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ABSTRACT: This work presents a new compact split-ring resonator (SRR)-loaded rasorber to achieve narrow in-band transmission while
maintaining broad absorption over a wide frequency range. The unit cell on the top layer is made up of four 150-ohm lumped resistors
and four modified split ring resonators that are capable of absorbing a wide range of frequencies. The bottom FSS layer comprises a
multilayer cascaded structure where top and bottom most metal layers are inductive grids, and the middle-sandwiched layer is a folded
square ring structure. This design serves as a band-pass filter, allowing in-band transmission frequencies to pass through and also serving
as a ground plane for out-of-band frequencies. The proposed rasorber exhibits an absorption bandwidth of 124% for frequency band
starting from 2.5GHz to 9.5GHz, which covers mostly ISM and Satellite communication bands. The rasorber also acts as a transparent
structure with insertion loss of 1.3 dB at the IOT band of 4.8GHz. The novelty of the rasorber lies in achieving a very narrow transmission
bandwidth with sharp roll off and is well suitable for radome applications having high selectivity. The innovation in this design comes
from its combination of wide out-of-band absorption, narrow in-band transmission, high angular stability up to 50◦ for oblique incidence,
and a dual-polarized response. The study looked at polarization behavior, surface current distribution, and other important parameters to
figure out how well the rasorber worked. The equivalent circuit response of the proposed rasorber is compared with simulated one to get
more circuit level understanding. Our results indicate that the electrical equivalent circuit design closely aligns with the simulated data.
The proposed rasorber is suitable for secure communication in defense, as a super-stratum on an antenna, with reduced RCS and stealth
characteristics.

1. INTRODUCTION

Frequency-Selective Rasorbers (FSRs) are generally two-
layer structures that pass the in-band frequency window

when both layers have infinite impedance and absorb the out-
of-band absorption window, when the top layer’s frequency
selective surface (FSS) impedance matches the free space
impedance, and the bottom layer behaves as a ground plane.
By passing the desired band for a specific purpose, it creates
a shield around the object, reducing the likelihood of radar
detection. Thus, they are opaque for out-of-band frequency
regime and transparent for in-band transmission window. It
is employed in military aircraft and ships to safeguard against
hostile radar. They can also be employed in recreational vehi-
cles such as watercraft and automobiles to reduce the likelihood
of accidents caused by collisions with other objects [1]. A lot
of FSSs have been used as hybrid Radomes in antenna systems
to lower the radar cross section (RCS), improve radiation
performance, and stop the interference between systems [2–5].
They are employed in Radomes structures, and as a result,
they are referred to as Rasorbers (Radomes and Absorbers)
or FSR [6, 7]. Radomes are structures that serve as protective
enclosures for radar systems and other devices. Their design
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is centered on the reduction of radar detectability and the
minimization of signal interference. These structures typically
consist of materials that either reflect or block radio frequency
signals, which lowers the emissions and makes them harder for
radar to pick up [8]. Radomes are currently receiving increased
attention as a result of their ability to transmit in-band signals
and absorb out-of-band messages. They are composed of two
layers, with the upper layer serving as an absorption layer
and the lower layer as a signal transmission layer. The top
layer is equipped with a lumped resistor, resistive sheet, or ink
to achieve a broad spectrum of absorption [9]. A band-pass
selective transmission can be designed by cutting a proper slot
in the bottom layer [10].
The FSR is a specialized structure that combines absorber

and filter functions, utilizing a dual-layer approach to achieve
unique transmission characteristics. Initially, rasorbers were
designed with the transmission band preceding the absorption
band, using band-pass geometry below a resistive sheet. This
design faced challenges due to the inherently lossy nature of
resistive sheets [11]. Researchers have employed a variety of
methods to introduce parallel resonance into frequency selec-
tive rasorber (FSR) designs. Making parallel LC slots in metal-
lic dipole elements that are loaded with chip resistors is one
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FIGURE 1. Absorption and transmission phenomena of the rasorber.

