 21] 
dielectric resonator (DR) designs are common, there are also studies with elliptical- [14, 21], 
hemispheric- [7], conical- [22], square- [10, 17, 20-22], rectangular- [3, 6, 11, 16, 21], hexago-
nal- [6, 21], octagonal- [6, 21], triangular- [10], and pentagonal-shaped [10] resonator geom-
etries. However, the number of studies investigating the effects of resonator geometry on 
transmission, reflection, or absorption spectra is relatively limited [6, 9, 10, 11, 12]. In more 
detail, Meher et  al. performed antenna designs using cylindrical-, rectangular-, hexago-
nal-, and octagonal-shaped DRs and investigated the effects of resonator geometry on the 
antenna parameters such as gain, directivity, and bandwidth [6]. Zhao et al. designed broad-
band absorber structures with droplet- and tube-shaped resonators composed of water as 
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the dielectric material and investigated the effects of the absorber 
designs on the absorption level and the absorption bandwidth [9]. 
Seo et al. designed triangular-, square-, pentagonal-, hexagonal-, 
octagonal-, cylindrical-, and cross-shaped resonator structures 
and investigated the effects of the DR geometry on high transmis-
sion and full phase control in the THz region comparatively [10]. 
Whiting et al. studied DR antenna designs with various geometries 
based on superformula and shape optimization and presented the 
effects of the resonator geometry on antenna radiation parame-
ters [11]. Zhao and Cheng designed an all-dielectric absorber using 
a micro-cross-shaped resonator with the temperature-sensitive 
strontium titanate (STO) material and analyzed the absorption per-
formance for the changing temperature of STO. In addition, they 
have demonstrated that the THz perfect absorption can also be 
obtained with the square, cylindrical, and ring dielectric resonator 
structures using the STO material [12].

There are studies in the literature studying on the effects of dielectric 
constant ( εdiel ) and dielectric loss tangent ( tanδdiel ) of the DR on 
the sensitivity for a single DR geometry [7, 13, 16-20]. In more detail, 
Wang et al. investigated the effects of change in the dielectric prop-
erties, which was controlled by temperature, on the reflection spec-
trum on a rectangular-shaped DR made of temperature-sensitive 
calcium titanate material [16]. Jacobsen et al. designed an antenna 
with a hemispherical DR made of water and observed the change on 
reflection spectra in response to change in the dielectric properties 
of water depending on the temperature [7]. Karacan and Ekmekci 
presented an all-dielectric absorber design made of a cylindrical 
DR composed of chemical liquids and analyzed the effects of the 
change in the dielectric properties of the DR on the absorption spec-
tra numerically and experimentally [13]. Moreover, various absorber 
structures were designed by using micro-rod [17], micro-cylinder 
[18], verti cal-s quare -spli t-rin g [19], and two stacked square-shaped 
[20] DR structures with the temperature-sensitive InSb [17-19] and 
STO [20] materials. The effects of temperature-dependent changes 
in the dielectric properties of the InSb and STO materials on the 
absorption spectrum were investigated [17-20].

The absorbers based on DRs are generally excited by transverse 
electromagnetic (TEM) waves by using a free-space simulation set-
ups [5, 9]. There are also reported studies where the structures are 
excited by transverse electric (TE) waves, which is specifically TE10 

mode supported by rectangular waveguide simulation setups [13, 
21]. Although several studies in the literature investigate the effects 
of simulation setups on the absorption, transmission, or reflection 
spectra for metallic resonators [23-26], no such study has been pre-
sented for DRs to the best of our knowledge.

