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Abstract

The airborne radomes have to cater superior electromagnetic (EM) performance with
bandpass characteristics of stealth application. In this regard, a hybrid A-sandwich radome
is proposed in this paper. The proposed radome consists of a novel strongly coupled frequency
selective surface (FSS) core sandwiched between two dielectric layers (acts as skin) to form an
A-sandwich structure. The dielectric layers are cascaded in such a way that the middle layer
has less dielectric parameters than the skin dielectric. The core layer comprises a modified FSS
array using strongly coupled FSS layers through a series of metallic vias. This strongly-coupled
FSS element will have the advantage of eliminating inter-element interference and improves
the EM performance characteristics of the structure. The structure exhibits very good band-
pass characteristics (>90%) at a normal impinging angle with sharp roll-off characteristics.
To show the efficacy of the proposed structure, the transmission loss has been compared with
that of conventional A-sandwich radomes at 0°, 50° incidence angle for both TE and TM
polarization. Conformal analysis of the unit cell has been carried out, and sector-wise thick-
ness optimization was performed to analyze the structure for the conformal shaped radome
application. Finally, a physical prototype has been fabricated and measured its scattering
parameters, radiation characteristics in a fully shielded anechoic chamber. The results are
encouraging and prove its suitability for radome application.

Introduction

Aircraft/missiles and surface vehicle radomes are classified by specific wall structure and used
in aerospace applications. Over the band of frequencies, high transmission efficiency, low
radar cross-section (RCS), and minimum boresight error are more desirable performance
characteristics of modern radomes [1, 2]. The superior electromagnetic (EM) performance,
structural and environmental stability is the major challenge in the design of radome [3].
Advancements in modern radar systems lead to the demand for novel EM design techniques
to meet the desired radome performance. In recent years, rapid growth in the fields of EM
design and analysis techniques based on advanced numerical computations and hybrid algo-
rithms [4, 5]. Many EM design techniques have been reported to cater the desired perform-
ance of radome structures [6–9]. Frequency selective surfaces (FSSs) are the planar, periodic
structure, and may be printed on a substrate or a conducting screen perforated with slots to
exhibit filter characteristics for EM waves impinge on it [10]. The FSSs can be used in the
design of spatial filters, radar absorbing structure, radome, and high impedance surfaces
[11]. From the past few decades, these FSS structures have been widely used in various aero-
space, wireless communication, and in high-power microwave systems. A common application
of FSS involves in the design of radome that protects an antenna from atmospheric conditions
and impacts the EM performance of the antenna as little as possible in the operating band
[4, 5]. In General, radomes are typically constructed from high strength materials opt for
the application, with metalized FSSs embedded within the chosen materials [3]. The radome
being in the near vicinity of the antenna, mutual interactions of the antenna and FSS screen
complicate the design.

Initially, FSS-based radomes were designed for a flat band-pass response and sharp roll-off
characteristics outside the band [10]. Later on, various types of FSS-based radomes such as
monolithic, A-sandwich, and multilayered were designed for broadband and low RCS applica-
tions [12, 13]. Since the conventional radomes suffer from poor performance at higher inci-
dent angles, the FSS based will be a better choice for aerospace applications. The basic FSS
radome design consists of a band-pass FSS array made of apertures, buried in a conventional
dielectric substrate. In monolithic radome, the FSS array can be inserted into the mid-plane
wall of the substrate. In multilayered walls such as A-, C-sandwiched structures, FSS usually
buried in the core layer. Another way of designing FSS based radome is cascading two
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thick FSS layers separated by a dielectric substrate. Nevertheless,
the performance of FSS degrades in the millimeter-wave fre-
quency range [14]. To overcome the demerits of these conven-
tional FSS elements, metamaterial (MTM)-based FSS elements
have been proposed in the open literature. However, MTM ele-
ments show unusual material characteristics in different fre-
quency regions which are difficult to achieve.