way to do it [12–14]; this creates parallel resonance. Another
approach involves placing lumped LC elements in parallel with
the resistive element, a technique that can create parallel reso-
nance but may also lead to high insertion loss due to parasitic
resistance from the lumped components [15]. A related tech-
nique uses two series RLC circuits connected in parallel, with
resistors bypassed in the passband by the series LC circuits.
This setup makes a way for energy to move around the resis-
tive parts while transmission is happening, which helps keep the
passband’s efficiency [16]. Another variation uses a parallel LC
circuit inside the resistive sheet. This is done by adding loss-
less slot-type frequency selective surfaces (FSSs) and lumped
resistors to other slot resonators of different lengths to control
the absorption band [17]. This combination of techniques al-
lows for greater flexibility in rasorber design and helps to mit-
igate the challenges posed by lossy resistive sheets. Different
techniques [18–24] can only absorb the signal from any one
side of the passband. To absorb the signal on both sides of the
passband, the rasorber with in-band communication is required,
meaning that there is a transmission window between two ab-
sorption bands on either side [25, 26].
This study has developed a polarization-insensitive, high-

angle-independent, wide-out-of-band, and narrow-in-band
transmission window rasorber. It is a unique type of FSS
that can assimilate incoming signals and transmit a specific
frequency band simultaneously. The proposed rasorber is com-
posed of two layers. The top layer is employed for wideband
absorption, while the bottom layer is positioned at an appro-
priate distance from the top layer to allow the in-band signal
to pass through. We introduced parallel (L5-C5) resonators in
the bottom layer to transmit the in-band signal losslessly. Our
objective was to create a narrow, in-band transmission window.
To achieve this, two rectangular slots were placed above and
below the parallel L5-C5 resonator, which introduced series
(L3-C3) and (L4-C4) resonators, as illustrated in Figure 12.
The top layer is loaded with lumped resistors to increase the
bandwidth of the out-of-band absorption from 2.5 to 9.5GHz.
The parallel L5-C5 resonator, which is introduced in the lower
layer, is responsible for the transmission band at 4.8GHz with
an insertion loss of 1.3 dB. Furthermore, Advance Design
System (ADS) software is employed to develop an equivalent
circuit model for both in-band and out-of-band operations.
The proposed rasorber has been investigated for its angular
stability, surface current density, polarization insensitivity, and
design parameters. Finally, the simulated results and effective
equivalent circuit model were compared, and they were found
to be in excellent agreement. This validates the concept and
design of the proposed rasorber. The proposed rasorber has
the potential to be implemented in defense and other critical

installations for secure communication, ground planes for the
antenna, reduced RCS, and stealth characteristics.

2. THEORETICAL BACKGROUND
Rasorber generally comprises two layers. It is the job of the
top lossy layer to absorb the signal. The bottom lossless layer,
on the other hand, will work as a band-pass filter to send in-
band signals and a ground plane for the out-of-band absorption
window. The overall frequency regime of the rasorber can be
divided into three parts, i.e., lower absorption band (f1), trans-
mission window (f2), and upper absorption band (f3), as shown
in Figure 1.
For an ideal absorber, the reflection coefficient (S11 = 0),

and transmission coefficient (S21 = 0), absorptivity can be cal-
culated by Eq. (1) [18], but the rasorber phenomenon is differ-
ent from the absorber.

A(ω) = 1− |S11|2 − |S21|2 (1)

where A(ω), |s11|2, |s21|2 are absorption, reflected power, and
transmitted power, respectively.
For the rasorber at f1 and f3, S11 = 0 and S21 = 0 should

be zero, and at f2, S21 should be unity. The proposed rasorber
has been carefully designed to achieve these phenomena, as il-
lustrated in Figure 2. i.e., when the impedance of the top layer
is matched to the free space impedance and zero for the bottom
layer, the structure behaves as an absorber. To get a transmis-
sion window, the impedance of both layers should be infinity.

FIGURE 2. Absorption and transmission phenomena based on cavity
model.