In this study, several all-dielectric absorber structures composed of 
cylindrical-, elliptical-, square-, rectangular-, hexagonal-, and octag-
onal-shaped resonators are designed, and excited by using a rectan-
gular waveguide simulation setup. The absorption mechanisms are 
discussed considering the electric and magnetic field distributions 
inside the resonators at their resonance frequencies. Moreover, sensi-
tivity analyses are performed for each resonator geometry by chang-
ing the dielectric constant ( εdiel ) and loss tangent ( tanδdiel ) of the 
DRs. In addition to these analyses, the designed DRs are also excited 
by a TEM wave by using the free-space simulation setup formed by 
unit-cell boundary conditions (UC BCs). Herein, the effects of co- and 
cross-polarized components of S-parameters, and the periodicity 
of the unit-cell on the absorption spectra are investigated. Besides, 
the TE and TM mode analyses under the oblique incident wave are 
performed for all the designed DR-based absorber structures. Lastly, 
the amount of material used in each design is evaluated by calculat-
ing the volume value of each resonator geometry. In this sense, this 
study will contribute to the existing literature in terms of both the 
performed sensitivity analyses for the all-dielectric absorber based 
on DR having different resonator geometries and the investigations 

Fig. 1.  (a) to (f ) The schematics and the design parameters of designed all-dielectric absorbers with (a) cylindrical-, (b) elliptical-, (c) square-, (d), 
rectangular-, (e) hexagonal-, and (f ) octagonal-shaped DRs.

TABLE I DESIGN PARAMETER VALUES OF THE DRS

Resonator Structure

Design Parameters (mm)

r rx ry a b h

Cylindrical-shaped 14.5 — — — — 11.5

Elliptical-shaped — 15.5 11.5 — — 11.5

Square-shaped — — — 26.6 — 11.5

Rectangular-shaped — — — 28 21 11.5

Hexagonal-shaped — — — 16 — 11.5

Octagonal-shaped — — — 11.5 — 11.5
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of the effects of the different BCs and excitation signals used in the 
simulation setups on the absorption spectra.

This article is an extended version of the national conference paper 
[21], which was previously published in Turkish, including addi-
tional analyses and discussions especially on free-space designs and 
comparisons.

II. DESIGN AND SIMULATION

The schematics and the design parameters of all-dielectric absorb-
ers composed of DRs having cylindrical-, elliptical-, square-, rectan-
gular-, hexagonal-, and octagonal-shaped geometry are presented 
in Fig. 1. In the designs, DRs have been placed on a polypropylene 
substrate with dielectric constant !PP " 2 208.  and loss tangent 

Fig. 2.  (a) to (b) Simulation setup examples. (a) Waveguide simulation setup and (b) free-space simulation setup.

Fig. 3.  (a) to (f ) Absorption, re"ectance, and transmittance plots for all-dielectric absorber structures composed of (a) cylindrical-, (b) elliptical-, 
(c) square-, (d) rectangular-, (e) hexagonal-, and (f ) octagonal-shaped DRs.
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tan!PP " 0 000297.  values at 3.5 GHz [13]. The substrate dimensions 
are L L tx y sub! ! " ! !72 136 34 036 3. .  mm3. At the starting point, the 
DRs have been formed by acetone as the dielectric material, having 
!diel " 20 3.  ve tan!diel " 0 042.  values at 2 45.  GHz [27]. Acetone has 
been defined as a normal material in the CST Studio Suite® simulation 
environment. The dimensions of the resonators have been deter-
mined by parametrical numerical calculations so that the absorp-
tion resonance frequency is f0 3 4≅ .  GHz. The values of the design 
parameters are presented in Table I.

In this study, all designs and simulations have been performed by 
using the frequency domain solver of Microwave Studio (MWS) in CST 
Studio Suite® (Dassault Systèmes, Vélizy-Villacoublay, France) soft-
ware environment [28]. The simulations have been either performed 
with a rectangular waveguide setup or a free-space setup, or both 
depending on the analysis. Fig. 2A shows a representation of WR-284 
waveguide-based simulation setup as an example. In the setup, 
the space surrounding the all-dielectric structure, which is defined 
by ! "r r# #1 1, , has been ended by four electric (Et = 0 ) boundary 
conditions (BCs) two each at x - and y -planes, and two open(add-
space) BCs at z -planes. The structure under test has been excited 
by a y-polarized TE10 wave by two waveguide ports placed on the 
open(add-space) BCs. Since the propagation is assumed to be along 
the z -axis, the electrical field vector has only the y  component, and 
the magnetic field vector has both x  and z  components. Owing to 
the sine function behavior of the magnetic field in TE10 mode, the x  
component of it is more dominant at the center of the waveguide, 
while the z  component becomes more dominant towards the sides 