The present paper deals with the design of a hybrid
A-sandwich radome wall using strongly coupled FSS based on
vias technology for the aerospace applications. The design com-
prises two symmetrical FSS arrays printed on either side of the
substrate and strongly coupled through a series of metallic vias.
The modified FSS structure with metallic posts partially results
in the usage of substrate integrated waveguide (SIW) technology
for patch type FSS. Each element of the proposed FSS is config-
ured as a resonant reactive impedance surface. The proposed
FSS structure resembles the advantages of a waveguide structure
with a high-quality factor [15–17]. The details design method-
ology, EM performance analysis and characteristics of the closely
coupled FSS element have been discussed in our previous publi-
cation [18]. In this paper, the advantage of the proposed element
for radome application has been presented. The different design
considerations for radome and optimizations have been analyzed
in detail.

Further, to model the A-sandwich radome, the proposed FSS
structure is buried in between two dielectric layers (dielectric
skin). Since the structure uses novel strongly coupled FSS ele-
ments, the radome structure has been named as a hybrid
A-sandwich radome. The FSS elements exhibit stopband charac-
teristics at the first resonance, whereas the second higher-order
stopband is obtained from the frequency selective properties of
dielectric layers with a very stable performance. The pass-band
between two reflection bands is used to operate the radome
with reduced out band RCS. Also, the frequency tuning can be
achieved by adjusting the FSS design parameters. To show the
efficacy of the proposed configurations, the EM performance is
compared with that of conventional A-sandwich radome given
in [3].

EM design considerations of hybrid A-sandwich radome
wall

An A-sandwich radome structure is comprised two dielectric skin
layers of the higher dielectric constant separated by a core having
a lower dielectric constant than the skins [3]. The radome struc-
ture with dielectric layers is shown in Fig. 1. The structural
representation of conventional A-sandwich, A-sandwich embed-
ded with FSS and proposed A-sandwich embedded with strongly
coupled FSS is shown in Figs. 1(a)–1(c) respectively. Initially, to
understand the behavior of an A-sandwich radome, a conven-
tional structure is designed. The general construction of the
inhomogeneous radome wall is shown in Fig. 2(a). The number
of dielectric layers (N ) of the design is 3 for an A-sandwich
radome. The design parameters of conventional A-sandwich
structure are: thickness of top and bottom skins is t1 = t3 =
0.762 mm respectively, dielectric constant εr = 3.35, and loss tan-
gent tan δ = 0.016. A low profile dielectric foam has been consid-
ered as a core (dielectric constant 1.1, tan δ = 0.001) with
thickness t2 = 10.16 mm [3]. The transmission loss performance
characteristics of the wall have been studied in the frequency
range from 0 to 25 GHz for the normal incident angle using the
transmission parameter (ABCD parameters) method [19].

The transmission parameters of an FSS element can be
modeled as a parallel admittance (YFSS) network [20]. The
admittance of the proposed FSS radome can be computed
based on their equivalent circuit model (ECM) shown in
Fig. 2(b). Where Y1 and Y2 are the admittance offered by the
patch FSS elements printed on either side of the substrate
(Y1 = Y2 = YFSS) [23]. Whereas Y3 is the admittance offered
by the metallic vias connected two FSS arrays through the
dielectric substrate.

Y3 = j
vLvia
n

− 1
vCvia

( )−1

(1)

Lvia and Cvia are the lumped elements formed by the metallic
vias through the substrate and they are connected in parallel. In
the expression, n represents the number of vias in one unit cell
and ω is the resonance frequency. The inductance (Lvia) can be
computed from equation (2) [28].

Lvia = 2h ln
1+ �������

1+ a2
√

a

( )[ ]
−

��������
1+ R2

√
+ m

4
+ a

{ }
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where a = D
2h , R = �������

1+ a2
√

, D and h are the diameter and

length of the metallic vias (height of the substrate). The numerical
value of via inductance computed with equation (2) is Lvia = 0.724
mH and the capacitance value is Cvia = 2.39 pF which is computed
using the relation εA/h. Where A is the plate area. Zs and Z0 are

Fig. 1. Composition of the radome wall: (a) A-sandwich, (b) embedded with single
layer FSS array, and (c) embodiment structure with the modified FSS array.
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the impedance offered by the dielectric skin and air respectively.