3. UNIT CELL GEOMETRY
The proposed rasorber unit cell geometry comprises two lay-
ers. In this particular design, we employed the principle of a
quarter-wave transmission line that is terminated with a short
circuit to achieve specific performance characteristics. This
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FIGURE 3. Proposed rasorber unit cell structure. (a) Top layer. (b), (c) Middle layers. (d) Bottom layer. (e) Perspective view. (f) Side view of the
rasorber.

configuration results in a high impedance at the open end, cre-
ating an effective barrier or reflection point for certain frequen-
cies, depending on the length of the transmission line. Hence,
it behaves as a parallel resonant circuit, and we get infinite
impedance when it resonates. A short-circuited quarter-wave
transmission line is a key component in many radio frequency
(RF) and microwave designs due to its unique impedance prop-
erties. By repeating this structure in all four directions, it is
possible to create a system that is insensitive to polarization,
providing consistent performance regardless of the orientation
of incoming signals. The parallel L2-C2 circuit is realized by
a modified split ring resonator kept on an FR4 substrate; the
finger of the split ring behaves as an inductor, and the coupling
between the fingers performs as a capacitor, which is parallel to
the inductor. The R1-L1-C1 series circuit is realized by adding
four lumped resistors between themodified split ring resonators
to get a reflection coefficient below −10 dB in the out-of-band
frequency regime. As the top layer is designed for a frequency
band, we need to design the bottom layer to resonate at the same
frequency band for the transmission window and behave as a
ground plane for the out-of-band frequency regime. For this, a
parallel L5-C5 resonator is kept between two rectangular slots
90◦ to each other in the same plane on the Arlon AD 320A ma-
terial as shown in Figure 3(c). The inductor (L5) comes into
effect due to the length of the resonator and capacitance due
to the gap at four positions, which is parallel to the inductor.
To get a narrowband transmission window, we have added two
rectangular slots 90◦ to each other, as shown in Figures 3(b),
(d), which added two series L3-C3 and L4-C4 resonators.
The top and bottom layers are separated by foam, which has

a refractive index near air. The composite and side view are
shown in Figure 3. In this design, lumped resistors with a re-
sistance value of 150Ohms have been integrated into an FR4
substrate, which possesses a dielectric loss tangent of 0.02 and a
permittivity of 4.4. This configuration creates a top lossy layer,
contributing to effective out-of-band absorption and a bottom

lossless layer to transmit a range of frequencies. The addition
of lumped resistors to the FR4 substrate allows for controlled
dissipation of electromagnetic energy, making it ideal for ab-
sorbing signals that fall outside the desired transmission range.
The top layer, which contains these lumped resistors, is de-

signed to provide wideband absorption, ensuring that unwanted
frequencies are efficiently dampened. This feature is crucial in
reducing interference and enhancing the overall performance of
the system by minimizing spurious signals.
By carefully adjusting the air gap, the design achieves a bal-

ance between out-of-band absorption and in-band transmission.
This adjustment allows for precise control over the frequency
range where signals are absorbed while a clear transmission
band is also maintained for the desired frequencies. The pres-
ence of the air gap introduces a level of flexibility, enabling
fine-tuning to optimize the system’s performance across a wide
spectrum.
The combination of the lossy top layer with lumped resis-

tors and adjustable air gap provides a robust mechanism for
achieving selective absorption and transmission. This approach
is beneficial in applications where it is critical to maintain a spe-
cific range of frequencies for transmission while absorbing or
blocking out-of-band frequencies.
The optimal parameters of the proposed rasorber are as fol-

lows: P = 15mm, a = 3.5mm, b = 1.25mm, L = 2.42mm,
W = 0.5mm, c = 1.65mm, X = 10mm, y = 3mm,
z = 3.5mm, m = 1.5mm, n = 1mm, W1 = 5.75mm,
w2 = 12mm, w3 = 1.5mm, t1 = 1mm, t2 = 0.5mm,
tair = 8.0mm.

4. DESIGN EVOLUTION
The proposed rasorber comprises two layers. The top resonator
passes the in-band signal with a slightly wide response, but the
absorption is less in the out-of-band as shown in Figure 4. There
are two resonators in the bottom layer. The middle layer trans-
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FIGURE 4. Design evolution and performances of the proposed design
for (a) only top resonator, (b) only bottom resonator, (c) proposed ra-
sorber.

FIGURE 5. Parametric studies on different values of air thickness.

mits signals when it is in-band and acts as a ground plane when
it is out-of-band. To get narrow-band transmission, we added
two slots 90◦ to each other above and below the middle L5-C5

resonator.