perpendicular to the x -axis [2]. In the designs, since the resonator 
structure is placed at the center of the waveguide’s propagation 
plane, the x  component of the magnetic field is evaluated to play an 
active role in the excitation of the all-dielectric absorber structures. 
On the other hand, Fig. 2B represents an example of a free-space sim-
ulation setup. This setup allows us to analyze co- and cross-polarized 
S-parameter components of the design under test. Moreover, in this 
study, we also aim to reveal the differences due to the BC difference. 
Therefore, all the designs presented in Fig. 1 have been analyzed 
with the free-space simulation setup once. As shown in Fig. 2B, in 
this setup, the space surrounding the structure, which is defined by 
! "r r# #1 1, , has been ended by four unit-cell BCs two each at x - and 

TABLE II. ABSORPTION RESONANCE FREQUENCIES (f0) AND ABSORPTION 
PEAK LEVELS FOR VARIOUS RESONATOR GEOMETRIES

Resonator Structure f0 (GHz)
Absorption Peak 

Level

Cylindrical-shaped 3.42 0.904

Elliptical-shaped 3.48 0.902

Square-shaped 3.43 0.891

Rectangular-shaped 3.47 0.879

Hexagonal-shaped 3.44 0.903

Octagonal-shaped 3.47 0.904

Fig. 4. E- and H-&eld distributions of cylindrical-, elliptical-, square-, rectangular-, hexagonal-, and octagonal-shaped DR geometries at their f0 
value. All plots are obtained for 60° phase angles.
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y -planes and two open(add-space) BCs at z -planes. The structures 
are excited by Floquet ports supporting two transverse electromag-
netic (TEM) wave modes ( y -polarized and x -polarized) to investi-
gate the co- and cross-polarized components of the S-parameters.

III. RESULTS

For the structures under investigation, absorption, reflectance, and 
transmittance plots are given in Fig. 3. Herein, absorption spectra are 
calculated by Absorption S S! " "1 11

2
21

2  formula [13, 20] where 
S11

2  and S21
2  are defined as reflectance and transmittance, respec-

tively [13]. In literature, it is stated that S11
2  and S21

2  may have co- 
and cross-polarized components [24, 29, 30]. Our further analyses 
that will come together with the free-space setup will show in the 

later parts that cross-polarized components of the S-parameters can 
be neglected for the designs under test in this study.

The plots in Fig. 3 show that both transmittance and reflectance take 
almost their minimum values at f0 , where the absorption becomes 
the maximum for all resonator geometries. For all absorber struc-
tures, f0  and absorption peak level values are given in TABLE II. It has 
been observed that the absorption peak levels are over 0.85, and f0  
values are around 3.4 GHz for all cases.

To clarify the absorption mechanism, electric and magnetic field 
distributions have been plotted on the xy  plane at the 60°  phase 
angle for each resonator geometry at their f0  values, and the results 
are given in Fig. 4. It has been observed for all resonator geometries 

Fig. 5.  (a) to (f ) Two-dimensional absorption spectra of (a) cylindrical-, (b) elliptical-, (c) square-, (d) rectangular-, (e) hexagonal-, and (f ) octagonal-
shaped DR geometries for various εdiel  values. The white dots in the graphs demonstrate fundamental f0  values.

Fig. 6.  (a) to (f ) Absorption spectra of (a) cylindrical-, (b) elliptical-, (c) square-, (d) rectangular-, (e) hexagonal-, and (f ) octagonal-shaped DR 
geometries for tanδdiel  = 0, 0.01, 0.02, 0.04, 0.06, 0.1, 0.2, and 0.3 values.
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Fig. 7.  (a) to (f ) Absorption, co-polarized re"ection and co-polarized transmission plots obtained by free-space simulation setup. (a) Cylindrical-
shaped DR, (b) elliptical-shaped DR, (c) square-shaped DR, (d) rectangular-shaped DR, (e) Hexagonal-shaped DR, and (f ) octagonal-shaped 
DR-based absorbers.
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that the absorption peak occurs as the results of simultaneously 
excited electric and magnetic dipoles, which are perpendicular to 
each other, in the DR [5, 13].