Ai Bi

Ci Di

[ ]
= coswi

j sinwi

Yci
jYci sinwi coswi

⎡
⎣

⎤
⎦; i = 1.2.3 . . .N (3)

where Yciis the ratio of admittance of the ith medium to (i + 1)st
medium, fi is the electrical length of the ith layer which depends
on the thickness and dielectric constant of the substrate, and N
denotes the number of layers.

The total transmission parameters of the structure are equiva-
lent to the matrix multiplication of individual layer parameters,
which can be expressed as:

A B
C D

[ ]
= A1 B1

C1 D1

[ ]
· A2 B2

C2 D2

[ ]
· · · AN BN

CN DN

[ ]
(4)

Finally, the transmission coefficient of the structure is given as:

T = 2
A+ B+ C + D

(5)

Equation (5) can compute the transmission parameters of the
structure.

The same method can be used to analyze the transmission
response of the FSS based radome wall. The transmission matrix
of the proposed FSS is:

AFSS BFSS

CFSS DFSS

[ ]
=

1 0
1

ZFSS
1

[ ]
(6)

In the above equation, ZFSS−SIW is the impedance offered by
the proposed strongly coupled FSS. Finally, the transmission para-
meters of the proposed structure are:

A B
C D

[ ]
= A1 B1

C1 D1

[ ]
· AFSS BFSS

CFSS DFSS

[ ]
· A2 B2

C2 D2

[ ]
(7)

This method is capable of computing transmission, reflection,
and absorption coefficients of multi-layered structures at an
oblique angle of incidence for both parallel (TE) and perpendicu-
lar (TM) polarizations. The transmission loss performance of the
conventional A-sandwich radome wall structure is analyzed by
this method as per equations (3)–(5). The results obtained by
this method are compared with that of the reported results [3]
and finite difference time domain based full-wave commercial
simulator (CST MWS). The comparison of results at normal inci-
dence is shown in Fig. 2(c). The simulated results for oblique inci-
dence are shown in Fig. 2(d). The results obtained based on the
ABCD parameter method (or transmission line model) and full-
wave simulation are good in agreement with the reported results
from [3]. Hence, the transmission line model is the easiest and
fast method to estimate the basic performance of a multilayered
radome wall. Further, full-wave simulations can be used for
final optimal design. The performance of the proposed hybrid
radome wall has been analyzed by appending the FSS in a conven-
tional form and proposed coupled-FSS form using CST MWS.
The thickness and dielectric profile of the proposed structure
have given in Table 1. The unit cell boundary conditions along
x-, y-, and open boundary conditions along the z-direction have
been applied respectively for Floquet mode analysis. The effect
of anti-static, anti-erosion paint (εr = 3.46, loss tangent tan δ =
0.068 and thickness = 0.2 mm) coated on outermost surfaces of

Fig. 2. Transmission line model analysis: (a) dielectric wall construction of the inhomogeneous radome wall, (b) equivalent model of the proposed radome wall, (c)
transmission loss performance of the conventional A-sandwich radome wall at the normal incident angle, and (d) oblique incidence angle.
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the structure is also taken into account to cater the practical scen-
ario. Hence, the total optimized thickness of the wall is found to
be 5.21 mm. The proposed design resembles the reinforced metal-
lic structure, which increases the physical strength of the radome
wall compared to the multilayered dielectric walls at low
thickness.

Design aspects of strongly coupled FSS element

A metallic cage structure can be developed around the sensitive
portions of an integrated circuit in a system, to protect/suppress
interference from neighboring circuits [21, 22]. The working prin-
ciple of the design is, when an external field applied to the cage,
electrons in metal displaces, results in negative charge accumulate
at one side, whereas positive charge will develop at another side.
This induced-electrical polarization cancels out the external elec-
tric field, which makes the structure to exhibit angularly stable
performance. The same technique is used here to design
polarization-independent FSS elements with improved band-
width. In this work, the basic element used in FSS analysis such
as Jerusalem cross (JC) [23] is investigated. The SIW vias technol-
ogy has been applied to this element to create proposed structural
topology. The patch type JC FSS element is designed at 10 GHz,
center frequency of the X-band. The unit cell configuration of
JC FSS in its conventional form as well its modified form is
shown in Figs. 3(a)–3(c) respectively.