5. PARAMETRIC STUDY
The parametric studies that are shown below illustrate the per-
formance analysis with varying structural dimension values:

5.1. Effect of Distance between Upper Resonator and Bottom
Resonator

The air gap between the top and bottom layers is adjusted to
ensure the bottom layer functions as a ground plane for the out-
of-band signal and as a band-pass selective filter for the trans-
mission window. During out-of-band operation, the signal is
reflected from the bottom layer and re-reflected from the top
layer — a process that occurs multiple times to absorb the out-
of-band signal and reduce the insertion loss for in-band trans-
mission. To achieve the aforementioned design, we have in-
creased the air space between the top and bottom layers (tair)
from 7.0mm to 9.0mm. We optimally determined the transmis-
sion and reflection coefficients at tair = 8.0mm, as illustrated
in Figure 5.

5.2. Effect of Chip Resistor

The chip resistors are responsible for wide-band absorption dur-
ing out-of-band operation. The values of chip resistors are var-
ied from R = 100Ω to R = 200Ω, and the optimum result
is found at R = 150Ω. We can observe from Figure 6 that
chip resistors are responsible for only wide-band absorption in
the out-of-band frequency regime; the transmission behavior is
unaffected by the chip resistors.
Figure 7 shows the surface current distribution at three dif-

ferent frequencies. Figure 7(b) shows that the surface current
near the chip resistors is very low at the transmission window.
It means that electromagnetic waves pass through it without any

FIGURE 6. Parametric studies on different values of chip resistance.

loss. At the absorption frequency of 3.3GHz and 6.0GHz, the
surface current distribution is found to be high near the chip re-
sistors as shown in Figures 7(a) and (c). It means that the chip
resistors cause losses while the wave passes through them.

6. ABSORPTION/TRANSMISSION PHENOMENA
The proposed rasorber demonstrates its functional range from
2.5GHz to 9.5GHz, indicating that within this band, it exhibits
the desired behavior of selective transmission and absorption.
The proposed design exhibits two distinct absorption bands,
each achieving a minimum of 80% absorption, demonstrating
its effectiveness in filtering specific frequency ranges. The first
absorption band extends from 2.5GHz to 4.1GHz, effectively
absorbingmost of the energy within this lower frequency range.
This feature is crucial for reducing noise and interference from
lower frequencies, ensuring that the system remains free of un-
wanted signal reflections and disruptions.
The second absorption band spans from 5.1GHz to 9.5GHz,

providing robust absorption at higher frequencies. This up-
per band helps in mitigating interference and maintaining sig-
nal integrity in high-frequency applications, contributing to the
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(a) (b) (c)

FIGURE 7. Surface current analysis of the proposed design’s top layer at (a) 3.3GHz, (b) 4.8GHz, (c) 6.0GHz.

FIGURE 8. Simulated results for the proposed rasorber. FIGURE 9. Performances for different polarization angles.

system’s overall performance by minimizing out-of-band emis-
sions.
Between these two absorption bands, a transmission window

is observed near 4.8GHz. This transmission window allows for
selective signal passage through the rasorber, with an insertion
loss of just 1.3 dB as shown in Figure 8, indicating minimal
signal attenuation. The position of this transmission window
is strategically designed to ensure optimal performance within
a specific frequency range, providing a clear path for signals
while maintaining high absorption on either side. The com-
bination of these absorption bands and transmission window
makes the design particularly versatile for applications where a
balance between absorption and transmission is required. The
high absorption in the defined bands, coupled with a low inser-
tion loss within the transmission window, makes it ideal for a
variety of RF and microwave applications, such as communi-
cation systems, radar, or electromagnetic compatibility (EMC)
solutions.

7. POLARIZATION-INSENSITIVE BEHAVIOR

7.1. Normal Incidence Results
To evaluate the polarization behavior of the proposed rasor-
ber, a test was conducted where the direction of electromag-
netic wave propagation remained constant while the orienta-

tions of the electric and magnetic fields were rotated, changing
the polarization angle (ϕ) incrementally by 30◦. This experi-
ment aimed to determine if the rasorber maintained consistent
performance despite changes in polarization. As depicted in
Figure 9, the simulated results demonstrated that both the re-
flection and transmission coefficients remained stable across
different polarization angles. This outcome is significant as it
indicates that the rasorber’s behavior is unaffected by polariza-
tion variations, confirming its polarization-insensitive charac-
teristics. Such consistency across varying polarization angles
is highly desirable in applications where the orientation of in-
coming waves can vary or is unpredictable. Polarization insen-
sitivity ensures that the rasorber delivers reliable performance,
regardless of changes in the polarization of the electromagnetic
waves that it interacts with.