On the other hand, to reveal the effect of resonator geometry on the 
sensitivity, tanδdiel  is kept constant at 0.042, and εdiel  is changed 
from 15 to 35 with 1 step-size for all studied DR designs. The results 
are given in Fig. 5. The white dots in the plots demonstrate the funda-
mental f0  locations, while ∆f  values denote the occurring amount 
of shifts at the f0  in response to the change in the εdiel . These ∆f  
values are calculated by !f f fmax min" #  formula, where fmin  and fmax  
indicate the f0  values for !diel " 35  and !diel "15 , respectively. The 
following observations can be made from Fig. 5: (i) f0  decreases with 
the increase of the εdiel  for all structures. (ii) The calculated ∆f  values 
are very close to each other for all resonator geometries under test. 
(iii) The absorption peak levels are almost independent of the geom-
etry and take values over 0.85 for all εdiel  values. (iv) The absorption 
peaks for higher-order resonance modes become visible within the 
operating frequency band due to the decrease of f0  in response to 
the increase in εdiel . However, for higher-order resonance modes, 
while the absorption peak levels are evaluated to be relatively lower 
(with maximum value of 0.4) for elliptical- and rectangular-shaped 
DRs, they are relatively higher (with maximum value of 0.65) for cylin-
drical-, square-, hexagonal-, and octagonal-shaped DR structures.

Next, to expose the effect of tanδdiel  on the sensitivity, εdiel  is 
kept constant at 20.3, and the absorption spectra are plotted for 

tanδdiel  = 0, 0.01, 0.02, 0.04, 0.06, 0.1, 0.2, and 0.3 values for all reso-
nator geometries under interest as presented in Fig. 6. The plots in 
Fig. 6 show that in the beginning (i.e., just after tan!diel " 0  case), the 
absorption peak levels tend to increase in response to increase in the 
tanδdiel . However, the absorption peak levels start to fall after their 
maxima at the specific tanδdiel  values depending on the geometry. 
These specific tanδdiel  values among the studied tanδdiel  values 
are 0.04 for elliptical- and rectangular-shaped DRs and 0.06 for the 
remaining DR geometries. It is also observed that the rate of increase 
in the absorption peak levels is different for all resonator geometries. 
The fastest increase belongs to the elliptical-shaped resonator geom-
etry (see Fig. 6B). On the other hand, the absorption bandwidths are 
observed to increase in response to the increase in tanδdiel  for all res-
onator geometries under interest. Specifically, the absorption band-
width is relatively larger in cylindrical-shaped resonator geometry.

To investigate the co- and cross-polarized S -parameters, the effects 
of using different boundary conditions and excitation signals, all 
the designed absorber structures have been once excited by TEM 
waves under the free-space simulation setup composed of UC BCs, 
as shown in Fig. 2B. Thereby, the absorption, co- and cross-polarized 
reflections, and co- and cross-polarized transmissions are numeri-
cally calculated and presented in Fig. 7. Taking the cross-polariza-
tion effects into account, the absorption spectra are calculated 
by  Absorption S S S Sco cross co cross! " " " "# $ # $ # $ # $1 11

2

11

2

21

2

21

2
 formula, 

where S co11! " , S cross11! " , S co21! " , and S cross21! "  are magnitudes of 
co-polarized reflection, cross-polarized reflection, co-polarized 

Fig. 8. (a) to (c) Co-polarized re"ection and co-polarized transmission plots for cylindrical-shaped DR. (a) Ly  = 34.036, 40, 45, 50, 55, 60, 65, and 
72.136 mm while Lx  = 34.036 mm. (b) Lx  = 34.036, 40, 45, 50, 55, 60, 65, and 72.136 mm, while Ly  = 34.036 mm. (c) Lx  = Ly  = 34.036, 40, 45, 50, 
55, 60, 65, and 72.136 mm.
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transmission, and cross-polarized transmission, respectively [24, 
29, 30]. As shown in Fig. 7, the cross-polarized components of 
S-parameters are negligibly small for all resonator geometries. The 
maximum values of cross-polarized reflection and cross-polarized 

transmission have been found to be 8 36 10 5. ! "  (for rectangular-
shaped DR geometry) and 1 81 10 5. ! "  (for hexagonal-shaped DR 
geometry), respectively, among the resonator geometries under 
investigation. The remaining values for the other cross-polarized 