Design of Jerusalem cross element

JC FSS is a cross element which consists of a pair of loaded
dipoles at the end of arms. The loaded dipoles will increase the
end capacitance. The same element has been considered for
designing the strongly coupled FSS based on vias technology.
The patch type JC is printed on either side of a dielectric substrate
and strongly coupled through metallic vias. The optimized struc-
tural dimensions of JC are: p = 9.25 mm which corresponds to
≈0.3λ0 (λ0 is the wavelength at center frequency), arm length of
JC d = 2.3 mm, and the width of JC cross and arm are w = t =
0.65 mm. The design parameters of the post are: diameter D =
0.5 mm and spacing between neighboring posts is maintained to
avoid the EM leakage through the structure which is K = 0.635
mm.

The necessary conditions to design metallic posts are consid-
ered from [24]. A dielectric material with εr = 3.38, loss tangent
tan δ = 0.0027 has been used as a substrate. The initial design
parameters of FSS elements are computed from its ECM [23].
Then, the fine designs have been developed using full-wave
simulations.

The metallic vias will act as series inductance (L) between
two parallel LC networks (equivalent circuit of FSS). The EM
performance characteristics of the proposed FSS element have
been compared with its own conventional form which is

shown in Fig. 3(d). The modified FSS elements exhibit a con-
siderable improvement in their stop-band. In the modified
FSS element, the bandwidth (−10 dB) has been improved
significantly. In the case of JC element is from 1.9 GHz
(8.9–10.8 GHz) to 3.07 GHz (8.43–11.5 GHz), offers an
improvement of 11.52% than in its conventional form, which
covers the entire X-band region. However, the vias diameter and
spacing have a minor contribution to frequency response which
cannot be ignored. The necessary conditions D/k ≥ 0.5 and
D/λ0 ≤ 0.1 are maintained to form the vias cage [24]. The ini-
tial values of the via parameter are computed using the relation
as follows:

k ,
l0

���
1r

√
2

and k , 4D (8)

Table 1. Thickness profile of the radome wall.

Layer no. 1 2 3

Thickness (mm) 2.0 0.81 2.0

Dielectric constant 4.3 3.28 4.3

Loss tangent 0.025 0.002 0.025

Fig. 3. Design of the FSS unit cell. (a) Conventional JC, (b) JC with SIW technology, (c)
perspective view of the proposed unit cell, and (d) transmission and reflection char-
acteristics of conventional (red), double-layered (blue), and proposed FSS (black).
The solid line shows the transmission coefficient and the dotted line shows the
reflection coefficient.
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where D corresponds the diameter of the metallic vias, k for their
distance respectively. λ0 represents the wavelength at the operat-
ing frequency and εr is the relative permittivity of the dielectric
substrate. Apart from the wider bandwidth, the proposed struc-
ture offers high power handling capabilities [25, 26] and struc-
tural strength when used as a reinforced structure. Figures 4(a)
and 4(b) showed the uniformly distributed strong surface cur-
rents on conventional FSS and proposed FSS at 10 GHz respect-
ively when a plane-wave incident on it normally. At the
resonance frequency, strong fields are found in the proposed
structure than in its conventional form. Also, the conventional
FSS elements are suffered to show their basic performance char-
acteristics at high power levels [27, 28]. The proposed structural
topology can be able to exhibit its basic performance character-
istics even at high power levels because of the virtually thick sur-
face. It is believed that coupling of patch type FSS elements using
vias technology is used for the first time for the design of the
radome wall configuration with very good band-pass character-
istics. Table 2 shows the dependency of the incidence angle
on the resonance characteristics of the proposed structure.
The bandwidth shown in Table 2 is the stopband bandwidth.