7.2. Oblique Incidence Results
Equations (2) and (3) define the reflection coefficients for
the TE polarisation (Γ⊥) and TM polarisation (Γ∥) under the
oblique incidence angle [19, 20]:

Γ⊥(ω) =
Z(ω) cos θi − Zo cos θt
Z(ω) cos θi + Zo cos θt

, (2)

Γ∥(ω) =
Z(ω) cos θi − Zo cos θt
Z(ω) cos θi + Zo cos θt

, (3)
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FIGURE 10. Simulated reflection and transmission coefficient of the
proposed rasorber for TE Polarization under oblique incidence.

FIGURE 11. Proposed rasorber performances for TM Polarization under
different oblique incidence.

where θi, θt, Z(ω), and Zo are the angle of incidence, an-
gle of transmission, impedance of the rasorber, and free space
impedance respectively.
The reflection coefficient can change depending on the inci-

dent angle, as seen by Eq. (2) and Eq. (3). Figures 10 and 11
show how the reflection and transmission coefficients change
for different incident angles (θi) when electromagnetic waves
with TE and TM polarizations hit the surface.
Figure 10 shows that the reflection coefficient in the upper

and lower bands goes down a little as the angle of incidence
goes up by 10◦ steps. However, it stays above 80% for all fre-
quencies up to 50◦. The transmissionwindow remains stable up
to an incidence angle of 50◦ with a slight decrease in the inser-
tion loss. In the case of TM polarization, while increasing the
angle of incidence, the absorption in the upper band increases,
and it remains more than 80% in the lower band also up to 50◦.
The transmission coefficient is stable up to 50◦ with little de-
crease in the insertion loss, which is shown in Figure 11.

8. EQUIVALENT CIRCUIT ANALYSIS
The electrical equivalent circuit model of the proposed rasor-
ber is shown in Figure 12. The equivalent circuit comprises
two parts of LC tank circuits. The top layer acts as a lossy layer
to provide absorption at the desired bands and at the same time
behaves as lossless transparent layer for the transmission win-
dow. Thus, this layer constitutes two LC resonance circuits as
seen in Figure 12.
The design of top layer is in such a way that a parallel L2-C2

circuit can be added in the series to R1-L1-C1 circuit to achieve
maximum impedance matching. The top layer band-pass res-
onance frequency must match the bottom layer passband res-
onance to get the desired band to be transmitted through the
whole structure. The air cavity that separates the top and bottom
layers functions as a transmission line (TL2), and the material
that forms the top and bottom layers functions as transmission
lines (TL1 and TL3). The bottom layer is a cascade of three
LC layers to achieve a narrow-band response at the transmis-
sion peak. The equivalent circuit of the bottom layer comprises
two LC tank circuits, L3-C3 and L4-C4 due to the upper and

FIGURE 12. Effective equivalent electrical circuit of proposed rasorber.

lower layers of the bottom frequency selective surface and a
parallel circuit L5-C5, which is due to the band-pass frequency
selective layer in middle of the resonator circuit and given in
Figure 12. A transmission window is obtained due to paral-
lel LC resonance of the equivalent circuit model, hence overall
impedance will be infinity, and signal can easily pass through
it.
For the absorption, the impedance of top layer should be

matched to the free space impedance, and lower layer will
act as a ground plane in the said frequency regime. Based
on the electrical equivalent circuit model, the optimized val-
ues of the circuit parameters to achieve in-band transmission
at 4.8GHz and two absorption bands (2.5GHz–4.1GHz and
5.1GHz–9.5GHz) with absorption more than 85% are obtained
using Agilent ADS software. The initial set of lumped ele-
ment values is optimized to ensure that the responses derived
from the equivalent circuits and electromagnetic simulation are
closely matched.
To achieve the desired reflection and transmission coefficient

response, the final values of the lumped elements are as follows:
R1 = 221Ω, L1 = 12.20 nH, C1 = 0.09 pF, L2 = 2.9 nH,
C2 = 0.36 pF, L3 = 0.032 nH, C3 = 0.44 pF, L4 = 1.37 nH,
C4 = 0.5 pF, L5 = 0.54 nH, and C5 = 0.14 pF.
The electrical equivalent model and simulated model are

compared in Figure 13. The equivalent circuit analysis and sim-
ulated design analysis exhibit a high degree of accord, as we
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TABLE 1. Comparison of the proposed Rasorber with already published articles.