Fig. 9. (a) to (f ) Absorption, co-polarized re"ection, and co-polarized transmission plots of the (a) cylindrical-, (b) elliptical-, (c) square-, 
(d) rectangular-, (e) hexagonal-, and (f ) octagonal-shaped DR-based absorbers.
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terms in the operating frequency band are lower than these maxi-
mum values. Therefore, it has been evaluated for the designs studied 
in this work that the cross-polarized components of S-parameters 
are negligible in the absorption spectra calculation, and in this sense, 
using a waveguide test setup for the characterization is safe. On the 
other hand, Fig. 7 shows that the modes contributing to the absorp-
tion spectra are separated for all resonator geometries under inves-
tigation in the UC BC setup; therefore, the absorption spectra exhibit 
multiple absorption peaks with decreased amplitudes. It turns out 
that the simulation setup and excitation signal should be considered 
to observe a strong absorption spectrum while determining the 
design parameters of the all-dielectric absorber.

When studies in the literature are investigated, it has been observed 
that the resonance frequency of the modes contributing to absorp-
tion spectra not only depends on the resonator’s design parameters 
but also on periodicity values of the all-dielectric absorber structures 
[5, 31, 32]. Therefore, to analyze the effects of the lateral and verti-
cal periodicities (i.e., Lx  and Ly , respectively) on the reflection and 
the transmission spectra, thus on the absorption spectra, a series 
of parametric analyses are performed. First, the Lx  value is kept 
constant at 34.036 mm, and simulations have been performed for 
Ly  = 34.036, 40, 45, 50, 55, 60, 65, and 72.136 mm values. The related 
co-polarized reflection and transmission plots are given in Fig. 8A. 
Secondly, the Ly  value is kept constant at 34.036 mm, and simula-
tions have been performed for Lx   = 34.036, 40, 45, 50, 55, 60, 65, 
and 72.136 mm values. The related co-polarized reflection and trans-
mission plots are given in Fig. 8B. Finally, the Lx  and Ly  parameters 
are changed simultaneously, and the simulations have been done 
for Lx  = Ly   = 34.036, 40, 45, 50, 55, 60, 65, and 72.136 mm values 
and related co-polarized reflection and transmission plots are pre-
sented in Fig. 8C. The results show that the changes in Lx  and Ly  
both affect the reflection and transmission spectra. Since playing 
with the Lx  and Ly  leads to similar responses on the reflection and 

the transmission spectra of the DR-based absorbers under investi-
gation, only the results of the cylindrical-shaped resonator-based 
absorber are presented here.

The results in Fig. 3 (regarding the waveguide simulation setup) 
are obtained with design parameter values that will provide almost 
maximum absorption peak value. Therefore, for a fair comparison, 
the design parameter values analyzed in Fig. 7 (regarding free-
space simulation setup) have been revised in terms of only peri-
odicity parameters without disturbing the DR geometries and 
dimensions to obtain the highest possible absorption peak lev-
els using selected dielectric materials. For the final version of the 
revised structures, the periodicity of the unit-cell has been deter-
mined as 55 55×  mm2 by the parametrical analyses to obtain the 
highest possible absorption peak level. Consequently, the absorp-
tion, co-polarized reflection, and co-polarized transmission spectra 
are shown in Fig. 9. The results show that while the absorption peak 
level is slightly lower in waveguide simulations for the cylindrical-, 
square-, hexagonal-, and octagonal-shaped DR geometries, it is 
slightly lower in free-space simulations for elliptical-, and rectan-
gular-shaped DR geometries. On the other hand, for all resonator 
geometries, f0  values are lower for UC BCs. It is predicted that this 
is due to the excitation difference of the structure with TE10 mode 
under PEC/PEC BCs and with TEM wave mode under UC BCs. Since 
the guided wavelength is higher in the waveguide medium than 
in the free-space medium, the dimensions of the designed resona-
tors for the waveguide become slightly larger electrically than the 
design for the free-space. Therefore, f0  shifts to lower frequencies 
for the TEM wave excitation cases.