As the stopband increases, the out-of-band rejection improves
in the radome design.

Design and performance analysis of hybrid A-sandwich
radome

Radomes are installed over the radar and antenna system to protect
them from environmental effects, which are also electromagnetically
transparent and act as a band-pass filter. The structure allows the
operating frequencies with least insertion loss and rejects all-out
band frequencies. Thus, they tend to reduce the RCS of the antenna.
The structure should furnish an appropriate response for the impin-
ging EM waves in a specified frequency band and range of incident
angles. The first resonance at a lower frequency is occurred due to
the metallic coupled-FSS element. Whereas, the dielectric substrate
is responsible for the higher-order resonance. The design frequency
of the proposed FSS elements is shifted to a lower frequency by a fac-
tor of

���
1r

√
, and resonance may found in between f0 and f0/

���
1r

√
.

Here, the stopband is found at 6.85 GHz from 10GHz. This results
in sharp roll-off performance at lower frequencies and a flat trans-
mission response from 8.5 GHz with greater than 90% efficiency.

Fig. 4. Surface current distribution at 10 GHz on: (a) JC FSS and (b) proposed JC.

Table 2. Effect of the incident angle on the resonance performance of JC.

Angle of
incidence (°)

Single layer JC FSS Strongly coupled JC FSS

Resonance frequency
(in GHz)

Deviation (in
%)

10 dB FBW
(in %)

Resonance frequency
(in GHz)

Deviation (in
%)

10 dB FBW
(in %)

0 10.0 0 20.2 10.0 0 30.0

10 9.90 −1.0 20.94 10.0 0 30.3

20 9.92 −0.8 21.54 10.0 0 30.71

30 9.88 −1.2 23.6 10.0 0 31.47

40 9.81 −1.9 24.97 9.87 −1.3 37.75

50 9.74 −2.6 30.9 9.80 −2.0 41.93

60 9.70 −3.0 37.42 9.75 −2.5 54.34

70 9.63 −3.7 52.37 9.72 −2.8 67.40
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EM performance analysis of radome based on strongly coupled
FSS element

In the view of radome application, EM performance of the pro-
posed embodiment structure with strongly coupled JC FSS has
been presented here. The response of the structure is monitored
at different incident angles (normal, 30°, and 50°) for both TE

and TM polarized incident wave and shown in Figs. 5(a) and 5
(b). The results show a stable performance with reduced RCS at
out of the band.

Power transmission efficiency

In this section, the power transmission efficiency of described
radome wall configurations has been compared with that of con-
vention A-sandwich structure. The power transmission efficiency
of the structure at different incidence angles is shown in Fig. 5(c).
The proposed structure shows superior performance at a normal
incident angle. The suppression of out-band frequencies can be
clearly observed here. The proposed structure suppresses all
other bands before 8 GHz where many communication systems
are operating at S and C bands. Also, after 20 GHz, where more
space noise can be found. The maximum power transmission
>90% is achieved up to 30° in the frequency range. As the angle
of incidence increases, the performance of the structure starts
degraded. It is worth to understand that the thickness is uniform
in the above case. In general, the variable thickness of radome
(VTR) is considered for better performance at a different angle
of incidence. Hence the thickness of the radome wall has been
optimized to achieve stable performance at higher incident angles.
Also, the VTR structure is aerodynamically stable and distributes
its weight along the aircraft body.

Thickness optimization

The stable performance of radome w.r.t the angle of incidence is
the most desirable characteristics of radomes. Generally, the skin
layer made the constant and variable thickness of core has been
used in A-sandwich radome [2]. But, in the case of the proposed
coupled-FSS core, the inter-elemental capacitance will decrease
with increasing substrate height. Due to this, the resonance due
to the core is shifted to lower frequency, which will change the
operating frequency. To avoid this, the thickness of the skin has
been optimized at 30–50° sector of incident angle. The radome
section was divided into subsections for optimal performance at
higher incident angles. Finally, the sector-wise optimized struc-
ture can be used to design the variable thickness monolithic
radome and conformal structures. The optimum transmission
performance has been observed at a skin thickness of 2.5 mm.