References
Design

Characteristics
& Material

Periodicity
(mm×mm/
λL × λL)

Transmission
Peaks/IL (dB)

Transmission
window

Bandwidth
(−3 dB)

Relative
Absorption
Bandwidth
(lower/Upper
absorption
band)

Polarization
Performances

No. of
Lumped
elements
in one
unit cell

[20]
A-T-A,

(tan δ = 0.004)
(Expensive)

11× 16.66/0.07× 0.11 9.7GHz/0.8 dB 40% 83%/36% Single 2

[21] A-T-A, εr = 3 24× 24/0.22× 0.22 6.3GHz/0.29 dB 26.2% 91.4%/31.9% Dual 4

[22]
A-T-A,

FR4 (tan δ = 0.025)
(Low cost)

26× 26/0.43× 0.43 7.71GHz/1.01 dB 102% 18%/9.5% Dual 12

[23]
A-T-A,

F4BM (tan δ = 0.0007)
(Expensive)

20× 20/0.12× 0.12 5.74GHz/0.25 dB 45% 79.5%/27.3 % Dual 4

[24]

A-T-A,
Rogers 4350B
(tan δ = 0.0037)
(Expensive)

15× 15/0.24× 0.24 10GHz/0.2 dB 32% 79.3%/29% Dual 4

This Work
A-T-A,

FR4 (tan δ = 0.025)
(Low cost)

15× 15/0.12× 0.12 4.80GHz/1.3 dB 8.3% 44%, 64.52% Dual 4

FIGURE 13. Comparison plot with simulated results and ADS circuit
model (Circuit parameters).

found. However, the equivalent circuit was unable to produce
the precise response. This is because there was no considera-
tion of themutual coupling between the split ring resonators and
adjacent unit cells when the equivalent resistance, inductance,
and capacitance were calculated. Additionally, this calculation
did not account for the capacitance that results from the top and
bottom layer structures, which is why this minor discrepancy is
visible.
The performance of the proposed rasorber is compared to

that of other existing works in the literature, as illustrated in
Table 1. The table illustrates that the proposed rasorber of-
fers a narrow transmission window with a reasonable period-

icity, polarization-insensitivity, stable wide-angle absorption,
and a high relative bandwidth in the right side of the absorption
spectra. The high periodicity and costly manufacturing cost
of certain rasorbers listed in the comparison table enable them
to achieve low insertion loss. The proposed rasorber offers a
narrow transmission window, less periodicity, and a relatively
higher absorption bandwidth on the right side.

9. CONCLUSIONS
This work has demonstrated a novel multilayer rasorber hav-
ing wide absorption bandwidth of 124% with narrow-band
transmission window in the absorption band. This design ex-
hibits a unique combination of in-band transmission and high
out-of-band absorption, making it suitable for various applica-
tions. The structure comprises two layers: the upper layer is
equipped with lumped resistors to facilitate broadband absorp-
tion, while the lower layer is carefully engineered to create a
narrow transmission window between two distinct absorption
bands. To ensure the accuracy of the proposed rasorber, the
design was subjected to circuit modeling and other parametric
variations. The innovative aspects of this rasorber include its
narrow transmission window, high fractional bandwidth, po-
larization insensitivity, and stable performance across differ-
ent angles of incidence. Given these features, the proposed
rasorber could be employed in various applications, such as
Radomes and electromagnetic compatibility solutions, to pro-
tect sensitive equipment from unwanted electromagnetic radia-
tion like radio waves and microwaves. Moreover, when being
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used as a super-stratum on an antenna, the rasorber can con-
tribute to reduced radar cross-section (RCS), enhancing stealth
characteristics. Overall, this dual-polarized rasorber with its
unique design and stable behavior across different angles and
polarizations offers a versatile solution for applications that re-
quire selective frequency transmission and robust absorption,
with the added benefit of reducing RCS when being used in
antenna systems.
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