Moreover, the absorption performance of the cylindrical-, ellip-
tical-, square-, rectangular-, hexagonal-, and octagonal-shaped 
DR-based all-dielectric absorber structures for transverse electric 
(TE) and transverse magnetic (TM) modes have been studied by 

Fig. 10. Two-dimensional absorption plots for TE and TM modes of cylindrical-, elliptical-, square-, rectangular-, hexagonal-, and octagonal-
shaped DR-based all-dielectric absorber structures under the oblique incident wave.
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using oblique incident waves. The incident angles of the waves are 
changed from 0° to 80° with 5° step sizes for both TE and TM modes. 
TE and TM mode analyses have been performed by using the free-
space simulation setup for all-dielectric absorber structures having 
55 55×  mm2 periodicities. 2D absorption plots for both TE and TM 
modes are plotted in Fig. 10. When the incident angle is less than 
30° for TE mode, it has been observed that the absorption peak lev-
els have too little change and remain over 0.8 for all the dielectric 
resonator geometries. As the incident angle increases, the effect of 
the magnetic field weakens, as stated in reference [12], resulting in 
a gradual decrease in absorption peak levels beyond the 30° inci-
dent angle. On the other hand, when the incident angle is under 
35° for TM mode, the absorption peak levels have slightly changed 
for all the dielectric resonator geometries. It has been seen that 
over the incident angle of 35°, the absorption peak levels gradually 
decrease, and the electric and magnetic modes in the absorption 
spectra are split. In addition, parasitic absorption resonances have 
occurred with the increase in the incident angle at high frequencies 
for both TE and TM modes, as seen in Fig. 10.

Finally, the calculated volumes of the DRs are given in TABLE III. It has 
been observed that square-shaped DR has the highest volume, and 
elliptical-shaped DR has the lowest volume value. The lowest volu-
metric size of the elliptical-shaped DR in terms of the low amount 
of the substance under test may provide an advantage for a sensor 
application.

IV. CONCLUSION

In this study, the all-dielectric absorber designs composed of cylin-
drical-, elliptical-, square-, rectangular-, hexagonal-, and octagonal-
shaped DR geometries have been studied. Their dependences on 
εdiel  and tanδdiel , the unit-cell periodicity, and the excitation tech-
nique have been investigated in detail for the performance analy-
ses. The obtained results show that the frequency shift at f0 (i.e., ∆f
) is approximately 1.3 GHz (±15 MHz) for all DR geometries; there-
fore, the sensitivity on εdiel  is almost the same. On the other hand, 
the absorption peak levels of the higher-order resonance modes 
observed for higher εdiel  values are lower for elliptical- and rectan-
gular-shaped DR geometries than cylindrical-, square-, hexagonal-, 
and octagonal-shaped DR geometries. Moreover, for all resonator 
geometries under test, the absorption peak levels increase up to a 
specific tanδdiel  value and then decrease after this point. In addi-
tion, the free-space simulation setup analyses reveal that the cross-
polarization components of the S-parameters are negligible. The 
periodicity value of the unit-cell and the boundary conditions in 
the excitation setup affect the absorption spectrum. The absorption 

peak levels for elliptical- and rectangular-shaped DRs are slightly 
higher in the simulations with the waveguide setup compared to the 
free-space setup. On the other hand, the absorption peak levels of 
the remaining DR geometries have higher values in the simulations 
with the free-space setup. For all DR geometries, the f0  values are 
slightly lower in the free-space setup than in the waveguide setup. 
Furthermore, it has been established that the absorption spectra for 
the studied DR geometries are almost angle-independent under 
the incident angle of 30° and 35° for TE and TM modes, respectively. 
Lastly, it has been observed that DR-based absorbers with the same 
operating frequency, but different geometries possess distinct vol-
ume values. It is believed that the results of this study are important, 
especially for DR-based absorber designs for sensor applications.
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