Fig. 5. Transmission characteristics of A-sandwich radome based on the proposed
strongly coupled FSS at different incident angles: (a) TE polarization, (b) TM polariza-
tion, and (c) power transmission performance comparison of the proposed FSS
radome structures with conventional radome (in %).

Fig. 6. Performance of the structure at an optimized thickness of 50° incident angle.
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Hence, the total thickness at 50° is 6.21 mm. For the above-
optimized radome wall, the power transmission and reflection
characteristics are studied and illustrated in Fig. 6. The response
shows a very stable performance (>90%) from 8.0 to 13.8 GHz
with strong reflections.

Conformal behavior

To study the practical behavior of the structure for radome appli-
cation, the conformal analysis has been carried out in this section.
Figure 7(a) shows the different bents in structure. The EM per-
formance of the structure at different curved shapes is shown in
Figs. 7(b) and 7(c). In the figure, at the diameter R3, the thickness
of the structure is optimized to better transmission response at a
50° incident angle. At the diameter R1, R2 the structure shows a
better than 90% passband characteristics up to 20 GHz in a con-
formal shape.

Experimental verification of proposed radome

To prove the efficacy of simulated results, the strongly coupled JC
FSS structure presented in “Design aspects of strongly coupled
FSS element” has been fabricated on a Rogers 4003C dielectric
substrate with material characteristics εr = 3.38 – j0.0091 and
thickness 0.81 mm using a surface machining process. An array
of 14 × 16 cells (total elements = 224) elements is printed on a
135 mm × 155 mm sheet. The fabricated prototype is large

enough to cover the mouth of the considered horn antenna.
Then, tiny holes are drilled with a diameter of 0.5 mm with a spa-
cing of 0.635 mm on the FSS elements and coated with a copper
material with a 0.035 mm thickness to form metallic vias. The
fabricated structure is used as the core of radome. Then, the
total structure is sandwiched in between two FR-4 substrates
with εr = 4.3 and tan δ = 0.0017 with a thickness of 2.0 mm each
to develop the proposed radome wall configuration. To analyze
the behavior of the proposed radome wall for practical applica-
tion, the effect on the radiation pattern of the radome enclosed
antenna has been studied. Figure 8(a) shows the simulation
setup of the wideband horn antenna enclosed with the proposed
radome wall. The radiation pattern of the radome wall enclosed
radome has been tested in a fully shielded anechoic chamber
shown in Fig. 8(b). The fabricated strongly coupled FSS based
three-layer A-sandwich radome is shown in Fig. 8(c). The trans-
mission characteristics of the fabricated prototype are tested in a
fully shielded anechoic chamber. Two wideband horn antennas
were used to transmit and receive EM energy. A vector network
analyzer is connected to both transmit and receive antennas to
analyze the transmission response. Both antennas were placed
at a distance of 65 cm and the prototype is placed at the center.
The standard thru, reflect, and line calibration is done to normal-
ize the effect of the experimental setup. The measured transmis-
sion coefficient at normal and higher incidence angles for both
TE and TM polarization is shown in Figs. 9(a) and 9(b) respect-
ively. From the comparison, it is evident that the experimental

Fig. 7. Conformal analysis: (a) radius of conformal shape at different locations, (b) reflection loss, and (c) transmission loss.
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results are well-matched with the estimated results with an error
of ±5%. Furthermore, to test the effect of the radome wall on
the radiation pattern of the antenna, the simulated radiation pat-
tern in the transmission band of radome i.e., at 10.0, 11.00, and
12.0 GHz are compared with measured radiation patterns. The
results shown in Figs. 10(a)–10(f) respectively are well matched
and prove the feasibility of the proposed structure for radome
application. Further, to examine the RCS performance of the pla-
nar slotted waveguide antenna (which is a modern antenna used
in an active electrically scanned array radar in aircraft), the pro-
posed radome wall is placed in front of the antenna and estimated
its RCS response. The structure of the considered slotted wave-
guide antenna is shown in Fig. 11(a) [14], which is operating at
a frequency of 9.5 GHz. It composed of 14 waveguides with 164
slots on whose two ends are perfectly matched in most of the
practical conditions. The lengths of the four symmetrical rect-
angular waveguides are 306.12, 262.16, 218.2, and 130.28 mm,
respectively. Two different sized slots have been carved on the
top plane of waveguides. The dimensions of the slots are 13
mm × 1.2 mm and 13 mm × 2mm, respectively. The separation
between two adjacent slots is 8.7 mm in the y-direction and 0.3
mm in the X-direction. The monostatic RCS simulations are per-
formed by the full-wave simulations (CST MWS). Figures 11(b)
and 11(c) show the simulation results for the RCS of the consid-
ered antenna enclosed with the proposed radome wall at 9.5 GHz.
The vertical polarization is in the yz-plane and horizontal polar-
ization is in the xy-plane. At the same time, the simulation results
are compared with the measured monostatic RCS of the unloaded
planar slotted waveguide antenna. The results significantly
improve the RCS performance in the operating region of the
antenna. As shown in Fig. 11, the RCS values of the analyzed
antenna are maximum for both polarizations at θ near 0°. This
might be due to the fact that the plane of the antenna is consid-
ered as a perfect reflector surface at 0° incidence. Whereas, in the
xy-plane (horizontal polarization) RCS is relatively high at
+u = 60

◦
and very high at the incidence of +u = 45

◦
in the

yz-plane (vertical polarization). The instance of the xy-plane is
better than yz-polarization. The effect is mainly because of EM

Fig. 8. Experimental verification: (a) simulation setup of the radome enclosed
antenna, (b) anechoic chamber setup used to measure the radiation pattern, and
(c) fabricated prototype of the three-layered radome wall with a strongly coupled
FSS core.

Fig. 9. Comparison of the measured transmission coefficient: (a) TE at 0 and 50° and (b) TM at 0 and 50°.
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wave reflection of the slotted structure in the longitudinal direction
of the slots is being normal to the direction of wave propagation
when vertical polarization occurring. It is observed that the RCS
values of the considered antenna have been improved significantly
when covered with proposed radome. Remarkable reduction in
crest values of RCS is found in the radome enclosed antenna.

Though the proposed radome improves the RCS performance,
exhibits very good transmission, and radiation characteristics, its
presence may generate perturbations with an antenna, may intro-
duce slight error, degrades polarization purity, and may increase
the side lobe power. However, the proposed radome is superior
in many performance characteristics of conventional dielectric
radomes. Further, parameters of the proposed radome can be
optimized in future studies.

Conclusion

The A-sandwich radome wall configuration using a novel strongly
coupled FSS element using metallic vias technology has been
demonstrated. The issues related to the design of the FSS element

based on coupled vias technology have been discussed. Further,
the performance of the sandwiched structure has been analyzed
with anti-static and anti-erosion radome painted on top layers.
The structure exhibits very good band-pass characteristics
(>90%) in X and Ku-bands at a normal impinging angle with
sharp roll-off from 8.5 to 17.5 GHz. To show the efficacy of the
proposed structure, transmission loss has been compared with
that of conventional A-sandwich radomes at 0°, 50° incidence
angle for both TE and TM polarization. Conformal analysis of
the unit cell has been carrying out and sector-wise thickness opti-
mization was performed to analyze the structure for nosecone
radome application. The transmission and radiation characteris-
tics of the radome wall are experimentally verified and results
prove completely transparent in the region. Further, the simulated
RCS of the structure on a slotted waveguide antenna proves the
improved RCS performance in the passband.
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Fig. 10. Radiation characteristics of the proposed structure enclosed to a horn antenna: (a) simulation set up, radiation pattern, (b) E-plane at 10 GHz, (c) H-plane
at 10 GHz, (d) E-plane at 11 GHz, (e) H-plane at 11 GHz, (f) E-plane at 12 GHz, and (g) H-plane at 12 GHz.
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